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Summary

Purpose: Sentinel lymph node biopsy is a fairly new approach for staging of gynecological malignancies. In the current study, the au-
thors comprehensively reviewed the available reports on sentinel node biopsy of endometrial cancer. Materials and Methods: The authors
searched Medline, SCOPUS, ISI web of knowledge, Science Direct, Springer, OVID SP, and Google Scholar with the following search
terms: “endometrium OR endometrial OR uterine OR uterus AND sentinel”. The outcomes of interest were detection rate and sensitiv-
ity. Results: Overall, 35 studies had enough information for false negative rate evaluation and 51 studies (including the sub-groups of in-
dividual studies) for detection rate evaluation (2,071 patients overall). Pooled detection rate was 77.8% (95% CI: 73.5-81.5%) and pooled
sensitivity was 89% (95% CI: 83-93%). Cervical injection, as well as using both blue dye and radiotracer, results in higher detection rate
and sensitivity. New techniques such as fluorescent dye injection and robotic-assisted surgery showed high detection rate and sensitivity.
Conclusion: Sentinel node mapping is feasible in endometrial cancer. Using both blue dye and radiotracer and cervical injection of the
mapping material can optimize the sensitivity and detection rate of this technique. Larger studies are still needed to evaluate the false neg-

ative rate and the factors influencing the sensitivity before considering this method safe.
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Introduction

Endometrial cancer is one of the most common female
malignancies, which is expected to increase in frequency
due to the recent surge of obesity (one of the major risk fac-
tors of this cancer) around the world [1, 2]. Lymph node in-
volvement is one of the most important prognostic factors in
the treatment of endometrial cancer and since 1988, FIGO
has included pelvic and para-aortic lymphadenectomy dur-
ing surgical staging of this malignancy [3]. However, the in-
cidence of nodal metastasis is very low (about 10%) in early
stage of endometrial cancer and routine lymphadenectomy
would not be required in many of these patients [4]. Fur-
thermore, lymphadenectomy imposes significant morbidity
for the patients [5], and due to this fact, many centers do not
perform it but reserve it for high-risk patients [6].

Sentinel lymph node biopsy is a fairly new approach for
staging of gynecological malignancies [2]. In this method,
only patients with pathologically proven sentinel lymph
nodes (detected by gamma probe and/or blue dye during
surgery) would undergo complete lymph node dissection.
This approach can decrease the morbidity of the patients,
while the accuracy of the lymph node staging would not be
compromised.

Recently, results of several groups on sentinel node map-
ping of endometrial cancer have been published [7, 8] and
many studies have been published on this topic in 2012.
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In the current study, the authors comprehensively
searched the available reports on sentinel node biopsy of
endometrial cancer and summarized the results in the for-
mat of a systematic review and meta-analysis.

Materials and Methods

The authors searched Medline, SCOPUS, ISI web of knowl-
edge, Science Direct, Springer, OVID SP, and Google Scholar
with the following search terms: “endometrium OR endometrial
OR uterine OR uterus) AND sentinel”. Last search was done in
March 2012. No language or date limitation was used for the
present search strategy. If meeting the following inclusion criteria,
meeting abstracts were also included. The reference lists of the
primary studies, as well as citing articles, were searched sepa-
rately for any other possible relevant study. The authors contacted
the corresponding authors for more information when necessary.

Inclusion criteria

For evaluating the sensitivity of sentinel lymph node biopsy,
only studies with the following criteria were included:

1) Using at least pelvic lymph node dissection (preferably
para-aortic lymphadenectomy in addition) as the gold standard
of lymph node involvement.

2) Total number of patients with positive lymph nodes, as well
as those with false negative results (positive lymph nodes
despite negative sentinel node) were both reported.

For evaluating the detection rate, only studies with the fol-
lowing criterion were included:

1) Total number of included patients, as well as those with
detected sentinel nodes were both reported.
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Two authors independently reviewed the retrieved articles and
any controversy regarding inclusion of the studies were resolved
by the other author’s opinion and consensus. Duplicate publica-
tions were discussed and only the most recent articles were
included in the systematic review.

The quality of the retrieved studies was evaluated by the
Oxford Center for Evidence Based Medicine Checklist of the
diagnostic studies [9]. This checklist has several items including:
consecutive patient recruiting, good spectrum of included
patients (all eligible patients regardless of the severity or stage
of the disease), independent evaluation of the index test regard-
ing the results of the reference standard, the reference standard
itself (should be the best available test which is pelvic (and para-
aortic) lymph node dissection in the present systematic review),
and sufficient explanation of the performed tests in order to
insure reproducibility.

Data abstraction was performed independently by two authors
and the following data were extracted from each study: authors,
publication year, method of sentinel node mapping, bilateral
lymphatic drainage, location of sentinel nodes, using of
immunohistochemistry (IHC), characteristics of the patients,
detection rate, and sensitivity.

Statistical analysis

Random effects model (Der-Simonian and Laird method [10])
was used for pooling detection and false negative rates across
the studies having in mind the considerable heterogeneity of the
included studies regarding the method and included patients. For
statistical evaluation of heterogeneity, Cochrane Q test was used
(p value less than 0.05 was considered statistically significant).
I? index was used to quantify the extent of heterogeneity. This
index shows the amount of the heterogeneity among the
included studies which is not caused by sampling errors and is
real [11]. Sub-group analysis was used for exploring the hetero-
geneity among studies regarding different variables such as
injection site, injection material, etc.

Publication bias was graphically evaluated by funnel plots.
Egger’s regression method was used to statistically evaluate the
asymmetry of funnel plots which represents the publication bias
[12].

All statistical analyses were done using Meta-Analyst [13],
and Meta-Disc (version 1.4) [14].

Results

Figure 1 shows the summary of the search process of the
present study. Forty-six studies were included in the review
(2,071 patients) [8, 15-59]. Eight studies had two sub-
groups of patients and were included in the review sepa-
rately [8, 20, 26, 35, 39, 41, 50, 52]. Another study had
three different subgroups [25]. Overall 35 studies had
enough information for false negative rate evaluation and
51 studies (including the sub-groups of the above-men-
tioned studies) for detection rate evaluation. Quality as-
sessment and summary data of the included studies are
shown in Tables 1 and 2, respectively.

Detection rate

Figure 2 shows the forest plot of the detection rate pool-
ing. Pooled detection rate was 77.8% [95% CI: 73.5-
81.5%]. Cochrane Q value was 132.3 (p < 0.0001) and I?
index was 61.4%.

Potentially relevant studies
in the first search n=4,451

Studies excluded by initial
screening of titles and abstracts
n=4,254

Studies evaluated in detail
n=199

Studies excluded due to low
sample size, duplicate

" | publication, being review article

or letter to editors n = 153

Studies included in the meta-
analysis n = 46

Figure 1. — Summary of the review process and inclusion of the
studies.

Funnel plot of the detection rate pooling is shown in Fig-
ure 3. Egger’s regression intercept was - 0.08 (p = 0.84).

Sub-group analyses regarding injection site showed
84.9% [78.8-89.4%], 73.9% [63.9-81.9%], 69.7% [57.7-
79.4%], 86.1% [66.3-95.1%], and 50% [9-91%] detection
rates for cervical, sub-endometrial, subserosal,
cervical/subserosal, and sub-endometrial/subserosal injec-
tions respectively.

Considering the method of sentinel node mapping, the
following results were obtained: 71.1% [62.6-78.3%],
76.7% [67-84.2%], and 82.8% [76.4-87.8%] detection rates
for blue dye, tracer, and blue dye/tracer techniques respec-
tively. Rossi et al. [54] and Holloway et al. [56] used flo-
rescent dye and near infra-red imaging for detection of the
sentinel nodes with pooled detection rate of 94.2% [64.7-
99.3%].

Finally, the effect of surgery type was evaluated and the
following detection rates were obtained: 73.8% [65.1-
81%], 76% [68.5-82.2%], and 88.5% [72-95.8%] for la-
paroscopy, laparotomy, and robotic assisted surgeries,
respectively.

Sensitivity

Figure 4 shows the forest plot of the sensitivity pooling.
Pooled sensitivity was 89% [83-93%]. Cochrane Q value
was 31.97 (p = 0.74 and 12 = 0%).

Funnel plot of the sensitivity pooling is shown in Figure
5. Egger’s regression intercept was - 0.02 (p = 0.95).

Subgroup analysis for injection site showed the follow-
ing sensitivities: 89% [82-94%], 91% [79-98%], 84% [60-
97%], and 100% [29-100%] for cervical, sub-endometrial,
sub-serosal, and cervical/subserosal injections, respec-
tively.

Considering the method of sentinel node mapping, the
following pooled sensitivities were obtained: 86% [75-
93%], 85% [69-95%], 93% [85-97%] for blue dye, tracer,
and blue dye/tracer methods, respectively.

Sub-group analysis for type of surgery showed the fol-
lowing pooled sensitivities: 87% [74-95%], and 93% [77-
99%] for laparotomy and laparoscopic surgeries,
respectively.
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Table 1. — Quality assessment of the included studies.
First author Institution PublicationConsecutive Prospective  Gold standard Enough
year recruitment design explanation
Burk ez al. US (Houston) 1996  N/A Yes Pelvic and para-aortic lymphadenectomy Yes
Echt et al. US (New Orlean) 1999 Yes Yes Pelvic and para-aortic lymphadenectomy Yes
Holub et al. Czech Republic (Klando) 2001 Yes Yes Pelvic lymphadenectomy Yes
Holub et al. Czech Republic (Klando) 2002 Yes Yes Pelvic lymphadenectomy Yes
Pelosi et al. Italy (Torino) 2002 Yes Yes Pelvic lymphadenectomy Yes
Pitynski ef al. Poland (Krakow) 2003  N/A N/A Pelvic lymphadenectomy and para-aortic in selected cases ~ Yes
Pelosi et al. Italy (Torino) 2003 Yes Yes Pelvic lymphadenectomy Yes
Holub et al. Czech Republic (Klando) 2004 Yes Yes Pelvic lymphadenectomy Yes
(infra-aortic lymphadenectomy only in 1)
Fersis ef al. Germany (Teubingen) 2004 Yes Yes Pelvic lymphadenectomy (and para-aortic in selected cases) Yes
Niikura et al. Japan (Sendai) 2004 Yes Yes Pelvic and paraaortic lymphadenectomy Yes
Gien et al. UK (London) 2005  No (only Yes Pelvic lymphadenectomy/ Yes
patients with Para-aortic in high risk patients
high risk of (papillary serous and clear cell carcinomas)
metastasis
were included)
Dzvincuk et al. Czech Republic (Olomouc) 2006 Yes Yes Pelvic lymphadenectomy and para-aortic Yes
lymphadenectomy in 11 patients
Niccoli A. et al. Italy (Bari) 2006  N/A N/A N/A No
Lopes et al. Brazil (Sao Paulo) 2007 Yes Yes Pelvic and para-aortic lymphadenectomy up to Yes
the level of the renal veins
Yan et al. China (Foshan) 2007 Yes Yes Pelvic lymph node dissection Yes
Altgassen et al. Germany (Leubeck) 2007  No Yes Pelvic and para-aortic lymphadenectomy 15; pelvic 8 Yes
Delaloye ef al. Switzerland (Lausanne) 2007 N/A Yes Pelvic and para-aortic lymphadenectomy Yes
Frumovitz ef al. US (Houston) 2007  No Yes Pelvic and para-aortic lymphadenectomy Yes
Maccauro et al. Italy (Milan) 2007 Yes Yes Pelvic lymphadenectomy and para-aortic in serous Yes
or papillary carcinomas
Jiang et al. China (Sun Yat-sen) 2008 Yes Yes Pelvic lymphadenectomy Yes
Bats et al. France (Paris) 2008  Yes Yes Pelvic lymphadenectomy/para-aortic in selected cases Yes
Clement et al. France (Paris) 2008  No Yes Pelvic lymphadenectomy/para-aortic in selected cases Yes
Ballester et al. France (Paris) 2008 Yes Yes Pelvic lymphadenectomy (40) para-aortic in selected Yes
cases (6) (patients with clear cell or serous cancers)
Perrone et al. Italy (Bologna) 2008  Yes Yes Pelvic lymphadenectomy and lombo-aortic Yes
lymphadenectomy was performed in high grade EC
and in cases of lombo-aortic captation of SLN
Liet al China (Bejing) 2009  N/A Yes Pelvic lymphadenectomy in 27 patients/pelvic node Yes
sampling in 4/7 of the 31 patients, a para-aortic
lymph node sampling was performed
Robova et al. Czech Republic (Prague) 2009 N/A Yes Pelvic and para-aortic lymphadenectomy up Yes
to the inferior mesenteric artery
Vidal-Sicart ef al. ~ Spain (Barcelona) 2009 N/A Yes Selected lymphadenectomy Yes
Kara et al. Turkey (Ankara) 2009 Yes Yes Pelvic and para-aortic lymphadenectomy Yes
Zenzola et al. Venezuela (Caracas) 2009 Yes Yes Pelvic lymphadenectomy Yes
Gemignani et al. ~ US (New York) 2009 Yes Yes Pelvic lymphadenectomy in all and pelvic Yes
as well as para-aortic in some at the surgeons discreption
Qu et al. China (Shandong) 2010 Yes Yes Pelvic and para-aortic lymphadenectomy Yes
Feranec ef al. Czeck Republic (Brno) 2010 Yes Yes Pelvic lymphadenectomy (para-aortic in high risk patients) ~ Yes
Dittmann et al. Germany (Teubingen) 2010  N/A Yes N/A No
Sola et al. Spain (Barcelona) 2010 Yes Yes Regional lymph node dissection No
Mais et al. Italy (Cagliari) 2010 Yes Yes Pelvic lymphadenectomy Yes
Ballester et al. France (Multicenter) 2011 Yes Yes Pelvic lymphadenectomy and para-aortic Yes
lymphadenectomy in 15 patients
Cordero Garcia ef al. Spain (Madrid) 2012 Yes Yes Pelvic lymphadenectomy Yes
Barlin ef al. US (New York) 2012 Yes Yes Pelvic lymphadenectomy in all and pelvic as well as Yes
para-aortic in some at the surgeons discretion
Leitao et al. US (New York) 2011 Yes Yes Pelvic lymphadenectomy in all and pelvic as well as No
para-aortic in some at the surgeons discretion
Rossi et al. US (Indiana) 2012 N/A Yes Pelvic lymphadenectomy and para-aortic lymphadenectomy Yes
Holloway et al. US (Orlando) 2012 N/A No Pelvic lymphadenectomy in all and para-aortic Yes
lymphadenectomy in high risk patients
Buda et al. Italy (Monza) 2012 Yes Yes Pelvic lymphadenectomy in all and para-aortic Yes
lymphadenectomy in selected patients
How et al. Canada (Montreal) 2012 Yes Yes Pelvic lymphadenectomy in all and para-aortic Yes
lymphadenectomy in selected patients
Solima et al. Italy (Milan) 2012 Yes Yes Pelvic lymphadenectomy in all and para-aortic Yes

lymphadenectomy in high risk patients
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Study name Statistics for each study Publication year Event rate and 95% Cl
Event Lower Upper

rate limit limit
Burk et al 0667 0406 0854 1996 —1—a—
Echt et al 005 0008 0505 1999 Hil——
Holub et al (2001 study) 0625 0285 0875 2001 —t—
Holub et al (2002 study) 0615 0344 0830 2002 ——
Pelosi et al (2002 study) 0958 0575 0997 2002
Pitynski et al (blue dye only) 086 0618 0933 2003 — |
Pitynski et al (blue dye and tracer) 0955 0552 0997 2003
Pelosi et al (2003 study) 0938 0865 0991 2003 —
Holub et al (2004 study) 0840 0643 0939 2004 —
Fersis et a 0700 0376 0900 2004 ——
Nikura et al 0821 063 0924 2004 —i-
Gien et al (sub-endometrial injection) 0125 0007 0.7 2005 ———
Gien et al (sub-serosal injection) 055  0.251 0.823 2005 ——
Gien et al (combined injection) 0500 0123 0877 2005 ——
Dazvincuk et al (laparoscopy group) 0600 0200 0900 2006 —_—
Dazvincuk et al (laparotomy group) 081 063 094 2006 —i-
Niccoli Asabella et al 0.950 0525 0.997 2006 —u
Lopes et al. 0775 0621 0.879 2007 —i-
Yan et al 0714 0327 0928 2007 )
Altgassen et al 0913 071 0.978 2007 —
Delaloye et al 0817 0698 0835 2007 —
Frumovitz et al 0444 0240 0670 2007 —a—
Maccauro et al 0989 0849 099 2007 —u
Jiang et al (fundal injection group) 0250 003 0762 2008 ———
Jiang et al (cervical injection group) 0800 0459 0850 2008 ———
Bats et a 0698 0546 0816 2008 ——
Clement et &l 0400 0100  0.800 2008 —a—
Ballester et al (2008 study) 0870 073 0840 2008 —i
Perrone et a (cervical injection group) 069 0485  0.847 2008 ——
Perrone et al (hysteroscopic injection group) 0647 0.404  0.832 2008 —1—
Lieta 0852 0865 0943 2009 —u-
Robova et al (blue dye and tracer group) 0731 0613 084 2009 —-
Robova et al (tracer only group) 0500 0310  0.6% 2009 ——
Vidal-Sicart et al 0629 0460 0771 2009 +—i—
Karaet a 0980 0749 0999 2000 —N
Zenzoa et & 0714 0439 0889 2009 ——a—
Germigrani et al 0849 0748 0915 2009 —
Queta 0722 0481 0879 2010 ——
Feranec et al 0810 0588 0827 2010 —i—
Dittmann et al 0774 065  0.851 2010 —
Solaet a 0800 0530 09M 2010 —H—
Mais et al (laparoscopy group) 0824 0573 0942 2010 ——
Mais et al (laparctomy group) 0412 0210 0648 2010 —a—
Ballester et al (laparotamy) 082 068 0947 2011 —-
Ballester et al (laparoscopy) 0895 0817 0943 201 -
Cordero Garcia et al 0895 0663 0974 2012 —
Barlin et al 0798 0757 0831 2012 u
Rossiet al 0875 0614 0989 2012 —a-
Holloway et al 098 0813 0999 2012
Budaeta 0880 0687  0.91 2012 —u
How et al 0920 0848 0959 2012 -
Solima et a 095 0874 0981 2012 -

0778 073 0815 L

-1.00 -0.50 0.00 0.50 1.00

Figure 2. — Forrest plot of the detection pooling rate.

Rossi et al. [54], Holloway et al. [56], and How et al.
[58] used robotic-assisted surgery with florescent dye with
pooled sensitivity of 86% [64-97%].

Including only larger studies with more than five patients
with positive lymph nodes showed pooled sensitivity of
89% [83-94%].

Discussion

Sentinel node biopsy is a novel method for regional
lymph node staging of many solid tumors including breast
cancer [60], urological malignancies [61], etc. This method

can considerably decrease the morbidity of regional lymph
node dissection by sparing many patients of this invasive
procedure [62]. This concept had been used for endome-
trial cancer since 1996 [15] with different results. In the
current systematic review, the authors comprehensively
searched and pooled results of available studies.

In should be mentioned that in 2011, similar systematic
review was published by Kang et al. [63]. The present sys-
tematic review had considerable more complete search
strategy as the authors could locate 46 relevant studies
compared to Kang et al. This systematic review also in-
cluded the most recent results of the most experienced
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group in sentinel node mapping of endometrial cancer
(Barlin et al. study [53]) which makes it more valid. In ad-
dition, Kang et al. study had several errors in data extrac-
tion: for example they considered articles by Holub et al.
[17, 18, 22] as duplicate and did not include two of them
in the analysis. However these three studies are method-
ologically different and the authors included them in this
study. Finally, sensitivities of Delaloye ef al. [31] and Burk
et al. [15] studies were mistakenly calculated by Kang et
al.: 89% and 50%, despite being 100% and 67%.

Detection rate

Pooled detection rate was rather low (77.8%) compared
to other malignancies such as breast cancer. However the
included studies were highly heterogeneous (I> = 61.4%)
and subgroup analysis showed that injection site, and
mapping method could affect detection rate. For example
Echt et al. reported 0% detection rate in their study, which
could be attributed to the intramyometrial injection of the
tracer as they mentioned themselves [16]. As shown
above, cervical or combined cervical/subserosal injections
of the tracer had the highest detection rates compared to
other techniques such as sub-endometrial or subserosal.
This can be due to ease of cervical injection compared to
other sites [64].

Using both blue dye and radiotracer showed the highest
detection rate compared to either of the methods alone. Flu-
orescent dye (using near infrared imaging intraoperatively)
was used in two studies with very high detection rate and
seems to be a promising method.

Unilateral and bilateral mapping

Endometrium as a midline organ has two different path-
ways of lymphatic drainage: right and left [8]. As shown
in Table 2, the rate of bilateral drainage was not reported
in many studies included in the current meta-analysis.
This rate was between 97.1% in Holloway et al. study
[56] and 12.5% in Frumovitz et al. study [32]. In the two
largest series, this rate was 69% [8] and 63% [53], re-
spectively. Failure to detect sentinel nodes bilaterally can
be of importance regarding the need to perform lym-
phadenectomy on the failure side. Two of the largest stud-
ies thus far have evaluated this notion in detail. Ballester
et al. reported 100% sensitivity while using hemipelves
as the unit of calculations despite 84% using patients as
the unit [8]. Barlin et al. also showed the same results as
they reported 98.1% sensitivity using hemipelves as the
unit of calculations despite 85.1% using the patients as
the unit [53]. It is worth mentioning that for other midline
organs such as the penis, this method has been used with
fairly promising results [65].

Distribution of sentinel nodes and para-aortic sentinel
lymph nodes

As shown in Table 2, distribution of sentinel nodes de-
pends on the injection site of the mapping materials. The
sub-serosal and sub-endometrial methods show para-aor-
tic sentinel nodes more frequently (as high as 38% of all

sentinel nodes in one study) [15]. Isolated para-aortic sen-
tinel node detection was also reported in 1%-36% of pa-
tients in various studies [23, 24, 32, 40, 53, 58, 59].

Para-aortic lymph node dissection is under much debate
in endometrial cancer. The incidence of para-aortic lymph
node metastasis without pelvic lymph node involvement
was reported to be 1% [66]. The incidence of isolated para-
aortic recurrence was also reported to be only 6%, most of
which were in grade 3 tumors. The present meta-analysis
also supports these data since positive para-aortic sentinel
nodes were only reported by limited studies: Lopes et al.
(four out of five patients with positive nodes) [28], Feranec
et al. (one patient which was the only positive patient) [47],
Fersis et al. (one patient in both para-aortic and pelvic re-
gions), Delaloye et al. (in 40% of positive sentinel nodes)
[31], Maccauro et al. (one out of seven positive patients)
[33], Niikura ef al. (one out of six positive patients) [67],
Holloway et al. (five out of ten positive patients) [56], and
Solima et al. (one out of ten positive patients) [59].

Altogether, it seems that the incidence of para-aortic
lymph node involvement is low and cervical injection
(which is very easy to perform) of the mapping material
would suffice for sentinel node mapping.

Sensitivity

Overall, the pooled sensitivity of sentinel node mapping
was 89% [83-93], which is fairly acceptable compared to
other known malignancies, such as breast cancer or
melanoma [68]. The included studies were not that hetero-
geneous in this regard (Cochrane Q value =31.9, p = 0.7
and I> = 0%).

Sub-group analysis showed that using both blue dye and
tracer had the highest sensitivity compared to either tech-
nique alone. This was in accordance with other malignan-
cies such as breast and urological cancers [61, 68].

Site of injection and type of surgery were both related to
sensitivity: laparoscopic surgery and cervical/subserosal in-
jection showed higher pooled sensitivities.

Effect of immunohistochemistry (IHC)

High frequency of lymph node micro-metastasis has been
reported to occur in endometrial cancer, however detection
of micro-metastases by routine IHC evaluation of all re-
moved lymph nodes is not time or cost-effective [69]. How-
ever, using IHC on the removed sentinel nodes seems to be
cost-effective and can decrease the false negative rate. This
was supported by the results of the present meta-analysis.
Lopes et al. [28], Bats et al. [36], Ballester et al. [38],
Ballester ef al. (multicenter study)[8], Altgassen et al. [30],
Kara et al. [43], Perrone et al. [39], Niikura et al. [24], Bar-
lin et al. [53], Holloway et al. [56], and Solima ef al. [59]
reported 5,2,4,9,3, 1, 5,4, 9, 4, and six additional posi-
tive nodes using IHC compared to the conventional hema-
toxylin and eosin (H&E) staining.

Although using IHC can decrease the false negative rate,
however the prognostic impact of micro-metastasis is not
yet clear and needs further studies with high sample size
and long follow up [69].
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Funnel plot of standard error by logit event rate
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Figure 5. — Funnel plot of the pooling sensitivity.
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Figure 4. — Forrest plot of the pooling sensitivity.
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Learning curve effect

Introduction of sentinel node mapping into a surgical
community needs certain time for the surgeons to gain
enough experience. This concept has been shown in breast
cancer surgery [60]. In the present meta-analysis, several
studies reported learning curve effect on the mapping suc-
cess. Khoury-Collado et al. reported that four out of five
false negative cases in their study occurred when surgeons
had less than ten patients experience, and detection rate dur-
ing 2006 and 2007 was 37/46 while during 2008-2010 it
was 82/86 [7]. Zenzola et al. reported that four detection
failure in their study was in their first patients [44]. De-
laloye et al. also reported that all 11 failures occurred dur-
ing learning curve phase [31]. Dittmann et al. reported that
most of the failures occurred during learning curve with-
out giving any information [48]. Finally Li et al. reported
that their first four patients had defective injection which
were excluded from the analysis [40].

Overall, it seems that learning curve effect is also present
in sentinel node mapping of endometrial cancer (high false
negative and low detection rate) and surgeons should con-
sider it before routine use.

Publication bias

Publication bias is an important issue which should be
addressed in all systematic reviews. For minimizing this
bias, the present authors searched several databases and ex-
erted no language limit in this search. They also included
meeting abstracts to the systematic review. One study in
Polish [20], two studies in Czech [26, 47], three studies in
Chinese [29, 35, 46], and two studies in Spanish [44, 55]
were included. Six of the included studies were meeting ab-
stracts [27, 33, 45, 48, 49, 52], one was a proceeding paper
[19], and one was a thesis [35].

Despite these efforts, funnel plots of detection rate and
sensitivity pooling showed some asymmetry, although
Egger’s test was not statistically significant in either one.
This shows that publication bias can be a concern in the
present meta-analysis as an important limitation.

Limitations

One of the major limitations of th present study is the qual-
ity of the included studies. Twenty-nine of the included stud-
ies did not recruit patients in a consecutive fashion. The
spectrum of the included patients was not broad enough in
some groups. For example Gien et al., Burke et al., and Fru-
movitz et al. only included patients with high risk of metas-
tasis in their study [15, 25, 32]. Most importantly, the gold
standard used by most studies was pelvic lymphadenectomy
and para-aortic lymph node dissection that was performed in
selected cases or not performed at all. Only ten studies in-
cluded routine para-aortic lymphadenectomy in their study
[15,16,24,28,31,32,41, 43, 46, 54]. This can influence the
false negative rate of the present meta-analysis and is a major
limitation this our study.

Another limitation is the low incidence of positive lymph
nodes in endometrial carcinoma. Many studies included in
this meta-analysis only had one patient with positive lymph

nodes and overall 187 patients with positive nodes were in-
cluded in the current systematic review. Although limiting
the sensitivity pooling to the larger series did not affect the
sensitivity (89% sensitivity when including only studies
with more than five patients with involved nodes), it seems
that larger studies with more positive lymph node patients
are still required before considering sentinel node mapping
a safe method in endometrial cancer.

Conclusion

Sentinel node mapping is feasible in endometrial cancer.
Cervical injection, as well as using both blue dye and ra-
diotracer, results in the highest detection rate and sensitiv-
ity. Larger studies are still needed to evaluate the false
negative rate and the factors influencing the sensitivity in
more detail.
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