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Abstract We performed a meta-analysis to assess the

accuracy of sentinel-lymph-node (SLN) procedures for the

assessment of nodal metastases in patients with early stage

cervical cancer. Studies of SLN procedures for detecting

nodal metastases in patients with early stage cervical

cancer were systematically searched in MEDLINE and

EMBASE between January 1, 2000 and August 30, 2013.

We identified 49 eligible studies, which included 2,476

SLN procedures. The mean overall weighted-detection rate

was 0.93 (95 % CI 0.92–0.94), at a pooled sensitivity of

0.88 (95 % CI 0.84–0.90) with limited heterogeneity

(v2 = 80.57, degrees of freedom = 47, p = 0.002). Sub-

group analysis of sensitivity and the rate of detection of

different tracer techniques and surgery methods used in

conjunction with an SLN procedures were as follows:

studies using combined techniques, 0.88 (95 % CI

0.84–0.91) and 0.97 (95 % CI 0.96–0.98); studies using

metastable technetium-99, 0.87 (95 % CI 0.78–0.93) and

0.90 (95 % CI 0.87–0.93); studies using blue dye, 0.87

(95 % CI 0.79–0.93) and 0.87 (95 % CI 0.84–0.90); studies

using laparotomy, 0.86 (95 % CI 0.80–0.90) and 0.87

(95 % CI 0.83–0.91); studies using laparoscopy, 0.90

(95 % CI 0.86–0.94) and 0.93 (95 % CI 0.90–0.96); and

studies using robot-assisted surgery, 0.84 (95 % CI

0.72–0.92) and 0.92 (95 % CI 0.88–0.95). We concluded

that the SLN procedure performs well diagnostically for

the assessment of nodal metastases in patients with early

stage cervical cancer.
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Introduction

Cervical cancer is the third most commonly diagnosed can-

cer and the fourth leading cause of cancer death in women

worldwide with most cases occurring in developing coun-

tries [1]. Even with dramatic treatment changes, increased

incidence and deaths due to cervical cancer continues to be a

problem: 12,340 new cases and 4,030 deaths occurred in

2013, from 11,150 to 3,670 in 2007 in the USA [2, 3]. Cer-

vical cancer diagnosis is made by cervical biopsy or coni-

zation. Although cervical screening is excellent for cancer

prevention, this disease continues to be diagnosed in locally

advanced stages. The Federation Internationale de Gyne-

cologie et d’Obstetrique (FIGO) clinical staging system does

not include evaluation of lymph node involvement, although

lymph node metastasis is an important prognostic factor in

cervical cancer in addition to parametrial cancer extension

and positive surgical margins [4].

Radical hysterectomy with pelvic lymphadenectomy is

the standard treatment for early stage cervical cancer.

However, pelvic lymph node metastases are detected in

0–4.8 and 0–17 % of patients with stage IA and IB cervical

cancer, respectively [5]. Moreover, lymph node involve-

ment is observed in only 12–27 and 25–29 % of patients

with stages IIA and IIB cervical cancer, respectively [6, 7],

suggesting that about three quarters of all patients routinely

received pelvic lymph node dissection despite the absence

of metastasis. Lymph node dissection not only increases
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operative time and blood loss but also causes occasional

leg lymphedema and nerve and blood vessel injuries [8].

Moreover, removal of ‘‘healthy’’ lymph nodes may nega-

tively influence the immune system. Thus, in most patients

with cervical cancer, lymph node dissection could be

omitted.

Cabanas reported the existence of a so-called sentinel-

lymph-node (SLN), confirming that this site was the first

location of metastasis and that in clinically non-suspicious

nodes, this node was frequently the only one affected [9].

When nodal metastases occur, the SLN will be initially

involved and as such SLN biopsy has been implemented in

the standard of care for patients with melanoma and breast

cancer [9, 10]. If the SLN concept is valid in cervical

cancer, most patients with early stage disease could avoid

pelvic lymphadenectomy by both preoperative radioisotope

injection of Tc99m or intraoperative blue dye with a con-

firmation of a metastasis-free SLN status. Because current

studies offer inconclusive data about this procedure, we

performed a meta-analysis to evaluate the diagnostic per-

formance of SLN procedures with respect to sensitivity and

early stage cervical cancer detection.

Materials and methods

Search strategy and selection criteria

A comprehensive systematic search for published studies

was performed independently by Wang and Li from Jan-

uary 1, 2000 to August 31, 2013, using Embase and Pub-

Med databases. Predefined search terms were used to

identify reports about the diagnostic performance of the

SLN procedure in patients with early cervical cancer. We

used a search algorithm that was based on a combination of

text words: ‘‘sentinel-lymph-node’’ AND ‘‘cervical can-

cer’’. Review articles, letters, comments, conference pro-

ceedings, unpublished data and case-reports were not

selected for our study. We included studies meeting the

following inclusion criteria: enrollment of at least 12

patients; prospective design to assess effectiveness of

identification and diagnostic performance of the SLN

procedure; most ([80 %) enrolled patients had early stage

cervical cancer (FIGO I-IIA) and reported positivity rates

(ie, a clearly described histopathological analysis and

specimen-handling procedure). To avoid overlapping

patient data in duplicate publications, we included the more

recent articles with the largest sample size.

Reference standard and test results

The approach of this report differs from similar studies,

because, in line with common clinical practice, the

false-positivity rate was, by definition, zero. When the SLN

is the only positive node identified, the SLN procedure is

considered to be successful. The detection rate was cal-

culated by the number of procedures in which at least one

SLN was identified, divided by the total number of pro-

cedures undertaken. The sensitivity of the SLN procedure

was defined as the number of true positives in patients with

positive histopathological findings (true positives/[true

positives ? false negatives]). A true positive SLN was

defined as a positive SLN identified with histopathological

techniques (hematoxylin and eosin staining, serial sec-

tioning, immunohistochemistry, or RT-PCR), independent

of regional lymph node status. Sentinel-lymph-node pro-

cedure yielding tumor-negative sentinel node(s) in combi-

nation with tumor-positive non-sentinel nodes were

classified as false negative.

Data extraction

Wang and Li extracted relevant data from all full-text

publications using a standardized data abstraction form.

They were blinded to the identity of study investigators and

institution. The data extraction form was comprised of the

following items: year of publication and origin, histopa-

thological technique used, number of patients included,

type of study design (prospective, retrospective, or

unknown), and method of SLN identification (radiotracer

or dye, method, and mode of injection).

To assess the quality and applicability of the studies

included in this report, we used an established quality-

rating system for diagnostic studies based on QUADAS

[11]. Wang and Li independently reviewed each article to

extract relevant study characteristics and results using a

standard form. We divided the criteria list into two sub-

groups: internal and external validity. The criteria could be

scored as ‘‘yes,’’ ‘‘no,’’ or ‘‘not mentioned’’ in the publi-

cation. The internal validity items focused on the validity

of the reference test (histology), consecutive patients,

blinded interpretation of pathological results, and pro-

spective studies. The external validity items focus on stage

of disease (FIGO), the type of patient population and

spectrum, demographics, the inclusion/exclusion criteria,

detection of sentinel node (SN) technique, localization of

SN (and/or bilateral SN) described, scintigraphy, and

description of SN criteria.

Statistical analysis

The sensitivity of the SN procedure was determined from

the number of true positive (TP) and false-negative (FN)

results from the 2 9 2 contingency table of the individual

studies. Studies that did not present patients with tumor-

positive sentinel node were excluded from statistical
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pooling of sensitivity but were included for pooling of the

SN detection rate. The detection rate was defined as the

percentage of procedures in which at least one sentinel

node was identifiable. Because false-positive SLN proce-

dures are impossible in our context, we set the specificity

of the procedure at 100 %. Therefore, sensitivity was

pooled with a random-effect analysis, without taking

specificity into account. Potential heterogeneity of sensi-

tivity results was analyzed with the Chi-squared test. We

performed a subgroup analysis for the three SN detection

techniques: Tc99m, blue dye, and the combination of both.

Detection rates and sensitivity for studies using a laparo-

tomic procedure versus studies using a laparoscopic pro-

cedure versus studies using a robot-assisted procedure were

calculated. Pooled data are presented with 95 % confidence

intervals (95 % CI). All data were processed with the

metan procedure in STATA version 11.0 (Stata Corp;

Texas, USA) and Meta-DiSc version 1.4 (XI Cochrane

Colloquium; Barcelona, Spain). In all analyses, a p value of

0.05 or less indicated statistical significance.

Results

We identified 49 eligible studies (Table 1) [6, 7, 12–58].

Two studies [59, 60] were excluded because of insufficient

cases, and eight studies were excluded because of duplicate

publication [61–68]. Most patients were diagnosed as

having early stage cervical cancer (FIGO I–IIA), but one

study was excluded because more than 50 % patients had

stage IIb cancer [69]. Overall, 2,476 SLN procedures were

included as eligible reports, and there were 39 eligible

studies [6, 7, 13, 15, 16, 20–22, 26, 28–58] that met at least

three of the four internal validity criteria (see Table 2). All

studies used a valid reference test (histology) and had a

prospective design. Both inclusion and exclusion criteria

were offered in 27 studies [15, 26–37, 41–46, 49–54, 56,

57] (see Table 2), but the definition of a SLN varied among

studies (variously defined as ‘‘blue,’’ ‘‘hot,’’ or ‘‘blue and

hot’’).

Blue tracer dye varied from 0.2 to 4 ml [13, 41], and

Tc99m activity (MBq) varied from 10 to 290 MBq among

studies [38, 59]. In 36 studies [13, 17, 18, 21, 22, 24–27,

30–37, 41–48, 50–52, 54–59], the four-quadrant method

was used and four studies [14, 16, 20, 23] did not mention

the number of peritumoral injections. In most studies [7,

14, 17–21, 24, 26–33, 36, 37, 40–46, 49–53, 55–58],

immunohistochemical SNL staining was performed with

hematoxylin and eosin (H&E) and this was negative. SLN

sectioning was not uniformly undertaken across studies,

but serial sectioning was used in most papers [7, 14, 17, 19,

20, 24–33, 35, 37, 41, 52, 53, 56] ranging from 0.2 to 5 mm

sections [7, 20]. SLN identification was classified as

in vivo or ex vivo.

Sensitivity for detecting lymph node metastases for all

studies (n = 48) was 0.88 (95 % CI 0.84–0.90) (see

Fig. 1), with heterogeneity [v2 = 80.17, degrees of free-

dom (df) = 47, p = 0.002]. Subgroup analysis for the three

detection techniques revealed a homogeneous distribution

if Tc99m only was used (v2 = 16.10, df = 9, p = 0.065).

Studies including Tc99m colloid combined with blue dye

were heterogeneous (v2 = 45.55, df = 28, p = 0.02).

Also, studies in which blue dye was used were heteroge-

neous (v2 = 18.37, df = 7, p = 0.01). Tc99m used in a

combination with blue dye yielded a pooled sensitivity of

0.88, but Tc99m use alone had the same pooled sensitivity

of 0.87 blue dye used alone.

The pooled detection rate was 0.93 (95 % CI

0.92–0.94). No significant differences between tracers used

were identified (detection rate: Tc99m 0.90 [95 % CI

0.87–0.93], blue dye 0.87 [95 % CI 0.84–0.90], combined

Tc99m and blue dye 0.97 [95 % CI 0. 87–0.93]). The

pooled detection rate of laparotomy versus laparoscopy

versus robot-assisted surgery was 0.87 (95 % CI

0.83–0.91), 0.93 (95 % CI 0.90–0.96), and 0.92 (95 % CI

0.88–0.95), not significantly different (p [ 0.05). Also,

sensitivity did not significantly differ among laparotomy,

0.86 (95 % CI 0.80–0.90); laparoscopy, 0.90 (95 % CI

0.86–0.94); and robot-assisted surgery, 0.84 (95 % CI

0.72–0.92).

Discussion

Detection of lymph node metastasis in early cervical cancer

is crucial for guiding subsequent treatment. In this meta-

analysis, we included 49 studies (2,476 various SLN pro-

cedures) and quantified pooled sensitivities and detection

rates. Each procedure had high sensitivity for SLN detec-

tion (rate: 0.93 [95 % CI 0.92–0.94], sensitivity: 0.88

[95 % CI 0.84–0.91]), which was similar to those achieved

in patients with breast cancer (sensitivity 0.91) [9]. Our

work documents that SLN procedures are appropriately

diagnostic for assessment of nodal metastases in patients

with early stage cervical cancer.

FIGO clinical stages correlate with prognosis and ana-

tomical extent of the disease but underestimates patho-

logical extents of disease. Also, nodal involvement, an

important independent prognostic factor, is often not

incorporated into current FIGO classifications. SLN sur-

gical procedures and detailed assessment should be stan-

dard care for early cervical cancer patients. We suggest that

for every patient diagnosed with early cervical cancer

without clinical evidence of lymph node involvement or
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metastatic disease, especially for those women desiring to

retain fertility SLN procedures should be considered.

Better diagnostic technology and screening allows ear-

lier detection of cervical cancer and ideally less metastases

to lymph nodes. Currently, cervical cancer is diagnosed by

endoscopic biopsy, followed by HPV testing and cervical

cytology. Also, ultrasonography (US), computed tomog-

raphy (CT), and magnetic resonance imaging (MRI) are

routinely used for treatment planning, but their results do

not alter the FIGO disease stages. Thus, morbidity and

Fig. 1 Weighted sensitivity for

each individual study
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mortality due to unnecessary extensive resection, including

para-aortic lymph node resection, will increase [8]. SLN

offers prognosis and decreased need for extensive surgery.

Van de Lande and colleagues [70] published a system-

atic review using selected studies of the SLN procedure in

patients with early cervical cancer. They compared tech-

niques (blue dye, Tc99m, or the combined method) and

report the highest success rate in terms of detection rate and

sensitivity. A total of 23 studies (including 842 patients)

were investigated, indicating the greatest SN detection rate

(0.97) with the combined method which had a sensitivity of

0.92. These data are similar to our findings. Also, we

compared studies using different surgery methods (lapa-

rotomy, laparoscopy, and robot-assisted surgery). SN

detection rates and sensitivity of robot-assisted surgery

were homogeneous, perhaps because they were so few

(only four studies and these included laparotomy and

laparoscopy).

Overall treatment decisions based on SLN assessment

alone is still not optimal, because of wide variations in

reported results due to patient population differences and

unique methods used for SLN identification and definition.

Our pooled estimates represent average overall effects, and

improved methods of SLN assessment in early cervical

cancer are needed, including tracer identification, prog-

nostic value of micrometases and isolated tumor cells,

patient selection, and surgical expertise.

Techniques used for lymph node assessment most

probably influence SNL procedure sensitivity. Detailed

assessment of SNLs should increase sensitivity more than

single-section H&E assessment. Therefore, the most

accurate study protocol should include the same patho-

logical assessment for SLN and non-sentinel nodes. Vari-

ation in pathological techniques used across reports

prevented a full analysis.

However, our review is limited. First, selective reporting

bias occurs in many clinical fields, including diagnostic

testing. The exclusion of conference abstracts, letters to the

editor, and non-English-language studies may have led to

publication bias. Second, a wide variation in patient

selection, SLN procedures, surgeons, pathological tech-

niques, and heterogeneity across institutions may have

affected estimates of diagnostic accuracy. Also, due to the

combination of heterogeneous results used for our analysis,

our findings should be applied in an epidemiological sense

and not to establish criteria for patient selection.

Conclusions

Sentinel-lymph-node performs well diagnostically for

assessing nodal metastases in patients with early stage

cervical cancer. Large, multicenter studies with strict and

homogenous patient selection and standardized SLN pro-

cedures and pathological techniques are required to

investigate any added value of SLN in the future.
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