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A B S T R A C T

Purpose
Single-institution case series have demonstrated the feasibility of the sentinel concept in cervical
cancer. However, the diagnostic accuracy remains to be validated. We evaluated detection rate
and diagnostic accuracy to predict the histopathologic pelvic nodal status in patients with cervical
cancer of all stages.

Patients and Methods
In a hypothesis-based, prospective, multicenter cohort study, patients underwent lymph node
detection after labeling with technetium, patent blue, or both. After systematic pelvic and, if
indicated, para-aortic node dissection, all lymph nodes were histopathologically examined.
Detection rate, sensitivity, and negative predictive value (NPV) were calculated.

Results
According to the protocol, 590 patients were eligible. Detection rate of pelvic sentinel nodes was
88.6% (95% CI, 85.8% to 91.1%) and was significantly higher for the combination of technetium
and patent blue (93.5%; 95% CI, 90.3% to 96.0%). Of 106 patients with pelvic lymph node
metastases, 82 had pelvic sentinel node metastases. The overall sensitivity was 77.4% (95% CI,
68.2% to 85.0%), which was lower than 90%, the predefined noninferiority margin (P � .001).
Sensitivity in women with tumors � 20 mm (90.9%), with bilateral detection (87.2%), or with both
substances applied (80.3%) was higher compared with the total population. The overall NPV was
94.3% (95% CI, 91.6% to 96.4%) and was higher in patients with tumors � 20 mm (99.1%; 95%
CI, 96.6% to 100%) compared with patients with tumors more than 20 mm (88.5%; 95% CI,
82.9% to 92.8%; P � .001).

Conclusion
In our cohort (all stages), sensitivity of the sentinel concept was low. However, patients with
tumor diameter � 20 mm may profit from this concept.

J Clin Oncol 26:2943-2951. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Individualization of treatment to reduce therapy-
associated morbidity is a current trend in surgery.
The latest progress in the surgical treatment of breast
cancer was the recommendation of the sentinel con-
cept after trials revealed a sensitivity of 88.6% to
91.2% and a negative predictive value (NPV) of
91.1% to 95.7%.1,2 The advantage of the sentinel
technique is the reduction of lymphadenectomy if
sentinel lymph nodes (SLNs) predict accurately
their regional status.

In cervical cancer, lymph node status is the
most important prognostic factor.3 Therefore,
lymphadenectomy remains the gold standard. If
lymph node metastases are present at the time of
primary surgery, 5-year survival rate decreases from
85% to 50%.3,4 Extended lymphadenectomy can

cause unfavorable adverse effects. Because more
than 90% of the nodes are free of metastases,5 the
majority of patients could be protected from mor-
bidity if the concept is applicable. Studies show that
the findings in the pelvic SLNs accurately predict the
state of the regional lymph nodes.6,7 Yet, the accu-
racy of this method requires validation. On the basis
of early data,8,9 we hypothesized that the sensitivity
of sentinel node biopsy is more than 90%.

PATIENTS AND METHODS

This prospective study was approved by the institutional
review committee (0175-02/00). All centers signed an
agreement to strictly follow the protocol.

Between December 1998 and October 2006, each
patient with cervical cancer was considered for enroll-
ment. Published data available at the beginning of the
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study were used to establish eligibility for enrollment.7,10 Inclusion criteria
were as follows: invasive cancer (all stages), intention of surgical staging,
complete pelvic lymphadenectomy in case of negative SLNs or one positive
SLN, and absence of pregnancy and appropriate tracer application. Exclusion
criteria included preoperatively detected metastatic disease, previous lymph-
adenectomy, tumor involvement of the adnexae, lymphoscintigraphy within
14 days before surgery, and allergy. Initially, neoadjuvant therapy was not
considered as an exclusion criterion. Later, we decided to exclude patients who
received neoadjuvant therapy because an influence on sentinel diagnosis could
not be excluded. Patients who signed informed consent were enrolled.

Tracer

The day before surgery, 1 mL of 60 MBq technetium-99m (99mTc)
Albu-Res or Nanocoll (Amersham, Braunschweig, Germany) was injected in

four divided aliquots beneath intact-appearing cervical epithelium. Dye (4
mL) was injected after induction of anesthesia and before draping. The partic-
ipating gynecologists decided at the beginning of their participation which
labeling substance they would use for the duration of the study.

Surgery and Lymph Node Processing

Patients underwent a complete pelvic lymphadenectomy either by
laparoscopy or by an open approach.11 The pelvic basin was defined as
the area along the external, internal, and common iliac vessels includ-
ing the parametrial lymph nodes. Pelvic lymph node dissection was
determined to be adequate if � 15 lymph nodes including SLNs could
be identified or at least one SLN harbored metastatic disease. The
amount of 15 lymph nodes was chosen as an average in daily routine

Population for analysis of diagnostic accuracy *
n = 507

Population for analysis of detection rate
n = 590

Patients fulfilling inclusion but not
exclusion criteria

N = 603

Excluded patients: (n = 83)
Neo-adjuvant therapy (incl. 3 pts)
   without pelvic SLN detection) (n = 12)
Pelvic SLN not detected (n = 64)
Pelvic nodal status (reference)
   inconclusive or unknown (n = 7)

Excluded patients: (n = 13)
Reasons:
No marker applied (n = 1)
No searching for SLN (n = 12)

Pelvic nodal status
(reference)

Pelvic nodal status
(reference)

Pelvic nodal status
(reference)

Pelvic SLN nodal status (index test)

Positive
n = 82

Negative
n = 422

Inconclusive 
n = 3

†

Positive
n = 82

Positive
n = 24

Positive
n = 3

Negative
(impossible

by definition)

Negative
(impossible

by definition)

Negative
n = 398

Fig 1. Distribution of patients eligible for
analysis of detection rate and diagnostic accu-
racy (flowchart). SLN, sentinel lymph node.
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where 15 to 20 pelvic nodes are harvested. This was recently con-
firmed.12 Additionally, we showed that the number of nodes harvested
depends on the pathologist’s count.13 Therefore, lymph node count
cannot be a clear indicator for radicality. Indication for para-aortic
lymphadenectomy was at the discretion of the surgeon and included the
upper part of the common iliac artery, the aorta and cava up to the renal
veins, and the presacral area. All areas were inspected for stained/hot
SLNs. SLNs were extracted separately, and this was followed by system-
atic lymphadenectomy. All nodes were processed identically by the
pathologists. If metastatic disease was visible, simple sections were
submitted. Normal-appearing nodes were cut perpendicular to the long
axis into 3- to 4-mm sections and submitted for routine staining
(hematoxylin and eosin) and evaluation. Immunohistochemical stains
were not recommended within the protocol.

Statistics

The primary objective was to estimate the detection rate and the diag-
nostic accuracy of the SLN concept in terms of sensitivity and NPV in the total
population and, secondarily, according to the labeling substances used. His-
topathologic findings of pelvic SLNs (index test) were part of the total pelvic
nodal status (reference). Thus, false-positive results were impossible by defini-
tion. The test was considered to be true positive if at least one SLN harbored
metastatic disease. It was regarded as false negative if all SLNs were free of
metastatic disease but non-SLNs showed metastases. It was considered true
negative if all lymph nodes were free of metastases.

The hypothesis on the magnitude of sensitivity was phrased to show
noninferiority compared with 96.5%. A clinically relevant noninferiority mar-
gin (like a clinically relevant difference in superiority trials) had to be chosen in
advance. Because sensitivity lower than 90% was assumed to be unacceptable
for the SLN concept, we chose 90% as the noninferiority margin. A sample size
of 100 patients with pelvic lymph node metastases was necessary to show
noninferiority of sensitivity by a one-sided binomial test with a power of 80%
at an � level of .05.

Detection rate was calculated as the number of patients with at least one
detected SLN over the total number of patients who underwent labeling and
SLN mapping. The proportion of true positives (patients with both positive
pelvic SLN and pelvic nodal status) within patients with pelvic lymph node
metastases was estimated as sensitivity. NPV resulted from dividing the num-
ber of true negatives (patients with both negative pelvic SLN and pelvic nodal
status) by the number of all patients without pelvic lymph node metastases.
Exact 95% CIs for the proportions were calculated.

Subgroup analysis was performed by a two-sided �2 test or Fisher’s exact
test as appropriate (�� .05). Except for the comparison of labeling techniques,
which was prespecified in the protocol, all further subgroup analyses were
explorative. Data were managed within an Access database (Microsoft, Red-
mond, WA) and analyzed with SAS (version 9.1; SAS Institute, Cary, NC).

RESULTS

Between December 1998 and October 2006, 603 patients were en-
rolled in 18 centers. In 12 patients, the surgeon did not search for
SLNs, and in one patient, no labeling substance was administered. To
validate diagnostic accuracy, 83 patients had to be excluded consecu-
tively; 12 patients had received neoadjuvant therapy (including three
without pelvic SLN detection), no pelvic SLN was detected in 64
patients, and pelvic lymph node status was inconclusive or unknown
in seven patients (Fig 1).

The population for analysis of the diagnostic accuracy included
507 patients (Table 1). Characteristics were similarly distributed in the
subgroups except for age; patients in the 99mTc group were older. A
laparoscopic approach was chosen in 55.6% of patients, and an open

Table 1. Characteristics of Patients Eligible for Analysis of Diagnostic Accuracy According to Labeling Substance Used

Characteristic

Technetium Patent Blue Combined Total

No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Patients 45 8.9 159 31.4 303 59.8 507 100
Age, years

Median 46.0 42.0 39.0 41.0
Range 30-74 24-79 16-76 16-79

BMI, kg/m2�

Median 24.3 24.8 23.5 23.9
Range 18.3-37.6 17.1-40.7 15.1-45.1 15.1-45.1

Histology
Squamous 35 77.8 120 75.5 228 75.2 383 75.5
Adenocarcinoma 7 15.6 31 19.5 59 19.5 97 19.1
Others 3 6.7 8 5.0 16 5.3 27 5.3

FIGO stage
IA1 0 0.0 9 5.7 29 9.6 38 7.5
IA2 4 8.9 9 5.7 29 9.6 42 8.3
IB1 25 55.6 91 57.2 149 49.2 265 52.3
IB2 3 6.7 15 9.4 37 12.2 55 10.8
IIA/IIB 9 20.0 32 20.1 50 16.5 91 17.9
IIIA-IVB 4 8.9 3 1.9 8 2.6 15 3.0
Missing† 0 0 0 0 1 0.3 1 0.2

Tumor size
� 20 mm 21 46.7 72 45.3 139 45.9 232 45.8
� 20 mm 21 46.7 77 48.4 144 47.5 242 47.7
Missing† 3 6.7 10 6.3 20 6.6 33 6.5

Abbreviations: BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics.
�Valid data for BMI: n � 385.
†Missing information.
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approach was chosen in 44.0% of patients (data were missing
in 0.4%).

Identification of SLNs

Detection rate comprising pelvic and para-aortic SLNs was
89.7% (95% CI, 86.9% to 92.0%). Detection rate for pelvic SLNs was
88.6% (95% CI, 85.8% to 91.1%; Table 2). The highest detection rate
of 93.5% was achieved when a combined labeling procedure was
applied (P � .001).

A median of two SLNs (range, two to 24 SLNs) per patient were
detected and removed in the pelvic area, and a median of one SLN
(range, one to nine SLNs) was detected in the para-aortic area. Five or
more SLNs were identified in 103 patients (20.3%) after administering
99mTc alone or in combination.

A median of 24 nonsentinel pelvic lymph nodes (range, two to 70
nodes) were removed in 507 patients. In 190 patients who underwent
para-aortic lymph node dissection, a median of 12.5 lymph nodes
(range, one to 47 nodes) were removed.

Accuracy of the Diagnostic Test

In three of 507 patients, the histopathologic status of the SLNs
was inconclusive (blue dye, n � 2; 99mTc, n � 1). These patients were
excluded from estimation of sensitivity and NPV.

Pelvic lymph node metastases were described in 106 patients. In
82 patients, SLNs correctly predicted metastatic disease, and in 24
patients, no metastases were found within the SLNs. Sensitivity was
77.4% (95% CI, 68.2% to 85.0%) and was significantly lower than
90% (P � .001; Table 3). NPV was 94.3% (95% CI, 91.6% to
96.4%) and did not differ statistically according to the labeling
agent (P � .8; Table 4).

Adverse Effects

After injection of dye, a pulsoximetric decrease in oxygen satura-
tion was seen routinely, which was not confirmed arterially.14 After
injecting patent blue, we observed an anaphylactic reaction in two
patients that forced us to abandon surgery. Surgery was performed 2

days later without any labeling. Severe allergic reaction are rarely
seen (2%).15

Ancillary Analyses

Which subpopulation might benefit from the sentinel concept in
particular? Tumor size � 20 mm or more than 20 mm in the histologic
specimen was used as a cutoff because it is used for the decision
regarding surgery versus chemoradiation.3 Furthermore, we assessed
the influence of unilateral or bilateral detection of SLNs and the
impact of diagnostic conization for accuracy.

Of the eligible population, the tumor was � 20 mm in diameter
in 249 patients and more than 20 mm in diameter in 305 patients.
Detection rate of pelvic SLN was 94.0% (95% CI, 90.2% to 96.6%) in
patients with smaller tumors and was significantly higher compared
with patients with larger tumors (83.6%; 95% CI, 78.9% to 87.6%; P�
.001; Table 2).

According to tumor size, a significantly improved NPV and a
nonsignificantly higher sensitivity in patients with smaller tumors
versus patients with larger tumors were demonstrated (sensitivity:
90.9% v 72.7%, respectively; Table 3; NPV: 99.1% v 88.5%, respec-
tively; P � .001; Table 4). The prevalence of negative lymph nodes was
90.5% for smaller tumors compared with 67.8% for larger tumors.

If SLNs were detected in only one pelvic side compared with both
sides regardless of tumor size, sensitivity increased from 69.6% (95%
CI, 54.2% to 82.3%) to 87.2% (95% CI, 74.2% to 95.2%; P � .046).
NPV increased from 91.0% (95% CI, 85.4% to 95.1%) to 96.5% (95%
CI, 92.5% to 98.8%; P � .062).

In patients with smaller tumors, no differences in sensitivity and
NPV were seen according to preceding conization and unilateral or
bilateral SLN detection.

DISCUSSION

This study was designed in 1998, and the protocol was amended in 1999
and 2000. We used conditions that are easily applicable to clinical routine.
Tumor size was not limited because it is difficult to measure clinically and

Table 2. SLN Detection in Patients Eligible for Estimation of Detection Rate According to Labeling Substance, Tumor Size, and Preceding Conization

Subgroup No. of Patients
No. of Patients

With SLN Detection
Detection
Rate (%) 95% CI P �

Pelvic or para-aortic SLN
Total 590 529 89.7 86.9 to 92.0 —

Pelvic SLN —
Total 590 523 88.6 85.8 to 91.1
Marker

Technetium 55 45 81.8 69.0 to 91.0 � .001
Patent blue 195 160 82.0 75.9 to 87.2
Combined 340 318 93.5 90.3 to 96.0

Tumor size
� 20 mm 249 234 94.0 90.2 to 96.6 � .001
� 20 mm 305 255 83.6 78.9 to 87.6

Patients with tumor size � 20 mm: preceding conization
Yes 186 178 95.7 91.7 to 98.2 .065
No 63 56 88.9 78.4 to 95.5

Abbreviation: SLN, sentinel lymph node.
�P value of �2 test or Fisher’s exact test, as appropriate.
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by imaging techniques. Also, analysis of the SLNs by the pathologists did
not includemicrosectioningorimmunochemistrybecausethis isnotpart
of clinical routine. Ultrastaging of SLNs has the potential to detect addi-
tional metastases and, therefore, will increase sensitivity and NPV.

Whether ultrastaging really improves diagnostic accuracy has still to
be determined.16

We evaluated a hypothesis for diagnostic accuracy of SLNs to
predict the histopathologic pelvic nodal status in cervical cancer of all

Table 3. Sensitivity of Pelvic SLN Detection According to Labeling Substance, Tumor Size, Preceding Conization, and Unilateral/Bilateral Detection

Subgroup Total No. of Patients

No. of Patients

Sensitivity (%) 95% CI P �True Positive Reference Positive

Total† 504 82 106 77.4 68.2 to 85.0 —
Marker

Technetium 45 5 7 71.4 29.0 to 96.4 .647
Patent blue 157 24 33 72.7 54.4 to 86.7
Combined 302 53 66 80.3 68.6 to 89.1

Tumor size
� 20 mm 232 20 22 90.9 70.8 to 98.9 .091
� 20 mm 239 56 77 72.7 61.3 to 82.3

SLN detection
Unilateral 188 32 46 69.6 54.2 to 82.3 .046
Bilateral 213 41 47 87.2 74.2 to 95.2

Patients with tumor size � 20 mm
Preceding conization

Yes 177 10 11 90.9 58.7 to 99.8 .999
No 55 10 11 90.9 58.7 to 99.8

SLN detection
Unilateral 69 8 9 88.9 51.7 to 99.7 .999
Bilateral 113 11 12 91.7 61.5 to 99.8

Abbreviation: SLN, sentinel lymph node.
�P value of �2 test or Fisher’s exact test, as appropriate.
†Three patients with inconclusive SLN status were excluded from the analysis.

Table 4. Negative Predictive Value of Pelvic SLN Detection According to Labeling Substance, Tumor Size, Preceding Conization, and
Unilateral/Bilateral Detection

Subgroup Total No. of Patients

No. of Patients

Negative Predictive Value (%) 95% CI P �True Negative SLN Negative

Total† 504 398 422 94.3 91.6 to 96.4 —
Marker

Technetium 45 38 40 95.0 83.0 to 99.4 .808
Patent blue 157 124 133 93.2 87.5 to 96.8
Combined 302 236 249 94.8 91.2 to 97.1

Tumor size
� 20 mm 232 210 212 99.1 96.6 to 100 � .001
� 20 mm 239 162 183 88.5 82.9 to 92.8
Inconclusive 18

SLN detection
Unilateral 188 142 156 91.0 85.4 to 95.1 .062
Bilateral 213 166 172 96.5 92.5 to 98.8
Inconclusive 103

Patients with tumor size � 20 mm
Preceding conization

Yes 177 166 167 99.4 96.7 to 100 .380
No 55 44 45 97.8 88.2 to 100

SLN detection
Unilateral 69 60 61 98.4 91.2 to 100 .999
Bilateral 113 101 102 99.0 94.6 to 100

Abbreviation: SLN, sentinel lymph node.
�P value of �2 test or Fisher’s exact test as appropriate.
†Three patients with inconclusive SLN status were excluded from analysis.
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stages. According to our results, of 100 patients with cervical can-
cer, SLNs would not be detected in 11 patients and 14 patients
would have positive SLNs, both resulting in a complete pelvic
lymphadenectomy. Seventy patients would benefit from less aggres-
sive dissection as a result of true-negative SLN findings, and in four
patients with false-negative SLNs, pelvic lymph node metastases
would not be detected (Fig 2).

We intended to proof a sensitivity of � 96.5% assuming a non-
inferiority margin of 90%. Thus, we relied on published but smaller
studies.7,17,18 The discrepancy is a result of the population size, which
varied between 10 and 35 patients in these series. Sensitivity depends
on the distribution of disease severity, and NPV depends on the
prevalence of metastatic disease. Therefore, we offer estimates of de-
tection rate, sensitivity, and NPV with higher precision and probably
with higher external validity compared with smaller studies.

Our data suggest that it has to be questioned whether the sentinel
concept is applicable in cervical cancer irrespectively of tumor size. In
our population, from our point of view, the sensitivity was too low to
rely on the sentinel status as a rationale to omit complete pelvic
lymphadenectomy. The impact of overlooked lymph node metastases
in patients with cervical cancer is severe and cannot be compared with
patients with breast cancer. Missed metastatic axillary lymph nodes
can be detected clinically. Five-year survival rate after isolated axillary
recurrence is 49%19 compared with a 2-year survival rate of 19% in
patients with recurrent cervical cancer.20 Studies emphasize that the
presence of lymph node metastases reduces 5-year disease-free sur-
vival from 89% to 50%21 because metastases might lead to pelvic
sidewall recurrence, which is difficult to detect in an early phase and
hard to cure.

Preliminary work using dye showed that it has to be administered
subepithelially in four quadrants of the intact cervix and that 4 mL is
superior to smaller volumes.17,22 Detection rate varies between 63%
and 93% if only dye is used. In our study, the detection rate was 82%.
Studies applying 99mTc alone are rare, and detection rate varies be-
tween 70% and 96%.23,24 The advantage of 99mTc is the chance to

detect an aberrant localization of SLNs.25 99mTc in addition to blue dye
increases detection rate significantly26; detection rates vary between
80% and 100%.18,27 In our study, combined labeling led to a signifi-
cantly improved detection rate of 94% (P � .001).

The rate of bilateral sentinel detection varies between 19% and
90%.6,17,18,24,26,28-30 Proponents of bilateral detection argue that the
cervix is a midline organ, and therefore, lymphatic drainage involves
both pelvic sides. They do not regard unilateral SLN detection as
reliable, although unilateral lymph node metastases were reported in
73% of patients.31 Data show that lymph nodes might be clogged with
debris. Therefore, a history of inflammatory disease or surgery might
have altered bilateral drainage towards unilateral.32,33 This is sup-
ported by studies on recurrent cancer in which the regional lymph
node status was predicted correctly by the SLN,34 although the drain-
age system was severely altered through primary surgery. Therefore,
we regarded the pelvic basin as a unit; if one SLN was detected, bilateral
lymph node dissection could be omitted. If the sentinel concept is
evaluated per pelvic side, all estimations should consider that a simple
side-wise approach could be biased by correlated data. Our approach
probably overestimates the false-negative rate if transferred to a side-
wise SLN concept. However, fewer patients will profit from the SLN
concept because bilateral detection occurs in only 70% of patients.26

In our study, sensitivity improved significantly from 70% to 87%
and the NPV improved by 5.5% (not significant) in patients with
bilateral SLNs versus unilateral SLNs. In patients with tumors � 20
mm, sensitivity and NPV did not differ significantly with regard to
unilateral or bilateral detection. The discrepancy between improved
sensitivity in the overall cohort and no significant differences in the
cohort of patients with smaller tumors might be a result of the distri-
bution of disease severity and the prevalence of metastatic disease
(Tables 3 and 4).

Application failure, a learning curve, or sentinel localization close
to the site of application can hamper SLN detection.26,35,36 Intense
staining and strong irradiation next to the application site obscure
detection of parametrial SLNs. In our study, four of 24 patients with

Probability of diagnostic outcome

Reference positive

1.000

Reference positive

0.057

Reference negative

0.943

True positive

0.144

False negative

0.042

True negative

0.700

0.114

SLN positive

0.163

SLN detected

0.886

SLN not detected

0.114

SLN negative
0.837

Fig 2. Probability of diagnostic outcome
in all patients eligible for analysis of detec-
tion rate and diagnostic accuracy (flow-
chart). SLN, sentinel lymph node.
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false-negative SLNs had parametrial lymph node metastasis in the
paracervical tissue removed with the cervix. Parametrial SLNs are
present in 2% to 17% of patients.7,17,23,26,27,35,37,38 The prognostic
impact on recurrence and survival in patients with parametrial lymph
node metastases in absence of pelvic lymph node metastases is un-
clear.39 This might be a result of the fact that these nodes are removed
along with the hysterectomy specimen or irradiated after initial surgi-
cal treatment. Therefore, the prognostic impact of false-negative
parametrial SLNs in absence of pelvic or para-aortic lymph node
metastases can be limited.

Gross metastatic disease leads to partial filling of that particular
lymph node.17 This observation is supported by a lymphangiogra-
phy.40 Dynamic scintigraphy revealed that only a limited amount of
tracer remained for a short period in metastatic lymph nodes before
spilling over and accumulating in echelon nodes. Thus, metastatic
disease can alter lymphatic drainage. This might be valid for cervical
cancer as well36 and may explain our rate of false-negative findings,
especially in advanced disease where we found SLNs free of metastatic
disease next to large lymph node metastases.

Can patients with smaller tumors benefit from the sentinel pro-
cedure? In one case series, detection rate decreased significantly from
73% to 20% in cancers larger than 40 mm.7 Other studies have shown
an inverse correlation between detection rate and tumor size.17,35,41

In our study, the detection rate was 94% in cancers � 20 mm
compared with 84% in cancers greater than 20 mm (P � .001). NPV was
99%forsmallercancerscomparedwith89%forlargercancers(P� .001),
and sensitivity was 91% v 73%, respectively (P � .091). Applying these
results to 100 patients with cervical cancer � 20 mm, 85 patients would
benefit from less aggressive lymph node dissection as a result of true-
negative SLN findings, and in one patient with false-negative SLNs, pelvic
lymph node metastases would not be detected (Fig 3).

Sensitivity andNPVforsmallercancersdidnotdifferwithregardto
unilateral or bilateral detection of SLNs or prior conization. It remains
unclear whether initial conization influences detection rate.6,17,35

We excluded 10 patients with unknown or inconclusive results
on pelvic lymph nodes from estimation of diagnostic accuracy (Fig 1).

In a sensitivity analysis, we assessed the extent of selection bias. Sensi-
tivity varied within a range of 75% to 78% and NPV varied within a
range of 92% to 94% in the worst and best cases, respectively.

Because of lack of acceptance, it was impossible to establish a
reference center for histopathologic review. This might have intro-
duced a center-specific bias based on differing evaluation algorithms.
Evaluation of all lymph nodes did not differ within each unit. Because
of the fact that histopathologic findings of SLNs could influence the
interpretation of the remaining lymph nodes, a diagnostic review bias
was unavoidable. In addition, because pathologists were not blinded
against the type of node (SLN or non-SLN), a test review bias might be
possible, resulting in an overestimation of the test validity.

Apart from labeling techniques, comparison of subgroups re-
garding tumor size, unilateral or bilateral detection, and preceding
diagnostic conization was not prespecified in the protocol. Thus, the
corresponding results have to be interpreted cautiously and must be
confirmed in independent data sets.

SLN analysis may have a future role if ultrastaging has a correla-
tion with prognosis. Human papilloma virus–associated markers have
the highest potential for identification of viable tumor cells, whereas
cytokeratin is not a useful marker in patients with this type of can-
cer.42,43 The prognostic value of human papilloma virus mRNA de-
tection is currently being evaluated in this cohort.

According to our data based on an unselected cohort of patients
with all stages of cervical cancer, systematic lymphadenectomy cannot
be omitted at the moment. Whether patients with small tumors,
bilateral pelvic sentinel nodes, and special examination of SLNs can be
spared from systematic lymphadenectomy has to be investigated in
further studies.
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Probability of diagnostic outcome in patients with tumor size ≤ 20 mm

Reference positive

1.000

Reference positive

0.009

Reference negative

0.991

True positive

0.081

False negative

0.008

True negative

0.851

0.060

SLN positive

0.086

SLN detected

0.940

SLN not detected

0.060

SLN negative
0.914

Fig 3. Probability of diagnostic outcome
in patients with cervical cancer � 20 mm
eligible for analysis of detection rate and
diagnostic accuracy (flowchart). SLN, sen-
tinel lymph node.
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