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• The sentinel node detection rate is high
inwomenwith early-stage cervical can-
cer; 96.3% with 82.0% bilateral detection

• Sentinel node mapping has a sensitivity
of 96.3% and a negative predictive
value of 98.7% in women with tumor
size >20 mm

• Adherence to the sentinel node map-
ping algorithm is crucial in maintaining
high sensitivity in women with tumors
>20 mm

• FDG-PET/CT for nodal staging of women
with early-stage cervical cancer seems
limited if sentinel node mapping is
performed
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Objectives. Sentinel lymph node (SLN) mapping may replace staging radical pelvic lymphadenectomy in
women with early-stage cervical cancer. In a national multicenter setting, we evaluated SLN mapping in
women with early-stage cervical cancer and investigated the accuracy of SLN mapping and FDG-PET/CT in tu-
mors >20 mm.

Methods.Weprospectively includedwomenwith early-stage cervical cancer fromMarch 2017–January 2021
to undergo SLN mapping. Women with tumors >20 mm underwent completion pelvic lymphadenectomy and
removal of FDG-PET/CT positive nodes. We determined SLN detection rates, incidence of nodal disease, sensitiv-
ity and negative predictive value (NPV) of SLNmapping, and the sensitivity, specificity, NPV, and positive predic-
tive value (PPV) of FDG-PET/CT.
y and Obstetrics, Odense University Hospital, Kloevervaenget 10, 10th Floor, 5000 Odense C, Denmark
. Sponholtz).
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Results. We included 245 women, and 38 (15.5%) had nodal metastasis. The SLN detection rate was 96.3%
(236/245), with 82.0% (201/245) bilateral detection. In a stratified analysis of 103 women with tumors >20
mm, 27 (26.2%) had nodal metastases. The sensitivity of SLN mapping adhering to the algorithm was 96.3%
(95% CI 81.0–99.9%) and the NPV 98.7% (95% CI 93.0–100%). For FDG-PET/CT imaging the sensitivity was 14.8%
(95% CI 4.2–33.7%), the specificity 85.5% (95% CI 75.6–92.5%), the NPV 73.9% (95% CI 63.4–82.7%), and the PPV
26.7% (95% CI 7.8–55.1%).

Conclusions. SLN mapping seems to be an adequate staging procedure in early-stage cervical cancer tumors
≤20 mm. In tumors >20mm, SLN mapping is highly sensitive but demands full adherence to the SLN algorithm.
We recommend completion pelvic lymphadenectomy in tumors >20 mm until the oncological safety is
established. FDG-PET/CT for nodal staging of women with early-stage cervical cancer seems limited.

© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
1. Introduction

Lymph node involvement is the main prognostic factor for recur-
rence and survival in women with early-stage cervical cancer [1]. Radi-
cal pelvic lymphadenectomy (PL) is the gold standard in nodal staging
procedures for these women [2]. Sentinel lymph node (SLN) mapping
represents a less invasive technique that may reduce or prevent late ef-
fects as lymphedema compared to radical PL [3–5].

There is a rationale to adopt SLN mapping in women with low vol-
ume disease due to the high sensitivity and negative predictive value
(NPV) [6–10]. However, much of the available evidence on SLN map-
ping in women with early-stage cervical cancer relies on analyses of
mixed patient populations with different risk profiles such as tumor
size [6]. Today, there is limited evidence regarding the accuracy of SLN
mapping in women with large tumors (>20mm). It has been hypothe-
sized that tumor cells block the stromal lymphatic channels in larger tu-
mors, leading to impaired tracer uptake [3,11]. Fluorodeoxyglucose-
positron emission tomography/computed tomography (FDG-PET/CT)
may assist SLN mapping in detecting lymph node metastasis in these
women. Previous studies have shown a high sensitivity and specificity
of FDG-PET/CT to detect lymph nodemetastasis in womenwith cervical
cancer comparedwith other imagingmodalities [12–14]. However, this
primarily applies to women with locally advanced disease [13].

We initiated the national “SENTInel node mapping in women with
CERvical cancer” (SENTIREC CERVIX) trial to investigate if SLNmapping
could replace radical PL inwomenwith early-stage cervical cancer. Fur-
ther, the aim was to investigate if the addition of FDG-PET/CT scan im-
proved the detection of lymph node metastasis. Due to the rarity of
the disease, the study was primarily explorative by nature. All women
with early-stage cervical cancer were offered inclusion in the prospec-
tive study following a national pilot study to secure the surgeons' profi-
ciency [15]. This multicenter study evaluates the accuracy of SLN
mapping and FDG-PET/CT in women with tumors >20 mm, as well as
the SLN detection rate and incidence of nodal metastases in women
with low-volume disease.

2. Methods

2.1. Study design and setting

This is a national multicenter prospective cohort study on SLNmap-
ping in women with early-stage cervical cancer. Treatment of cervical
cancer is centralized to three cancer centers in Denmark, and they all
participated. Women were included consecutively from March 1,
2017, to January 8, 2021. The Regional Committees on Health Research
Ethics for Southern Denmark (S-20150207) and the Data Protection
Agency (15/52037) approved the study. We registered the SENTIREC
CERVIX trial at clinicaltrials.gov (NCT02825355 and NCT02820506).
Study data were collected and managed using REDCap (Research Elec-
tronic Data Capture) tools hosted at Odense Explorative Network
(OPEN) [16,17]. REDCap is a secure, web-based software platform
designed to support data capture for research studies.
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2.2. Population

Women aged 18 years or older with the International Federation of
Gynecology and Obstetrics (FIGO-2009) stage IA2 with lymphovascular
space invasion, IB1, IB2, or IIA1 cervical cancer were eligible [18].
Women were ineligible if they had dementia, allergy to iodine or indo-
cyanine green (ICG), previous PL, or active treatment for another cancer.
All women provided written informed consent.

2.3. Procedures

All women underwent a gynecological examination in general anes-
thesia by specialists in gynecological oncology and gynecological cancer
surgery for preoperative assessment of operability. All histological spec-
imens (biopsies or cone biopsies) underwent pathology revision at one
of the three centralized cervical cancer centers by pathologists special-
ized in gynecologic oncology. In addition, all women underwent FDG-
PET/CT, which was performed using diagnostic contrast-enhanced CT,
adhering to the European procedure guidelines for tumor imaging
with FDG-PET/CT [19]. Location and size of FDG-positive lymph nodes
were registered to qualify identification and surgical removal. For accu-
racy analyses in women with tumors >20 mm, FDG-PET/CT positive
lymph nodes were dichotomized into test negative and test positive re-
sults with removal of test positive nodes only.

All women underwent robotic minimally invasive surgery. Women
with a low risk of metastatic disease received SLN mapping only as
the staging procedure (FIGO IA2-IB1 with tumor size ≤20 mm)
[20,21]. Women with a higher risk of metastatic disease underwent
SLN mapping and PL (FIGO IB1 with tumor size >20 mm, IB2, and
IIA1) [20,21]. In the following, we refer to these two groups as tumor
size ≤20 mm and tumor size >20 mm, respectively. Women were allo-
cated to treatment by clinical tumor size. If final pathology revealed a
tumor size >20 mm or if all SLNs were without lymphoid tissue, the
women were, per protocol, offered radical PL as a secondary staging
procedure. All results in this paper refer to the tumor size as given by
final pathology.

The surgeons performed robotic-assisted laparoscopic surgery using
the da Vinci Si or Xi Surgical System (Intuitive Surgical, Sunnyvale, CA,
USA). The SLN procedure included a surgical SLN algorithm with exci-
sion of all SLNs, removal of clinically suspicious lymph nodes, and
side-specific PL in cases with no SLN mapping in a hemipelvis (Fig. 1)
[22].

A vial of 25 mg Indocyanine Green (ICG) was diluted with 20 ml of
sterile water to produce a 1.25 mg/ml concentration. With the woman
anesthetized and immediately before surgery, 2 ml of the vial was
slowly injected on each side of the cervix at positions 3 and 9 o'clock,
with 1 ml submucosally (<5 mm) and 1 ml deep in the cervical stroma
(>10 mm). The surgeons examined all standard locations of a PL for
fluorescence using the near-infrared (NIR) fluorescence imaging system
[23]. We marked all removed SLNs, clinically suspicious lymph nodes,
and FDG-PET/CT positive lymph nodes with predefined anatomic loca-
tions upon removal and final pathology.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://clinicaltrials.gov


Fig. 1. The sentinel lymph node mapping algorithm in the SENTIREC CERVIX trial.
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We did not perform frozen section on SLNs, to preserve the SLNs for
ultrastaging. Any enlarged lymph nodes suspicious ofmetastatic disease
were sent for frozen section to rule out nodal metastasis. The surgical
procedure was aborted if a metastatic lymph node was detected intra-
operatively. In this case, the patient was referred for chemo-
radiotherapy. As an accepted per-protocol alternative, a two-stepproce-
dure was performed in cases with FDG-PET/CT positive pelvic or
paraaortic lymph nodes and reasonable doubt of the presence of metas-
tases. This decisionwas at the discretion of themultidisciplinary confer-
ence. In these cases, the SLN procedure was performed along with
identification and removal of FDG-PET/CT positive lymph nodes as a
first step operation followed by completion surgery as a second step if
no metastatic disease was identified in the removed lymph nodes.

All surgeons were experienced and certified gynecological cancer
surgeons. A pilot study of at least 30 procedures with SLN mapping
was performed at each center to obtain surgical proficiency with the
SLNmapping technique before the study start. Each centerwas required
to reach a SLN detection rate of at least 80% before inclusion [15].

Weused a national standardized ultrastaging protocol to evaluate all
SLNs histologically [21]. All removed SLNs were fixed in formalin after
excision. The pathologist gross sectioned the SLNs at 2 mm intervals
perpendicular to the long axis. Each 2 mm gross section was cut into
four microscopic levels, each obtained at 350 μm intervals. At each
level, we obtained three consecutive sections, five μm thick. The first
section at each level was stained with routine hematoxylin and eosin
(HE) staining, the second section was used for immunohistochemical
staining for cytokeratin AE1/AE3, and the third section was available
for additional analysis. Macrometastasis (MAC) was defined as nodal
metastasis ≥2.0 mm, micrometastasis (MIC) as 0.2 to <2.0 mm and iso-
lated tumor cells (ITC) <0.2 mm. Non-SLNs were stained with routine
HE-staining only. As per protocol, we decided only to report the largest
metastasis per woman. According to national guidelines, women with
high- or combined intermediate-risk factors on final pathology were
allocated to postoperative chemo- and radiotherapy [20,21].

2.4. Outcomes

The primary outcome was the SLN detection rate and lymph node
metastases rate in all included women. Further, in women with tumors
>20 mm, the sensitivity and the NPV of the SLN mapping technique to
detect lymph node metastases were investigated. For FDG-PET/CT
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imaging, the sensitivity, specificity, NPV, and positive predictive values
(PPV) to detect nodal metastasis were evaluated to determine if FDG-
PET/CT imaging could assist the SLNmapping technique. The sensitivity
was defined as the proportion of women with nodal metastasis who
were correctly identified by the SLN algorithm or FDG-PET/CT.

2.5. Statistical analysis

Demographics and patient characteristics were summarized with
descriptive statistics, including age, body mass index (BMI), smoking,
Charlson Comorbidity Index, FIGO-stage, surgical procedure, histology,
lymphovascular space invasion, parametrial invasion, positive vaginal
margin, and adjuvant therapy. To evaluate the success of SLN mapping,
we summarized the rate of lymph nodemetastases and the total and bi-
lateral SLN detection rates. The total SLN detection rate refers to the
identification of at least one SLN per woman.

Sensitivity, specificity, NPV, and PPV were estimated by proportions
with 95% confidence intervals. The specificity and PPV for SLNmapping
were not reported since a positive SLN per definition entails metastatic
disease. In a post hoc analysis, we compared proportions of metastatic
disease in SLNs and non-SLNs using binary regression with robust vari-
ance estimation to account for the possible clustering of lymph nodes in
the same patient. All statistical analyses were performed using STATA,
version 16.0 (STATA Inc., Texas, USA).

3. Results

The SENTIREC CERVIX study assessed 259 women for eligibility, 247
women were enrolled, and 245 women (94.6%) were included in the
final analyses (Fig. 2). Of these, 115 women had tumor size >20 mm,
and 130 women had tumors ≤20 mm. Table 1 presents demographic
and clinical characteristics.

3.1. The SLN detection rate

The SLN detection rate was 96.3% (236/245) in all included women,
with bilateral detection in 82.0% (201/245). Inwomenwith tumors>20
mm, the SLN detection rate was 94.8% (109/115), of which 80.9% (93/
115) were identified bilaterally. In women with tumors ≤20 mm, the
SLN detection rate was 97.7% (127/130), with bilateral detection in
83.1% (108/130). The median number of SLNs examined per woman
was 4.0 (range 0–13). See Fig. 3 for localizations of SLNs and the propor-
tion of metastatic SLNs.

3.2. Lymph node metastases rate

Lymph node metastases were verified in 38/245 (15.5%) of the
women. The proportion, distribution, and mode of detecting metastatic
SLNs and non-SLNs are given in Table 2. Lymph node metastases were
identified in 31/115 (27.0%) women with tumors >20 mm: MAC in
23/115 (20.0%) andMIC in 8/115 (7.0%). Inwomenwith nodalmetasta-
ses and tumors >20 mm, 20/31 (64.5%) were SLNs, and 11/31 (35.5)
were in non-SLNs. In these 11 women with metastatic non-SLNs, six
were detected by the SLN algorithm, and four were identified in the
parametrium, detected by the radical hysterectomy procedure. Finally,
in one woman, there was a false-negative SLN, and the metastatic
non-SLN was identified in an FDG-PET/CT positive lymph node. Of the
115womenwith tumors >20mm, eightwomenwith nodalmetastases
had unilateral SLN detection. In all eight women, the nodal metastases
were identified in the detected SLN or by contralateral hemilym-
phadenectomy. Ultrastaging alone detected 7/20 (35.0%) of the meta-
static SLNs. Two of the nodal metastases detected by ultrastaging
alone were MAC.

In 130womenwith tumors ≤20mm, 7/130 (5.4%) had nodal metas-
tases: MAC in 5/130 (3.8%) and MIC in 2/130 (1.5%). Metastatic SLNs
were detected in 6/7 (85.7%) women and metastatic non-SLNs in 1/7



Fig. 2. The STROBE flowchart of inclusion of women in the SENTIREC CERVIX trial.
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(14.3%). The metastatic non-SLN was identified in the parametrium,
detected by the radical hysterectomy procedure. Ultrastaging alone
detected 3/6 (50.0%) metastatic SLNs, of which two were MAC.

3.3. The accuracy of SLNmapping and FDG-PET/CT imaging in womenwith
tumors >20 mm

A total of 103 women with a median tumor size of 28.0 mm (range
21.0–63.0) were included in this analysis (Fig. 2). There were
22 women with preoperative tumors ≤20 mm and >20 mm on final
pathology; 14 underwent a second staging procedure with PL and
were included in this analysis. The remaining eightwomenwere not in-
cluded since they did not have completion PL performed. Reasons for
not performing completion PL were comorbidities and tumor size
21–22mm(n=5) andpresence of intermediate-risk factorswith refer-
ral to adjuvant therapy (n=3). Of the 103women included in this anal-
ysis, 93/103 (90.3%) had FIGO stage IB1 disease, and 10/103 (9.7%) had
549
stage IB2. Metastatic lymph nodes were found in 27/103 (26.2%), MAC
in 19/103 (18.4%) andMIC in 8/103 (7.8%). Themedian size of metasta-
sis was 3 mm (range 0.5–11.0). Five women had nodal metastasis size
over the 75th percentile of 5 mm. The SLN algorithm identified six of
seven women with metastatic nodes in ‘non-SLNs only’ due to failed
uni- or bilateral SLN detection: five by pelvic lymphadenectomy and
one in a clinically suspicious lymph node. Onewoman had bilateral neg-
ative SLNs and nodal metastasis in an FDG-PET/CT positive lymph node
in the right hemipelvis. This corresponds to a false-negative rate of 3.7%
(1/27) (95% CI 0.1–19.0%) of the SLN mapping procedure. This woman
was young, had a normal BMI, and a tumor size >30 mmwith a depth
of invasion of 19 mm. She did not have a previous cone biopsy, and
the SLN mapping procedure was well described with clearly defined
SLNs bilaterally. This woman also had clinically suspicious lymph
nodes removed per protocol, whichwere negative ofmetastatic disease.
Table 3 presents the SLN mapping sensitivity and NPV besides accuracy
results for FDG-PET/CT in women with tumors >20 mm. Adhering to



Table 1
Demographic and clinical characteristics of all included women with early-stage cervical cancer.

All women
(n = 245)

Women with tumors ≤ 20 mm
(n = 130)

Women with tumors >20 mm
(n = 115)

Median (range)
Age (years) 44.0 (26.0–84.0) 42.0 (26.0–83.0) 49.0 (26.0–84.0)
Body mass index (kg/m2) 25.0 (17.6–46.5) 24.8 (18.0–46.5) 25.3 (17.6–42.8)
No. (%)
Smoking
Never smoker 122 (49.8) 72 (55.4) 50 (43.5)
Previous smoker 67 (27.4) 33 (25.4) 34 (29.6)
Smoker 48 (19.6) 20 (15.4) 28 (24.4)
Unknown status 8 (3.3) 5 (3.9) 3 (2.6)

Charlson Comorbidity Index (CCI)
CCI ≤ 1 236 (96.3) 128 (98.5) 108 (93.9)
CCI > 1 9 (3.7) 2 (1.5) 7 (6.1)

FIGO-2009
IA1a 2 (1.5) 2 (1.5) 0 (0.0)
IA2 0 (0.0) 0 (0.0) 0 (0.0)
IB1 233 (95.1) 128 (98.5) 105 (91.3)
IB2 10 (4.1) 0 (0.0) 10 (8.7)

Type of hysterectomy
Simple hysterectomy 7 (2.9) 7 (5.4) 0 (0.0)
Radical hysterectomy 227 (92.7) 114 (87.7) 113 (98.3)
Conization only 9 (3.7) 9b (7.0) 0 (0.0)
Aborted surgery 2 (0.8) 0 (0.0) 2c (1.7)

Histology
Squamous cell carcinoma 146 (59.6) 68 (52.3) 78 (67.8)
Adenocarcinoma 86 (35.1) 57 (43.9) 29 (25.2)
Adenosquamous carcinoma 7 (2.9) 4 (3.1) 3 (2.6)
Clear cell adenocarcinoma 1 (0.4) 0 (0.0) 1 (0.9)
Otherd 5 (2.0) 1 (0.8) 4 (3.5)

Lymph node metastases 38 (15.5) 7 (5.4) 31 (27.0)
Parametrial lymph node metastases 5 (2.0) 1 (0.8) 4 (3.5)
Microscopic parametrial invasion 9 (3.7) 0 (0.0) 9 (8.0)
Lymphovascular space invasion 75 (30.6) 28 (21.5) 47 (40.9)
Positive vaginal margin 1 (0.4) 0 (0.0) 1 (0.9)
Adjuvant therapy (External beam radiation and concomitant chemotherapy) 76 (31.0) 9 (6.9) 67 (58.3)

a Stage IA1 was not part of the inclusion criteria; these women were included due to conization without free margins, no residual tumor on final pathology.
b Conization only as a fertility-sparing procedure.
c Two-step procedures, surgery aborted due to detection of lymph node metastases, referred to adjuvant therapy.
d Glassy cell carcinoma(n=1), Lowdifferentiatedcarcinoma (n=1), Primarymesonephric carcinoma(n=1), Sarcomatoidplanocellular carcinoma(n=1), Serouscarcinoma(n=1).
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the SLN algorithm, the sensitivity of SLN mapping was 96.3% (95% CI
81.0–99.9%) and the NPV 98.7% (95% CI 93.0–100%). SLNs were signifi-
cantly more likely to contain metastatic disease than non-SLNs (20/
376 (5.3%) vs. 7/2135 (0.3%), p < 0.001).

FDG-PET/CT positive lymph nodes were present in 15/103 (14.6%),
and 4/15 (26.7%) contained metastases. Of the four metastatic FDG-
PET/CT positive lymph nodes, two were SLNs, the third a clinically sus-
picious lymph node, and the fourth was found in the woman with a
right-sided false-negative SLN. The sensitivity of FDG-PET/CT was
14.8% (95% CI 4.2–33.7%), and the specificity was 85.5% (95% CI
75.6–92.5%). The combined SLNmapping and FDG-PET/CT imaging sen-
sitivity was 100% (95% CI 87.2–100%) with a NPV of 100% (95% CI
95.1–100%).

4. Discussion

Our study expounds one of the main controversies of SLN mapping
in women with cervical cancer; is SLN mapping accurate for cervical tu-
mors larger than 20 mm [24]? The SENTIREC CERVIX study is, to our
knowledge, the first prospective national study to investigate the accu-
racy of SLN mapping in a large homogeneous sample of women with
early-stage cervical cancer and tumor size >20 mm on final pathology.
Earlier studies have reported on mixed samples with different risk pro-
files regarding tumor size [6,8,25–27]. Increasing tumor diameter is
known to be associated with poorer prognosis [2,24]. This is reflected
in our study, where women with tumors ≤20 mm had a much lower
rate of lymph node metastases than women with tumors >20 mm.
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Our results showed high sensitivity (96.3%) and NPV (98.7%) when ad-
hering to the SLN algorithm, suggesting that SLN mapping alone could
replace PL in women with tumors >20 mm. Due to our small sample
size, a wide confidence interval was expected [6,8,25]. The explorative
nature of our study prevents us from concluding on the accuracy and
oncological safety of SLN mapping in women with cervical cancer tu-
mors >20 mm. Long-term follow-up data on larger studies with recur-
rence and survival are awaited. The present study provides new
knowledge to the field and may assist decision-making regarding
lymph node staging strategies in women with early-stage cervical
cancer.

Our results are comparable to a recent retrospective study
performing stratified analyses in women with cervical cancer and tu-
mors >20 mm [28]. In this study, Dostàlek et al. reported a sensitivity
of 92.9% and 100% in 210 women with tumors 20–39 mm and ≥ 40
mm, respectively [28]. The tracer injection technique was modified in
womenwith larger tumors, ensuring injection into the residual cervical
stroma. The study used radioactive tracer in combinationwith blue dye,
while we used ICG. Another retrospective study by Papadia et al. re-
ported a similar sensitivity of 93.0% in 41 women with tumors
>20 mm [29]. Previously, larger tumor sizes have been associated
with lower SLN detection rates and a higher risk of false-negative SLNs
in failed mapping cases [24,25,30]. Theories explaining this include dif-
ficult injection due to dense tumor tissue, exophytic growth hiding the
usual injection site, and impact on lymphatic drainage leading to atypi-
cal SLN locations [25]. One quarter (7/27) of the identifiedmetastases in
women with tumors >20 mmwas identified in non-SLNs, of which six



Fig. 3. Distribution of SLNs and proportion of metastatic SLNs in women with early-stage cervical cancer.
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were detected by adhering to the SLN algorithm. The reliability of SLN
mapping inwomenwith tumors>20mmis therefore highly dependent
on adherence to the SLN algorithm and should be evaluated in further
studies. The 4-year follow-up on the SENTICOL 2 trial was recently pub-
lished by Favre et al. [26]. The trial included 206 women across 25
Table 2
The incidence of macro- and micrometastases in women with early-stage cervical cancer unde

All women Women with lymph node meta

All LNM

No. No. (%) 95% CI

All women 245 38 (15.5) 11.2–20.7
SLNs only 21 (55.3)
SLNs and non-SLNs 5 (13.2)
Non-SLNs only 12 (31.6)

Women with tumor size ≤ 20 mmb 130 7 (5.4) 2.2–10.8
SLNs only 4 (57.1)
SLNs and non-SLNs 2 (28.6)
Non-SLNs only 1 (14.3)

Women with tumor size >20 mmb 115 31 (27.0) 19.1–36.0
SLNs only 17 (54.8)
SLNs and non-SLNs 3 (9.7)
Non-SLNs only 11 (35.5)

Abbreviations: SLN, Sentinel Lymph Node; LNM, Lymph Node Metastases; HE, Hematoxylin, a
a Serial sectioning with HE-staining, immunohistochemistry, and the third section for addit
b Tumor size confirmed on final pathology.
c The SLN was also FDG-PET/CT positive and clinically suspicious.
d One SLN was also clinically suspicious and FDG-PET/CT positive.
e One SLN was also FDG-PET/CT positive.
f One non-SLN was both FDG-PET/CT positive and clinically suspicious.
g One non-SLN was also FDG-PET/CT positive.
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centers over three years who were randomized to laparoscopic surgery
with SLN alone or SLN combined with pelvic lymphadenectomy. Favre
et al. report similar disease-free survival rates in womenwhowere ran-
domized to SLN alone (89.5%) versus women who underwent SLN and
PL (93.1%) (p = 0.53) [26]. However, we noticed some concerns in
rgoing sentinel lymph node mapping.

stases Women without nodal
metastases

Macrometastases Micrometastases No. (%) 95% CI

HE Ultrastaginga HE Ultrastaginga

24 4 4 6 207 (84.5) 79.3–88.8
8 3 4 6
4 1 0 0
12 0 0 0

3 2 1 1 123 (94.6) 89.2–97.8
1c 1 1 1
1 1 0 0
1 0 0 0

21 2 3 5 84 (73.0) 64.0–80.9
7 2 3d 5
3e 0 0 0
11f, g 0 0 0

nd Eosin staining.
ional analysis.



Table 3
Accuracy of sentinel lymph node mapping and FDG-PET/CT in women with early-stage cervical tumors >20 mm.

No. = 103 women TP FN TN FP Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

NPV, % (95%
CI)

PPV, % (95%
CI)

SLN mapping with ultrastaging 20 7 76 0 74.1
(53.7–88.9)

NA 91.6
(83.4–96.5)

NA

SLN mapping adhering to algorithma 26 1 73 0 96.3
(81.0–99.9)

NA 98.7
(93.0–100)

NA

Systematic removal of FDG-PET/CT positive lymph nodesb 4c 23 65 11 14.8
(4.2–33.7)

85.5
(75.6–92.5)

73.9
(63.4–82.7)

26.7
(7.8–55.1)

Combination of: SLN mapping adhering to algorithm and systematic removal of FDG-PET/CT
positive lymph nodes

27 0 73 0 100
(87.2–100)

NA 100
(95.1–100)

NA

Abbreviations: SLN, Sentinel LymphNode; LNM, LymphNodeMetastases; TP, True Positive; FP, False Positive; FN, False Negative; TN, True Negative; NPV, Negative Predictive Value; PPV,
Positive Predictive Value; CI, Confidence Interval; NA, Not Applicable.

a Ultrastaging of all SLNs, removal of suspicious lymph nodes, and side-specific lymphadenectomy in cases of failed SLN mapping.
b Versus gold standard: SLN mapping and pelvic lymphadenectomy.
c Two were SLNs, one a clinically suspicious lymph node, and one in a woman with a false-negative SLN.
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interpreting the data since data in women with tumors ≤20 mm and
>20 mm was pooled and analyzed together with no information on
the tumor size in each group. Thus, it is a comparatively small cohort
in a fairly heterogeneous group of women regarding risk factors for
nodal metastases. Further, the SENTICOL 2 trial excluded women with
unilateral SLNmapping from their survival analyses due to a previously
shown higher risk of false-negative SLNs in failed mapping. The same
approach was used in the prospective SENTIX study [27]. In our study,
no women were excluded due to unilateral mapping. According to the
surgical algorithm, these women underwent radical pelvic lymphade-
nectomy in the hemipelvis with no mapping. We observed eight
women with tumors >20 mm and unilateral mapping who had nodal
metastases. In all eight women, the nodal metastases were found in
the unilateral SLN or by contralateral hemilymphadenectomy. There-
fore, we did not see any false-negative SLNs in failed mapping cases
and find adherence to the SLN mapping algorithm important.

Postoperative chemo- and radiotherapy improves survival in
women with early-stage cervical cancer who are diagnosed with
nodal disease [31]. The implementation of SLN mapping and ultra-
staging has been shown to increase the detection of lymph nodemetas-
tases [32]. In our study, 26.3% of nodal metastases were detected solely
by ultrastaging. However, the prognostic significance of MIC and ITC
detected by ultrastaging is debated [1,24]. Studies show a decreased
overall survival in women with MIC similar to that of women with
MAC [1]. MIC is, therefore, gaining acceptance as an indication for adju-
vant therapy. None of the women in this study had ITC only, and with
the low prevalence of ITC, we may never ascertain the risk associated
with it. SLN mapping combined with ultrastaging revealed metastases
in women, otherwise not detected by routine HE-staining. We, there-
fore, recommend that womenwith tumors >20mmundergo SLNmap-
ping as a supplement to radical pelvic lymphadenectomy until further
safety data are available in this group.

FDG-PET/CT is primarily used in preoperative staging to rule out
metastatic disease [13,24]. We investigated if FDG-PET/CT could in-
crease SLN mapping accuracy in women with tumors >20 mm. To our
knowledge, this is the first study to prospectively perform systematic
removal of FDG-PET/CT positive lymph nodes combined with SLNmap-
ping in womenwith cervical cancer and tumors >20mm. However, the
sensitivity of FDG-PET/CT was 14.8% only, despite a comparatively high
rate of MAC (70.4%). Previous studies on the accuracy of FDG-PET/CT
show wide-ranged sensitivities of 0–68.0% in women with early-stage
cervical cancer [29,33,34]. Two studies performed stratified analyses
on women with tumors >20 mm; one prospective study presented a
sensitivity of 35.0% in 62 women, while Papadia et al. show a sensitivity
of 68.0% in 41 women. [29,34]. Papadia et al. retrospectively investi-
gated the use of FDG-PET/CT in combination with SLNmapping and in-
terestingly showed a higher sensitivity than ours. The higher sensitivity
reported by Papadia et al. may have been influenced by the
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retrospective evaluation of FDG-PET/CT scans, making it difficult to de-
termine if the observed FDG-PET/CT positive lymph nodeswere positive
of metastatic disease. The implementation of ultrastaging and increased
detection of small volume nodal disease may explain the overall low
sensitivities. A previous study theorized a cut-off threshold value of
>5 mm in the ability of FDG-PET/CT to detect lymph node metastases
[35]. In our analysis, only five of 27 women had nodal metastasis >5
mm. Our results show that FDG-PET/CT positive lymph nodes in
women with localized cervical cancer do not predict nodal metastatic
disease (PPV 26.7%). Our results indicate that the contribution of FDG-
PET/CT imaging for nodal staging is limited in early-stage cervical can-
cer. Papadia et al. also indicate that all women with nodal metastases
would have been identified even in the absence of FDG-PET/CT if SLN
mapping was performed adhering to an SLN algorithm, increasing
their sensitivity of SLN mapping to 100.0%. Of notice, only 10.7% of
women in the present analyses had tumor size >40 mm. This limits
the interpretation of the results concerningwomenwith cervical cancer
FIGO-2018 stage IB3.

Due to the emerging evidence [6,25], we implemented SLNmapping
as the stagingprocedure inwomenwith tumors ≤20mmin this national
protocolled setting in 2017. Previous studies have shown a sensitivity of
92–96.4% and NPV 91–100% on mixed samples regarding tumor size
[6,8,25]. Devaja et al. [36] performedSLNonly in 97womenwith tumors
<20 mm, showing a 6.7% lymph node involvement rate and no pelvic
and paraaortic nodal recurrence in a median follow-up of 53 months.
With the low rate of metastases, a very high SLN detection rate, and
the high sensitivity previously documented [6,8,36], it is suggested
that the risk of complications after radical PL outbalances the risk of
overlooking lymph node metastasis in women with cervical cancer
and tumors ≤20 mm. We, therefore, recommend SLN mapping as the
standard staging procedure for these women. However, as Cibula et al.
stated lately, the available results on this matter only includemetastatic
data on SLNs, and the risk of MIC or ITC in non-SLNs, therefore, remains
unknown [1]. Long-term follow-up data from the present study will
evaluate the morbidity and oncological outcomes, thus contributing to
the literature on the safety of SLN mapping in cervical cancer.

The publication of the LACC trial in 2018 demonstrated the superior-
ity of open surgery in overall survival and disease-free survival in
women with early-stage cervical cancer, thus questioning the safety of
minimally invasive surgery [37]. After the publication of the LACC trial,
the Danish Gynecologic Cancer Group (DGCG) assembled a task force
group to evaluate national data on all women who underwent surgery
for cervical cancer in Denmark since 2005. Permission to retrieve
follow-up data on all women with recurrence was obtained. All
women with recurrence were identified, and the data from the Danish
Gynecological Cancer Database was enriched with data on recurrence
date, recurrence location, and surgical modality. Based on the prelimi-
nary survival data in autumn 2018, it was decided to proceed with
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robotic minimally invasive surgery in all three cancer centers that un-
dertook the surgical and oncological treatment of cervical cancer in
Denmark.

The final results were published in 2020, including a median follow-
up of 42.4 months in the group undergoing robotic minimally invasive
surgery [38]. The final analyses found no difference in disease-free-,
cancer specific- or overall survival in women undergoing robotic mini-
mally invasive surgery and open surgery.

It is important to note that the treatment of cervical cancer is cen-
tralized to highly specialized cancer centers in Denmark and three cen-
ters only since 2016. All specimens undergo central pathology revision
at these three centers, and all women are treated according to national
guidelines. Further, all womenover stage 1Aundergo advanced imaging
before a treatment decision is taken. Only a few highly specialized sur-
geons undertake the surgeries, which are all performed robotically
and without any kind of uterine manipulation. Therefore, the task
force group and the board of the Danish Gynecological Cancer Group
found it acceptable to continue the use of robotic minimally invasive
surgery for early-stage cervical cancer at these three cancer centers.
Based on the trial and additional publications, the task force group has
decided to participate in the RACC (Robot-assisted Approach to Cervical
Cancer) trial, randomizing women to either open surgery or robotic
minimally invasive surgery [39]. The task force group continues to
focus on follow-up of women undergoing surgery for cervical cancer
in Denmark and will further evaluate the final 5-year follow-up data
in a forthcoming paper.

4.1. Strengths and limitations

The main strength of this study is its multicenter national prospec-
tive design with central and uniform registration following Danish na-
tional guidelines [38]. We have a high inclusion rate of 94.6% of all
women referred to the three centralized cancer centers, thus minimiz-
ing selection bias. We included a limited number of high-volume gyne-
cologic oncology surgeons, and the surgeon proficiency was ensured
and documented as per center. All specimens underwent pathology re-
vision at one of the three centralized cancer centers by experienced gy-
necologic oncology pathologists in adherence to a national ultrastaging
protocol. Furthermore, the use of up-to-date imaging in a cooperative
multidisciplinary effort strengthened the study performance.

The SENTIREC CERVIX study is limited by the lack of power to finally
conclude on the accuracy of SLN mapping in women with tumors >20
mm. Furthermore, this study cannot report MIC/ITC in women with
negative SLNs since we did not perform ultrastaging on non-SLNs; this
might have affected the sensitivity. During the next decade, two large
prospective studies on SLN mapping in women with cervical cancer
(SENTICOL III NCT03386734; SENTIX NCT02494063) may shed further
light on the oncological safety of SLN mapping in women with tumors
up to 40 mm [40]. The randomized SENTICOL III trial has a goal of 950
women and the SENTIX cohort a goal of 600. With the large sample
sizes, including recurrence data, these studies may shed further light
on the oncological safety of SLN mapping in women with tumors up
to 40 mm. However, both studies exclude women with failed bilateral
SLNmapping andwill not be able to make any conclusions as to the on-
cological safety of adhering to the SLN mapping algorithm. The upcom-
ing prospective RACC trial with follow-up on surgical modality may
contribute with information on adherence to the SLN algorithm in
women with tumors >20 mm, since all women will have completion
PL performed regardless of SLN mapping.

5. Conclusions

SLNmapping in womenwith early-stage cervical cancer and tumors
≤20 mm seems to represent a good compromise between the risk of
overlooking nodal metastases and the risk of complications after PL. In
women with tumors >20 mm, the SLN method is highly sensitive but
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demands full adherence to the SLN algorithm and experience with the
SLN method. However, until the oncological safety is established, we
recommend completion PL inwomenwith tumors>20mm. The contri-
bution of FDG-PET/CT in nodal staging of women with cervical cancer
FIGO I stages with tumors ≤40 mm seems limited, and we suggest
reserving it for women with locally advanced disease.
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