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Abstract 

Background Lymph node metastasis is an important prognostic factor in locally advanced cervical cancer (LACC). 
No imaging method can successfully detect all (micro)metastases. This may result in (lymph node) recurrence after 
chemoradiation. We hypothesized that lymphatic mapping could identify nodes at risk and if radiation treatment 
volumes are adapted based on the lymphatic map, (micro)metastases not shown on imaging could be treated. We 
investigated the feasibility of lymphatic mapping to image lymph nodes at risk for (micro)metastases in LACC and 
assessed the radiotherapy dose on the nodes at risk.

Methods Patients with LACC were included between July 2020 and July 2022. Inclusion criteria were: ≥ 18 years old, 
intended curative chemoradiotherapy, investigation under anesthesia. Exclusion criteria were: pregnancy and extreme 
obesity. All patients underwent abdominal MRI,  [18F]FDG‑PET/CT and lymphatic mapping after administration of 6–8 
depots of 99mTc]Tc‑nanocolloid followed by planar and SPECT/CT images 2–4 and 24 h post‑injection.

Results Seventeen patients participated. In total, 40 nodes at risk were visualized on the lymphatic map in 13/17 
patients with a median of two [range 0–7, IQR 0.5–3] nodes per patient, with unilateral drainage in 4/13 and bilateral 
drainage in 9/13 patients. No complications occurred. The lymphatic map showed more nodes compared to suspi‑
cious nodes on MRI or  [18F]FDG‑PET/CT in 8/14 patients. Sixteen patients were treated with radiotherapy with 34 
visualized nodes on the lymphatic map. Of these nodes, 20/34 (58.8%) received suboptimal radiotherapy: 7/34 nodes 
did not receive radiotherapy at all, and 13/34 received external beam radiotherapy (EBRT), but no simultaneous inte‑
grated boost (SIB).

Conclusion Lymphatic mapping is feasible in LACC. Almost 60% of nodes at risk received suboptimal treatment 
during chemoradiation. As treatment failure could be caused by (micro)metastasis in some of these nodes, including 
nodes at risk in the radiotherapy treatment volume could improve radiotherapy treatment outcome in LACC.

Trail registration The study was first registered at the International Clinical Trial Registry Platform (ICTRP) under number 
of NL9323  on 4 March 2021. Considering the source platform was not operational anymore, the study was retrospec‑
tively registered again on February 27, 2023 at CilicalTrials.gov under number of NCT05746156.
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Introduction
Locally advanced cervical cancer (LACC) [International 
Federation of Gynaecology and Obstetrics (FIGO) 2018 
stage IB3, IIA2-IVA] has a considerable health impact 
worldwide as cervical cancer accounts for an annual 
death of approximately 342,000 women [1]. Despite 
screening and vaccination programs still a substantial 
number of patients present with locally advanced disease 
[2].

Curative treatment of women with LACC consists of 
external beam radiotherapy (EBRT) and simultaneously 
integrated lymph node boost (SIB) combined with chem-
otherapy followed by brachytherapy. The presence of sus-
picious pelvic or para-aortal lymph nodes diagnosed by 
diagnostic imaging is an important prognostic factor in 
LACC [2–4]. Therefore, staging by imaging is included 
in the latest (2018) FIGO staging system for uterine cer-
vical cancer [3, 4]. When available, patients with LACC 
receive both magnetic resonance imaging (MRI) and 
2-deoxy-2-[18F]fluoro-D-glucose positron emission 
tomography computed tomography  ([18F]FDG-PET/
CT), as the accuracies of these imaging modalities differ 
in the assessment of local invasion and regional lymph 
node metastases [5, 6]. These imaging modalities are also 
essential in defining the target volumes for radiotherapy. 
EBRT is usually limited to the pelvis in the absence of 
lymph node metastases or when metastasis is limited to 
a few lymph nodes below the common iliac vessels. EBRT 
is extended to the para-aortic region, if suspicious nodes 
are present at or above the level of the common iliac ves-
sels [7]. No imaging method can, however, successfully 
detect micrometastases. Up to 15% of the patients with 
LACC have occult para-aortic metastases not shown on 
imaging [8]. The false negative para-aortic rate on  [18F]
FDG-PET/CT could be up to 24% when pelvic  [18F]FDG-
positive nodes are present [9, 10].

After treatment, local control of the primary tumor is 
often achieved [11]. Early recurrence of cervical cancer 
mostly occurs in lymph nodes [12]. For example, in the 
study of Schmid et  al. almost 25% of all patients with 
recurrent disease presented with recurrence in para-
aortic lymph nodes [13]. This suggests that patients 
with early lymph node recurrence, occult metastases 
in lymph nodes may initially not have been treated 
optimally. This may be either due to metastatic lymph 
nodes which had not been included in the radiation 
treatment volume or due to insufficient radiation dose 
on metastatic lymph nodes. Para-aortic surgical stag-
ing prior to radiotherapy is considered as a possible 
solution to eliminate false negative para-aortic lymph 
nodes on imaging and para-aortic lymphadenectomy is 
described as optional in international guidelines [14]. 
Although lymphadenectomy for staging is performed 

in some institutions [9], it is not a common practice 
everywhere, as it can delay the start of chemotherapy 
and can add morbidity, such as lymphedema or infec-
tion. Another option is elective para-aortic irradiation 
in high risk patients [12], but this can cause additional 
toxicity. Robust patient selection for risk stratifica-
tion in LACC remains a challenge and several different 
methods have been suggested. A noninvasive solution 
to address the high rate of false negative nodes on imag-
ing is preferred to prevent the morbidity of surgery.

We hypothesized that lymphatic mapping could 
address this issue, thereby identifying nodes at risk for 
metastases. During this procedure, lymph nodes drain-
ing from the tumor, not necessarily containing tumor 
cells, are identified with the aid of a radiopharmaceu-
tical  ([99mTc]Tc-nanocolloid) and a gamma camera, 
much similar to the sentinel node procedure [15]. Dur-
ing lymphatic mapping, an overview of lymph nodes in 
the surroundings of the tumor can be obtained (= lym-
phatic map), showing the possible routes of lymph node 
metastases in the individual patient [16]. All lymph 
nodes visible on the lymphatic map can be considered 
as nodes at risk for (micro)metastases (Fig. 1).

After circumferential injection of the radiopharma-
ceutical, lymph nodes at risk are visualized on the lym-
phatic map (solid black circles). Some of these nodes 
are suspicious on imaging (no frame) and full dose radi-
otherapy, e.g., pelvic and/or para-aortic (PAO) exter-
nal beam radiotherapy (EBRT, light green rectangles) 
and simultaneously integrated lymph node boost (SIB) 
is given to these nodes. Some nodes at risk are only 
visualized by lymphatic mapping and not treated with 

Fig. 1 The concept of lymphatic mapping in radiotherapy treatment 
planning
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radiotherapy at all (red circle) or only receive EBRT, 
therefore, a suboptimal radiotherapy dose (red square).

If lymphatic mapping in LACC is feasible, radiation 
treatment volumes can be adapted by including all nodes 
at risk in the treatment plan. In this case, lymphatic map-
ping could be used for dose escalation to nodes at risk 
outside the standard radiation target volume and possibly 
improve radiotherapy treatment planning and outcome. 
Additionally, it could be used to constrain the extent and 
the intensity of the radiation dose in regions without sus-
picious nodes on imaging or nodes at risk, and thereby 
limiting toxicity.

In this study, we evaluated lymphatic mapping in 
LACC. The goals were:

1. To investigate the feasibility of the lymphatic map-
ping procedure to image lymph nodes at risk for 
(micro)metastases in women with LACC, and

2. To study the agreement of the lymphatic map with 
the standard radiotherapy treatment plan. For this 
objective, we compared the results of the lymphatic 
map with the routinely used MRI and  [18F]FDG-
PET/CT and retrospectively investigated if all nodes 
at risk, as identified by lymphatic mapping, received a 
curative radiation dose.

Materials and methods
Consecutive patients with LACC at the Amsterdam 
University Medical Center (UMC) were prescreened for 
eligibility between July 2020 and July 2022. The inclu-
sion period was set for two years beforehand to ensure 
timely analysis of the data. Inclusion criteria were: 
Women ≥ 18  years old, with newly diagnosed, histologi-
cally proven LACC (FIGO 2018 stage IB3, IIA2-IVA), 
planned for curative chemoradiotherapy, who had an 
investigation under anesthesia (IUA) as part of the stand-
ard staging procedure at our institution. Exclusion crite-
ria were: Pregnancy, extreme obesity (body mass index 
(BMI) > 35; as body posture could hamper circumferen-
tial injection of the radiopharmaceutical) and no time 
slots available for performing the scans.

The study was approved by the medical ethical com-
mittee of the Amsterdam UMC, Location University of 
Amsterdam (NL73563.18.20) and all enrolled patients 
signed informed consent. The study is registered at the 
International Clinical Trial Registry Platform (ICTRP) 
under number of NL9323 and at CilicalTrials.gov under 
number of NCT05746156.

Imaging
MRI and  [18F]FDG‑PET/CT
All patients underwent abdominal MRI at our institu-
tion either at 1.5T (sagittal, coronal and transversal 
T2-weighted sequences angulated at the cervix, trans-
versal T2 from the kidney to the groins without angu-
lation and transversal DWI [b-values 0, 500, 1000]) or 
at 3T (sagittal T2, transversal T2 bh TE80 of the abdo-
men, coronal and transversal T2 sequences angulated 
to the cervix and DWI [b-values 100, 500, 1000]) or an 
MRI with comparable MRI protocol when patients were 
referred from another institution. After MRI, all patients 
underwent  [18F]FDG-PET/CT at our institution after 6 h 
fasting and administration of 135–300 megabecquerel 
(MBq),  [18F]FDG according to BMI, with 135 MBq as ref-
erence dosage for a person with 180 cm height and 80 kg 
weight. PET/CT imaging was combined with diagnostic 
CT [120 kV, 0.9 pitch and standard Care Dose 4D dose 
modulation (Siemens Medical Solutions, Erlangen, Ger-
many) with a quality reference tube current of 160 mAs] 
with administration of intravenous contrast [Ultravist 
300 (Bayer Healthcare Pharmaceuticals, Berlin, Ger-
many) 2  ml/kg] and oral water. All patients underwent 
IUA for staging.

Lymphatic mapping
During IUA, the radiopharmaceutical was administered 
by a gynecologist experienced in sentinel node proce-
dures in cervical cancer as described before [17]. In the 
Amsterdam UMC, the nuclear medicine physician han-
dles all radioactive material before and after the sentinel 
node procedure of gynecological cancers and supervises 
the gynecologist during injection of the radiopharmaceu-
tical, according to local protocols.

Shortly, after viewing the tumor anatomy on MRI in 
transversal, coronal and sagittal views, palpation of the 
tumor and adjacent tissue, hemostasis with topical sil-
ver nitrate [Bray Group Ltd. Faringdon, England], six to 
eight depots of 35 MBq  [99mTc]Tc-nanocolloid in 0.2 ml 
each in individual syringes were injected peritumorally 
with a hypodermic 21G 0.8 × 40 mm needle [BD Micro-
lance™ 3, Becton Dickinson, Fraga (Huesca), Spain]. 
Preferably eight but at least six injections were evenly 
distributed around the tumor resulting in a total dose of 
210–280 MBq per patient.

Quality control of the injection technique was done as 
described earlier, including careful preoperative identifi-
cation of the residual cervical stroma on MRI and visual 
control of liquid leakage via the cervical canal, into the 
vagina or otherwise during application by the gynecolo-
gist [16]. Complications, such as bleeding or failing 
administration, were recorded on the clinical research 
form.
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Imaging was done according to our local sentinel node 
procedure protocol adjusted for lymphatic mapping as 
follows. Two to four hours after injection of the radiop-
harmaceutical, 5-min planar imaging including a 57Co-
floodscource [Rectangular FeatherLite, Eckert&Ziegler, 
Valencia, Canada] was performed with a 256 × 256 
matrix and 1.0 zoom and low energy high-resolution 
(LEHR)/low-medium-energy (LME) collimator followed 
by a single-photon emission computed tomography/
computed tomography (SPECT/CT) acquisition with 
a 128 × 128 matrix, 1.0 zoom, 45 × 30  s per views; com-
bined with a low dose CT [30 keV, 40 mAs, 5 mm slice 
thickness, 1.0 pitch] on a Symbia T16 camera [Siemens 
Medical Solutions, Erlangen, Germany]. In the first four 
patients, planar and SPECT/CT images of the abdomen 
were performed 2–4 h post-injection. Since one of them 
showed non-visualization of nodes and two of them only 
unilateral drainage, we hypothesized that more time 
was necessary for the radiopharmaceutical to reach the 
lymph nodes. Therefore, the scan protocol was amended 
in January 2021 and additional planar and SPECT/CT 
images of the abdomen approximately 24  h after injec-
tion (late images) were added to the early images 2–4 h 
post-injection.

Image analysis
A nuclear medicine physician with 21  years of experi-
ence in sentinel node procedures (JA) read the lymphatic 
map scans blinded to MRI or  [18F]FDG-PET/CT imag-
ing. When in doubt, a second nuclear medicine physi-
cian (BE) with 37 years of experience was consulted and 
consensus was reached. A lymph node was considered 
visualized when the uptake was higher than the sur-
rounding tissue at an anatomically plausible localization, 
e.g., known lymph node localization. The localizations of 
the nodes at risk were recorded both on the early and late 
planar and SPECT/CT images. All visualized nodes were 
considered nodes at risk.

Nodes were considered suspicious on MRI when a 
short axis was > 1  cm and/or fulfilled other criteria (ill 
border, spherical shape and/or diffusion restriction), and 
on  [18F]FDG-PET/CT imaging when short axis > 1  cm 
and/or FDG uptake two times higher than the adjacent 
vessel.

Radiotherapy treatment plan
The radiation oncologist determined the radiotherapy 
treatment volumes according to routine clinical guide-
lines, based on clinical information (including IUA) and 
imaging (MRI and  [18F]FDG-PET/CT), without knowl-
edge of the lymphatic map. The treatment volume for 
EBRT on the pelvis included the uterus with the primary 
tumor, vagina (depending of vaginal involvement), both 

parametria, para-iliac lymph nodes up to the aorta bifur-
cation to a dose of 45 Gray (Gy) (25 × 1.8  Gy), using an 
intensity modulated radiotherapy (IMRT) or volumet-
ric modulated arc therapy (VMAT) technique. The tar-
get volume was extended to the para-aortic lymph node 
region up to the renal veins if three or more suspicious 
pelvic nodes were present or at least one suspicious node 
was present at or above the level of the common iliac ves-
sels. A simultaneously integrated lymph node boost (SIB) 
up to 55 in fractions of 2.2 Gy (near the cervical tumor), 
or 57.5 Gy in fractions of 2.3 Gy (at some distance of the 
cervical tumor) was delivered to suspicious pelvic lymph 
nodes; suspicious para-aortic lymph nodes received a SIB 
of 57.5 Gy in fractions of 2.3 Gy according to EMBRACE 
II guidelines [12]. EBRT was followed by image-guided 
brachytherapy with a Fletcher-type applicator (Utrecht, 
Geneva or Venezia, Nucletron™, Veenendaal, NL), to 
36  Gy pulse dose rate (PDR) with 48 pulses of 75  cGy/
pulse/hour, preferably to a D90 of 90–94  Gy (EQD2, 
α/β = 10   Gy2) to the high risk planning target volume 
(PTV). Radiotherapy was combined with weekly cisplatin 
40 mg/m2, four courses during EBRT, and a fifth course 
in the evening prior to brachytherapy.

Optimal radiotherapy was defined as described above. 
Suboptimal radiotherapy was defined as less than the 
aimed dose, e.g., if nodes had not been irradiated at all 
(for example, a non-suspicious para-aortic node on imag-
ing visualized on the lymphatic map) or receiving less 
than the aimed total dose (for example, a non-suspicious 
pelvic node on MRI and/or  [18F]FDG-PET/CT but visu-
alized on the lymphatic map, thereby receiving 45  Gy 
during EBRT instead of 55–57.5 Gy including SIB).

Suspicious lymph nodes on MRI and  [18F]FDG-PET/
CT were compared to the nodes at risk on the lymphatic 
map, using the following eleven lymph node areas: left 
and right para-aortic, left and right common iliac, left 
and right external iliac, left and right internal iliac, left 
and right parametrium and presacral. Nodes on the lym-
phatic map were counted as the node was visualized, 
either on early or late or both on early and late images. 
Then, the radiotherapy treatment plan was compared to 
the lymphatic map regarding the location and total dose 
received by the nodes at risk. Nodes at risk were divided 
in three groups. Nodes that received the optimal radia-
tion dose: EBRT and SIB, nodes that received a subop-
timal dose: EBRT only and nodes which did not receive 
any radiation dose at all.

Data analysis
All continuous variables are expressed as mean ± stand-
ard deviation if normally distributed. Nominal data is 
given in numbers and percentages and non-normally 
distributed continuous variables are given in median and 
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interquartile range (IQR). Statistical analyses were per-
formed with Rstudio (version 4.2.1).

Results
Patients
After pre-screening, 40 patients were approached to 
participate. Eleven patients did not participate as they 
found participation too burdensome, eight patients could 
not participate due to logistic reasons, one patient was 
approached when enrollment was temporarily closed 
due to processing the amendment, one patient had 
severe comorbidity, one proved to have a vaginal carci-
noma with cervical involvement, and one was referred to 
another hospital (Fig.  2). Finally, seventeen women par-
ticipated in the study. Patient and tumor characteristics 
are shown in Table 1. Out of the 17 included patients 15 
had squamous cell carcinoma, and two patients had ade-
nocarcinoma (one poorly differentiated and one mesone-
phric adenocarcinoma). The mean tumor size was 6.1 cm 
[SD 1.5 cm].

Two patients with a BMI > 35 were included in the 
study, since their body proportions did not hamper suc-
cessful injection of the radiopharmaceutical according to 
the screening gynecologist.

Lymphatic mapping
From the seventeen patients, 16 (94.1%) were injected 
with eight depots around the tumor, 1/17 patients with 
six depots due to the anatomical localization of the 
tumor. None of the patients showed complications due 
to injection of the radiopharmaceutical and all seven-
teen included patients underwent imaging. Four patients 
underwent only early imaging (before the scan protocol 
was amended) and one patient only late imaging due to 
postoperative hypotension in the recovery room, ham-
pering transportation to the imaging department.

In total, 40 nodes at risk were visualized on the lym-
phatic map in seventeen patients, with a median of two 
[range 0–7, IQR 0.5–3] nodes per patient. In four patients 
(23.5%), there was no visualization of lymph nodes. Out 
of the thirteen patients with visualization, the drainage 
was unilateral in four (30.7%) and bilateral in nine (69.2%) 
patients. The SPECT/CT showed more nodes than pla-
nar imaging in all patients (data not shown). In total, 40 
nodes were visualized on SPECT/CT: 19/40 (47.5%) on 
the left side, 20/40 (50%) on the right side and 1/40 (2.5%) 
presacral. The anatomical localization of the nodes at risk 
was as follows: two para-aortic left and two para-aortic 
right, four common iliac left and six right, ten at the level 
of the external iliac left and eight right, one at the level of 
the internal iliac left and four right, one at the parame-
trium left and one right, and one presacral. The distribu-
tion of nodes on the lymphatic map was comparable with 
the suspicious nodes on MRI and  [18F]FDG-PETCT with 
25 and 34 total suspicious nodes, respectively (Fig. 3).

When looking at visualization on early or late images, 
in 5/17 patients only one time point of the SPECT/CT 
was available. In five of the remaining twelve patients 
(41.7%) the early images showed more nodes than the 
late images, in two patients (16.7%) the late images 
showed more nodes, and in the remaining five patients 
(41.7%) the results between the early and late images 
were concordant.

Comparison to MRI and  [18F]FDG‑PET/CT
When compared to MRI and  [18F]FDG-PET/CT, suspi-
cious nodes were concordant with the nodes at risk on 
the lymphatic map in 3/17 (17.6%) of the patients and dis-
cordant in 14/17 (82.3%). From the 14 discordant results, 
in 8/14 (57.1%) patients, the lymphatic map showed more 
nodes than MRI or  [18F]FDG-PET/CT, in 6/14 (42.8%) 
the lymphatic map showed less nodes than the MRI  or 
 [18F]FDG-PET/CT (Fig. 3).

Comparison to radiotherapy treatment plan
From the seventeen patients, sixteen had curative chemo-
radiotherapy. One patient received radical surgical treat-
ment after the diagnostic phase instead of radiotherapy. 

Fig. 2 Flowchart showing patient selection for participation

Table 1 Patient and tumor characteristics

N 17

Age (years) (mean [SD]) 49.7 [15.8]

Histopathology (%)
 Squamous cell carcinoma 15 (88.2)

 Mesonephric adenocarcinoma 1 ( 5.9)

 Poorly differentiated adenocarcinoma 1 ( 5.9)

FIGO 2018 stage (%)
 IB3 1 (5.9)

 IIB 2 (11.8)

 IIIC1 12 (70.6)

 IIIC2 2 (11.8)

Tumor size (cm) (mean [SD]) 6.1 [1.5]
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In this patient  all suspicious lymph nodes on imaging 
turned out to be tumor negative on pathological exami-
nation, therefore radiotherapy was not indicated.

As four patients had non-visualization, 34 lymph 
nodes were visualized on the lymphatic map in 12/16 
patients. Of the 34 nodes, 20 (58.8%) nodes received 

suboptimal radiotherapy: 7/20 nodes did not receive 
radiotherapy at all, and 13/20 nodes received EBRT, but 
no SIB. The remaining 14/34 (41.2%) nodes received 
optimal radiotherapy, consisting of EBRT and, in case 
of suspicious nodes on MRI and/or  [18F]FDG-PET/CT, 
SIB as well (Fig. 4).

Fig. 3 Proportion of visualized lymph nodes on lymphatic map per anatomical localization in the whole population, compared to suspicious 
nodes on MRI and  [18F]FDG‑PETCT. Anatomical landmarks: aorta (AO), common iliac vessels (CI), external iliac vessels (EI), internal iliac vessels (II), 
parametrium and presacral. Purple: visualized on lymphatic map, yellow: suspicious on MRI, pink: suspicious on  [18F]FDG‑PET/CT

PA LM MR PT LM MR PT LM MR PT LM MR PT LM MR PETLM MR PT LM MR PT LM MR PT LM MR PT LM MR PT LM MR PT
1
2 O O O
3 O
4 N O
5 N O
6 O O
7 O
8 N O O
9 N N N
10 O E
11 O E E
12
13 N E E E E
14 E E E E O E E
15
16
17

presacral param. L param. R PAO L PAO R IC L IC R IE L IE R II L II R

Fig. 4 Visualized lymph nodes on lymphatic map (LM; purple), magnetic resonance imaging (MR; yellow) and  [18F]FDG‑PET/CT (PT; pink) per 
patient (PA; 1–17) and anatomical localization: para‑aortic left (PAO L), para‑aortic right (PAO R), iliaca communis left (IC L) iliaca communis right 
(IC R), iliaca externa left (IE L), iliaca externa right (IE R), iliaca interna left (II L), iliaca interna right (II R), presacral, parametrium left (param. L) and 
parametrium right (param. R). Abbreviations O, optimal radiotherapy; E, external beam radiotherapy only, N, no received radiotherapy dose. Note 
No visualization on the lymphatic map in patient number 1, 12, 15 and 16; nodes of patient number 17 were not irradiated as patient was treated 
surgically
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Figure 5 shows an example of an optimally irradiated 
and not irradiated lymph node on the lymphatic map in 
a patient with stage rIIIC1 LACC.

Discussion
To our knowledge, this is the first study showing the fea-
sibility of lymphatic mapping in LACC. Our study shows 
that lymphatic mapping can safely be executed in patients 
with LACC. The injection of the radiopharmaceuti-
cal was without complications and imaging could take 
place 2–4 and 24 h after investigation under anesthesia. 
Based on the results, we conclude that in our setting both 
early and late imaging is necessary for the highest yield 
of nodes on the lymphatic map. SPECT/CT should be 
performed for lymphatic mapping considering that (as 
expected) SPECT/CT showed more nodes than planar 
images, and SPECT/CT provides anatomical landmarks 
for exact lymph node localization which is necessary for 
treatment planning.

In four patients, there was no visualization of lymph 
nodes and not every patient showed bilateral drainage of 
the radiopharmaceutical. We need to take into account 
that while during sentinel node procedures, it is crucial 
to harvest the sentinel nodes on both sides of the tumor 

to gain information on lymph node metastases and avoid 
lymphadenectomy, in lymphatic mapping the aim is dif-
ferent. During this procedure, the goal is to visualize 
nodes at risk, e.g., the potential metastatic lymph nodes, 
including the ones with micrometastases. These nodes 
could be the ones which are false negative on MRI and 
 [18F]FDG-PET/CT and where lymph node recurrence 
could occur after treatment is completed.

There are no comparable studies in LACC. There is one 
study of Cibula et al. [16] in which a sentinel node pro-
cedure was performed with  [99mTc]Tc-nanocolloid and 
patent blue, without imaging, in 44 patients with cervi-
cal cancer FIGO 2009 stages IB1 and IIA ≥ 3 cm, IB2 and 
selected IIB, who underwent surgical resection. In this 
study, 23% of the patients did not show any drainage and 
41% of the patients unilateral drainage, respectively, com-
parable to our study. The relative low number of nodes 
at risk in our study is an unexpected finding and we have 
no explanation for this. Although the number of nodes at 
risk in our study is in line with the number of harvested 
sentinel nodes in the study of Cibula et al., they did not 
perform preoperative imaging, and therefore, the num-
ber of radioactive nodes could be underestimated in their 
study.

Fig. 5 Lymphatic map (fused axial SPECT/CT images 24 h post‑injection of  [99mTc]Tc‑nanocolloid) and  [18F]FDG‑PET/CT images (fused axial images 
1 h post‑injection of  [18F]FDG) of a patient with stage rIIIC1 squamous cell carcinoma. Upper row: lymph node at the level of the left common iliac 
vessel, not irradiated as it was not suspicious on MRI or  [18F]FDG‑PET/CT imaging. a Lymphatic map: visualized b  [18F]FDG‑PET/CT: no  [18F]FDG 
uptake, short axis < 1 cm. Lower row: lymph node at the level of the left external iliac vessel, irradiated as it was suspicious on  [18F]FDG‑PET/CT 
imaging. c Lymphatic map: visualized. d  [18F]FDG‑PET/CT: pathological  [18F]FDG uptake and 1.3 cm short axis
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In our study, in  8/14 (57.1%) patients the lymphatic 
map showed more nodes at risk compared to suspi-
cious nodes on MRI or  [18F]FDG-PET/CT. When com-
pared to the radiotherapy treatment plan, based on 
suspicious nodes on MRI and  [18F]FDG-PET/CT, 20/34 
(58.8%) nodes  did not receive an optimal radiotherapy 
dose (e.g., not irradiated or EBRT only) during chemo-
radiation. Although there is no certainty that the nodes 
at risk contain tumor metastases, as we did not perform 
histopathological investigation, it is plausible that some 
of these nodes at risk could be the false negative ones on 
MRI and  [18F]FDG-PET/CT, and responsible for lymph 
node recurrence. To improve patient outcome, an option 
could be to additionally irradiate all nodes at risk. As in 
our study, the number of nodes at risk is limited, when 
targeted radiotherapy treatment techniques are applied 
only to lymph nodes at risk (e.g., intensity modulated 
radiation therapy), additional toxicity could be limited 
and well defendable in a patient group with a relatively 
poor prognosis.

Another use of lymphatic mapping could be to guide 
lymphadenectomy prior to chemoradiation in patients 
with no suspicious nodes on imaging at the para-aortic 
level, when only the nodes at risk would be surgically 
removed instead of a para-aortic lymphadenectomy 
resulting in less chance of operation related morbidity. 
Recent studies in prostate cancer show promising results 
in a comparable approach. In a study by Hinsenveld et al., 
100% sensitivity and 94% accuracy for para-aortic nodal 
staging were shown in patients with intermediate and 
high risk prostate cancer when sentinel node biopsy was 
added to PSMA-PET/CT imaging [18]. Another study by 
de Barros et al. shows improved survival in patients when 
sentinel node biopsy was added to standard imaging to 
select pN1 patients with prostate cancer for pelvic radio-
therapy [19]. Considering the similarities in the orderly 
spread of lymph node metastases in prostate and cervical 
cancer, comparable results could be expected in LACC.

In 6/17 (35.3%) patients the lymphatic map showed less 
nodes compared to MRI or [18F]FDG-PET/CT. This sug-
gests that the lymphatic map cannot safely be used for 
radiotherapy dose de-escalation, as potential metastatic 
nodes could be missed by the lymphatic map and there-
fore suboptimal treated during curative chemoradiation.

Based on data from the SENTICOL I and SENTICOL 
II trials, multicenter prospective randomized trials to 
compare sentinel node biopsy and pelvic lymph node dis-
section, respectively [20, 21], tumor size ≥ 2  cm was an 
independent factor of atypical sentinel node localization 
such as isolated common iliac or para-aortic localization. 
This could mean that in our cohort with large tumors, 
more atypical localizations of nodes at risk are present, 
e.g., in the presacral region.

Tumor size could also influence visualization of nodes 
on the lymphatic map. However tumor size did not ham-
per administration of the radiopharmaceutical in our 
cohort, it is plausible that transport of the radiopharma-
ceutical is less optimal in larger tumors and more time 
is necessary for the radiopharmaceutical to reach the 
lymph nodes due to the changes in the lymphatic bed 
caused by necrosis. This could mean that the results of 
the lymphatic map are more robust in a population with 
relatively smaller LACC.

There are limitations of our study. It has a small sample 
size, however, customary for a feasibility study. Also, we 
could not perform early dynamic images (15  min post-
injection) as patients were still in the operating room at 
that time. Theoretically, we could therefore have missed 
some nodes. However, the suggested time for imaging 
is 2 h post-injection during the sentinel node procedure 
[22]. Finally, we did not perform histopathological con-
firmation of all nodes at risk  since it is not always feasi-
ble as these nodes are often located at elusive anatomical 
regions.

For the future, it is important to evaluate whether 
adding lymphatic mapping to radiotherapy treatment 
planning results in survival benefit. Whether the use of 
lymphatic map will have more benefit in patients with or 
without para-aortic nodes on MRI or  [18F]FDG-PET/CT 
still needs to be elucidated.

Therefore, a prospective trial with sufficient length 
of follow-up should be conducted with overall survival, 
recurrent-free survival, toxicity and quality of life as 
endpoints. Our study is a first step toward conducting 
such a trial, as we have shown that the technique of the 
lymphatic mapping is safe and feasible in patients with 
LACC.

Conclusion
In conclusion, lymphatic mapping is feasible in patients 
with LACC. During lymphatic mapping, there was visu-
alization of lymph nodes in the majority of patients and 
there were no procedure related complications. Almost 
60% of the nodes at risk received suboptimal treatment 
during chemoradiation. As treatment failure could be 
caused by (micro)metastases in these nodes, including 
nodes at risk in the radiotherapy treatment volume could 
optimize treatment of LACC. Additional toxicity could 
be accepted in this patient group with a high chance of 
recurrent disease and relative poor survival.

The efficacy of lymphatic mapping needs to be assessed 
in a larger prospective cohort. This feasibility study is an 
important step toward conducting such a trial.
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