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Summary
Aim: A retrospective study was conducted to explore the value of sentinel lymph node (SLN) mapping with carbon nanoparticles

(CNP) in endometrial cancer patients. Methods: Seventy-six endometrial cancer patients who underwent sentinel lymph node mapping
with or without systemic pelvic lymphadenectomy were involved in this study. All patients received cervical injection of carbon nanopar-
ticles. The detection frequency for sentinel lymph nodes was calculated for all 76 patients, while the sensitivity and negative predictive
value for metastasis were calculated for patients who underwent additional systemic pelvic lymphadenectomy (n=43). Clinical factors
associated with sentinel lymph node detection were also evaluated. Results: The overall and bilateral detection frequencies were 71.1%
(54/76) and 61.1% (33/54), respectively. A total of 291 sentinel lymph nodes were removed from 54 patients, with the median number
removed per patient being 4 (range 3-7). sentinel lymph nodes were mostly located in the external lilac (45.7%) and obturator (41.2%)
regions. Fifteen positive lymph nodes including 6 positive sentinel lymph nodes were found in 5 patients. Two of the five patients failed
sentinel lymph node mapping but showed positive lymph nodes after systemic pelvic lymphadenectomy. The sensitivity and negative
predictive value of sentinel lymph node mapping were therefore both 100%. Conclusion: The detection frequency of sentinel lymph
node mapping with carbon nanoparticles in endometrial cancer patients was not as high as for some other cancer types. However, the
accuracy of this method was high despite the relatively low detection frequency. More research is needed to improve sentinel lymph
node mapping in endometrial cancer patients.
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Introduction

Endometrial cancer is one of the most common ma-
lignant tumors in women. Lymph node involvement is
an independent factor associated with recurrence and poor
prognosis of this disease [1]. Surgical staging of endome-
trial cancer includes total hysterectomy, bilateral salpingo-
oophorectomy (TLH+BSO) and lymph node assessment.
Total removal of the pelvic lymph nodes (usually including
the external iliac, internal iliac, obturator, and common il-
iac nodes) and sometimes also the para-aortic lymph nodes
is considered to be the standard procedure for assessment.
Paradoxically, nodal disease occurs in very few patients,
yet the prevalence of the high-risk group is significantly
greater than the low risk group [2]. It is important to note
however that total dissection can lead to lower limb lym-
phedema, thereby severely impacting the patients’ quality
of life. A previous study reported a major difference in the
occurrence of lymphedema between patients who did or did
not undergo systemic dissection [3].

With a view to removing as few nodes as possible with-
out losing essential information for assessment, biopsy of
sentinel lymph nodes (SLNs) is performed since these are
the first nodes into which a tumor drains. This technique is
designed to map the lymph nodes draining the uterus by in-
jecting special tracers and then searching for labeled nodes
within a specified time. Although there are already promis-

ing results for SLN mapping in endometrial cancer, several
problems remain to be solved. The ideal mapping tech-
nique includes a feasible injection site, excellent tracers,
suitable accessory equipment, a professional surgical team
and the appropriate selection of patients. It has been shown
that SLN mapping with cervical injection of tracers has a
high accuracy and low false-negative rate for the detection
of lymphatic metastasis in endometrial cancer[4]. Impor-
tantly, this also applies for patients with apparent uterine-
confined grade 1 and 2 endometrioid cancers, thus provid-
ing an alternative to routine pelvic lymphadenectomy [5].
As for the tracers, Indocyanine Green (ICG) with NIR flu-
orescent imaging was found to give similar mapping to ra-
diocolloid Tc-99 combined with blue dye, with the former
being easier to perform andmore reliable due to the fluores-
cent imaging. In contrast to the common use of these tracers
in patients with endometrial cancer, there are few results
to date using a new type of tracer, Carbon Nanoparticles
(CNP). Whether CNP could serve as an alternative tracer
for SLN mapping in endometrial cancer therefore warrants
further study.

The aim of this work was to investigate the feasibility
and reliability of SLN mapping in endometrial cancer pa-
tients following cervical injection of CNP. We also inves-
tigated the factors associated with successful mapping and
analyzed the distribution of SLNs in our patients.
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Figure 1. — The black-stained SLNs with CNP injection (as indicated by the black arrows). a. The CNP-labeled lymph nodes between
external and internal lilac artery. b. The CNP-labeled lymph nodes that were resected separately.

Materials and methods

Seventy-six patients diagnosed with atypical hyperpla-
sia and endometrial cancer between September 2015 and
September 2017 were identified from the records of insti-
tute Ethics approvals The clinical characteristics of these
patients are shown in the Results section. All patients
underwent SLN mapping followed by total laparoscopic
hysterectomy (TLH) and bilateral salpingo-oophorectomy
(BSO). Systemic pelvic lymphadenectomy with or without
para-aortic lymphadenectomy was also performed in pa-
tients who failed mapping and in patients deemed as having
high-risk disease (i.e. advanced stage and/or serous or clear
cell histology).
SLN Mapping Procedure

Preoperative SLN mapping was performed for each pa-
tient. The CNP was injected in a superficial cervical man-
ner (3 to 5 mm depth at 3/6/9/12 o’clock), or in a way that
combined superficial (2 mm depth at 3/9 o’clock) and deep
(10 mm depth, at 3/9 o’clock) cervical injection. Both tech-
niques injected 0.2 ml of CNP into the cervix at each point.
Black-stained SLNs appeared first and were subsequently
removed.
Carbon Nanoparticles (CNP)

The Carbon Nanoparticles Suspension (1 ml, 50 mg)
used in this study was produced by Chongqing Lummy
Pharmaceutical Co., Ltd (address). Its China Food
and Drug Administration (CFDA) approval number is
H20041829.
Statistical Analysis

The following clinical information was collected: (1)
age, height, weight, surgery options; (2) the number and
location of SLNs, pelvic lymph nodes (PLNs), para-aortic
lymph nodes (PALNs) and positive nodes; (3) pathology
type and histology grade; (4) the invasion status of lymph

vascular space, myometrium and para-uterine tissue. The
Body Mass Index (BMI) of patients was calculated by di-
viding their weight in kilograms by their height in meters
squared. Overall and bilateral detection were defined as
the identification of at least one black stained node from ei-
ther side or from each side, respectively. The detection fre-
quency was calculated as the percentage of positive patients
(overall or bilateral) amongst all patients. The accuracy of
SLN mapping was determined by calculating the sensitiv-
ity (percentage of patients with SLN metastasis amongst
all metastatic cases) and negative predictive value (NPV,
percentage of patients without metastasis amongst all SLN
negative cases). The mean value ± standard deviation (x
± SD) and t-test were used when data was normally dis-
tributed, while the median (interquartile range, IQR) and
non-parametric test were used for data that was not nor-
mally distributed. The chi-2 test or Fisher’s exact test were
used for quantitative data. A value of p< 0.05 was consid-
ered statistically significant and all p values were two-sided.
Statistical analyses were conducted using SPSS statistical
software, version 20.0. (SPSS Inc., Chicago, IL, USA).

Results

Clinical Characteristics

A total of 76 endometrial cancer patients were included
in this study. The mean age of patients was 55.8 years
(Standard Deviation, SD = 9.6) and the mean BMI was
26.9 kg/m2 (SD = 4.3). The most common histological type
was atypical hyperplasia and endometrioid adenocarcinoma
(71/76, 93.4%), with the others comprising mucinous ade-
nocarcinoma (2/76, 2.6%), serous adenocarcinoma (2/76,
2.6%) and mixed carcinoma (1/76, 1.3%). Most patients
were diagnosed with early stage disease (atypical hyper-
plasia and FIGO I; 66/76, 86.8%), with only10 being ad-
vanced stage (10/76, 13.2%). TLH + BSO was performed
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Table 1. — Clinical characteristics of patients

Total (n, %)

Pathology type
Atypical hyperplasia 4 (5.3%)
Endometrioid 67 (88.2%)
Mucinous 2 (2.6%)
Serous 2 (2.6%)
Mixed 1 (1.3%)
Grade of endometrioid cancer
1 29 (38.2%)
2 26 (34.2%)
3 12 (15.8%)
FIGO stage
0 [atypical hyperplasia] 4 (5.3%)
I 62 (81.6%)
II 1 (1.3%)
III 8 (10.5%)
IV 1 (1.3%)
LVSI
Present 3 (3.9%)
Absent 73 (96.1%)
Myometrial invasion
< 50% 67 (88.2%)
> 50% 9 (11.8%)
Parametrial involvement
Present 10 (13.2%)
Absent 66 (86.8%)
Surgery (*TLH + BSO +)
SLNB 33 (43.4%)
SLNB + PLND 9 (11.8%)
SLNB + PLND + PALND 34 (44.7%)

*TLH, Total Hysterectomy; BSO, Bilateral Salpingo-
Oophorectomy; SLNB, Sentinel
Lymph Node Biopsy; PLND, Pelvic Lymph Node Dissec-
tion; PALND, Para-Aortic
Lymph Node Dissection

on all patients. Thirty-three patients underwent SLN map-
ping without Pelvic Lymph Node Dissection (PLND). Of
the remaining 43 patients, 9 underwent PLND and 34 un-
derwent PLND and para-aortic LN dissection (PALND).
Fifty-nine patients were found to have atypical hyperplasia
and G1~2 endometrioid lesions. LVSI, deep myometrial in-
vasion (invasion depth> 50% of layer) and para-uterine tis-
sue involvement occurred in 3.9% (3/73), 11.8% (9/73) and
13.2% (10/73) of patients, respectively (Table1).

Detection frequency and accuracy of SLN mapping
The overall detection frequency from SLNmapping was

71.1% (54/76) (Figure 1). Frequencies for bilateral and uni-
lateral detection were 61.1% (33/54) and 38.9% (21/54), re-
spectively. The total number of SLNs was 291 in 54 pa-
tients, while for PLNs it was 1,184 in 43 patients. The
median number of SLNs and PLNs was 4 (IQR, 3-7) and
27 (IQR, 19-35), respectively. Only 3 SLNs (3/291, 1.0%)

Table 2. — Detection rate and accuracy

Detection rate

Overall 71.1% (54/76)
Bilateral 61.1% (33/54)
Unilateral 38.9% (21/54)

Number of SLNs

Total 291
Median 4.0 (3.0 7.0)

Number of PLNs

Total 1184
Median 27.0 (19.0 35.0)

Number of Positive Nodes

Total 16
SLNs 6
non-SLNs 10

Accuracy PLNs (Cases)
+ -

SLNs + 3 0
(Cases) - 0 25
S 100.00%
NPV 100.00%

S Sensitivity, NPV Negative Predictive Value.

were observed in the para-aortic region and these were all
from one patient (1/54, 1.9%) (Table 2). Fifteen metastasis
positive lymph nodes, including 6 SLNs, were discovered
in 5 patients. Two of the five patients failed SLN mapping
but were found to have positive lymph nodes after systemic
lymphadenectomy (Table 3). Of the 28 patients with suc-
cessful mapping followed by systemic lymphadenectomy,
3 patients were positive in both SLNs and PLNs, while the
remaining 25 patients were negative for both. Thus, the
sensitivity and NPV of SLNs were both 100% (Table 2).

Distribution of SLNs and of metastasis positive nodes
SLNs were located in the external iliac (45.7% of to-

tal), obturator (41.2%), common iliac (6.5%), internal lilac
(2.7%), sacro anterior (1.0%), para-aortic (1.0%), inferior
vena cava (1.0%) and inguinal (0.7%) regions (Table 4).
Of the 6 metastasis positive SLNs, 4 were located in the
obturator and 2 in the external iliac region. The 9 positive
non-SLNs were located in the parametrial (n = 2), obtura-
tor (n = 2), external iliac (n = 1), common iliac (n = 1) and
para-aortic (n = 3) regions.

Factors associated with successful mapping
No significant associations were observed between the

success of SNLmapping and pathological type, histological
grade, BMI or the presence of LVSI, deep myometrial inva-
sion, parametrial involvement or number of surgical cases
(p > 0.05) (Table 5).
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Table 3. — The characteristics of the 5 patients with nodal metastasis

Characteristics Case 1 Case 2 Case 3 Case 4 Case 5

Age, y 57 54 64 75 78
Pathology type Endometrioid Endometrioid Endometrioid Serous Serous
Grade 3 3 3 3 3
FIGO stage III III III III IV
LVSI Yes Yes No Yes No
Deep myometrial invasion Yes Yes Yes Yes No
Parametiral involvement No No No No No
SLNB* Yes Yes Yes Yes Yes
PLND* Yes Yes Yes Yes Yes
PALND* Yes No Yes Yes Yes
Number of SLNs 8 0 0 3 4
Number of positive SLNs 2 0 0 1 3
Number of positive non-SLNs 5 2 2 0 0

*SLNB, Sentinel Lymph Node Biopsy; PLND, Pelvic Lymph Node Dissection; PALND, Para-Aortic Lymph Node Dissection

Table 4. — The distribution of SLNs
(Total number = 291.0)

Region Number (n, %)

External iliac 133.0 (45.7)
Obturator 120.0 (41.2)
Common iliac 19.0 (6.5)
Internal lilac 8.0 (2.7)
Inguinal 2.0 (0.7)
sacro anterior 3.0 (1.0)
para-aortic 3.0 (1.0)
inferior vena cava 3.0 (1.0)

Discussion

Value of SLN biopsy in endometrial cancer
The assessment of lymph node status is crucial for cor-

rect staging of endometrial cancer patients and this partly
determines their prognosis and the therapeutic strategy to be
employed. To date, systemic pelvic lymphadenectomy has
been widely used due to its accuracy for proper staging and
appropriate treatment. However, post-lymphadenectomy
complications such as lymphedema and lymphocele present
major challenges for surgeons and patients [2]. Unlike
the systemic removal of nodes, SLN biopsy only removes
the lymph nodes where lymphatic metastasis is likely to
have occurred first. It is generally believed that lymphatic
metastasis has not occurred in patients whose SLNs were
found to be negative. SLN biopsy provides an alternative
source of information on lymph node status and was inte-
grated into the 2015 National Comprehensive Cancer Net-
work (NCCN) guidelines on endometrial cancer [6].

The typical symptom of irregular vaginal bleeding oc-
curs in early endometrial cancer and hence most patients
present with an apparent uterine-confined disease and a
very low risk of lymphatic metastasis. These patients are
unlikely to benefit from complete lymphadenectomy and

therefore lymphoscintigraphy can be used to maximize the
value of nodal assessment. As expected, patients with early
disease (atypical hyperplasia and FIGO I) [7] comprised
the large majority (66/76, 86.8%,) of cases in the present
study. None of these early stage patients had nodal disease
(0/66), whereas half of the advanced stage (FIGO II~IV)
patients (5/10, 50%) showed lymphatic metastasis (p <
0.001). Therefore, SLN biopsy appears especially useful
for early stage patients.
Multiple factors are associated with successful mapping

Adequate assessment of pelvic lymph nodes depends
primarily on a high frequency of detection, especially bi-
lateral detection, as well as high accuracy. Excellent detec-
tion frequencies with SLN mapping have been achieved in
malignancies such as colorectal cancer (94%), melanoma
(98%) and breast cancer (96%) [8]. However, the perfor-
mance of this technique in endometrial cancer has not been
as satisfactory as in the abovementioned cancers. A sys-
tematic review published in 2011 by Sokbom et al. re-
ported overall and bilateral detection frequencies of 78%
(95% Confidence Interval [CI]: 73%-84%) and 61% (95%
CI: 20%-81%), respectively [8]. How et al. published simi-
lar results in 2017 and additionally found the para-aortic de-
tection frequency was just 6% (95% CI: 3%-9%) [9]. The
wide range in reported detection frequencies and the con-
siderable ‘between-study’ heterogeneity suggests that SLN
mapping in endometrial cancer is affected by multiple fac-
tors [8]. Here we review the main factors related to suc-
cessful mapping and discuss our result (71.1% detection
frequency) in relation to these factors.
The injection site

The injection site is a major factor in SLN mapping that
affects detection. Uterine injection, including sub-serosal
injection and hysteroscopic endometrial injection, is a rea-
sonable site for draining from the surrounding area of uter-
ine tumors. However, in systematic literature reviews uter-
ine injection showed a lower detection frequency compared
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Table 5. — The relevant factors might affect the success rate of SLN mapping

Detected Cases (n) Fail detection *Detection rate (%) Confidence Intervals (95%)
P value

Successful Fail Lower Upper

Pathology Type 0.284 7.804 1
Endometriod 47 20 70.1
Non-endometriod 7 2 77.8
FIGO Stage 0.142 2.228 0.462
0 / I 48 18 72.7
II / III / IV 6 4 60
BMI* 0.368 2.882 0.956
< 24.0 45 14 76.3
≥ 24.0 9 8 52.9
LVSI* 0.22 4.036 1
Present 7 3 70
Absent 47 19 71.2
Deep Myometrial Invasion 0.284 7.804 1
Present 7 2 77.8
Absent 47 20 70.1
Parametrial Extension 0.992 1.13 0.552
Present 3 0 100
Absent 51 22 69.9
Surgical cases 0.396 2.989 0.87
≤ 30 21 9 70
> 30 33 13 71.7

*BMI Body Mass Index, *LVSI Lymph Vascular Space Invasion
*Hypothesis for detection: successful = 1, fail = 0

with cervical injection [10]. Gargiulo et al. showed that
dye injection into the cervical site of endometrial cancer
patients led to a very high overall detection frequency, re-
gardless of the type of tracer used [11]. Moreover, the bi-
lateral detection frequency was similar to that reported for
uterine injection [7, 8, 10, 12]. Cervical injection could
also map the draining pathways for the uterine body [5],
as discussed later. Using cervical injection, we obtained
a result of 71.1% (54/76) for overall detection and 61.1%
(33/54) for bilateral detection. Thus although the overall
detection was somewhat lower, the bilateral detection fre-
quency was almost identical to previous studies. The latter
result is more important for individual patients. With regard
to the para-aortic region, the literature shows significantly
less detection of SLNs using cervical injection [8, 13]. This
might cause a failure to detect nodal metastasis in the para-
aortic region. Isolated para-aortic nodal metastasis occur
in approximately 1% of early stage endometrial cancer pa-
tients with both low- and high-grade lesions [14]. ‘Over-
detection’ in the para-aortic region might lead to extensive
lymphadenectomy, leading to extra complications for these
patients. In our study, the para-aortic detection frequency
was 1.9% (1/54) and just 3 negative lymph nodes were ob-
tained from this single patient, with accompanying pelvic
lymph nodes also harvested.

The tracers
The type of tracer used influences both the detection fre-

quency and the accuracy of SLN mapping. Indocyanine
Green (ICG) is an excellent mapping agent and its injec-
tion into the cervix of endometrial cancer patients achieved
overall and bilateral detection frequencies of 96.9% and
84.1%, respectively [15]. ICG is rapidly delivered into lym-
phatic vessels by binding to albumin, meaning it only takes
a short time to appear in lymph node regions. There are
some deficiencies, however. ICG can diffuse soon after in-
jection, making it difficult to distinguish nodes from sur-
rounding tissue. Thus, a ”false-node” may sometimes be
dissected, causing a high false negative rate [16, 17].

CNP is a new generation tracer with several advantages
for the detection of SLNs in gynecologic cancers. Firstly,
the diameter of CNPs (average 150 nm) prevents them from
entering blood capillaries (20~50 nm diameter) but allows
them to enter lymphatic capillaries (110~500 nm diame-
ter of endothelial cell space). CNPs therefore concentrate
and remain only in lymph nodes that are then subsequently
dissected. Secondly, the black staining SLNs can easily
be identified by their gross morphology, thus avoiding the
need for specialized equipment [18]. However, this char-
acteristic could be a disadvantage in some circumstances
due to limited visual recognition by the surgeon. This may
have contributed to our somewhat lower overall SLN de-
tection frequency of 71%. Despite this, we recorded scores



Sentinel lymph node mapping with carbon nanoparticles in endometrial cancer 413

of 100.0% for both the sensitivity and negative predictive
value of metastasis. These results suggest that cervical
injection of CNP is a reliable way to evaluate lymphatic
metastasis in endometrial cancer, but that unilateral or bi-
lateral systemic pelvic lymphadenectomy is necessary after
failed SLN mapping in one or both sides.
Patient characteristics

High BMI and the presence of LVSI were previously
thought to contribute to failed mapping in endometrial can-
cer because of restricted tracer access to the lymph nodes
[19]. However, the present study with CNP found no signif-
icant associations between these two factors and the overall
detection of SLNs (BMI, p = 0.956; LVSI, p = 1.000) . The
pathology type or histological grade of tumor were previ-
ously reported not to affect the success of mapping [19].
This was confirmed in the present study. Since no signif-
icant difference in the detection frequency was found be-
tween early and advanced disease patients, we further sub-
divided early stage patients into thosewith low risk of recur-
rence (51/66, 77.3%) and those with intermediate/high risk
(15/66, 22.7%) according to the European Society Of Med-
ical Oncology (ESMO) classification [20]. Interestingly,
there were no differences between these two groups for ei-
ther overall (p = 0.358) or bilateral (p = 0.494) detection,
suggesting that SLN mapping can be applied to all patients
with early stage disease, regardless of their risk of recur-
rence.
SLN distribution following cervical injection

A key issue that needs to be addressed is whether the
drainage pathway of injected tracer accurately represents
the metastasis pattern of endometrial cancer. Two drainage
pathways were observed for pelvic lymph nodes and can
be summarized briefly as follows. One crosses over the
umbilical ligament to drain the external iliac, obturator and
internal iliac regions (pathway I). The other pathway runs
along the mesoureter cephalad to drain the common iliac
and pre-sacral regions ( pathway II). An additional path-
way could skip the pelvic lymph nodes and directly drain
the para-aortic region ( pathway III), thus explaining the
rare para-aortic nodal metastases observed in endometrial
cancer [5,8]. We recorded a total of 291 SLNs, with the
majority located in the external iliac and obturator regions.
Of our 54 successfully mapped cases, 52 (96.3%) involved
pathway I, 14 (25.9%) involved pathway II, and only 1
case (1.9%) involved pathway III. With regard to the three
metastasis cases detected by SLN biopsy, all (100.0%) in-
volved pathway I, consistent with the most common SLN
drainage route. No isolated nodes involved in pathway III
were found. Of note, one of the three metastasis cases had 5
positive non-SLNs (2 in para-uterine and 3 in para-aortic re-
gions) involved in pathway III and detected following com-
plete lymphadenectomy. This suggests that endometrial
cancer patients could have para-aortic lymphatic metasta-
sis without detection by SLNmapping, especially when us-
ing cervical injection. However, these non-labeled positive
nodes are usually accompanied by positive SLNs, thus in-

dicating the possibility of para-aortic lymphatic metastasis.
Despite the somewhat low detection frequency, cervical

injection of CNP was a reliable way to exclude the pres-
ence of lymphaticmetastasis in endometrial cancer patients.
This method showed a high sensitivity and NPV, and no-
tably in patients with early disease. As multiple factors can
clearly affect the success of SLN mapping, more research
in this area is urgently required.
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