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Abstract

Objective—Our study objective was to determine feasibility and mapping rates using
indocyanine green (ICG) for sentinel lymph node (SLN) mapping in early-stage cervical cancer.

Methods—We performed a retrospective review of all women who underwent SLN mapping
with ICG during primary surgical management of early-stage cervical cancer by robotic-assisted
radical hysterectomy (RA-RH) or fertility-sparing surgery. Patients were treated at two high-
volume centers from 10/2012 to 02/2016. Completion pelvic lymphadenectomy was performed
after SLN biopsy; additionally, removal of clinically enlarged/suspicious nodes was part of the
SLN treatment algorithm.

Results—Thirty women with a median age of 42.5 and BMI of 26.5 were included. Most (90%)
had stage IB disease, and 67% had squamous histology. RA-RH was performed in 86.7% of cases.
One patient underwent fertility-sparing surgery. Median cervical tumor size was 2.0 cm. At least
one SLN was detected in all cases (100%), with bilateral mapping achieved in 87%. SLN detection
was not impacted by tumor size and was most commonly identified in the hypogastric (40.3%),
obturator (26.0%), and external iliac (20.8%) regions. Five cases of lymphatic metastasis were
identified (16.7%): three in clinically enlarged SLNSs, one in a clinically enlarged non-SLN, and
one case with cytokeratin positive cells in an SLN. All metastatic disease would have been
detected even if full lymphadenectomy had been omitted from our treatment algorithm,

Conclusions—SLN mapping with ICG is feasible and results in high detection rates in women
with early-stage cervical cancer. Prospective studies are needed to determine if SLN mapping can
replace lymphadenectomy in this setting.
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1. Introduction

In the United States, nearly half of the 13,000 women diagnosed with cervical cancer this
year will have disease confined to the cervix, and therefore, be eligible for surgical
management [1,2]. Given that lymphatic involvement is the most important prognostic factor
in this disease, a comprehensive assessment of the lymph nodes that drain the cervix is
paramount [3,4]. However, the majority of patients undergoing a pelvic and/or para-aortic
lymphadenectomy in this setting will ultimately have negative lymph nodes, yet are
subjected to the morbidity of lymphadenectomy. Potential lymphadenectomy-associated
complications include bleeding, neurovascular injury, infection, lymphocyst development,
and debilitating lymphedema [5,6]. Thus, there is great interest in developing novel nodal
assessment techniques that minimize morbidity and maximize detection of lymphatic
metastases.

The sentinel lymph node (SLN) mapping technique is based on the principle that the first
nodal group receiving lymphatic drainage from a primary tumor can be identified. Hence, if
the lymphatic drainage from an organ or tumor is predictable, and a SLN is detected and
negative for metastasis, the remainder of the lymph nodes in that basin should theoretically
be negative as well [7]. SLN mapping is widely used in melanoma, breast, and vulvar
cancers and is well-studied in cervical cancer [8,9].

Despite growing evidence, the use of SLN mapping in cervical cancer has not become
widespread in the United States as the technique has met with skepticism due to relatively
low sensitivity and detection rates, as well as high false negative rates, particularly in women
with larger cervical tumors [7,8,10,11]. As such, while National Comprehensive Cancer
Network (NCCN) cervical cancer guidelines include SLN mapping as an alternative in the
surgical management of early-stage tumors, it cautions against its use in tumors =2 cm
[7,8,10,12]. These recommendations were based on the cumulative body of evidence
demonstrating worse detection rates as well as higher false negative rates in those with larger
tumors [8,13]. Therefore, support for the use of SLN mapping as a substitute for complete
lymphadenectomy in cervical cancer has remained limited, and only advisable in select
patients with small primary tumors [7,8,10,11]. Of note, most of these studies utilized a
radiocolloid tracer, typically % Technetium (°Tc), alone, or in combination with blue dye

[8].

Recent data suggests that the use of indocyanine green (ICG), a dye which fluoresces when
excited by near infra-red light, may be superior to blue dye alone for SLN detection in
endometrial cancer [14,15]. There is little data on the use of ICG in the SLN mapping of
cervical cancer. We sought to determine if ICG is a feasible option for SLN mapping in this
setting and determine the detection rates with this technique.

2. Methods

Institutional Review Board approval was obtained from Johns Hopkins University,
Baltimore, MD and Texas Oncology, San Antonio, TX to perform a retrospective review of
all early-stage cervical cancer cases treated surgically with SLN mapping from October
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2012 to February 2016. Patients were eligible for surgical management with
lymphadenectomy if they had preoperative FIGO stage 1A1 with evidence of lymph vascular
space invasion (LVSI) or stage IA2-1B2 disease, and a biopsy-confirmed diagnosis of
squamous, adenosquamous, or adenocarcinoma of the cervix. At the surgeon’s discretion,
pre-operative imaging with positron emission tomography/computed tomography (PET-CT)
or computed tomography (CT) was performed prior to surgery to rule out distant disease.
The treating physician determined tumor size preoperatively by clinical exam. Patient
demographics, tumor and surgical variables were recorded and analyzed.

2.1. Injection and evaluation of SLNs; completion lymphadenectomy

Both institutions had adopted a treatment protocol for ICG injection and SLN evaluation
shown in Fig. 1 [14]. This treatment algorithm differs from that previously published and
presented in the NCCN guidelines for SLN mapping in cervical cancer [12] because we
performed lymphadenectomy regardless of mapping success given the unknown predictive
value of this technique using ICG dye. One 25 mg single use vial of ICG was reconstituted
in 10 mL of aqueous solvent and then diluted in 10 mL of normal saline. Of note, ICG dye is
not approved by the Federal Drug Administration (FDA) for SLN mapping and is used off-
label. Just prior to uterine manipulator placement, the cervix was injected with a total of 2
mL of indocyanine green (ICG) at 3 and 9 o’clock, both superficially and deep into the
cervical stroma. Select patients also underwent superficial cervical injection at 6 and 12
o’clock (0.5 mL each) depending on tumor size and location. During robotic-assisted
laparoscopy, the retroperitoneum was assessed with near-infrared light with the aid of the
Firefly Fluorescence Vision Imaging System (Intuitive Surgical, Sunnyvale, CA), which
excited the ICG, allowing identification of the lymphatic channels and SLNs, which were
then removed. All patients then underwent a complete bilateral pelvic lymphadenectomy
according to GOG staging criteria. Para-aortic lymph nodes were assessed in all patients, but
dissection was performed at the surgeon’s discretion. As part of the surgical algorithm, all
suspicious or enlarged lymph nodes were removed prior to lymphadenectomy, regardless of
their sentinel status, and sent separately to pathology. Additionally, at the surgeon’s
discretion, if suspicious or clinically enlarged nodes were identified, they could be sent for
frozen section at the time of procedure. Fig. 1 demonstrates the treatment algorithm of these
patients.

2.2. Pathologic evaluation of the SLNs

At the onset of SLN mapping at our two institutions, histopathology assessment of SLNs
was performed in a standard fashion similar to that used for the non-sentinel lymph nodes:
after being embedded in paraffin, the node was sectioned once along the longitudinal axis,
and hematoxylin and eosin (H&E) stain was applied, after which the node was evaluated for
metastatic tumor cells. Ultrastaging was first described in breast cancer as a technique to
improve the sensitivity of SLN evaluation for detecting micro-metastasis; its use has now
been widely adopted for lymphatic assessment of cervical cancer as well [16,17]. In our
ultrastaging protocol, the SLN is sectioned once along the longitudinal axis, and then two
additional adjacent 5-pum sections are cut at two levels and stained with H&E and
immunohistochemistry (IHC) for pancytokeratin (clone AE1: AE3) similar to others’
published methods for evaluation of SLNSs in cervical cancer [17]. Macrometastases were
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defined as tumors >2.0 mm in diameter, micrometastases were defined as clusters or single
tumor cells which measure 0.2 mm to 2.0 mm in diameter. Isolated tumor cells were defined
as microscopic clusters or single cells <0.2 mm in diameter. Finally, cytokeratin positive
cells are those that are not clearly defined as carcinoma cells, but which stain positive for
cytokeratin [16].

2.3. Statistics

3. Results

Overall, SLN detection rate was defined as the proportion of cases with any successful SLN
mapping. Bilateral detection rate was defined as the proportion of cases in which SLNs were
identified intraoperatively in both hemi-pelvises. Side-specific detection rates were
calculated as the proportion of hemi-pelvises in which at least one SLN was identified
intraoperatively. Mapping rates were compared between tumors <2 cm in size and those =2
cm using a two-tailed Fisher’s exact test for differences of proportions. All statistical
calculations were performed using Stata (version 13) and a p-value <0.05 was considered
significant.

3.1. Clinical and pathologic data

Thirty patients underwent surgical management with SLN mapping during the study period
(Table 1). The median patient age was 42.5 years (range, 28—77), and median body mass
index (BMI) was 26.5 kg/m? (range, 18.9-52.0). Over half (n = 19, 63.3%) had pre-
operative PET/CT scans. The majority of patients (n = 20, 66.7%) had squamous cell
carcinoma (SCC), followed by adenocarcinoma (n = 7, 23.3%), and adenosquamous
carcinoma (n = 3, 10.0%). Most patients (n = 26, 86.7%) underwent a robotic-assisted
radical hysterectomy. In 3 cases, robotic-assisted radical hysterectomy was aborted due to
evidence of extra-cervical disease: one case was found to be stage IB2 on exam under
anesthesia and the patient had been counseled and preferred primary chemoradiation if the
stage was >IB1; lymph nodes were still surgically assessed as the pre-operative PET-CT
noted several suspicious retroperitoneal nodes; in the two other cases, positive lymph nodes
were encountered in enlarged nodes sent for frozen section (described in detail below). One
patient underwent cold knife conization for fertility preservation; lymph nodes were
assessed with robotic-assisted SLN mapping and pelvic lymphadenectomy.

The median clinical tumor size was 2.0 cm (range, 0-4.0), and 60.6% of tumors were =2 cm.
Approximately one third of tumors were poorly differentiated (n = 8, 28.6%), and one third
demonstrated LVSI (n = 9, 33.3%). Nearly half (n = 13, 46.4%) underwent the ultra-staging
protocol for SLN evaluation.

3.2. Mapping rates and locations

At least one SLN was detected in all cases, resulting in a 100% overall detection rate (Table
2). The median number of SLNs removed per hemi-pelvis was 2 (range 0-11). Successful
bilateral mapping occurred in 26 (86.7%) cases; there was no difference between tumors >2
cm vs. <2 cm in diameter (88.2% versus 84.6%, p = 1.0). Considering each hemi-pelvis
separately, at least one SLN was detected in 56 out of 60 hemi-pelvises, which reflects a
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side-specific detection rate of 93.3%. The side-specific detection rate did not differ between
tumors =2 cm compared with those <2 cm in diameter (94.1% versus 92.3%, p = 1.0).

SLNs were most frequently identified in the hypogastric region (40.3%), followed by the
obturator (26.0%), external iliac (20.8%), common iliac (6.5%), para-aortic (5.2%), and
parametria (1.3)%. A median of 7 non-SLNs were removed per hemi-pelvis (range, 0-20).
Five patients (16.7%) underwent para-aortic lymphadenectomy based on surgeon discretion.

3.3. Metastatic lymph node detection

Positive lymph nodes were identified in five women (16.7%). Preoperative PET/CT scans
were negative for suspicion of nodal involvement in all patients. The first patient had a stage
IB1, 2 cm moderately differentiated SCC with LVSI. SLNs were identified bilaterally. Upon
removal, they appeared slightly enlarged and were sent for frozen section, which confirmed
metastatic disease. The second patient also had a stage IB1, 2 cm moderately differentiated
SCC. SLN mapping was successful bilaterally. However, there was diffuse shoddy
adenopathy present throughout the pelvis; this was felt to have been possibly due to her
medical co-morbidities. Intraoperative frozen section of the most enlarged node was
negative, but final pathology demonstrated metastatic disease on H&E in another suspicious
non-sentinel node removed separately by the surgeon. Ultrastaging was not performed on the
SLNs given the positive node identified on H&E. In the third case, the patient had a stage
IB1, 4 cm poorly differentiated SCC. SLNs were detected bilaterally, and appeared clinically
enlarged. Intraoperative frozen section was performed and confirmed metastatic disease;
thus, the hysterectomy was aborted. The fourth case was similar: the patient had a stage 1B1,
1.7 cm moderately differentiated SCC tumor. The SLNs mapped bilaterally, and appeared
clinically enlarged; intraoperative frozen section confirmed metastatic disease and the
hysterectomy was aborted. Finally, a patient with a stage IB1, 3 cm, poorly differentiated
adenosquamous carcinoma had isolated cytokeratin positive cells identified on ultrastaging
of the bilateral SLNs, but no frank metastases in any other lymph nodes. The patient had
other high-risk features identified after radical hysterectomy, including LVSI and parametrial
involvement, and therefore, the cytokeratin positive cells in the lymph nodes were felt to
reflect metastatic disease. In all five cases, metastatic disease was detected by removal of
either the SLNs alone or by removal of clinically enlarged lymph nodes. All patients with
metastatic involvement of their lymph nodes were treated with adjuvant cisplatin-based
chemoradiation.

4. Discussion

Despite acceptance by NCCN guidelines as an alternative treatment approach, the role of
SLN evaluation in women with apparent early-stage cervical cancer has remained unclear,
largely due to historically poor detection rates and low negative predictive value with
radiocolloid and blue dye techniques [7,8,10,11]. However, in our dual-institution,
retrospective analysis, we observed high bilateral mapping and side-specific SLN detection
rates using indocyanine green dye (ICG) and robotic surgery. In the hands of experienced
gynecologic oncology surgeons, SLN detection was successful in 100% of cases, with a
side-specific detection rate of 93.3%. In contrast, the reported SLN detection rates using the
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radiocolloid/blue dye have been suboptimal, particularly in tumors >2 cm. For these larger
tumors, overall SLN detection rates are 80.1%, with side specific detection rates of only
58.8% [8]. Our study demonstrated higher overall and side-specific detection rates,
regardless of primary tumor size. Additionally, our treatment algorithm (Fig. 1), which
mandates the removal of all clinically-enlarged non-SLNs in addition to all SLNs, would
have correctly identified all patients (n = 5) with metastatic nodal involvement even if the
pelvic lymphadenectomy had been omitted. While our study results are preliminary, they
demonstrate that SLN mapping with ICG is feasible and results in high detection rates in
women with early-stage cervical cancer.

In addition to the potential for improved detection rates, ICG offers several other advantages
over the traditional radiocolloid/blue dye mapping technique. Practical advantages include
the avoidance of radiation exposure to both patients and staff, and the need for fewer
personnel as radiology staff are no longer required. Additionally, ICG dye is injected while
the patient is under anesthesia, which avoids the painful administration of radiocolloid
performed in the preoperative setting. Lastly, the cost of the ICG dye technique is
significantly lower than with the combined technique because additional injection time and
lymphoscintigraphy are not required [18]. Given the high rates of morbidity associated with
complete lymphadenectomy in this setting and that ICG dye may represent a superior SLN
detection technique compared to other mapping methods, further investigation of ICG and
other fluorescent dyes is merited.

Our study offers promising results for the use of ICG in SLN mapping, and adds to the body
of literature supporting its use in cervical cancer. Initial studies in open surgery reported
poor overall detection rates of just over 75% [11]. However, laparoscopic techniques with
ICG have proven more successful in gynecologic cancer [14,15,18-20]. Several studies
evaluating ICG for SLN mapping in endometrial cancer also included cervical cancer cases
in their publications [18,19]. One of the largest included 18 cervical cancer patients, but did
not report results separately from the 209 endometrial cancer patients in the study [19].
Thus, conclusions on the efficacy of ICG in cervical SLN detection cannot be drawn from
this study. Similarly, Buda et al. reported on SLN mapping techniques in women with early-
stage endometrial and cervical cancers and included 9 cervical cancer patients who
underwent SLN mapping with ICG; 100% mapped bilaterally [18]. Again, however, the
sample size was too small to define the accuracy and false negative rates of the SLN
approach in this patient population.

A recent retrospective European study has conducted an analysis similar to ours. Imboden et
al. evaluated patients undergoing SLN mapping for cervical cancer using ICG (n = 22)
versus 99Tc with blue dye (n = 36) [20]. The authors reported significantly better bilateral
detection rates with ICG (95.5% vs. 61%, p < 0.005) as well as a non-significant trend
towards better bilateral detection rates in tumors larger than 2 cm [20]. Data from our study
also confirms a high side-specific and bilateral mapping rate with the use of ICG, and further
demonstrates no difference in detection between small and large cervical tumors. Our pilot
data and that of Imboden et al. suggest that SLN mapping using ICG dye may overcome the
limitations of blue dye alone or combination blue dye and radiocolloid, irrespective of tumor
size [20]. The inherent properties of ICG may lend itself to improved mapping rates: ICG
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rapidly binds with lipoproteins in the plasma and is quickly taken up by the lymphatics.
Additionally, the near-infrared light can penetrate tissues several millimeters, which white
light cannot, making it easier to identify even with obstructing tissues such as fat [21]. We
hypothesize that these features may contribute to the improved mapping rates seen in our
study and that of Imboden et al. when compared to traditional techniques [20].

While maximizing mapping rates may encourage the uptake of SLN mapping in the care of
early-stage cervical cancer patients, the issue of low sensitivity must also be addressed
[7,8,10]. Achieving maximal sensitivity of the SLN technique depends on several factors.
First, with anatomically centralized tumors, bilateral SLN mapping rates must be optimal, as
was previously discussed. Data from our study suggest that the use of ICG results in high
bilateral mapping rates when experienced surgeons perform the mapping procedure. Second,
ultrastaging of the SLNs improves sensitivity and reduces the false negative rate [17]. In our
study, ultrastaging identified cytokeratin positive cells in the SLNs of one patient; the
clinical significance of cytokeratin positive cells in early-stage cervical cancer remains
unclear, but in this particular patient with positive parametrial involvement, this finding is
likely not a spurious event. While isolated tumor cells and micrometastatic disease in non-
SLNs have been previously associated with a worse prognosis [22-24], a more
contemporary multi-center study reviewing cases with isolated tumor cells in the SLNs of
cervical cancer patients without other risk factors alone found no difference in survival [25].
However, a major confounding variable in this study was that approximately half the patients
received adjuvant therapy, limiting the conclusions regarding recurrence rates and survival
[25]. Regardless, ultrastaging of SLNs in cervical cancer appears to improve the sensitivity
and negative predictive value and, for now, is an integral component of most SLN algorithms
[17].

Lastly, it is important to examine the sensitivity of a SLN algorithm as a whole. In our study;,
5 cases (16.7%), had evidence of lymph node metastases. All would have been successfully
detected utilizing our treatment algorithm (Fig. 1) even if the completion pelvic
lymphadenectomy were hypothetically omitted. This is because the treatment algorithm
takes into account removal of any SLN detected, as well as removal of clinically enlarged or
suspicious-appearing lymph nodes. In 4 patients, metastatic disease was detected in
clinically enlarged lymph nodes, highlighting the fact that removal of suspicious lymph
nodes is a critical component of any SLN algorithm. Particularly, in the patient with shoddy
lymphadenopathy throughout her pelvis, the SLN were negative while other enlarged nodes
were positive, underlining the importance of removing enlarged or suspicious nodes and
raising the question if patients with diffuse adenopathy are good candidates for SLN
mapping. Notably, none of the pre-operative PET/CT scans of these patients identified any
suspicious nodes.

Our study has limitations inherent to the retrospective design. After the adoption of SLN
mapping in cervical cancer at our institutions, ICG was used almost exclusively. Therefore,
we are unable to provide a direct comparison to different dye techniques. Additionally,
early-stage cervical cancer is a rare disease, which hinders the rapid accrual of a large
sample size of patients. While we attempted to maximize the number of patients included by
gathering data from two institutions, our sample size is still small. However, we report on
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one of the largest cohorts of cervical cancer patients who underwent SLN mapping with
ICG. Lastly, due to the differential uptake of this innovative technique in the two centers
involved in its implementation, ultrastaging was not performed on every patient.

In conclusion, our study demonstrates that SLN mapping with ICG is feasible and results in
high detection rates in patients with early-stage cervical cancer with both small and large
primary tumors, when performed by experienced surgeons. Our data support that a SLN
algorithm must include the removal of suspicious or clinically enlarged nodes. Ultrastaging
of SLNs is likely an important component of a SLN algorithm, although further studies are
needed to understand the prognostic implications of isolated tumor cells and cytokeratin
positive cells detected by this technique. Additionally, Larger studies are certainly needed to
determine if a SLN algorithm can replace a more complete lymphatic assessment in patients
with early-stage cervical cancer.
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HIGHLIGHTS

. Sentinel lymph node mapping with indocyanine green in women with early-
stage cervical cancer is feasible.

. Sentinel lymph node detection rates with this modality do not appear to differ
by tumor size.

. Sentinel lymph node detection rates with indocyanine green are acceptably
high to warrant further study in this setting.
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Bilateral pelvic lymphadenectomy

Fig. 1.
Sentinel Lymph Node Mapping Algorithm.
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Table 1
Demographic and clinicopathologic information.
Demographic and clinical information (n = 30)
Median age, years (range) 425 (28-77)
Median BMI, kg/m? (range) 26.5 (18.9-52)
N (%)
Clinical stage 3 (10.0)
<IA2 25 (83.3)
1B1 2 6.7)
1B2
Procedure
RA-RH or MRH 26 (86.7)
Cold knife cone 1 (3.3)
Aborted RA-RH or RA-MRH 3 (10.0)
Location of procedure
Johns Hopkins Hospital 18 (60.0)
Texas Oncology 12 (40.0)
History of conization prior to procedure 16 (55.7)
Median clinical tumor size, cm (range) 2.0 (0-4.0)
Microscopic 7 (23.3)
<lcm 3 (10.0)
21 & <2cm 3 (10.0)
>2 & <3cm 7 (23.3)
>3 & <4 cm 6 (20.0)
>4cm 4 (13.3)
Pathologic and surgical information
Median pathologic size, cm (range) 2.1 (0.1-4.5)
Histology
Squamous cell carcinoma 20 (66.7)
Adenocarcinoma 7 (23.3)
Adenosgquamous carcinoma 3 (10.0)
Grade?
Well differentiated 5 (17.9)
Moderately differentiated 15 (53.6)
Poorly differentiated 8 (28.6)
Lymphovascular space invasion presentb 9 (333)
Ultrastaging performed 13 (43.3)
Median (mean) number of SLN retrieved per hemipelvis (range) 2(24) (0-11)

Median (mean) number of non-SLN pelvic nodes per hemi-pelvis (range) 7 (6.5) (0-20)
Cases with evidence of lymphatic metastasis

Frank metastasis 4 (13.3)
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Demographic and clinical information (n = 30)

Cytokeratin positive cells only 1 (3.3)

RA-RH = Robotic assisted radical hysterectomy.

MRH = modified radical hysterectomy.
aData on grade was not available for 2 patients.

bData on LVSI not available for 3 patients.
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Table 2
Sentinel lymph node mapping rates and locations.

Detection rates
Overall detection rate 100%  (30/30 cases)
Side specific detection rate

Overall 93.3%  (56/60 hemipelvises) p=14

Tumors <2 cm 92.3%  (24/26 hemipelvises)

Tumors 22 cm 94.1%  (32/34 hemipelvises)
Bilateral mapping rate

Overall 86.7%  (26/30 cases) p=14

Tumors <2 cm 84.6%  (11/13 cases)

Tumors =2 cm 88.2%  (15/17 cases)
Sentinel lymph node locations
Hypogastric 40.3%
Obturator 26.0%
External iliac 20.8%
Common iliac 6.5%
Para-aortic 5.2%
Parametrium 1.3%

a . . .
Two tailed Fisher’s exact test comparing tumors >2 cm to <2 cm.
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