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Abstract

Background.—Ucterine clear cell carcinoma is a rare and aggressive subtype of endometrial
carcinoma. Prospective clinical trials have not been feasible for this rare tumor, and data regarding
the optimal adjuvant treatment regimen for early-stage uterine clear cell carcinomas is limited.
Our study’s objective was to determine if adjuvant chemotherapy or radiation therapy improves
patients’ outcomes in stage | and Il uterine clear cell carcinoma.

Methods.—Patients with stage I and Il uterine clear cell carcinoma were identified at a single
institution. All cases were reviewed by a gynecologic pathologist. Both pure and mixed non-serous
uterine clear cell carcinomas were included. Primary outcomes were recurrence free survival and
overall survival.

Results.—A total of 71 patients were identified including 39 (55%) pure and 32 (45%) mixed
clear cell carcinoma. Most patients were FIGO stage 1A (77.5%). Most patients (7= 58, 82%)
received adjuvant therapy, including 43 (61%) receiving chemotherapy, 50 (70%) receiving
radiation therapy, and 35 (49%) receiving both. Recurrence free survival was not significantly
different among patients receiving no or <6 cycles of chemotherapy versus patients receiving

6 cycles of chemotherapy (p = 0.39). However, median OS was significantly different among
patients receiving no or <6 cycles of chemotherapy versus 6 cycles of chemotherapy (p = 0.004).
On univariable analysis, 6 cycles of chemotherapy was significantly associated with improved
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OS (HR 0.1, 95% CI 0.01-0.07). Presence of LVSI, mutated p53, number of pelvic and para-
aortic lymph nodes assessed, adjuvant chemotherapy (any number of cycles), and >2 medical
co-morbidities were not significant predictors of OS on univariable analysis. On multivariable
analysis, 6 cycles of adjuvant chemotherapy remained a significant predictor of improved OS (HR
0.1, 95% CI 0.01-0.8).

Conclusions.—In this study, administration of 6 cycles of chemotherapy appears to significantly
improve OS. This finding suggests consideration of 6 cycles of adjuvant chemotherapy in patients
with early-stage uterine clear cell carcinoma, however clinical trials are needed to confirm these
findings.

Keywords
Uterine malignancy; Uterine clear cell carcinoma; Adjuvant therapy

1. Introduction

Uterine carcinoma is the most common gynecologic malignancy in the United States [1].
Rates of uterine carcinoma are increasing, and a particularly alarming trend has been the
increase in the incidence of non-endometrioid, high-risk histologies [1-5]. Uterine clear cell
carcinoma (UCCC) is a rare high-risk histologic subtype of endometrial carcinoma (EC)
which is associated with higher stage at diagnosis, relative chemoresistance, increased risk
of recurrence, and poorer survival when compared to endometrioid adenocarcinomas [6-9].
Due to the rarity of UCCC, prospective clinical trials in the affected patient population are
not feasible. Treatment decisions have therefore been guided by subanalyses of clinical trials
with a small proportion of UCCC patients or retrospective studies.

Data is particularly limited for UCCC patients with stage | and 1l disease. Few studies
have attempted to address whether a benefit exists for adjuvant radiation therapy and/or
chemotherapy in early-stage UCCC, and the results from these studies are mixed [10-
16]. Given costs and toxicity associated with chemotherapy and radiation therapy (RT),
it is imperative to continue investigation into the role of adjuvant therapy for this patient
population.

Another challenge in the study and treatment of UCCC is confirmation of the histologic
diagnosis. Accurate pathologic analyses of high-grade ECs can be challenging due to
significant overlap in the morphologic and immunohistochemical features [17]. Additionally,
previous research suggests that the clinical behavior of mixed clear cell ECs are driven by
the more aggressive clear cell component, including those with a small fraction of UCCC
[18]. Therefore, review of high-grade EC cases with a specialist gynecologic pathologist

is critical in ensuring the diagnosis for both prognostic counseling and treatment decision-
making purposes.

The goal of the present study was to determine whether adjuvant chemotherapy, radiation
therapy, or both were associated with differences in recurrence-free survival (RFS) and
overall survival (OS) in stage | and Il UCCC confirmed by specialist gynecologic pathology
review.
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2. Methods

2.1. Data collection

Institutional Review Board (IRB) approval was obtained for the performance of this study
(STUDY19110190). All patients with stage | and Il UCCC treated at Magee-Womens’
Hospital of the University of Pittsburgh Medical Center (UPMC) between January 2006 and
December 2019 were identified using an institutional pathology database. Data collection
was performed using an electronic medical record and included demographics, clinical

and pathologic characteristics, adjuvant treatment type, and outcomes. Only patients who
had undergone total hysterectomy and bilateral salpingo-oophorectomy were considered for
inclusion. For consistency, the 2009 International Federation of Gynecology and Obstetrics
(FIGO) staging for endometrial carcinoma was used to define stage, including staging
reassignment for cases prior to 2009 [19]. All cases were reviewed by a gynecologic
pathologist for histologic confirmation. Given previous literature findings that mixed clear
cell histologies have similar clinical behavior to pure UCCC, the decision was made to
include both pure UCCC cases and cases of mixed clear cell histology in this study [18].

2.2. Definitions

Chemotherapy regimens that included carboplatin plus a taxane-derivative (e.g. paclitaxel

or docetaxel) were included in a single category for descriptive and statistical purposes.
Recurrences were categorized by the most distant site of recurrent disease. Cause of death
was defined as 1) uterine cancer-related, 2) a known cause not related to the patient’s uterine
cancer diagnosis, or 3) unknown.

2.3. Statistical analysis

Primary outcomes included RFS and OS. Chi-square or Fisher exact tests were used

to compare the balance of prognostic factors across groups, including by number of
chemotherapy cycles, receipt of adjuvant RT, and receipt of both chemotherapy and RT
(Supplementary Tables 3-5). Kaplan—Meier failure functions were estimated by pathologic
and clinical characteristics, and tested by log-rank tests. For each patient characteristic, a
Cox proportional hazards model was fitted, with follow-up days in study as the timescale.
Measures of associations were reported as hazard ratios (HRs) with 95% confidence
intervals (Cls). Individual associations of all patient characteristics were first assessed

in univariable Cox proportional hazards models. Factors yielding statistically significant
univariable associations with outcomes of interest and variables postulated in the literature
to be related to prognosis of patients were included in multivariable models to yield adjusted
estimates of HRs. For RFS and OS, variables tested in the multivariable analysis included
presence of lymphovascular space invasion (LVSI), p53 mutation status, pelvic lymph

node dissection, =4 pelvic lymph nodes assessed, =3 para-aortic lymph nodes assessed,
receipt of adjuvant chemotherapy, receipt of 6 cycles of adjuvant chemotherapy, >2 medical
co-morbidities, diabetes, hypertension, renal disease, and pulmonary disease. Additionally,
age, race, BMI, menopausal status, tobacco use, history of hormone replacement therapy
use, history of oral contraceptive use, omental sampling, sentinel lymph node assessment,
FIGO stage, type of chemotherapy, receipt of adjuvant RT, and type of RT were tested

but did not yield statistically significant HRs in univariable models and did not statistically
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significantly impact adjusted HRs in multivariable models. Percent of clear cell component
was included in the multivariable model as a covariate. Violations of the proportional
hazards assumption were explored by testing for a zero slope in the scaled Schoenfeld
residuals and also by testing time-interaction covariates for statistical significance of the
models. The number of pure clear cell endometrial carcinoma was not large enough as a
single subset to support robust statistical analyses. Statistical analyses were planned a priori
to include analyses of patients receiving 6 cycles of chemotherapy versus no chemotherapy,
and 6 cycles of chemotherapy versus none or <6 cycles of chemotherapy. We also performed
analyses excluding the 10 patients receiving <6 cycles of chemotherapy, as this group of
patients might be associated with factors confounding their survival outcomes, but were too
small as a group for subset statistical analyses controlling for these other confounders with
adequate power. As a result, comparisons were limited to patients receiving a full 6 cycles
of chemotherapy versus patients receiving <6 cycles or no chemotherapy, and our ability to
perform robust multivariable analyses with finely categorized variables or subset analyses
to evaluate for other confounding factors that would affect survival was limited. Sensitivity
analyses on the number of pelvic lymph nodes assessed and percent of clear cell component
were conducted to evaluate for relevant cutoffs for categorizations if needed. All analyses
were performed using Stata/SE version 15 (StataCorp, College Station, TX).

3. Results

A total of 71 patients were identified that met the inclusion criteria for the study.
Demographic and clinicopathologic characteristics are detailed in Table 1. The median age
of the cohort was 68 years (range 40-90 years), and 93% of patients were white. Average
BMI was 30 kg/m? (range 18.4-44), and the mean number of medical comorbidities was
2.1 (range 0-10). Of the 71 patients, 39 (54.9%) had pure UCCC, while 32 (45.1%) had
mixed clear cell histology. Among patients with mixed histology, 94% (7= 30) had mixed
endometrioid and clear cell histology, while 2 patients (6%) had mixed endometrioid, clear
cell, and mucinous histology. Mixed histology tumors had a range of 2-90% clear cell
carcinoma component.

The majority of patients underwent laparoscopic staging (65%). Approximately 89% of the
cohort had a lymph node assessment, with a mean of 8.3 (range 0-26) pelvic lymph nodes
and a mean of 1.5 (range 0-11) para-aortic lymph nodes. Omental sampling was performed
in 49 patients (69%). Median tumor size was 28.5 mm (interquartile range [IQR] = 35 mm).
The majority of patients were FIGO stage IA (76%) on final pathologic staging.

Fifty-eight (82%) received adjuvant therapy, with 43 (61%) receiving chemotherapy, 50
(70%) receiving RT, and 35 (49%) receiving both. The most common chemotherapy regimen
was carboplatin and taxane (7= 41). One patient received cisplatin for chemo-sensitization
with radiation therapy, and one patient received carboplatin alone due to chemotherapy
reactions to both paclitaxel and docetaxel. Of patients receiving chemotherapy, 10 patients
(14%) received <6 cycles, while 32 patients (45%) received a full course of 6 cycles.

One patient in the cohort who received chemotherapy did not have information available

on the number of cycles received. The most common reasons for receiving <6 cycles

of chemotherapy were inability to continue treatment due to toxicities or provider
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recommendation for <6 cycles. The group of patients receiving <6 cycles of chemotherapy
did not yield statistically significant association with OS or RFS compared to the other
groups in this cohort, either due to lack of power given the small sample size and/or lack of
true association in the population (Supplemental Tables 1 and 2).

The most commonly administered RT was vaginal brachytherapy (VBT) (n= 32), followed
by combined external beam radiation therapy (EBRT) and VBT (7= 16), and EBRT alone
(n=2). Recurrences were rare among this cohort, and only 1 patient experienced a local
recurrence. Regional and distant recurrences were each noted in 3 patients, respectively.
Deaths were also relatively rare among the cohort (7= 9), and were most likely to be uterine
cancer-related (1= 4, 6%).

Chi-square or Fisher exact tests were used to compare the balance of selected demographic
and clinicopathologic characteristics between groups by cycles of chemotherapy, receipt of
adjuvant RT, and the combined variable of chemotherapy and RT (Supplemental Tables
3-5). Among patients receiving none, <6 cycles, and 6 cycles of chemotherapy, the
distribution of race, pelvic lymph node assessment, 24 pelvic lymph nodes assessed, =3
para-aortic lymph nodes assessed, and receipt of adjuvant RT was statistically significantly
different between groups (Supplemental Table 3). Among patients who did and did not
receive adjuvant RT, age, history of hypertension, presence of LVSI, sentinel lymph

node assessment, pelvic lymph node assessment, receipt of adjuvant chemotherapy,

and number of cycles of chemotherapy was statistically significantly different between
groups (Supplemental Table 4). Among patients receiving both chemotherapy and RT,
chemotherapy alone, and RT alone, the distribution of age, presence of LVSI, sentinel lymph
node assessment, pelvic lymph node assessment, >4 pelvic lymph nodes assessed, and >3
para-aortic lymph nodes assessed was statistically significantly different between groups
(Supplemental Table 5).

Median follow-up was 35.4 months (IQR = 34.9 mo). For the entire cohort, 5-year RFS

was 88% (95% C1 0.74-0.94), and 5-year OS was 85% (95% CI 0.70-0.93). Five-year

RFS and OS were similar among patients who did and did not receive adjuvant RT. For
those who received adjuvant RT, 5-year RFS was 85% (95% CI 0.71-0.93) and OS was

87% (95% CI 0.68-0.95). Patients who did not receive adjuvant RT had a 5-year RFS of
88% (95% CI 0.39-0.98) and OS of 88% (0.62-0.97). Five-year RFS was 94% (95% CI
0.65-0.99) for patients who did not receive chemotherapy and was 82% (95% CI 0.64-0.92)
for patients who did receive adjuvant chemotherapy. Five-year OS was 90% (0.75-0.96)
among patients receiving adjuvant chemotherapy, while it was 79% (0.32-0.95) among those
who did not receive adjuvant chemotherapy. Patients who received 6 cycles of chemotherapy
had a 5-year RFS of 88% (95% CI 0.66—0.96) and OS of 100% compared to a 5-year RFS of
53% (95% CI 0.13-0.83) and OS of 46% (95% CI 0.11-0.76) for those receiving <6 cycles
of chemotherapy.

Median RFS for the cohort was not able to be estimated as more than half of the cohort
was censored (i.e. did not have a recurrence observed during the follow-up period). There
was no difference in RFS among patients receiving no chemotherapy or <6 cycles of
chemotherapy versus patients receiving 6 cycles of chemotherapy (o= 0.39) (Fig. 1;
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see Table 2 for HRs of features associated with RFS). Median OS for the entire cohort

was also unable to be estimated as more than half of the cohort did not have an event
observed during the follow-up period. Notably, median OS was significantly different among
patients receiving no chemotherapy or <6 cycles of chemotherapy versus those receiving 6
cycles of chemotherapy (p = 0.004) (Fig. 2). On univariable analysis, receiving 6 cycles of
chemotherapy was significantly associated with improved OS (HR 0.1, 95% CI 0.01-0.7),
while renal disease was significantly associated with decreased OS (HR 11.6, 95% CI 2.1-
63.4) (Table 3). On multivariable analysis, receiving 6 cycles of adjuvant chemotherapy
remained a significant predictor of improved OS (HR 0.1, 95% CI1 0.01-0.8) (Table 3). The
variable of RT, the combined variable of RT and chemotherapy, and the interaction term of
RT and chemotherapy were tested in the survival analyses, and no statistically significant
association was seen with any survival outcome.

Additionally, statistical analyses were performed which excluded the 10 patients receiving
<6 cycles of chemotherapy. In the cohort of patients excluding those receiving <6 cycles of
chemotherapy (7= 61), patients treated with 6 cycles of chemotherapy had better overall
survival (OS) when compared to those who did not receive chemotherapy (log rank p=
0.01 (Supplemental Fig. 1). Receiving 6 cycles of chemotherapy predicted improved OS

in the univariable model (HR: 0.01, 95% CI: 0.01-0.9) and when controlling for percent
of clear cell component in the tumor (aHR: 0.05 (95% CI: 0.002-0.9) in the multivariable
model (Supplemental Table 6). While the HR did not reach statistical significance when
including other potential confounding variables in the multivariable model, the relative small
sample size and low number with outcome of interest limited the extent of confounder
evaluation with adequate power in this cohort (Supplemental Table 6). Receiving 6 cycles
of chemotherapy was not found to be a statistically significant predictor of recurrence-free
survival in this cohort (Supplemental Table 7 and Supplemental Fig. 2).

4. Discussion

UCCC is a rare and aggressive histologic subtype of EC. Data to guide treatment decisions
for this patient population are lacking due to the inability to perform prospective clinical
trials and the limited number of patients available for subgroup analyses. In particular, there
are few studies that have attempted to assess the role of adjuvant therapy for patients with
early-stage UCCC, leading to decisions based on individual provider experience and patient
preference. Therefore, the objective of our study was to investigate the role of adjuvant
therapy for patients with stage | and 11 UCCC after confirmation with a gynecologic
pathologist.

In the current study, 61% of patients received adjuvant chemotherapy, and the most

frequent chemotherapy regimen was a combination of carboplatin and taxane therapy.
Interestingly, there was no difference in RFS between patients who received 0-5 cycles

of chemotherapy versus patients who received 6 cycles. However, OS was statistically
significantly different between groups, with improved OS in those patients who received

6 cycles of chemotherapy. We suspect that the discrepancy between RFS and OS can be
explained by the limited sample size and the small number of recurrences observed in this
study. We would expect differences in RFS with regard to adjuvant chemotherapy to become
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more apparent in a larger patient population. We also acknowledge that while patients
receiving no chemotherapy may differ in fundamental ways from patients receiving <6
cycles of chemotherapy, the ability to perform robust multivariable analyses between these
groups was limited by the sample size of patients in our cohort. Nonetheless, it is impressive
that such notable differences in OS were observed between treatment groups despite the
constraints of a small patient cohort.

Current National Comprehensive Cancer Network (NCCN) recommendations for stage

IA UCCC include systemic chemotherapy and VBT as the preferred adjuvant treatment
regimen. For patients with stage IB and stage Il disease, recommendations include systemic
chemotherapy with or without EBRT and VBT [20]. Thomas et al. performed a multi-
institutional review of outcomes for UCCC patients after surgical staging. Their study
included 49 patients with stage I-11 disease, of whom 10 developed recurrent disease.
Among the 22 patients who had definitive staging with lymphadenectomy, half were
observed and half received adjuvant therapy with RT, chemotherapy or both. Only 1
recurrence was noted in this group, which was located at the vaginal cuff. However,
comparisons between adjuvant therapy modalities in stage | and 11 patients were limited by
the small number of patients receiving each type of therapy. When stage I, 11, and |11 patients
were combined, adjuvant RT was an independent predictor of OS and PFS, suggesting that
adjuvant RT could be considered for treatment of early-stage UCCC [10].

GOG 249 compared RT versus VBT plus chemotherapy in patients with high-intermediate
and high-risk early-stage EC. Unfortunately, only 28 patients with UCCC were enrolled in
the trial. Subgroup analyses from GOG 249 revealed no difference in outcomes between
treatment arms for serous and UCCC patients, although the overall trial results failed to
show improvement with vaginal brachytherapy and chemotherapy compared to RT alone
[11]. Another study by Zhang et al. compared outcomes between early-stage patients with
UCCC and UPSC. While UCCC patients were significantly less likely to receive adjuvant
chemotherapy, outcomes were similar to patients with UPSC with regard to recurrence rate,
0S, and site of recurrence, suggesting that chemotherapy may be omitted in early-stage
UCCC. However, it is important to recognize that the conclusions were again limited

by a small number of patients, with only 17 UCCC patients included, of whom only 6
received adjuvant chemotherapy [12]. A large NCDB analysis of adjuvant therapy for 2516
patients early-stage UCCC additionally failed to find evidence of statistically significant
improvement in OS with adjuvant chemotherapy or RT. The authors did note a trend
towards improvement in OS for women undergoing hysterectomy, lymphadenectomy and
chemotherapy when compared to patients without lymphadenectomy, chemotherapy or both
regardless of RT. [13].

In addition to the logistical and practical considerations involved in the study of adjuvant
treatment of UCCC, obtaining an accurate pathologic diagnosis can present challenges.
Grade 3 endometrioid, uterine papillary serous carcinoma, and UCCC share a large
number of morphologic and immunohistochemical features that can make it difficult to
differentiate between subtypes. One study by Fadare et al. demonstrated that the diagnosis
of UCCC can be variable even among gynecologic pathologists secondary to the high
degree of morphologic variety between tumors [21]. Additionally, tumors with true mixed
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histology add another layer of complexity to the diagnostic evaluation. Prior research has
demonstrated that tumors with mixed histology display clinical behavior that mimics the
more aggressive histologic component, making accurate diagnosis even more imperative
[18]. One of the primary strengths of this study was the pathologic review of each individual
patient’s tumor histology by a gynecologic pathologist to confirm the diagnosis of pure or
mixed UCCC. Larger studies of UCCC that have failed to find differences between adjuvant
treatment groups may have been limited by lack of diagnostic accuracy, as pathology review
is time-intensive and requires access to patient’s tumor samples.

It is important to acknowledge that the primary objective of this study was to determine
whether adjuvant therapy was associated with improvements in RFS and OS, and that the
significant improvement seen in OS with a full 6 cycles of chemotherapy was detected on
exploratory analysis. Another important limitation of this study was the lack of racial and
ethnic diversity in the patient population. Clear racial disparities exist for black patients
compared to white patients, including a higher incidence of aggressive histologic subtypes,
worse stage at presentation, and worse survival outcomes even when controlling for disease-
related factors. The lack of diversity in our cohort can be attributed to the limitations of

a single institution study, and it is possible that differences in prognostic variables and
outcomes could be seen in a more well-represented patient population [22]. Additional
limitations of this study include those inherent to a retrospective cohort study, such as
missing data, changes in practice patterns over time, and differences among providers in
management and treatment decisions. Lastly, this study was limited by constraints on sample
size due to the rarity of UCCC. However, we feel that the confirmed pathologic diagnosis
for each patient and the information available on adjuvant treatment and survival make this
study an important contribution to the literature for this uncommon disease. While additional
studies are needed, our results support the role of a full course of adjuvant chemotherapy in
patients with stage | and 11 UCCC.
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HIGHLIGHTS

Pathologic confirmation of pure or mixed uterine clear cell carcinoma was
performed for each patient.

Receipt of adjuvant therapy was not associated with improvements in RFS.

Receipt of a full 6 cycles of adjuvant chemotherapy was associated with
improved OS in this cohort.

Gynecol Oncol. Author manuscript; available in PMC 2024 July 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Orellana et al.

Page 12

Recurrence-free survival in patients with pure clear cell or mixed non-serous clear cell carcinoma
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Fig. 1.

Recurrence-free survival among patients receiving <6 cycles of chemotherapy versus those
receiving 6 cycles of chemotherapy.

Gynecol Oncol. Author manuscript; available in PMC 2024 July 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Orellana et al.

Page 13

Overall survival among patients with pure clear cell or non-serous mixed clear cell endometrial carcinoma
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Overall survival among patients receiving <6 cycles of chemotherapy versus those receiving
6 cycles of chemotherapy.

Gynecol Oncol. Author manuscript; available in PMC 2024 July 08.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Orellana et al.

Demographic and clinicopathologic characteristics of study cohort.*

Table 1

N (%)
Age at diagnosis (years) <60 16 (23)
60-75 40 (56)
>75 15 (21)
Race White 66 (93)
Black 3(4)
Other 2(3)
BMI (kg/m?) <25 21 (30)
25-30 16 (23)
>30 32 (46)
Menopausal status Premenopausal 1(1)
Postmenopausal 69 (97)
Unknown 1(1)
Tobacco use Never 54 (76)
Current 4 (6)
Former 10 (14)
History of HRT use Yes 6 (8)
History of OCP use Yes 7 (10)
Medical comorbidities
>2 comorbidities 24 (34)
History of diabetes 14 (20)
History of hypertension 38 (54)
History of renal disease 3(4)
History of pulmonary disease 10 (14)
Type of surgery
Open 22 (31)
Laparoscopic 46 (65)
LAVH/TVH 3(4)
Histology
Pure clear cell 39 (55)
Mixed clear cell 32 (45)
p53 mutation
Yes 16 (23)
No 16 (23)
Not assessed 39 (55)
LVSI Positive 22 (31)
Peritoneal cytology
Negative 58 (87)
Atypical 2(3)
Positive 7 (10.0)
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N (%)
FIGO stage
1A 54 (76)
IB 12 (17)
It 5(7)
Lymph node assessment 63 (88.7)
Sentinel LN 22 (31)
Pelvic LN 63 (89)
Assessed = 4 pelvic LN 51 (72)
Assessed = 3 para-aortic LN 16 (23)
Adjuvant therapy Any 58 (82)
Chemotherapy 43 (61)
Radiation therapy 50 (70)
Both 35 (49)
Type of chemotherapy
Carboplatin/taxane 41 (95)
Carboplatin alone 1(2)
Cisplatin (chemosensitizing) 1 (2)
Type of radiation therapy
VBT 32 (64)
EBRT 2(4)
VBT and EBRT 16 (32)
Recurrence
Local 1(1)
Regional 3(4)
Distant 3(4)
Cause of death
Uterine cancer 4 (6)
Other 3(4)
Unknown 2(3)

*
Categories may not sum to 100% due to missing data.
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