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Adjuvant brachytherapy for FIGO stage |
serous or clear cell endometrial cancer

Elizabeth B Jeans

," William G Breen," Trey C Mullikin," Brittany A Looker,' Andrea Mariani,?

Gary L Keeney,® Michael G Haddock,' Ivy A Petersen’

HIGHLIGHTS

¢ Tumor size and peritoneal cytology should be obtained in early-stage, high-risk histology endometrial cancer.
¢ Adjuvant vaginal cuff brachytherapy alone provides long-term oncological control in women with small tumors and

negative peritoneal cytology.

» Positive peritoneal cytology and larger tumors are at higher risk and should be considered for upfront additional adjuvant

therapies, such as cytotoxic chemotherapy.

ABSTRACT

Objectives Optimal adjuvant treatment for early-stage
clear cell and serous endometrial cancer remains unclear.
We report outcomes for women with surgically staged
International Federation of Gynecology and Obstetrics
(FIGO) stage I clear cell, serous, and mixed endometrial
cancers following adjuvant vaginal cuff brachytherapy with
or without chemotherapy.

Methods From April 1998 to January 2020, women
with FIGO stage IA-IB clear cell, serous, and mixed
endometrial cancer underwent surgery and adjuvant
vaginal cuff brachytherapy. Seventy-six patients

received chemotherapy. High-dose rate vaginal cuff
brachytherapy was planned to a total dose of 21 gray

in three fractions using a multichannel vaginal cylinder.
The primary objective was to determine the effectiveness
of adjuvant vaginal cuff brachytherapy and to identify
surgicopathological risk factors that could portend towards
worse oncological outcomes.

Results A total of 182 patients were included in the
analysis. Median follow-up was 5.3 years (2.3—-12.2). Ten-
year survival was 73.3%. Five-year cumulative incidence
(CIy of vaginal, pelvic, and para-aortic relapse was 1.4%,
2.1%, and 0.9%, respectively. Five-year locoregional
failure, any recurrence, peritoneal relapse, and other
distant recurrence was 4.4%, 11.6%, 5.3%, and 6.7%,
respectively. On univariate analysis, locoregional failure
was worse for larger tumors (per 1¢m) (HR 1.9, 95%Cl
1.2 10 3.0, p<0.01). Any recurrence was worse for tumors
of at least 3.5cm (HR 3.8,95%Cl 1.3 to 11.7, p=0.02)
and patients with positive/suspicious cytology (HR 4.4,
95% Cl 1.5 to 12.4, p<0.01). Ten-year survival for tumors
of at least 3.5¢cm was 56.9% versus 86.6% for those
with smaller tumors (HR 2.9, 95%Cl 1.4 t0 5.8, p<0.01).
Ten-year survival for positive/suspicious cytology was
50.9% versus 77.4% (HR 2.2, 95%Cl 0.9 to 5.4, p=0.09).
Multivariate modeling demonstrated worse locoregional
failure, any recurrence, and survival with larger tumors, as
well as any recurrence with positive/suspicious cytology.
Subgroup analysis demonstrated improved outcomes with
the use of adjuvant chemotherapy in patients with large
tumors or positive/suspicious cytology.

Conclusion Adjuvant vaginal cuff brachytherapy alone
without chemotherapy is an appropriate treatment for

women with negative peritoneal cytology and small, early-
stage clear cell, serous, and mixed endometrial cancer.
Larger tumors or positive/suspicious cytology are at
increased risk for relapse and worse survival, and should
be considered for additional upfront adjuvant treatments,
such as platinum-based chemotherapy.

INTRODUCTION

Endometrial cancer remains the most common gyne-
cological malignancy in the United States.’ Serous
and clear cell histologies represent a rarer hormone-
independent, aggressive subtype,Z which have been
associated with higher rates of extra-uterine spread,
as well as higher rates of recurrence.® * Treatment
recommendations for early-stage endometrioid
uterine cancer (International Federation of Gyne-
cology and Obstetrics (FIGO) stage ) have been estab-
lished through historical randomized clinical trials.>®
However, the optimal treatment for serous and clear
cell histologies remains unclear. These patients were
excluded from enrollment on pivotal early-stage
trials,> 7 and when included, represented less than
1% of patients enrolled.®

More recent clinical trials have included these rarer
histologies. The GOG-249 trial, which randomized
patients with high-risk FIGO stage | and Il endometrial
cancers after total abdominal hysterectomy, bilat-
eral salpingo-oopherectomy, and either lymph node
dissection or postoperative imaging for lymph node
assessment to pelvic radiotherapy versus vaginal cuff
brachytherapy coupled with chemotherapy.® Serous
and clear cell cancers combined constituted 19.3%
of the study cohort. The PORTEC-3 trial randomized
women with FIGO stage Il high-risk endometrial
cancers to adjuvant chemoradiotherapy versus adju-
vant pelvic radiotherapy alone.' Clear cell and serous
cancers represented approximately 16% and 10% of
the overall population, respectively.” In PORTEC-3,
early-stage disease only represented just over a
quarter of the serous population.'® However, in both
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Table 1 Patient and treatment characteristics
Characteristic Value (%)
No of patients 182
Age (years)
Median 67
Range 40.8-87.9
Race
Asian 1(0.5)
Black or African American 2(1.1)
Hispanic/Latino 0 (0.0)
White 173 (95.1)
Other or decline to answer 6 (3.3)
Histology
Papillary serous 114 (62.6)
Clear cell 35(19.2)
Mixed 33 (18.1)
FIGO 2009 stage
1A 160 (87.9)
No invasion*® 54 (29.7)
<50% invasion 106 (58.2)

[3] 22 (12.1)

Total abdominal hysterectomy/Bilateral salpingo-
opherectomy

Without lymph node evaluation 9(4.9)

Sentinel lymph node 50 (27.5)

Full lymph node dissection 123 (67.6)
Omentum explored

Yes 141 (77.5)

No 41 (22.5)
Cytology obtained

Yes 160 (87.9)

No 22 (12.1)
Surgery to implant (weeks)

Median 6.4

IQR 5.0-7.7
Vaginal brachytherapy (dose/fractionation)

14 gray/2 fractions 1(0.5)

21 gray/3 fractions 181 (99.5)
Chemotherapy

Yes 76 (41.8)

No 106 (58.2)
No of patients 76
Chemotherapy timing

Prior to brachytherapy 7(9.2)

After brachytherapy 69 (90.8)
Chemotherapy

Carboplatin/paclitaxel 74 (97.4)

Continued

Table 1 Continued

Characteristic Value (%)
Other 2(2.6)
Chemotherapy cycles
1-3 17 (22.3)
4-6 59 (77.6)

*10 patients had no residual disease on final pathology.
FIGO, International Federation of Gynecology and
Obstetrics.

these trials, further detailed clinical and pathological characteristics
are not available for the subset of patients with serous and clear
cell cancers. Thus, despite inclusion in recent randomized trials,
the minutiae of details of which high-risk population patients were
included are not readily available for assessment, leaving ambiguity
in discerning appropriate adjuvant therapies in specifically early-
stage high-risk histologies. A recent SEER analysis of patients with
FIGO Il serous (n=947) and clear cell (n=241) cancers noted no
clear trend in adjuvant therapy recommendations.'’ Brachytherapy,
chemotherapy, and external beam were utilized in 36%, 51%, and
31% of patients, respectively."’

Since 1998, our institutional practice has been to treat women
with surgically staged FIGO stage | serous or clear cell cancers after
total abdominal hysterectomy, bilateral salpingo-oopherectomy,
pelvic and para-aortic lymph node evaluation, omentectomy, peri-
toneal washings for cytology, and random peritoneal biopsies with
vaginal cuff brachytherapy alone with or without chemotherapy.
Our approach has previously been published and demonstrated
favorable outcomes, alongside similar retrospective series'>;
however, all were lacking meaningful univariable and multivariable
modeling. Here, we present long-term outcomes using this treat-
ment approach to aid in developing appropriate adjuvant therapy
recommendations for this specialized cohort

METHODS

Patients

This retrospective study was performed under institutional review
board approval utilizing an institutional database of patients treated
with postoperative vaginal cuff brachytherapy for a diagnosis of
FIGO stage IA or IB serous or clear cell cancer. The requirement
for written informed consent was waived by the Istitutional Review
Board. From April 1998 to January 2020, 182 women were iden-
tified as having received adjuvant high-dose rate vaginal cuff
brachytherapy without external beam radiotherapy following
surgical intervention. All patient characteristics and treatment-
related details were verified through review of the electronic
medical record. Patients included in our prior publication'? were
re-reviewed with updated follow-up. All patients were staged
according to 2009 FIGO staging guidelines.™ Three distinct histol-
ogies were included: serous, clear cell, and mixed (both serous and
clear cell). Tumor histologies that demonstrated endometrioid with
serous or clear cell were included if more than 10% of the tumor
demonstrated aggressive histological variant and were classified
based on the aggressive component.
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Treatment

Patients underwent total abdominal hysterectomy, bilateral salpingo-
oopherectomy with pelvic and para-aortic lymph node dissection (prior
to 2014), or bilateral sentinel lymph node biopsy (after 2014), oment-
ectomy, pelvic cytology, and peritoneal biopsies. Prior to 2007, patients
underwent open surgery, with a transition for most patients to laparo-
scopic or robotic assisted procedures thereafter.

Adjuvant vaginal cuff brachytherapy was delivered after appro-
priate healing was determined by physical exam. A high-dose rate
technique was used in a dedicated outpatient radiation oncology
brachytherapy suite. High-dose rate vaginal cuff brachytherapy was
planned to a total dose of 21 gray in three fractions using a multi-
channel vaginal cylinder.'® A CT scan was obtained prior to the first
fraction to assess for appropriate placement and for computation
of dose to surrounding organs at risk. The prescription dose was
prescribed 5mm distal to the tip of the applicator, 5mm anterior
and posterior, and 7 mm lateral to the applicator.'® The prescription
dose was tapered to the surface of the applicator at 1cm prox-
imal to the end of the vaginal canal. Patients were treated on non-
consecutive weekdays over 5—8 days.

Patients were discussed in a multi-disciplinary fashion and
referred to medical oncology when deemed appropriate by the
team, weighing pathological extent of disease with patient comor-
bidities. Routine follow-up typically consisted of pelvic exam every
3 months and imaging (usually CT abdomen and pelvis) every 6
months for up to 2 years. After 2 years, patients were followed with
pelvic exam alone every 6-12 months.

Outcomes

The primary objective of this study was to determine the effective-
ness of adjuvant vaginal cuff brachytherapy and to identify surgi-
copathological risk factors that could portend towards worse onco-
logical outcomes. Endpoints collected included vaginal recurrence,
pelvic recurrence, para-aortic recurrence, distant recurrence, and
survival. Median (interquartile range (IQR)) time to event was calcu-
lated for patient and treatment-related variables. When comparing
subgroups of patients, the Wilcoxon rank sum test and x2 test were
used to compare baseline patient and treatment-related variables.

All outcomes were measured from the date of the vaginal cuff
brachytherapy fraction. Overall survival was estimated using the
Kaplan-Meier method. Competing risk models were used to report
cumulative incidences (Cls) of vaginal recurrence, pelvic recurrence,
para-aortic recurrence, locoregional failure, and distant relapse.
Locoregional failure was defined as vaginal, pelvic, or para-aortic
nodal failure. Univariate associations between patient, treatment,
and pathological factors with overall survival, locoregional failure,
or any failure were identified using the Cox proportional hazards
model. The calculated median was utilized for dichotomizing data
in analyses for age, time from surgery to implant, and tumor size.
Tumor size was additionally run as a continuous variable for anal-
ysis. To minimize statistical error, given the overall low event rate,
only associates that were significant or near significance in univar-
iate modeling were analyzed in a multivariate model.

An ad hoc test for interaction was done to determine any interaction
between chemotherapy receipt and significant variables (between the
chemotherapy and non-chemotherapy patient cohorts) as it pertains
to patient outcomes. A subgroup analysis regarding the impact of
chemotherapy on oncological outcomes (through Kaplan-Meier and
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Table 2 Pathological characteristics

Characteristic Value (%)
Size (cm)

Median 3.4

IQR 2.3-4.5

Missing 15 (8.2)
Polyp confined

Yes 22 (12.1)

No 160 (87.9)
Lymphovascular space invasion

Positive 33 (18.1)

IA 25 (75.8)

B 8 (24.2)

Negative 128 (70.3)

Missing 21 (11.6)
Omentum involved

Yes 0(0.0)

No 142 (87.8)

Missing 40 (22.0)
Cytology

Positive/suspicious 26 (14.3)

Negative 134 (73.6)

Missing 22 (12.1)

competing risk models) was completed on high-risk cohorts, identified
as statistically significant variables from univariate and multivariate
modeling. A generated p-value of up to 0.05 was chosen for statistical
significance. Data were analyzed using SAS version 9.4. In accordance
with the journal’s guidelines, we will provide our data for the reproduc-
ibility of this study in other centers if requested.

RESULTS

Patient and treatment characteristics

Baseline patient and treatment characteristics are summarized in
Table 1. Median follow-up time was 5.3 years (2.3—12.0). Patients
treated after 2014 received sentinel lymph node evaluation, repre-
sentative of an institutional transition in surgical management. Few
patients (n=9, 4.9%) had no lymph node evaluation. Reasons for no
pelvic lymph node dissection included morbid obesity (n=2), intra-
operative emergency (n=1), incidental oncological diagnosis with
patient declining surgical staging (n=2), surgeon discretion (n=3),
and unknown due to outside surgery (n=1).

Seventy-four patients (40.7%) received random biopsies of
other suspicious areas during surgery, all of which were negative
for disease. Nearly all patients had omental exploration (77.5%)
and peritoneal cytology (87.9%). Pathological characteristics are
given in Table 2. Pathological tumor size was available for 92% of
patients. Median size of the tumor in the hysterectomy specimen
was 3.4 cm. Eighteen per cent had lymphovascular space invasion,
while 14.3% of patients had positive (12.6%) or suspicious (1.7%)
peritoneal cytology.
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All but one patient received 21 gray in three fractions every other
day. One patient received 14 gray in two fractions without any
known indication of toxicity before withdrawing consent for treat-
ment. Vaginal brachytherapy was delivered a median time of 6.4
weeks after surgery (5.0-7.7 weeks). Seventy-six patients received
chemotherapy (41.8%), most commonly after brachytherapy
completion (n=69, 90.8%), and consisting of four to six cycles
of carboplatin and paclitaxel. Baseline demographics of patients
receiving chemotherapy versus those who did not are given in the
Online supplemental material. In brief, patients receiving chemo-
therapy were more likely to have FIGO stage IB disease, have larger
tumors, and have positive or suspicious cytology.

Locoregional disease recurrence

Three patients (1.6%) experienced vaginal recurrence. The cumu-
lative incidence (95% CI) of vaginal relapse at 5 and 10 years was
1.4% (0.3% to 5.4%) and 2.5% (0.8% to 8.0%), respectively. Two
patients had recurrent disease in the vagina alone and one had
synchronous lung metastases. Both patients with isolated vaginal
recurrences were treated successfully and are alive at the time of
last follow-up. Three patients (1.6%) had recurrence elsewhere in
the true pelvis (two at the pelvic sidewall and one in a pelvic lymph
node). One patient had recurrent disease in a para-aortic lymph
node (0.5%). Of these four patients, three had synchronous distant
recurrence (two in the peritoneum and one in the lungs). The 5-year
cumulative incidence of pelvic relapse and para-aortic relapse was
2.1% (0.7% to 6.7%) and 0.9% (0.1% to 6.4%), respectively. The
cumulative incidence of locoregional failure at 5 and 10 years is
4.4% (2.0% to 9.8%) and 5.5% (2.6% to 11.7%), respectively.

Extrapelvic disease recurrence

Fourteen patients had distant recurrence, including seven patients
within the peritoneum. Ten of the 14 women had recurrence with
distant failure alone. The 5-year cumulative incidence of perito-
neal and non-peritoneal metastasis was 5.3% (2.5% to 11.2%)
and 6.7% (3.5% to 12.8%), respectively. There were no trends in
histology subtype for peritoneal or other distant metastases. At last
follow-up, 50% of these 14 patients had died from recurrent uterine
disease, with the exception of one patient who died from diffuse
metastatic breast cancer.

Any recurrence and survival

The cumulative incidence of any recurrence at 5 and 10 years was
11.6% (7.2% to 18.6%) and 12.7% (8.0% to 20.1%), respectively.
The overall survival at 10 years for all patients was 73.3% (64.6%
10 82.9%).

Univariate COX modeling
An ad hoc analysis of interaction between chemotherapy and FIGO
stage, chemotherapy and size, and chemotherapy and cytology
as it pertains to locoregional recurrence, extrapelvic recurrence,
any recurrence, and overall survival demonstrated no statistically
significant interactions. Therefore, modeling of variables for risk
was analyzed within all patients. Table 3A demonstrates variables
of statistical and non-statistical significance on univariate Cox
modeling.

Locoregional failure was seen with larger tumors (size per centi-
meter) (Table 3A). Of the six patients with locoregional failure, all
patients had tumors of at least 3.5cm. The cumulative incidence

of locoregional failure at 5 years for those with tumors of at least
3.5 cm versus those with tumors less than 3.5 cm was 7.9% (3.4%
to 18.6%) versus 1.3% (0.2% to 9.2%), respectively (Figure 1B;
Table 3A). No additional clinical factors, including positive perito-
neal cytology, were associated with increased locoregional failure.
The cumulative incidence of locoregional failure at 5 years for those
with positive/suspicious versus negative cytology was 4.9% (0.7%
to 33.1%) versus 4.0% (1.5% to 10.7%), respectively (Figure 1A;
Table 3A).

A significant risk of any failure was seen with older women, larger
tumors (>3.5¢m and size as a continuous variable), and positive/
suspicious cytology. The cumulative incidence of any recurrence at
5 years for those with tumors of at least 3.5 cm versus those with
tumors less than 3.5 cm was 18.4% (10.9% to 31.0%) versus 5.8%
(2.2% to 15.4%), respectively (Figure 1D; Table 3A). The cumula-
tive incidence of any recurrence at 5 years for those with positive/
suspicious versus negative cytology was 24.4% (12.1% to 49.0%)
versus 8.6% (4.4% to 16.9%), respectively (Figure 1C; Table 3A).
For the entire cohort of 182 patients, chemotherapy was not asso-
ciated with an improvement in locoregional or any failure.

No survival benefit was seen with adjuvant chemotherapy, but
survival was statistically worse for older patients with larger tumors
(=3.5cm and size as a continuous variable), with a trend towards
worse overall survival in those with positive/suspicious cytology
(p=0.09) (Table 3A). Overall survival at 10 years for those with
tumors of at least 3.5 cm versus those with tumors less than 3.5
cm was 56.9% (43.0% to 74.2%) versus 86.6% (76.5% to 97.0%),
respectively (Figure 1F; Table 3A). Overall survival at 10 years for
those with positive/suspicious versus negative cytology was 50.9%
(22.0% to 100.0%) versus 77.4% (67.9% to 87.6%), respectively
(Figure 1E; Table 3A).

Multivariate COX modeling

Multivariate modeling demonstrated a statistical improvement in
locoregional failure with smaller tumors (size as a continuous vari-
able) (Table 3B). Improvement in any failure was seen with nega-
tive cytology and smaller tumors (size as a continuous variable)
(Table 3B) and overall survival was worse for patients with larger
tumors (>3.5cm and size as a continuous variable) and positive/
suspicious cytology (Table 3B).

Subgroup analysis

Patients with positive/suspicious peritoneal cytology (n=26) had
similar median age at diagnosis and size of tumor compared with
the overall cohort. These patients underwent similar surgical and
radiotherapy interventions. Of the 26 patients, 20 patients received
chemotherapy and six patients did not. Of the 20 patients who
received chemotherapy, only one patient (5.0%) experienced failure
and died of disease. This is compared with five of six patients
(83.3%) who did not receive chemotherapy and subsequently had
recurrent disease. At last follow-up, two of these five patients had
died from disease (Online supplemental material).

The 5-year cumulative incidence of locoregional failure for
patients with positive/suspicious cytology who received chemo-
therapy versus no chemotherapy was 0% versus 27.8% (5.4% to
100%), respectively (Figure 2A; HR 0.04, 95% Cl <0.001 to 4.13).
The 5-year cumulative incidence of any recurrence for patients with
positive/suspicious cytology who received chemotherapy versus no
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Table 3B Multivariate models (top: utilizing size as a continuous variable; and bottom: utilizing dichotomized data by median

size)
Overall survival Locoregional failure Any failure

Variable HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Age at diagnosis  >65 3.26 (1.25 t0 8.52) 0.016

<65 Reference
Size pericm  1.49 (1.16 to 1.92) 0.002 2.47 (1.27 to 4.79) 0.007 1.54 (1.07 to 2.22)  0.020
Cytology Positive 3.17 (1.09 t0 9.23) 0.034

Negative Reference

Age at diagnosis  >65 3.57 (1.37 t0 9.33) 0.009

<65 Reference

Size >3.5cm 3.04 (1.36 to 6.81) 0.007
<3.5cm Reference

Cytology Positive
Negative

4.24 (1.49 to 12.08) 0.007
Reference

Bold font indicates statistical significance.

chemotherapy was 5.3% (0.8% to 35.5%) versus 83.3% (58.3%
to 100%), respectively (Figure 2C; HR 0.04, 95% Cl 0.005 to 0.36).
The 5-year overall survival for patients with positive/suspicious
cytology who received chemotherapy versus no chemotherapy was
80.5% (59.2% to 100%) versus 55.6% (23.1% to 100%), respec-
tively (Figure 2E; HR 0.37, 95% Cl 0.06 to 2.22).

A secondary analysis of the patients with tumors of at least
3.5cm demonstrated a similar trend. Eighty patients with a median
age of 68 years had tumors above this dichotomized size variable.
Seventeen (21%) patients were noted to have positive/suspicious
peritoneal cytology. Forty-two of these patients received chemo-
therapy (51.9%), 3 of whom developed recurrences (all distant), for
a 7% rate of failure in those with large tumors who received chemo-
therapy. None of these patients with recurrences also had positive/
suspicious cytology. This is compared with the 48.1% (n=38) of
patients with tumors of at least 3.5 cm who did not receive chemo-
therapy. Among these chemo-naive patients (n=38), there were

11 failures (28.2%). Eight of 11 patients had distant recurrence,
five with synchronous locoregional recurrence. The other three had
recurrence with locoregional disease alone.

The 5-year cumulative incidence of locoregional failure for
patients with tumors of at least 3.5 cm who received chemotherapy
versus no chemotherapy was 0% versus 15.3% (6.8% to 34.5%),
respectively (Figure 2B; HR 0.07, 95% Cl 0.003 to 1.66). The 5-year
cumulative incidence of any recurrence for patients with tumors
of at least 3.5 cm who received chemotherapy versus no chemo-
therapy was 7.3% (1.8% to 29.8%) versus 29.6% (17.5% to
50%), respectively (Figure 2D; HR 0.17, 95% Cl 0.04 to 0.76). The
5-year overall survival for patients with tumors of at least 3.5cm
who received chemotherapy versus no chemotherapy was 81.8%
(68.2% to 96.%7) versus 72.0% (57.4% to 89.7%), respectively
(Figure 2F; HR 0.61, 95% Cl 0.27 t0 1.38).

A group defined as the lowest risk group, based on univariate
modeling, includes patients with tumors less than 3.5 cm and

currence (%)

‘Cumulative Incdence of Laco-Regionsl R

2
2

Figure 1 Locoregional recurrence (all patients) categorized by high-risk features: (A) cytology, (B) size. Any recurrence (all
patients) categorized by high-risk features: (C) cytology, (D) size. Overall survival (all patients) categorized by high-risk features:

(E) cytology, (F) size.
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) with and without the receipt of

chemotherapy. Any recurrence for high-risk cohorts ((C) cytology (D) size) with and without the receipt of chemotherapy.
Overall survival for high-risk cohorts ((E) cytology, (F) size) with and without the receipt of chemotherapy. P value represents the
difference in outcome between the receipt or omission of chemotherapy.

negative cytology (n=65). Of these patients, 22 received chemo-
therapy and 43 patients did not. There were two failures in the
non-chemotherapy arm and 0 failures in the chemotherapy arm.
On analysis, there was no trend or statistically significant difference
in locoregional failure (p=0.92), any recurrence (p=0.77), or overall
survival (p=0.48) in this cohort of patients who received or did not
receive adjuvant chemotherapy.

DISCUSSION

Summary of main results

For 22 years, our institutional approach has been to treat patients with
surgically staged FIGO stage | clear cell or serous cancers with vaginal
cuff brachytherapy alone with or without chemotherapy. Given the
longevity of this patient population, longer term follow-up is warranted
to demonstrate clear oncological outcomes and patterns. At a median
follow-up of 5.3 years, 5-year and 10-year rates of locoregional failure
are small at 4.4% and 5.5% and any recurrence at 11.6% and 12.7%.
Long-term follow-up demonstrates a 10-year overall survival of
73.3%. In our analyses, disease outcomes were negatively impacted
for all analyzed histologies in the setting of positive/suspicious perito-
neal cytology or larger tumors (per 1 cm and >3.5 cm), irrespective of
invasiveness or polyp-confined disease. We conclude that vaginal cuff
brachytherapy is a reasonable option in appropriately selected women
with surgically staged, high-risk, early-stage endometrial cancer;
however, this analysis demonstrates a clear trend in pathological
factors that portend to worse disease control and long-term survival,
which should be considered for escalation of care. Our data suggest
that the role of chemotherapy in the entire patient population is without
benefit, but should be considered to improve outcomes in the setting of
these aforementioned negative pathological factors.

Results in the context of published literature

Two historical randomized trials demonstrated improvement in locore-
gional control without an improvement in overall survival with the use
of adjuvant radiotherapy after surgical intervention for early-stage type
| uterine-confined cancer.®  Two-thirds of recurrences were located in

the vaginal cuff and thus a subsequent trial established vaginal cuff
brachytherapy as the standard of care for women with high to interme-
diate risk FIGO stage | endometrioid endometrial cancer.”®

While these trials paved the way for adjuvant therapy in early-
stage endometrioid cancer, high-risk histologies were not repre-
sented or highly underrepresented in these studies. However, in
G0G-249,° high-risk histologies, in the setting of negative perito-
neal cytology, were adequately represented in the two arms with
failure rates as follows: serous 15.3% (pelvic radiotherapy) versus
14.0% (vaginal cuff brachytherapy/chemotherapy) and clear cell
5.0% (pelvic radiotherapy) and 4.3% (vaginal cuff brachytherapy/
chemotherapy). Similar to randomized trials in early-stage endome-
trial cancer,” ® the cumulative incidence of recurrence in the pelvic
and para-aortic nodes in GOG-249 was higher with vaginal cuff
brachytherapy/chemotherapy compared with pelvic radiotherapy
(9% vs 4%, HR 0.47, 95%Cl 0.24 to 0.94) without a difference
in vaginal or distant recurrence. The risk of pelvic and para-aortic
recurrence was distributed evenly across histologies. Most pertinent
from this study is that patients with serous histology represented
29% of recurrences, while only representing a small proportion of
the histology, suggesting that additional nuanced pathological risk
factors need to be considered for these histologies to determine
who benefits from which adjuvant therapy.®

Additionally, the three largest surgically staged retrospective
studies specific to early-stage, high-risk histology endometrial
cancer were published in 2012-2013'>" and demonstrated a
lack of clarity in surgicopathological prognostic factors on variable
modeling for type Il endometrial cancer.

Our data demonstrate an important factor is pathological tumor
size. While the trend in worse oncological outcomes with increasing
size of tumor is well established across many disease sites, it is
pertinent to note its clinical relevance in uterine-confined malig-
nancies as size of tumor is not routinely reported. Recent recom-
mendations published in the Infernational Journal of Gynecologic
Pathology regarding the processing of endometrial carcinomas'’
highlights the lack of clarity regarding the importance of reporting
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the size of the tumor. Some studies have suggested the impor-
tance of tumor size on lymph node metastases and oncological
outcomes, 22 while others demonstrated no clear significance
compared with alternative risk factors, such as depth of inva-
sion.Z2* Importantly, these studies focused on mainly type | histol-
ogies, and no study has provided data regarding the importance of
specimen size specifically in a high-risk histology cohort.

An additional piece of prognostic information demonstrated in
our data is peritoneal cytology, yet the role of obtaining peritoneal
cytology has been questioned. Prior to the 2009 FIGO staging, posi-
tive peritoneal cytology was a defining staging variable, upstaging
women with stage | or stage Il endometrial to stage IlIA disease even
in the presence of no extrauterine extension.' While some studies
have suggested prognostic implications with positive cytology,
others have refuted the association of positive cytology with worse
oncological outcomes.?® Additional studies have further obfuscated
the prognostic significance of positive peritoneal cytology, citing
it as both a dependent risk factor (attributable to other adverse
features) or an independent variable.?” 28 Similar to the studies
available on size of tumor, the role of cytology in high-risk histolo-
gies has not been individually investigated. Given the lack of clarity,
the revised 2009 FIGO staging criteria removed positive cytology
from the staging matrix'® and at many centers peritoneal cytology
is likely no longer obtained.

Implications for practice and future research

In this analysis of a large cohort of patients with long-term follow-up,
we demonstrate the prognostic significance of tumor size and peri-
toneal cytology, and therefore recommend obtaining peritoneal
cytology at the time of surgical intervention, and reporting the size
of tumor in the surgical pathology report to guide appropriate selec-
tion of adjuvant therapies.

These results suggest that the presence of suspicious/positive
cytology or larger tumor size warrant treatment escalation. Our
data suggest the use of platinum-based chemotherapy may be
appropriate escalated therapy in these patients because the use of
chemotherapy in these subgroups demonstrated improved disease
control and a trend toward improved overall survival. In the setting
of negative cytology and small endometrial-confined tumors, these
data support the use of vaginal brachytherapy alone as the role of
chemotherapy in this cohort did not directly impact any oncological
outcome.

While this study demonstrates the efficacy of vaginal cuff
brachytherapy in appropriately selected stage | high-risk endome-
trial cancer, further research is warranted. While there was a single
patient with pelvic failure alone, a comparison study with patients
receiving pelvic external beam radiotherapy alone could provide
valuable data, including oncological outcomes, patient-reported
outcomes, and quality of life metrics to help guide optimal adju-
vant therapy. Additionally, optimal systemic therapy and optimal
number cycles of chemotherapy cannot be discerned from these
data, but warrant further investigation to balance outcomes against
toxicity. Consideration of molecular profiling in this cohort is also
warranted to further optimize and individualize care. Currently, the
role of targeted therapeutic agents, in early and late stage uterine
serous cancers that express human epidermal growth factor 2
(HER2), is being studied, with favorable outcomes.?® * However,
despite the move into molecular profiling, at this time, this is not

readily available at all treatment centers. PORTEC-4%" is currently
accruing and will randomize women with early-stage endometrial
cancer to adjuvant therapy based on integrated molecular risk
profile versus vaginal brachytherapy alone; however, women with
high-risk histologies will not be enrolled in this study.

Strengths and weaknesses

This study of a large cohort of patients with significant follow-up
demonstrates clear oncological trends; however, it does have several
limitations. Predominantly, it is a retrospective study in patients treated
over a 22-year timeframe. There is a lack of racial diversity in the
patient population. The 22-year timeframe implicates heterogeneity
in surgical and referral patterns. Additionally, even with significant
follow-up, the event rate remains low. The majority of the patients were
FIGO stage IA and while no discernible difference in outcomes was
seen on univariate analysis in patients with no residual disease (n=10),
polyp-confined disease (n=22), no invasive disease (n=54), or at least
50% invasive disease (FIGO stage IB; n=22), the overall event rate was
low, and therefore, these cohorts warrant further investigation. Addi-
tionally, while no difference in outcomes was seen between histologies,
including patients with both serous and clear cell cancers added to the
heterogeneity of the patient population. Five per cent of patients did not
receive lymph node evaluation, which is similar to the rate in G0G-249.°
There was no additional risk seen in these patients because only one
patient had recurrence, in the peritoneum, and had positive cytology
and a 4.7 cm tumor, and did not receive chemotherapy. Notably, a low
event rate leads to the inability to conduct robustly powered subgroup
and multivariate analyses. In univariate and multivariate analyses, size
was deemed prognostic as a continuous variable, but when dichoto-
mized from the median (>3.5 cm), not all analyzed outcomes remained
significant. This raises the question of whether 3.5 cm is the appropriate
size cut-off to warrant concern. Notably, this cohort would benefit from
randomized clinical evidence in order to discern appropriate manage-
ment for these patients; however, given the rarity of these histologies
and the low event rate in this disease, a clinical trial would be difficult
to execute in a reasonable time frame.

CONCLUSIONS

Women with early-stage serous and clear cell endometrial cancer
should be considered for vaginal brachytherapy alone after appro-
priate surgical intervention with a thorough pathological analysis.
This analysis should include tumor size assessment, lymph node
evaluation, and peritoneal cytology analysis. Patients with posi-
tive peritoneal cytology or large tumors, suggestive of tumor size
greater than 3.5 cm, should be considered a higher risk cohort and
be considered for vaginal cuff brachytherapy and further escalation
of care, such as adjuvant chemotherapy.
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