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Abstract

OBJECTIVE: Stage is a critical determinant of prognosis and treatment for endometrial cancer
(EC) patients. Women who are status-post tubal ligation for sterilization have improved EC
survival, secondary to lower stage at presentation, suggesting that transtubal spread may represent
an important route of metastasis. We evaluated detection of intraluminal tumor cells (ILTCs) in
relation to tumor characteristics and survival.

METHODS: One pathologist retrospectively evaluated hematoxylin and eosin sections of
routinely collected fallopian tubes for ILTCs from 295 EC patients, masked to outcome. We used
logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (Cls) for
associations between demographic (age, race) and clinical [FIGO 2009 stage, lymphovascular
space invasion (LVSI), histological subtype] characteristics and ILTCs. Cox regression was used to
estimate hazard ratios (HRs) and 95% Cls for associations between ILTCs and recurrence-free
survival (RFS) and EC-specific survival, overall and stratified by histological subtype or stage.
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RESULTS: In univariable logistic regression models, age (55-64 vs. 265: OR=3.41, 95%
Cl=1.48-7.84), stage (stage IV vs. stage | OR=14.58, 95% CI=5.27-40.35), LVSI (OR=2.93, 95%
Cl=1.42-6.04), and histological subtype (serous vs. low-grade endometrioid OR=3.21, 95%
Cl=1.08-9.58), were associated with ILTCs. Only age and stage remained significantly associated
with ILTCs in adjusted models. ILTCs were significantly associated with lower EC-specific
survival among women with serous EC or stage | disease; however, adjustment for age, stage, and
histology attenuated these associations.

CONCLUSION: Our findings suggest that ILTCs are associated with adverse EC prognostic
features and reduced survival in cases of early stage or serous histology.
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INTRODUCTION

Endometrial cancer (EC) is the most common gynecological malignancy in the United
States. In 2018, 63,230 new cases and 11,350 deaths are expected (1). EC stage characterizes
the extent of disease and is strongly linked with prognosis, independent of histology or grade
(2). Furthermore, stage is a strong determinant of adjuvant treatment selection and post-
diagnosis surveillance (3). EC staging has evolved over time, reflecting advances in our
understanding of the pathogenesis of this disease (4, 5). However, the current staging criteria
do not capture the presence of tumor cells in the lumen of the fallopian tube, or transtubal
spread, which is distinct from invasion into the stroma of the fallopian tubes and represented
by stage I11A disease.

Transtubal spread is proposed to occur when EC cells are exfoliated through the fallopian
tubes into the abdominal cavity. The possibility of transtubal spread was first recognized
when malignant EC cells were identified within cytology specimens from fallopian tubes
(6). The presence of intraluminal tumor cells (ILTCs) — a putative histological marker of
transtubal spread — is more common among women with aggressive compared to indolent
EC histologic subtypes (7), and is associated with extra-uterine spread (8). Despite the
recognition that EC cells have the capacity for cellular detachment and transtubal
transportation, and that this mechanism co-occurs with other aggressive tumor
characteristics, we lack empirical data on the independent prognostic impact of transtubal
spread and whether this relationship is modified by other tumor characteristics. Thus, we
cannot make evidence-based decisions as to whether EC stage criteria should be revised to
incorporate information on ILTCs for improvement in prognostic accuracy. Therefore, our
main objective was to extend prior analyses by evaluating the association between ILTCs
and EC survival, overall and stratified by histologic subtype or stage. Secondarily, we
examined relationships between ILTCs and tumor characteristics to confirm prior
associations.
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Study population

Assessment

We have previously described our institutional database of 896 consecutive EC patients
(carcinoma and carcinosarcoma) treated at The Ohio State University Wexner Medical
Center between 2007 and 2012 (9). All women included in the database underwent standard
hysterectomy and bilateral salpingo-oophorectomy, with lymph node staging performed in
86% of cases based on the surgeon’s clinical judgment. For the current analysis, which
required retrospective pathological review of fallopian tube sections, we sampled a subset of
the cohort, chosen based on histological subtype. Based on prior work (7, 8, 10) we
hypothesized that transtubal spread is most clinically relevant for women with aggressive
histological subtypes. Therefore, we included all women with diagnoses of grade 3
endometrioid (n=64), serous (n=41), carcinosarcoma (n=30), clear cell (n=10), and mixed
carcinoma tumors (n=59) and randomly sampled 100 women with grades 1 or 2
endometrioid histology among 686 such patients (all stages). Of the 100 women we
randomly selected with grades 1 or 2 endometrioid histology, three did not have evaluable
slides.

of clinical characteristics and outcomes

Information on age at diagnosis (<55, 55-64, =65), self-reported race (white vs. non-white),
body mass index (BMI) (< 25, 25-30, =30 kg/m?), history of tubal ligation (no vs. yes), use
of an intrauterine manipulator (no vs. yes), lymphovascular space invasion (LVSI) (no vs.
yes), percent myometrial invasion (<25, 25-50, 50-74, >75%), stage [, 11, I, IV, according
to the 2009 International Federation of Gynecologic Oncology (FIGO)] (5), histology
(endometrioid, serous, carcinosarcoma, clear cell, mixed carcinoma), and grade (1, 2, 3)
were collected from electronic medical records and pathology reports. We further classified
women with endometrioid tumors according to grade: low-grade endometrioid (grades 1 or
2) or high-grade endometrioid (grade 3). By definition, serous, carcinosarcoma, clear cell,
and mixed carcinoma are considered high grade tumors (11). We also examined EC type
according to the traditional Type /11 dichotomy, with Type | including endometrioid
histology (all grades) and Type Il including serous, carcinosarcoma, clear cell, and mixed
epithelial. Dates of diagnosis and death were also available from electronic medical records.
Data registrars collect information on the cause and date of death through periodic follow-up
assessments of patients remaining in care in the OSU Wexner Medical Center system.

Determination of ILTC status

At the time of EC surgery hematoxylin-eosin (H&E) stained slides from salpingectomy
specimens were processed. The number of sections per woman varied based on availability,
but at least one cross-section of the diameter of each fallopian tube was reviewed for each
woman. For this study, one gynecologic pathologist (AAS) retrospectively reviewed all
fallopian tube archival glass slides and recorded ILTCs without knowledge of clinical
characteristics. ILTCs were defined histologically as unequivocally malignant viable cells,
whether individually distributed or forming groups in the lumen of the tubes.
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Statistical analysis

We compared characteristics of women with and without ILTCs using chi-square tests.
Univariable logistic regression was used to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) for associations between ILTCs and clinical/tumor characteristics. Variables
significantly associated with ILTC detection in the univariable models (p<0.05) were
included in a multivariable logistic regression model. Days between EC surgery and
recurrence or EC-related death were computed and defined as recurrence-free survival (RFS)
and EC-specific survival, respectively. Kaplan—Meier estimates and log-rank tests were used
to compare survival distributions according to ILTCs. Patients who did not experience a
recurrence or EC death were censored at the date of last contact or end of follow-up
(December 31, 2014) in the respective analyses. Women who died of other causes were
censored on their date of death. We used Cox proportional hazards regression to estimate
hazard ratios (HRs) and 95% Cls for associations between ILTCs with RFS and EC-specific
survival in models unadjusted and adjusted for age, histological subtype, and stage. We
repeated these analyses stratified by histological subtype or stage. For analyses of RFS, only
patients that were known to be disease-free following the primary surgery were included
(e.g. stages I-111).

We also conducted a subgroup analysis comparing survival between women with stage | or
Il tumors with ILTCs and women with stage I11A tumors to evaluate whether ILTCs in
otherwise stage | or Il disease led to reduced EC-specific survival.

The proportional hazards assumption, which was evaluated by modeling interaction terms of
ILTCs with follow-up time in each model, was confirmed for all analyses. Statistical
analyses were performed using SAS/STAT software (version 9.4 of the SAS System for
Windows, SAS Institute, Cary, NC, USA). The Institutional Review Board at the Ohio State
University approved this study.

RESULTS

Associations of ILTCs and clinical/tumor characteristics

ILTCs were detected in 35 (11.9%) of 295 EC patients studied. Distributions of tumor
characteristics according to ILTCs along with univariable and multivariable-adjusted ORs
are shown in Table 1. Higher odds of ILTCs were related to age (55-64 vs. 265: OR=3.41,
95% Cl=1.48-7.84), stage (stage IV vs. stage | OR: 14.58, 95% CI1=5.27-40.35), LVSI (OR:
2.93, 95% Cl=1.42-6.04), EC type (Type Il vs. Type |, OR: 2.13, 95% Cl=1.03-4.42,
p=0.04) and histological subtype (serous vs. low-grade endometrioid OR: 3.21, 95%
ClI=1.08-9.58). In a multivariable model including age, histological subtype, LVSI, and
stage, only age and stage remained significantly associated with ILTCs.

Associations of ILTCs and survival in the overall study population

In the overall cohort ILTCs were unrelated to RFS (log-rank p=0.73, univariable HR=1.16,
9% CI=0.50-2.70, multivariable HR=0.52, 95% CI=0.21-1.29) (Figure 1). We observed
lower EC-specific survival associated with ILTCs (log-rank p<0.0001), which was also
reflected in the univariable Cox regression model (HR=2.80, 95% Cl=1.57-4.98). After
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adjustment for age, histological subtype, and stage, the association between ILTCs and EC-
specific survival was attenuated (HR= 1.39, 95% CI=0.67-2.86) (Figure 2).

Associations of ILTCs and survival according to tumor characteristics

We also explored the association between ILTCs, RFS, and EC-specific survival in models
stratified by histological subtype or stage. ILTCs were not associated with RFS in models
stratified by histological subtype (Table 2). In unadjusted models, ILTCs were associated
with EC-specific survival among women with serous EC (HR=3.19, 95% Cl=1.32-7.72), but
the association was attenuated after adjustment for age and stage (HR=3.38, 95% CI=0.87-
13.13, data not shown). Among women with carcinosarcomas, ILTCs were associated with
lower EC-specific survival, although the univariable association did not reach statistical
significance (HR=2.78, 95% C1=0.76-10.14).

Similar to the histological subtype-stratified models, we did not observe an association
between ILTCs and RFS in the stage-stratified analyses (Table 3). In univariable models we
observed lower EC-specific survival (HR=4.79, 95% CIl=1.05-21.90) associated with ILTCs
among women with stage | EC (Table 3); associations were attenuated after adjustment for
age and histological subtype (HR=4.19, 95% CI=0.84-20.78, data not shown). Associations
for stages 11-1VV ECs were not observed.

We also compared EC-specific survival among 11 stage | or 11 women with ILTCs to 18
women with stage 1A tumors to explore whether the addition of ILTC information resulted
in similar survival between these two groups. EC-specific survival was significantly lower
among women with stage 111A compared to stage | or 11 tumors with ILTCs detected (61.1%
vs. 18.2% died, log-rank p=0.05).

DISCUSSION

In this single institution retrospective study, we observed that detection of ILTCs on H&E
stained sections was related to EC survival, particularly among women with serous EC or
stage | disease. However, we did not detect significant relationships in multivariable models
including other prognostic factors in this limited study set. We identified a higher frequency
of ILTCs in women with aggressive tumor characteristics, including Type Il EC, advanced
stage, and LVSI, with multivariable analyses suggesting that stage and age are significantly
associated with detection of ILTC. While preliminary, our results suggest that ILTCs may be
a clinically relevant tumor characteristic that could identify subgroups of EC patients with
poor prognosis.

Two studies of EC patients have evaluated fallopian tube specimens for ILTCs in relation to
tumor characteristics (7, 8). In their analysis of 262 EC cases, over-sampled for women with
high-grade EC (226 high-grade and 36 low-grade), Stewart and colleagues (7) reported a
significantly higher prevalence of ILTCs among women with high-grade compared to low-
grade EC (26.1% vs. 2.8%, respectively). Moreover, in the subgroup of 226 women with
high-grade disease, ILTCs were significantly more likely to co-occur with other aggressive
tumor features, including positive peritoneal cytology, peritoneal involvement, and lymph
node involvement. In their case-series of 87 women with serous EC, Snyder and colleagues
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(8) reported an ILTC prevalence of 18% and a significant association with peritoneal spread:
100% of women with ILTCs present had evidence of peritoneal spread compared with only
13% of serous EC cases without ILTCs present.

Consistent with these studies, we also found associations of ILTCs with adverse tumor
characteristics including advanced stage, LVSI, and Type Il histology. In particular, we
observed that 20% of women with serous tumors had ILTCs, which was similar to estimates
reported by Snyder et al. (18%) and Stewart et al. (32%) (7, 8). This range of prevalence
estimates likely reflects the varying assessments of the histological examination of the
fallopian tubes. Results from our case-series along with Snyder et al. (8) likely reflect
underestimates given the use of available H&E slides as opposed to Stewart et al. (7), where
complete sectioning of the fallopian tubes was undertaken.

Our study further expands upon this literature by exploring relationships between ILTCs and
survival. No univariable associations with recurrence were observed; however, we did note
lower EC-specific survival in patients with ILTCs among women with serous histology or
stage | disease. Our finding in the serous subgroup is not altogether surprising in light of
studies demonstrating peritoneal spread in the absence of deep myometrial invasion or
lymphatic involvement (8, 12, 13). Given that the fallopian tubes open directly into the
peritoneal cavity and that some ECs, such as serous carcinomas may present with stage 11/1V
disease in the absence of substantial disease burden in the uterus, we hypothesize that a
subset of aggressive carcinomas demonstrate a propensity for transtubal dissemination. On
the other hand, our finding that women with stage | disease have worse EC-specific survival
when ILTCs are detected was unexpected. Women with stage | disease have excellent
survival; however, our study identified a subgroup of these patients at risk for poor
outcomes. However, we also found that women with stage | or Il ECs and ILTCs had
improved survival compared with women with stage I11A ECs, based on limited statistical
power. Thus, it is unclear whether evaluation of ILTCs by evaluation of a limited humber of
H&E sections per tube could add information to established prognostic factors. Future
studies including larger sample sets with more extensive sampling of the fallopian tube, such
as with the Sectioning and Extensive Examination of the Fimbria protocol (SEE-Fim) and
use of immunostains might inform this question (14). Further, if a negative examination for
ILTCs provides added reassurance of safety, some women with stage | aggressive ECs might
be spared more intensive therapy and follow-up.

Our study has several weaknesses including its retrospective, single-institution nature.
Additionally, there were small numbers of women in several of the histological subtype
categories making it difficult to draw conclusions about the association of ILTC detection
and survival outcomes in these subgroups. Finally, our use of available H&E slides for ILTC
detection likely resulted in an underestimate of ILTC prevalence. Strengths of this study
include availability of robust clinical data for patients enrolled in the study. Moreover, we
examined an area of research in which there is little available literature.

As we accumulate data on the clinical significance of EC patterns of spread, staging criteria
will continue to be refined. Most recently, staging criteria were revised to remove peritoneal
washings due to limited prognostic value (5). Detecting cells in the lumen of the fallopian
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tube may or may not be related to positive peritoneal cytology; we could not address this

wi

th our data although we would hypothesize an association exists. While our data suggest

that ILTCs are associated with other aggressive tumor characteristics, we cannot, at this
time, conclude that ILTCs are useful for staging or prognosis. Akin to studies that addressed
the prognostic impact of peritoneal cytology, additional research, potentially aided by multi-
institutional participation, is needed to more precisely understand the clinical significance of
ILTCs in EC outcomes.
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0 1000 2000 3000
time to recurrence (days)

Number at risk (events)

No ILTCS 242 (47) 177 (8) 44 (0) 0
ILTCs detected 23 (5) 17 (1) 3 (0) 0
————— No ILTCs —— ILTCs detected

Figure 1. Recurrence-free survival accordingto ILTCs
shows no significant difference in recurrence-free survival among endometrial cancer

patients with or without ILTCs
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Figure 2. Endometrial cancer-specific survival accordingtoILTCs
shows significantly lower endometrial cancer-specific survival among endometrial cancer

patients with ILTCs compared to women without ILTCs
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Odds ratios (ORs) and 95% confidence intervals (Cls) for associations between tumor characteristics and

ILTCs
ILTCs

Tumor characteristics Absent (n=260) Detected (n=35)

n (%) n®) | OR (9% cihl p? OR (95% CI)° p?
Age 0.01 0.009
<55 42 (16.2) 6(17.1) | 2.09(0.70,6.23) 3.80 (1.06, 13.67)
55-64 86 (33.1) 20 (57.1) | 3.41(1.48,7.84) 4.17 (1.64, 10.64)
>65 132 (50.8) 9(25.7) 1.00 1.00
Race 0.96
White 237 (88.1) 32 (11.9) 1.00
Non-white 23 (88.5) 3(11.5) | 0.97(0.28,3.40)
BMI (kg/m?) 0.48
Normal weight (<25) 110 (42.3) 12 (34.3) 1.00 -
Overweight (25-29.9) 92 (35.4) 16 (45.7) | 1.59 (0.72, 3.54)
Obese (230) 58 (22.3) 7(20.0) | 1.11(0.41,2.96)
Tubal ligation 0.54
No 217 (87.1) 32 (12.9) 1.00
Yes 41 (93.2) 3(6.8) 0.50 (0.15, 1.70)
Intrauterine manipulator use 0.40
No 225 (88.2) 30 (11.8) 1.00
Yes 17 (100.0) 0(0.0) NE
Stage <.0001 0.0003
| 175 (95.6) 8 (4.4) 1.00 1.00
1 20 (87.0) 3(13.0) 3.28 (0.81, 13.38) 5.02 (1.07, 23.58)
i 47 (80.0) 12 (20.3) | 5.59(2.16, 14.45) 7.44(2.21, 25.00)
v 18 (60.0) 12 (40.0) | 14.58 (5.27, 40.35) 18.98 (4.96, 72.64) ----
Myometrial invasion 0.28
<25% 106 (91.4) 10 (8.6) 1.00
25-49% 46 (86.8) 7(132) | 1.61(058,4.50)
50-74% 26 (78.8) 7(1.2) | 2.85(0.99,8.21)
275% 82 (88.2) 11(11.8) | 1.42(0.58,3.51)
LVSI 0.004 0.72
No 172 (66.2) 14 (40.0) 1.00 1.00
Yes 88 (33.9) 21(60.0) | 2.93(1.42, 6.04) 0.82 (0.28, 2.40)
Type 0.04
1 145 (91.8) 13 (8.2) 1.00
1l 115 (83.9) 22(16.1) | 2.13(1.03,4.42)
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ILTCs
Tumor characteristics Absent (n=260) Detected (n=35)
n (%) n®) | OR (9% cihl p? OR (95% CI)° p?
Histology <0.0001 0.60
Low-grade endometrioid 90 (34.6) 7(20.0) 1.00 1.00
High-grade endometrioid 55 (21.2) 6 (17.1) 1.40 (0.45, 4.39) 0.61 (0.16, 2.29)
Serous 32 (12.3) 8(229) | 3.21(1.08 958) 1.42 (0.36, 5.64)
Mixed epithelial 49 (18.9) 9(25.7) | 2.36(0.83,6.73) 1.82 (0.51, 6.43)
Carcinosarcoma 26 (10.0) 4(11.4) 1.98 (0.54, 7.29) 0.79 (0.15, 4.06)
Clear cell 8(3.1) 1(2.9) | 1.61(0.18,14.75) 0.64 (0.05, 8.74)
JUnadjusted ORs and 95% Cls
Zp—value
30Rs and 95% Cls adjusted for age (<55, 55-64, 265), FIGO 2009 stage (I, II, 111, 1), LVSI (no vs. yes), and histology (low-grade endometrioid,

high-grade endometrioid, serous, carcinosarcoma, clear cell, mixed epithelial)
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