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Abstract: Background: Until now, limited clinical significance had been reported for disseminated
tumor cells (DTCs) in gynecologic malignancies. DTCs were previously reported not to be associated
with established risk factors, LICAM immunoreactivity, and outcome in endometrial carcinoma
(EC). This study’s primary objective was to investigate potential correlations of DTCs in the bone
marrow (BM) of EC patients with disease-related survival, and a secondary objective was to evaluate
associations between molecular classification of EC and DTCs. Methods: Patients treated for primary
EC at Tuebingen University women’s hospital between 2003 and 2016 were identified. A total of
402 patients with a complete set of BM cytology, molecular, and clinical data were evaluable. Results:
DTC occurrence was distributed equally among all four molecular groups (p = 0.651). DTC positivity
was associated with a less favorable disease-free survival (HR: 1.86, 95% CI: 1.03-3.36, p = 0.036) and
progression-free survival (HR: 1.86, 95% CI: 1.01-3.44, p = 0.045). Presence of DTCs was associated
with a higher frequency of distant disease recurrence (p = 0.017). Conclusions: In line with our
previous findings, tumor cell dissemination is not associated with molecular features in our large
cohort of primary EC patients. Since DTCs seem to be associated with survival and location of disease
recurrence, further studies are needed to decisively define their role in EC survival.

Keywords: endometrial cancer; ProMisE classification; disseminated tumor cells; molecular classifi-
cation; minimal residual disease

1. Introduction

Micrometastasis is known to play a role in the prognosis of cancer patients. More
precisely, the presence of disseminated tumor cells (DTCs) in the bone marrow of breast
patients is associated with a poorer outcome [1] as well as with earlier locoregional and
distant relapse [2,3]. In breast cancer, bone marrow can act as a niche to DTCs, where tumor
cells can remain dormant and lead to disease recurrence even years after breast-cancer
treatment [4,5].

DTCs do not only play an important role in gynecological cancers. Although most
studies on this topic are currently being conducted on breast cancer, studies have produced
promising initial results on other solid tumors. For example, a meta-analysis showed that
the presence of DTCs in prostate cancer was associated with a poorer prognosis [6]. In
colorectal carcinoma, there are also data showing that the presence of DTCs correlates sig-
nificantly with PFS [7]. Similar data are also available for non-small cell lung carcinoma [8],
pancreatic carcinoma [9], and esophageal carcinoma [10].
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In ovarian cancer, micrometastasis in the form of circulating tumor cells (CTCs) has
been shown to be associated with a poorer prognosis [11]. Similarly, DTCs can be detected
in patients with gynecological malignancies [12]. However, their prognostic significance in
gynecological cancers, especially in endometrial cancer, remains uncertain [13,14]. With
the appearance of modern prognostic markers in endometrial carcinoma, our group could
previously show that the presence of DTCs was not associated with LICAM or histopatho-
logical risk factors [15], an established prognostic marker in endometrial carcinoma [16,17].

In the past decade, Cancer Genome Atlas (TCGA)-derived molecular markers have
been identified, shown to be highly relevant in determining the prognosis of endometrial
carcinoma [18,19]. Based on these findings, molecular classifiers were developed [20], con-
firmed [21], and externally validated [22] and implemented in international trials [23,24].
Even more recently, therapeutic decisions were based on the molecular classification of
endometrial cancer [25,26], and thus molecular classification was implemented in guide-
lines [27,28].

It is the aim of this study to investigate potential associations of TCGA-derived
molecular features such as POLE-mutation status, p53 abnormalities, or MMR deficiency
and the presence of DTCs in the bone marrow of endometrial carcinoma patients.

2. Materials and Methods
2.1. Study Population

Patients treated for primary endometrial carcinoma at the Tuebingen University
Women'’s Hospital between 2003 and 2016 were identified. Clinical data were collected from
patient charts. Follow-up data received from the Tuebingen University Hospital Clinical
Cancer Registry were updated, allowing for the evaluation of disease-specific survival
(DSS) in all cases. ESMO 2020 risk classifications were performed following published
guidelines [27,29]. For disease progression patterns, the first location of disease recurrence
or of metastasis was considered. Patients with a follow-up <6 months were excluded from
survival analysis. Patients with initial FIGO IVB or FIGO IVA without curative locoregional
therapy were excluded from analysis of disease progression pattern. For patient selection;
see Supplementary Figure S1. All patients provided written informed consent into bone
marrow aspiration and data analysis. The study protocol was approved by the local ethics
committee (299/2017BO2, 26 October 2022).

2.2. DTC Detection

Bone marrow sampling was performed during surgery for endometrial carcinoma.
All bone marrow samples were processed within 24 h. Mononuclear cells from the bone
marrow were isolated by density centrifugation (Ficoll, 1.077 g/mL, Biochrom, Berlin,
Germany). These cells were then spun down onto a glass slide (cytocentrifuge, Hettich,
Tuttlingen, Germany) and fixed in 4% formalin. The obtained cytospins were stained
using the DAKO Autostainer (DAKO, Glostrup, Denmark). Mouse monoclonal antibodies
A45-B/B3 directed against pancytokeratin (Micromet, Munich, Germany) were used. For
cytokeratin staining, two slides with each 1.5 x 10° cells per patient were evaluated,
according to the consensus recommendations for standardized tumor cell detection [30].
Each batch of samples was analyzed together with leukocytes from healthy volunteers
as negative controls and the human breast cancer cell lines MCF7 and SKBR3 as positive
controls. DTC positivity was defined as at least one pancytokeratin-positive cell with
typical cell morphology per 3.0 x 10° cells. In breast cancer, higher percentages of patients
with at least >2 DTCs/1.5 x 10° mononuclear cells were seen in the more aggressive
triple-negative subtype [31]; therefore, a second cut-off of >2 DTCs/1.5 x 10® mononuclear
cells was defined to evaluate similar differences between EC molecular subtypes.

2.3. Molecular Classification

Only patients with available information on endometrial carcinoma molecular classi-
fiers were included in this study. For these patients, the prognostic relevance of molecular
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classification was validated in a prior study [22]. Molecular subgroups were assigned
according to the Proactive Molecular Risk Classifier for Endometrial Cancer (ProMisE) [20]:
patients were classified as POLE mutated (POLEmut), mismatch-repair deficient (MMRd),
p53-abnormal (p53abn), or no specific molecular profile (NSMP).

2.4. Statistical Analysis

Correlations between DTC status and patient’s characteristics, as well as molecular
classification, were evaluated using the chi square test. For survival analysis, duration from
diagnosis to disease progression (PFS) and to death of endometrial carcinoma (disease-
specific survival, DSS) or death of any cause (overall survival, OS) were calculated sepa-
rately. If no event occurred, data were censored at timing of last follow up. Patients with a
follow-up duration <6 months were excluded from survival analysis. Kaplan-Meier curves
were plotted and compared using the log rank test. Median follow up was calculated with
the reverse Kaplan-Meier method. Cases with primary-stage FIGO IV or without complete
radical resection at time of first diagnosis were excluded from analysis of location of disease
progression. All statistical analyses were performed using JMP16 (SAS®). The significance
level was set at p < 0.05.

3. Results
3.1. Patient Characteristics

A total of 402 patients treated for endometrial cancer at Tuebingen Women’s University
Hospital between 2003 and 2016 were included in this study. Patient age at diagnosis ranged
from 30 to 87 years (median 64.8). Patient body-mass-index (BMI) ranged from 15.2 to 61.7
(median 27.7). The majority of cases (339/402, 84.3%) were type I endometrial carcinomas
(endometrioid histology), and the remaining type II cases (63/402, 15.7%) were diagnosed
with serous (32/63), clear-cell (6/63), or mixed histology (25/63). Additionally, 243 (60.4%)
tumors were G1, 68 (16.9%) were G2, and 91 (22.6%) were G3. Further, 251 (62.4%) patients
were diagnosed with FIGO stage IA disease, and the remaining cases were FIGO stage
IB (76, 18.9%), FIGO stage 11 (21, 5.2%), FIGO stage III (48, 11.9%), and FIGO stage IV
(6, 1.4%). Applying the 2020 ESMO risk stratification criteria as mentioned above, 211
(57.0%) carcinomas were low-risk, 64 (17.3%) were intermediate-risk, 30 (8.1%) were high-
intermediate-risk, and 61 (17.0%) were high-risk, according to the 2020 ESMO guidelines.
Myoinvasion was evaluated in 386 cases, and invasion >50% of myometrium was detected
in 125 cases (32.4%). Lymph nodes were positive in 41/367 cases (11.1%).

Overall, DTCs were detected in 71 (17.7%) patients. Regarding patient’s characteristics,
no significant difference was found between DTC-positive and -negative patients (see
Table 1). Higher numbers of DTCs (>2 DTCs/1.5 x 10° mononuclear cells) were detected
in 9 (2.3%) of patients.

Table 1. Patient characteristics by disseminated tumor cell (DTC) status.

Total DTC-Positive DTC-Negative
p-Value *
n n (%) n (%)
Total 402 71(17.7) 331 (82.3)
FIGO stage (2018)
IA 251 44 (17.5) 207 (82.5)
1B 76 12 (15.8) 64 (84.2)
0.501
I 21 3(14.3) 18 (85.7)
I 47 10 (21.3) 37 (78.7)

v 7 2 (28.6) 5(71.4)
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Table 1. Cont.
Total DTC-Positive DTC-Negative p-Value *
n n (%) n (%)
Type
I 339 59 (17.4) 280 (82.6)
I 63 12 (19.0) 51 (81.0) 0.516
Grade
Gl 243 43 (17.7) 200 (82.3)
G2 68 11 (16.2) 57 (13.8) 0.933
G3 91 17 (18.7) 74 (81.3)
Myoinvasion
no 100 22 (22.0) 78 (78.0)
<50% 161 27 (16.8) 134 (83.2) 0.557
>50% 125 22 (17.6) 103 (82.4)
Lymph nodes
Positive 41 7 (17.0) 34 (82.9)
Negative 326 61 (18.7) 265 (81.3) 0797
BMI
<25 133 22 (16.5) 111 (83.5)
>25 257 47 (18.3) 210 (81.7) 0.667
Median age - 67.3 64.2 0.115
ESMO 2020 risk group
Low 211 44 (20.9) 167 (79.1)
Intermediate 64 7 (10.9) 57 (89.1)
High-intermediate 30 4 (13.3) 26 (86.7) 0.349
High 59 11 (18.6) 48 (81.4)
Advanced metastatic 6 2 (33.3) 4 (66.7)

* chi-square test.

3.2. Molecular Classification

ProMisE molecular classification revealed 40 POLEmut (10.0%), 103 MMRd (25,6%),
52 p53-abnormal (12.9%), and 207 (51.5%) tumors with no specific molecular profile (NSMP).

DTC occurrence was distributed equally among molecular groups (see Table 2). In
patients with a p53abn subtype, a higher percentage of cases showed higher numbers
of DTCs (>2 DTCs/1.5 x 10® mononuclear cells; 5.8% vs. overall 2.2% in all patients,
p =0.423).

3.3. Survival Analysis

The median follow-up time was 120 months (6230 months). Follow-up information
and DTC status were available for 394 cases.

The predictive value of molecular groups was previously validated in this cohort [22]
and confirmed with updated follow-up: patients showing a p53 mutation showed the
most impaired prognosis, with 17/46 disease-related deaths (HR: 3.92, 95% CI: 2.42-6.33,
p < 0.001), whereas patients with a POLE mutation showed no disease-related fatal out-
comes (see Supplementary Figure S2).
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Table 2. Molecular classification by DTC status.

Total DT(;-I:;)s)itive p-Value* =2 DTCs/i.(5%>; 10° Cells p-Value *
All patients 402 71(17.7) 9(2.2)
Molecular
subtype
POLEmut 40 7 (17.5) 1(2.5)
p53abn 52 11 (21.2) 0.651 3(5.8) 0.423
MMRd 103 21 (20.4) 2(1.9)
NSMP 207 32 (15.5) 3(1.5)

* chi square test.

Presence of DTCs was not significantly associated with worse overall survival
(p = 0.069). DTC-positive patients showed a poorer progression-free survival (HR: 1.91,
95% CI: 1.06-3.45, p = 0.029); see Figure 1. Furthermore, DTC positivity was associated
with an impaired disease-specific survival (HR: 1.86, 95% CI: 1.03-3.36, p = 0.036); see
Figure 1. Disease-specific fatal outcome was observed in 14/70 (20.0%) DTC-positive
patients, whereas 36/324 (9.1%) of DTC-negative patients had lethal outcomes due to
endometrial carcinoma.

100
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Figure 1. Univariate survival analysis by disseminated tumor cell (DTC) status. Kaplan-Maier plots
of (A) disease-specific survival (DSS) and (B) progression-free survival for DTC detection in bone

marrow samples of patients with endometrial carcinoma.

For overall and disease-specific survival, no significant association between DTCs and
survival was found in a specific molecular group. In patients with a POLEmut, p53abm, and
NSMP molecular subtype, DTC detection was not significantly associated with progression-
free survival. However, in patients with an MMRd subtype, the detection of DTC was
associated with a poorer progression-free survival (HR: 2.92, 95% CI: 1.04-8.20, p = 0.042);
see Figure 2.

3.4. Disease Progression Pattern

Disease progression occurred in 56 cases (13.9%). Full staging information for the
location of disease progression was available for 43 patients with initial complete resection
and/or initial stage < FIGO 1V, revealing 16 (37.2%) cases of locoregional progression and
27 (62.8%) cases of distant progression.
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Figure 2. Univariate survival analysis by disseminated tumor cell (DTC)-status. Kaplan-Maier plot
of progression-free survival for DTC detection in bone marrow samples of endometrial carcinoma

patients classified as MMRd.

Molecular classification was not significantly associated with distant or locoregional

disease progression; see Table 3.

Table 3. Disease progression pattern by molecular subtype.

Distant Recurrence  Locoregional Recurrence "
p-Value

Total n (%) 1 (%)
All patients 43 27 (62.8) 16 (37.2)
Molecular
subtype
POLEmut 1 1 (100.0) 0(0.0)
p53abn 12 10 (83.3) 2(16.7) 0.123
MMRd 14 9 (64.3) 5(35.7)
NSMP 16 7 (43.8) 9 (56.2)

* chi-square test.

Disease progression was also not significantly associated with further histopathologi-

cal parameters; see Supplementary Table S1.
The pattern of disease progression was associated with the presence of DTCs: disease

progression occurred more frequently in the form of distant metastasis in DTC-positive
patients (84.6%), while more locoregional relapses were seen in DTC-negative patients

(53.3%, p = 0.042; see Table 4).

Table 4. Disease progression pattern by DTC status.

Total DTil:;(]s)itive DTCI-ll\(T lf/og)a’cive p-Value *
All patients 43 13 (30.2) 30 (69.7)
Disease progression
Locoregional 16 2 (12.5) 14 (87.5) 0.042
Distant 27 11 (40.7) 16 (59.3)

* chi square test.

4. Discussion

TCGA-derived molecular classification of endometrial carcinoma has fundamentally
changed our understanding of the disease and led to a new risk stratification [32]. With
differences in prognosis between molecular groups, the call for individualized therapeutic
decisions is becoming louder. In response to this, international trials on individualization
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of adjuvant radiation and systemic therapy based on histopathological and molecular
features have been designed [23,24]. Further stratification of molecular groups could
already be achieved, for example, via assessment of grading and estrogen receptor status
in NSMP endometrial carcinomas [33]. Also, recent studies have confirmed the prognostic
significance of MRD in the form of DTCs in breast cancer [34]. In search for an even
more refined risk stratification for endometrial carcinoma patients and taking a longer
follow-up duration into account, a possible impact of minimal residual disease (MRD)
on disease-related prognosis was investigated in this cohort. With full information on
molecular classification available in this cohort, a possible association between molecular
groups and the presence of DTCs was evaluated.

In this cohort, the detection of DTCs was homogenous throughout all molecular
groups, with 17.5% DTC-positive patients even in the prognostically highly favorable
POLEmut group. Similarly to these results, our group could previously show that the
presence of DTCs was not associated with LICAM [15], another established prognostic
marker in endometrial carcinoma [16,17].

High amounts of DTCs (>2 DTCs/1.5 x 10° mononuclear cells) were found at a
higher percentage in high-risk p53abn patients (5.5%, p = 0.423). However, with very few
such cases (overall 9 cases, 2.2% of patients), no sufficient conclusion about survival or
association with other pathological or clinical parameters can be drawn in patients with
high amounts of DTCs. Comparison of DTC detection rates with those from other cohorts
is not feasible, since no data are available to this topic. Liquid biopsy in general is rarely
performed on patients with gynecological cancer, and published data range from 7% to
75% detection of circulating tumor cells in the peripheral blood of endometrial cancer
patients [35-37].

DTC-positive and -negative patients did not differ by histopathological or biometrical
characteristics. These results are opposed to those in breast cancer patients, where DTCs
are more frequently detected in patients with a higher risk profile [31,34]. The differences
between DTC prevalence and its impact on survival in molecular groups may be reflected by
the biological heterogeneity of endometrial carcinoma molecular subtypes themselves. For
example, POLEmut tumors are stipulated to be immunogenic due to their high mutational
load [38]. DTCs derived from this hypermutated subtype may develop the same way as
cells in the primary tumor and very seldom lead to relapse or metastases.

In this cohort from a large oncological center, disease progression occurred in around
14% of cases overall. The frequency and location of disease progression for this cohort
concur with prior reports [39-41]. DTC detection was found to be associated with an
impaired DSS and PFS. These results are in contrast with previously reported survival
data from our group [13,15]; however, this cohort differs from the previous study and in
the latest study showed a tendency towards an impact of DTC detection on survival (DSS
(p =0.14)) [15]. Another study previously showed an association between CTCs and a worse
overall survival in gynecological malignancies [42]. Furthermore, similar results have been
reported in colorectal cancer, where the presence of DTCs in the BM was associated with
an adverse PFS [43].

Furthermore, the presence of DTCs in the BM of endometrial cancer patients was
found to be associated with more frequent distant disease progression. Therefore, DTCs in
the BM may act as a surrogate parameter for tumor cell propagation and as a predictor for
disease recurrence, similarly to breast cancer [34]. Correlation of these results with other
studies is not adequately feasible, since there are very few prior studies on micrometastasis
and disease progression in endometrial cancer. One study found no association between
CTCs and distant metastases; however, the cohort comprised only fifteen CTC-positive
patients [44].

Functional assays investigating the biological behavior of DTCs isolated from EC
patients while correlating results with the molecular subtype may help understand the
impact of DTCs on EC survival. A method of DTC isolation offering more possibilities for
molecular analyses of DTCs may be used in future studies [45].
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In conclusion, DTC detection is independent from classical risk parameters, but also
from molecular classification, while being relevant for disease-related survival and location
of disease progression. This raises the question of whether tumor cell dissemination may
define another independent risk parameter for endometrial carcinoma patients. Further
studies with larger cohorts and molecular characterization of DTCs are needed to validate
these findings and to identify DTCs with metastatic potential before implications for
therapeutic decisions may be issued.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jcm13154489/s1, Figure S1: flowchart summarizing the patient selection
process; Figure S2: Univariate survival analysis by molecular classification. Kaplan-Maier plot of
(A) overall survival, (B) disease-specific survival (DSS) and (C) progression-free survival (PFS) for
molecular groups in endometrial carcinoma patients; Figure S3: ProMisE algorithm; Table S1: Patient
characteristics by pattern of disease progression
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