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ORIGINAL ARTICLE

Combination of aneuploidy and high S-phase fraction indicates increased risk of
relapse in stage I endometrioid endometrial carcinoma

Annika Pattheya, Karin Bomanb, Bj€orn Tavelinb, David Lindquistc, Eva Lundina and Magnus Hultdina

aDepartment of Medical Biosciences, Pathology, Umeå University, Umeå, Sweden; bDepartment of Radiation Sciences, Umeå University,
Umeå, Sweden; cDepartment of Clinical Sciences, Umeå University, Umeå, Sweden

ABSTRACT
Introduction: Endometrioid endometrial carcinoma is a cancer type with generally excellent prognosis
when diagnosed at an early stage, but there is a subset of patients with relapsing disease in spite of
early diagnosis and surgical treatment. There is a need to find prognostic markers to identify these
patients with increased risk of relapse. Depth of myometrial invasion, histological grade, and presence
of lymphovascular invasion are known risk factors. DNA content (ploidy) and proliferation measured as
S-phase fraction (SPF) have been discussed as prognostic markers but need additional evaluation.
Material and methods: We evaluated relapse-free survival (RFS) with respect to ploidy and SPF, which
was analyzed by flow cytometry on fresh tumor tissue, in a cohort of 1001 women treated for stage I
endometrioid endometrial carcinoma in northern Sweden during the period of 1993–2010, with a
median follow up time of 12.0 years. Data were obtained from historical records.
Results: In simple analysis, both aneuploidy and high SPF were associated to increased risk of relapse
with hazard ratios (HR) 2.37 (95% CI 1.52–3.70) and 1.94 (95% CI 1.24–3.02), respectively. Our data also
confirmed stage, tumor grade, and ploidy as independent prognostic markers in an age adjusted cox
regression multivariable analysis but we did not find SPF to contribute to prognosis. However, the
combination of aneuploidy and high SPF identified a group of patients with increased risk of relapse,
HR 2.02 (95% CI 1.19–3.44).
Conclusion: In this study, which is the largest study of ploidy and SPF in stage I endometrioid endo-
metrial carcinoma using fresh frozen tissue, aneuploidy was shown to be an independent prognostic
marker. Furthermore, the combination of aneuploidy and high SPF could be used to identify patients
with increased risk of relapse.
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Introduction

Endometrial carcinoma is the most common gynecological
cancer in developed countries and the sixth most common
cancer type in women. During the last decades, there has
been in an increase in incidence, with an incidence of 28 per
100,000 in Sweden [1].

Endometrial carcinoma is generally not considered an
aggressive tumor, with a 5-year survival of 80% (ranging
from 90% in stage I disease to 42% in stage IV) [1]. Tumors
are divided in two major groups (types I and II) [2]. Type I
tumors are associated with estrogen stimulation and arises in
hyperplastic endometrium. Morphologically these tumors are
mainly endometrioid carcinomas, usually with superficial
growth and with tumor confined to the uterus at time of
diagnosis (stages I–II). These tumors have favorable prognosis
with a 5-year survival of 85%; whereas type II consists pre-
dominantly of serous carcinoma with much more aggres-
sive behavior.

Tumors are graded histologically on basis of architecture
and nuclear atypia using the FIGO (International federation
of Gynecology and Obstetrics) grading system [3]. Histologic
tumor type, FIGO grade, depth of myometrial invasion, lym-
phovascular invasion and FIGO stage at time of diagnosis are
important prognostic factors [3–6]. Some of the prognostic
factors are used to select patients in need of adjuvant ther-
apy, at the same time sparing those not needing such therapy
from side effects of treatment. Standard treatment is hysterec-
tomy and bilateral salpingo-oophorectomy. Adjuvant treat-
ment with radiotherapy and/or chemotherapy can be given to
patients with risk factors. However, a subset of endometrioid
cancers show progression/aggressive behavior in spite of
favorable prognostic factors at the time of diagnosis.

Ploidy (i.e., DNA content in tumor cells) has been sug-
gested as a prognostic marker where aneuploidy has been
associated with worse prognosis in simple and/or multivari-
able analysis. However, the value of ploidy as a prognostic
marker varies in different studies [7–27]. Proliferation
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measured by S-phase fraction (SPF) using flow cytometry has
also been discussed as a prognostic marker. Still, only a few
studies have shown that SPF gives prognostic information in
multivariable analysis [11,12,16,20,24,26,27]. The reason for
the heterogeneous outcome in different studies analyzing
prognostic relevance of ploidy and SPF is unknown.
However, it could be related to a number of factors: (1) low
number of patients included; (2) mixture of tumors types (I
and II); (3) inclusion of different FIGO stages (I–IV); (4) the
chosen endpoint for the analysis (overall survival, relapse or
metastasis); (5) different approaches for ploidy/SPF analysis
i.e., image analysis or flow cytometry (based on fresh/frozen
tumors and/or formalin fixed paraffin embedded tissue –
FFPE). Large studies on more homogenous material could be
useful for further analysis of the prognostic value of SFP and
ploidy in endometrial carcinoma.

The aim of this development study is to evaluate the
effect of ploidy and SPF on relapse-free survival (RFS) in
patients with early stage endometrioid carcinoma, where
conflicting data have been published over the last decades.
The overall aim is to present data that in the future can help
identifying patients in favor of adjuvant treatment with radi-
ation therapy and/or chemotherapy.

Material and methods

We conducted a study based on historical records of patients
with FIGO stages IA and IB endometrial carcinomas in four
counties in northern Sweden. The treatment was directed
from one oncology center.

Patients and tumors

Between 1993 and 2010, 1510 cases of endometrial carcin-
oma in the northern region of Sweden were analyzed with
flow cytometry (FCM) at the Department of Cytology/
Pathology, University Hospital, Umeå, Sweden. Data from the

National Cancer Registry show 2161 cases of endometrial car-
cinoma during the same period, thus, a coverage of 70%. Of
the FCM analyzed cases, 1033 were diagnosed as endome-
trioid endometrial carcinomas stage I (Stage as determined
using the 2008 International Federation of Gynecology and
Obstetrics [FIGO] system). Of these, representative material
for analysis of DNA ploidy and SPF was obtained in 1001
cases, which were selected for this study (Supplementary
Figure 1). A valid result for ploidy was obtained in 990 cases
and SPF in 944. Patient characteristics are summarized in
Table 1.

Histopathological information was collected from original
reports, in which the tumors were classified according to
World Health Organization criteria. Information on tumor
type and FIGO grade was recorded as well as depth of myo-
metrial invasion. 1000 tumors were classified as endometrioid
cancer and 1 as mucinous carcinoma.

Adjuvant external radiotherapy to 50Gy was recom-
mended to patients with one or more risk factors.
Considered as risk factors were myometrial invasion >50%,
SPF > 10%, aneuploidy, endometrioid carcinoma grade 3. In
addition, a study was carried out between 1999 and 2007
where patients who had one risk factor (same as above
except SPF) and agreed to participate in the study were
randomized to either brachytherapy alone or in combination
with external radiotherapy [28].

634 patients were considered to have low risk disease and
did not receive adjuvant radiotherapy. 263 patients received
external radiotherapy, 102 received brachytherapy and 2
patients received both. 70 patients were treated with chemo-
therapy (Table 1).

Medical records were reviewed for clinical information
and data such as clinical stage at diagnosis, treatment, and
relapse were extracted. RFS was defined as time from surgery
to last follow (15 January 2014) up or date of relapse. At the
closure of the study in 2010, the median follow up time
was 12.0 years.

Table 1. Clinical and histopathological characteristics compared to ploidy and SPF.

Characteristics

Diploid Aneuploid

p Value Missing

SPF� 3.9% SPF> 3.9%

p Value Missingn % n % n % n %

Age 11 57
�60 258 31.3 45 27.3 0.301 141 29.6 152 32.5 0.330
61-70 316 38.3 60 36.4 191 40.1 166 35.5
�71 251 30.4 60 36.4 144 30.3 150 32.1

Stage 12 58
IA 621 75.3 101 61.6 <0.001 383 80.6 310 66.2 <0.001
IB 204 24.7 63 38.4 92 19.4 158 33.8

Differentiation 14 60
Well 365 44.3 43 26.2 <0.001 238 50.1 158 33.9 <0.001
Moderately 388 47.1 65 39.6 212 44.6 224 48.1
Poorly 70 8.5 56 34.1 25 5.3 84 18.0

Ploidy 60
Diploid 420 88.4 382 82.0 0.005
Aneuploid 55 11.6 84 18.0

Radiation 11 57
No 572 69.3 56 33.9 <0.001 354 74.4 253 54.1 <0.001
external 171 20.7 90 54.5 79 16.6 164 35.0
brachy 82 9.9 19 11.5 43 9.0 51 10.9

Chemotherapy 11 57
No 787 95.4 136 82.4 <0.001 462 97.1 420 89.7 <0.001
Yes 38 4.6 29 17.6 14 2.9 48 10.3

SPF: S-phase fraction. Statistical analysis using Chi-square test.
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S-phase and ploidy analysis

Fresh tumor tissue was obtained by endometrial curettage or
from tumor tissue at surgery. An imprint/smear and cytospin
preparation was performed to assess tumor cell content [29].
The sample was diluted to a concentration of 106cells/ml.
Nuclei were isolated by incubation in trypsin solution con-
taining a detergent (Nonidet P40) and spermine tetrachlor-
ide. After vortexing and filtration the nuclei were stained
using a propidium iodide solution in the dark for at least
30min at 4 �C [29]. The sample was then analyzed using
FACScan flow cytometer (Becton-Dickinson, Sunnyvale,
California, USA) and a DNA histogram was created [29]. All
datasets have been reanalyzed using software ModFit LT
(Verity Software House, San Diego, CA, USA) to determine
ploidy and SPF. Tumors with a DNA-index of 1.0 with only
one peak were considered diploid whereas tumors exhibiting
a second peak were considered aneuploid. S-phase was con-
sidered low if � 3.9% (3.9% was the median value) and high
if > 3.9%. The mean coefficient of variation of the diploid
G0/G1 peak in all DNA histograms was 2.7%.

Statistics

Statistical analysis was done with SPSS (Statistical Package
for the Social Sciences) version 26 (SPSS Inc., Chicago, IL,
USA). The Kaplan–Meier method and Log Rank (Mantel-Cox)
tests were used for calculating RFS . Simple- and multivari-
able analysis estimating Hazard ratios was performed using
Cox regression analysis. Included in analysis was age (in
three age groups), FIGO stage, grade of differentiation,
ploidy, and SPF (using median as a cut off). The variables
were analyzed separately and together. Cases with missing
values were excluded from analysis. To assess if values were
missing at random or not, crosstabs with missing values and
the other variables were made and Pearson’s Chi-squared
test was performed. Median follow up time was calculated
using the reverse Kaplan–Meier method. A power analysis
was performed. Assuming a power of 0.8, an alfa of 0.05 and

given the number of patients and events in our study we
expect to confidently detect effects (hazard ratios) for RFS of
1.78 or higher.

The study was reviewed and approved by the Regional
Ethical Committee in Umeå, Sweden (EPN 2013-316-31M and
2015-199-32M).

Results

Patient and tumor characteristics

The median age at diagnosis was 65.0 years (range
32–88 years). According to the FIGO 2008 staging system,
730 patients (73.0%) were diagnosed with stage IA disease
270 (27.0%) with stage IB. 413 tumors were well differenti-
ated, 455 moderately differentiated and 129 poorly differenti-
ated. In two cases, no grade was reported.

Of 1001 patients, 1000 underwent surgery with hysterec-
tomy and bilateral salpingo-oophorectomy. 263 patients
(26%) had external radiotherapy whereas 102 (10%) had
brachytherapy and 2 patients had both. Radiotherapy was
given as adjuvant treatment in all cases except one, where
radiotherapy was the only treatment. 70 patients (7%) were
treated with chemotherapy.

During the follow-up period (median 12.0 years), 88.3%
patients showed no relapse. About 3.8% suffered local recur-
rence, 2.4% distant metastasis, and 2.4% both local recur-
rence and distant metastasis. Patient characteristics are
summarized in Table 1.

FIGO stage and differentiation grade

FIGO stage as well as histologic differentiation grade were
significant prognostic markers (Table 2). FIGO stage was
missing in one case and histologic differentiation grade was
missing in four cases. FIGO stage was associated with a cen-
sored RFS of 93% in stage IA compared to 81% in stage IB
(Supplementary Figure 2). The hazard ratio for stage IB was
3.06 (95% CI 2.06–4.55). Low grade morphology (well

Table 2. Simple and multivariable analyses.

Simple analysis Multivariable analysis

Variables n/events HR 95% CI p Value c-index HR 95% CI p Value

Age 0.607
�60 301/18 ref ref
61–70 378/37 1.76 1.00–3.09 0.050 1.62 0.86–3.03 0.135
�71 303/43 2.82 1.63–4.91 <0.001 2.57 1.39–4.76 0.003

FIGO stage 0.626
IA 718/49 ref. ref.
IB 263/49 3.06 2.06–4.55 <0.001 1.61 1.02–2.54 0.041

Differentiation 0.671
Well 410/17 ref. ref.
Moderately 444/53 2.95 1.71–5.10 <0.001 2.94 1.61–5.36 <0.001
Poorly 124/28 6.34 3.47–11.60 3.86 1.86–8.00 <0.001

DNA ploidy 0.576
diploid 812/66 ref. ref.
aneuploid 159/28 2.37 1.52–3.70 <0.001 1.70 1.10–2.84 0.044

SPF 0.587
�3.9 469/30 ref. ref.
>3.9 457/54 1.94 1.24–3.02 0.004 1.40 0.88–2.25 0.157

HR: hazard ratio; CI: confidence interval; SPF: S-phase fraction. In multivariable analysis FIGO stage IB was associated with significantly higher HR than stage IA
(p¼ 0.041). Moderately as well as poorly differentiated endometrial carcinoma had higher HR than well differentiated tumors p< 0.001). Aneuploidy remained
significant (p¼ 0.044) but SPF high was not an independent prognostic marker (p¼ 0.157).
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differentiated) was associated with RFS of 95.6% compared
to 77.4% for high grade tumors (poorly differentiated) and
88.1% compared to moderately differentiated tumors. Cases
with moderately differentiated tumors had higher RFS than
cases with high grade tumors (Supplementary Figure 3).

Ploidy and S-phase

Ploidy data were missing in 11 cases (1% of all cases).
Missing value for ploidy was associated to increased fre-
quency of relapse (data not shown). In 56 cases, SPF values
were missing (6% of all cases), 8 of them were also missing
ploidy data and one was missing differentiation grade as
well. Missing value for SPF was associated to poor differenti-
ation and higher risk of relapse (data not shown).

Aneuploidy was associated with higher risk of relapse, HR
was 2.37 (95% CI 1.52–3.70). RFS was 82.4% compared to
91.9% in the diploid group using Kaplan–Meier method
(Figure 1).

SPF ranged from 0.0% to 40.2% with a median of 3.9%.
High SPF, defined as above median, was a prognostic factor
in simple analysis where HR was 1.94 (95% CI 1.24–3.02)
(Table 2). Using Kaplan–Meier method, RFS was 93.6% in the
low SPF group and 88.2% in the high SPF group (Figure 2).

We also compared the prognostic value of SPF in combin-
ation with ploidy with the Kaplan–Meier method. The com-
bination of aneuploidy and high SPF identifies a group of
patients with significantly worse prognosis in comparison
with the groups of aneuploidy/low SPF, diploid/low SPF, and
diploid/high SPF (Figure 3). Within the group of diploid
tumors, there was no difference in RFS between cases with
low and high SPF, neither was there a difference between
the group with aneuploidy/low SPF compared to diploid/low
SPF as well as diploid/high SPF.

When SPF was divided in quartiles (<2.3%, 2.3%�3.9%,
>3.9%-6.2%, >6.2%), a RFS of 96.7% were seen in the first
quartile, 90.3% in the second, 91.3% in the third, and 85.5%
in the fourth. The first quartile differed significantly from the
other three quartiles in pairwise comparisons and the fourth
quartile also showed significant difference from the third but

not from the second. No difference was seen between the
second and third quartiles (Supplementary Figure 4).

Multivariable analysis

A Cox regression multivariable analysis including age, FIGO
stage IA or IB, grade of differentiation, ploidy, and SPF was
performed. We found age �71 years (HR 2.57 (95% CI
1.39–4.76)), stage IB (HR 1.61 (95% CI (1.02–2.54)), low or
moderate differentiation (HR 2.94 (95% CI 1.61–5.36) and HR
3.86 (95% CI 1.86–8.00) respectively) and aneuploidy (HR
1.70 (95% CI 1.10–2.84)) to be independent prognostic
markers whereas SPF was not (HR 1.40 (95% CI 0.88–2.25)).
(Table 2 and Supplementary Table 1) The same analysis using
the upper quartile of SPF (>6.2%) as a cutoff instead of the
median SPF showed a trend toward worse prognosis in this
group but no clear significance in multivariable analysis (HR

Figure 1. Kaplan–Meier survival curves showing relapse-free survival in diploid
and aneuploid tumors. Diploidy is associated with longer relapse free survival
than aneuploidy (p< 0.001).

Figure 2. Kaplan–Meier survival curves showing relapse-free survival in associ-
ation with low and high S-phase fraction (SPF). SPF low � 3.9%, SPF high >
3.9%. The SPF high group has significantly shorter relapse free sur-
vival (p¼ 0.003).

Figure 3. Kaplan–Meier survival curves. Relapse-free survival (RFS) in combin-
ation of ploidy status and S-phase fraction (SPF). SPF low is defines as � 3.9%,
SPF high > 3.9%. The combination of aneuploidy and high SPF has significantly
shorter RFS than the groups of aneuploidy/low SPF (p¼ 0.001), diploid/low SPF
(p< 0.001) and diploid/high SPF (p< 0.001). There was no difference in RFS
between diploid/low SPF and diploid/high SPF (p¼ 0.211) and no differences
between the groups with aneuploidy/low SPF compared to diploid/low SPF and
diploid/high SPF (p¼ 0.429 and p¼ 0.207, respectively).
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1.60 (95% CI 1.00–2.58)) (Supplementary Table 2).
Furthermore, the combination of aneuploidy and high SPF
(>3.9%) was included in a Cox regression multivariable ana-
lysis instead of ploidy and SPF. The combination of aneu-
ploidy and high SPF (>3.9%) was shown to be an
independent prognostic marker (HR 2.02 (95% CI 1.19–3.44))
(Supplementary Table 3). An EQUATOR guideline checklist for
Prediction Model Development (TRIPOD) was done
(Supplementary Figure 5).

Discussion

Surgical FIGO stage, histological subtype, depth of myome-
trial invasion, histological grade, and lymphovascular invasion
are well-established prognostic markers in endometrial car-
cinoma. However, the value of ploidy and SPF as prognostic
markers are still under discussion.

Our study is the largest using fresh/frozen tissue from
1001 patients with stage I endometrioid carcinoma. Patients
were followed for a median of 12.0 years. We confirmed myo-
metrial invasion and histologic grade as important prognos-
tic markers. In simple analysis, both ploidy and high S-phase
(SPF) were shown to be of prognostic relevance. By combin-
ing ploidy status and S-phase data, we were able to identify
a subgroup of patients with aneuploidy and high SPF with
significantly shorter RFS. No differences were seen between
the patients with diploid and aneuploid/low SPF tumors.
Patients with aneuploid tumor had in many cases been given
adjuvant therapy and this might explain why the aneuploid/
low SPF group had similar outcome as the diploid group.
However, the similar outcome between these groups could
also be independent of therapy and reflect biological differ-
ences between the aneuploidy tumors with high and low
SPF. Interestingly, the aneuploidy/high SPF group remained
as prognostic marker in multivariable analysis. As patients
with aneuploid/low SPF tumors have a good prognosis, adju-
vant therapy could be unnecessary or even adverse due to
side effects by treatment in these patients.

In multivariable analysis myometrial invasion, histologic
grade and ploidy remained as prognostic markers but SPF
gave no prognostic information. Previous studies have shown
conflicting results concerning ploidy in multivariable analysis.
Several studies on women with endometrial carcinoma have
found aneuploidy as a negative prognostic factor in multi-
variable analysis [7–17] and also as the strongest prognostic
factor [18]. However, these results were not seen in other
reports [19–23]. Even when focusing on the larger studies,
there are conflicting results where ploidy was of prognostic
importance in some [7,15,30] and not in others [11,18,23,31].
The interpretation of the results is difficult as many studies
include patients with higher FIGO stages and different tumor
types. In our study, only women with FIGO stage I endome-
trioid endometrial carcinomas were included. In a recent
Swedish study, Svanvik et al. [23] analyzed stage I–III endo-
metrial carcinoma. In their cohort, ploidy was no prognostic
factor in multivariable analysis but they were unfortunately
not able to analyze the excess mortality in multivariable ana-
lysis for FIGO stage I endometrioid endometrial carcinomas

since there were no overall risk among these patients. Green
et al. [11], who studied a similar cohort as we did, showed
ploidy as a prognostic marker in simple but not in multivari-
able analysis. The discrepancy in outcome in our studies is
difficult to explain. The patient cohorts are similar although
the material used for FCM analysis differs as we have used
fresh frozen tissue and Green et al. have used FFPE tissue.
FFPE gives a higher CV than fresh/frozen tissue [24,25]. We
had a CV of 2.7% and Green et al. of 3.5%. A higher CV could
impair the identification of minor populations with aneu-
ploidy. We also had a lower level of missing cases, 1% com-
pared to 6%. Although we had similar proportions of diploid
and aneuploid tumors it cannot be excluded that this meth-
odological difference could influence the outcome of the
statistical analysis. Furthermore the endpoint for the statis-
tical analysis differs, RFS versus overall survival.

S-phase was of prognostic value in simple analysis but
not in multivariable analysis when we used the median value
(3.9%) as cutoff. Other studies have used higher SPF as cutoff
for their high SPF groups and to explore if that could affect
the outcome we split the cohort at 6.2% (fourth quartile). In
a multivariable analysis using the fourth quartile as cut off, a
trend but no significance was obtained. Only a few studies
have analyzed S-phase in larger patient cohorts [11,23,24].
These reports have shown SPF as prognostic factor in simple
analysis in concordance with the results in our study. Green
et al. [11] found that S-phase was an independent prognostic
marker using 5.5% as cutoff with more than 60% in the low
S-phase group. A higher mean SPF value in their material
was expected as FCM analysis from FFPE tissue gives a
slightly higher SPF than fresh/frozen tissue [32,33]. However,
the reason for the different outcome in our studies is
unknown. Green et al. [11] could not analyze SPF in 21% of
the patients and in our study only 6% had no SPF data. The
lower frequency of missing SPF values in our cohort could
potentially be a factor explaining the difference in the results
between the studies. Within our cohort, cases with missing
values for SPF were associated to poorly differentiated
tumors and higher risk of relapse. This might reflect that
poorly differentiated tumors contain more necrosis which
could have interfered with SPF-assessment.

A limitation of our study could be the coverage. Our
cohort is based on all FCM analyses done in endometrial car-
cinoma at the University Hospital between 1993 and 2010
and when comparing with the National Cancer Registry the
coverage is 70%. The reason for that discrepancy is
unknown. One reason could be that FCM analysis has not
been done in elderly patients with considerable comorbidity
or high FIGO stage. A second option could be that the diag-
nosis was unexpected in cases where the patients had
undergone hysterectomy for other reasons than suspicion of
cancer. A third alternative could be that some samples were
sent to another laboratory for FCM-analysis. Finally, a fourth
reason could be that the National Cancer Registry has a low
level error in the registration. The combination of the alter-
natives above could have contributed to the discrepancy in
relation to the National Cancer Registry. However, as the
study focused on evaluation of the value of ploidy and SPF
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as prognostic factors, the main importance was to include all
cases with FCM-data.

Early-stage endometrial carcinoma type I has overall a
good prognosis after surgery but it is urgent to find ways to
identify the patients, which will have tumor relapse and
potentially select these for additional therapy. Equally
important is to salvage patients from unnecessary adjuvant
therapy. We confirm that ploidy is an independent prognos-
tic marker in early stage endometrioid carcinoma but cannot
show prognostic value for SPF in multivariable analysis using
the median value as cutoff but observed a borderline value
using the fourth quartile as cutoff. However, by combining
aneuploidy and high SPF we could identify patients with
poor prognosis. These data could provide new insight into
potential prognostic factors in early stage endometrial carcin-
oma but have to be confirmed and validated in larger stud-
ies to be used as guidance for clinical stratification and
therapeutic strategies.
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