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Abstract

Background: The effect of tumor size on endometrial cancer prognosis and the treatment precision is a challenging issue. This study aimed at
assessing the predictive impact of tumor size on endometrial carcinoma aggressiveness parameters and patients' survival.

Methods: Ninety four patients with surgically treated endometrial cancer in the Radiation Oncology Department of Imam Hossein Hospital,
Tehran, Iran between 2010 and 2020 were included for retrospective review of their clinicopathological information and follow-up data.
Categorical variables were compared using Chi-squared and Fisher’s exact test, and continuous variables were compared using non-parametric
Mann-Whitney U and Kruskal-Wallis tests. Actuarial overall survival and recurrence-free survival were calculated using Kaplan-Meier method.

Results: Patients with tumor size 4 cm and more had higher rates of lymphovascular invasion (LVl) compared to smaller tumors (51.7% vs
13.8%, P<0.001). Additionally, there was a significant correlation between tumor size and FIGO stage (p=0.031). Patients with Carcinosarcoma
pathology had marked larger tumor diameter (mean: 6.7 cm + 2.4), compared with Endometroid (mean: 3.9 cm + 1.6) (P<001) and Serous
adenocarcinoma (mean: 2 cm + 0.79) (P<001). All seven patients with tumor size 4 cm and more who experienced recurrence in their follow
up, had one of the other significant risk factors including high tumor stage(>l), LVI or carcinosarcoma histology. There was not a significant
correlation between tumor size and recurrence (p:0.272), overall and recurrence free survival (P:0.754, P:0.169 respectively).

Conclusion: Although tumor size correlates with other poor prognostic factors of endometrial carcinoma, it is not an independent variable for
patients' survival and tumor recurrence. Patients with high tumor size, who experience recurrence, have some other adverse features.
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Background

Endometrial cancer (EC) is a prevalent gynecological
malignancy, with an increasing incidence of 2.5% every year.
Although it is highly curable when found early, still we are
expected to some locoregional or distant recurrence of this
tumor in some cases with different survival rates [1-3].

Recurrence-free survival and overall survival are the
instrumental tools for scientists to quantify the prognosis of
patients with EC. In this way, they have been striving to provide
uniform terminology of influential factors in patients' survival.
There is an array of clinical and pathological prognostic
factors suggested for endometrial cancer outcome. Currently,
International Federation of Gynecology and Obstetrics (FIGO)
2023 includes tumor invasion (T), nodal status (N) and distant
metastases (M), lymphovascular invasion (LVI) and histological
types for the staging of endometrial cancer and patient
grouping based on their prognosis [4,5]. However, a lot of
information has discovered that only relying on these factors
is not enough and can lead to undertreatment [6]. Therefore,
additional consideration may be needed to improve the
management of patients with EC [7].

Tumor size is one of the proposed prognostic factors that
still remains as a matter of controversy since 1960 when it was
first suggested as a prognostic variable [8]. The ease of tumor
diameter measurement without extra resources or high level
of competence of pathologists, results in that its significance
has been evaluated over the years. Notwithstanding, there are
lots of complex issues about the clinically significant tumor
diameter and its effect on patients' survival, independently as
well as dependently in relation to the other risk factors [9]. The
cutoff values for tumor size remain undefined and vary from
2 to 5 cm [9]. Some reports have revealed that there is a non-
linearrelationship between tumor size and prognosisin EC[10].
Even more confounding findings have been proposed about
the reverse effect of small tumor size on the patients' survival
[10]. Additionally, the role of tumor size in predictive models
suggested for risk estimation of lymph node metastases in EC
is not universal. In contrast to the Mayo criteria which includes
tumor size, reported by radiological modalities, for prediction
of lymph node status, the novel prediction model proposed
by Lu et al., does not consider the tumor size defined as the
diameter of the largest dimension in their algorithm [11].
Indeed, with all effort to determine tumor size importance in
EC, it is not considered a treatment predictor in none of the
valid evidence-based protocols [12,13], indicating a need for
more studies in this regard.

Here, we performed an observational study aimed at
assessing the relation of tumor size to the other prognostic
variables, recurrence free survival and overall survival in
patients with surgically treated EC.

Methods

Between 2010 and 2020, 110 patients with endometrial
cancer were treated in the Radiation Oncology Department
of Imam Hossein Hospital in Iran. Data from 94 cases that
fulfilled the inclusion criteria of study were evaluated. These
criteria were defined as endometrial carcinoma patients who
underwent abdominal hysterectomy with bilateral salpingo-
oophorectomy with or without pelvic lymph node biopsy/
dissection and also had complete postoperative follow-up
data.

Patients with FIGO stages IA G1/G2 with LVI or age>60,
IA G3 and IB G1/G2 without LVI or age>60 were treated
by Brachytherapy alone. External-beam radiotherapy was
delivered to the patients with FIGO stages IA G3 and IB G1/G2
with LVI or age>60, and in combination with Brachytherapy
in stages IB G3 and Il. Cases with FIGO stages Ill and IV were
treated with adjuvant chemotherapy with or without radiation
therapy based on tumor site and surgical margin.

Patients' followed-up protocol included clinical, cytological,
and imaging studies every three to six months for the first two
years, then every six to twelve months for the years three to
five and then every year up to ten years.

In this study, clinicopathological factors and survival
information were extracted from patients' files. Tumor size,
grade, lymphovascular invasion (LVI) and FIGO stage were
reported based on pathologic examination. The tumor size
was considered as the largest diameter. Patients were staged
based on the International Federation of Obstetrics and
Gynecology (FIGO) staging of cancer of the endometrium
version 2009. Recurrence-free survival (RFS) refers to the
time interval from surgical treatment to the time of the first
recurrence, or if there is no recurrence, to the last follow-up in
living patients. In addition, overall survival (OS) was defined as
the interval between the date of surgery and the date of death
or last follow-up.

Statistical analysis

All statistical analyses were performed using SPSS 19 (IBM,
Armonk, NY, USA). Continuous variables were expressed in
mean = standard deviation (SD), while categorical variables
were expressed in number and percentage. Shapiro-Wilk's
test was used to assess normality. Categorical variables were
compared using Chi-squared and Fisher’s exact test, and
continuous variables were compared using non-parametric
Mann-Whitney U and Kruskal-Wallis tests. Actuarial overall
survival and recurrence-free survival were calculated using
Kaplan-Meier method and the significance between curves
assessed by the log-rank test. A two-tailed P value of <0.05
was considered to be statistically significant.
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Results

Characteristics of patients

Among the 110 patients with endometrial cancer who

oophorectomy in Imam Hossein Hospital between 2010
and 2020, 94 patients were included in our study, while 16
patients were excluded due to incomplete information and
loss of follow-up. Demographics and clinicopathological
characteristics of patients are summarized in Table 1.

underwent abdominal hysterectomy with bilateral salpingo-

Table 1. Clinicopathologic and demographic features of patients.
Count %

<60 years 38 40.43

> 60 years 56 59.57
Age Total 94 100.00

Mean (SD) 61.45(10.39)

(Min, Max) (29.0, 84.0)

<25 (normal or underweight) 18 26.87

25-30 (overweight) 25 37.31
BMI > 30(obese) 24 35.82
Kg/m? Total 67 100.00

Mean (SD) 28.86 (5.27)

(Min, Max) (21.72,50.22)

0 6 8.70

1 5 7.25
Parity (number of live births) 2 18 26.09

+3 40 57.97

Total 69 100.00

<4cm 30 50

2 4cm 30 50
Tumor Size Total 60 100

Mean (SD) 41.78 (2.72)

(Min, Max) (0.9cm,10 cm)

Endometroid Adenocarcinoma 68 72.34

Carcinosarcoma 10 10.64

Clear Cell Carcinoma 1 1.06
Tumor Type Undifferentiated carcinoma 1 1.06

Serous Adenocarcinoma 12 12.77

Mixed Carcinoma 2 2.13

Total 94 100.00

1.00 28 34.15

2.00 20 24.39
Histological Grade

3.00 34 41.46

Total 82 100.00
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Negative 53 59.55
Positive 29 32.58
LviI
Undefined 7 7.87
Total 89 100.00
Undetermined 40 42.55
Positive 5 5.32
Lymph node status
Negative 49 52.13
Total 94 100.00
Undetermined 15 15.96
Positive 17 18.09
Peritoneal washing cytology
Negative 62 65.96
Total 94 100.00
Undetermined 7 745
Positive 7 7.45
Involvement of Omentum
Negative 80 85.11
Total 94 100.00
<50 39 41.49
>50 47 50.00
Depth of Invasion
Undefined 8 8.51
Total 94 100.00
Undetermined 4 426
Positive 15 15.96
Adnex
Negative 75 79.79
Total 94 100.00
Undetermined 5 5.32
Positive 26 27.66
Segment
Negative 63 67.02
Total 94 100.00
Undetermined 5 532
Positive 19 20.21
Involvement of Cervix
Negative 70 74.47
Total 94 100.00
Undetermined 5 532
Positive 1 1.06
Involvement of Vagina
Negative 88 93.62
Total 94 100.00
Undetermined 5 532
Positive 7 7.45
Involvement of Parameter
Negative 82 87.23
Total 94 100.00
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Undetermined 5 532
Positive 13 13.83
Involvement of Serous
Negative 76 80.85
Total 94 100.00
1A 28 32.18
1B 25 28.74
2 8 9.20
FIGO_Stage
3 19 21.84
4 7 8.05
Total 87 100.00
Positive 59 62.77
External_Radiotherapy Negative 35 37.23
Total 94 100.00
Positive 41 43.62
Internal_Radiotherapy Negative 53 56.38
Total 94 100.00
Positive 40 42.55
Chemotherapy Negative 54 57.45
Total 94 100.00
Negative 73 77.66
Recurrence Positive 21 2234
Total 94 100.00
Alive 80 85.11
Outcome Death 14 14.89
Total 94 100.00

The mean age of the patients included in the study was
61.45 (min: 29, max: 84) years and 56 (59.57%) of them were
more than 60 years old. The average Body Mass Index (BMI)
was 28.86 and 26.87 percent of patients had normal or
underweight BMI. Six patients (8.7%) had no live births. The
most frequent hisitologic type was endometrioid carcinoma
(72.34% of cases) and 41.46% had histological grade 3. Twenty
eight patients (32.18%) had FIGO stage IA and 25 patients
(28.74%) were in stage IB. Invasion to the inferior segment of
uterus, adnexa, lymphovascular space, serous, and omentum
was observed in 27.66%, 15.96%, 32.58%, 13.83%, and 7.45%
of patients, respectively. Seventeen (18.09%) patients had
positive peritoneal washing cytology, and in 50% of the
patients, the tumor involved more than half of the thickness
of the myometrium.

Fifty three patients (56%) underwent surgical lymph node
dissection. Radiotherapy, chemotherapy and combination of
radiotherapy and chemotherapy have been prescribed to 37
(39%), 8 (8.5%), and 34 (36.5%) patients respectively, while 15

(16%) patients did not receive adjuvant treatment.

The mean follow-up duration was 49.85 months (minimum
1 and maximum 127 months). Twenty-one patients (22.34%)
developed recurrence, and 14 patients (14.89%) died of
disease. Median recurrence free survival and median overall
survival were 31.0 and 40.5 months, respectively. In the entire
cohort, the 3 and 5 years recurrence-free survival was 80% and
70 %, respectively, whereas the 3 and 5 years overall survival
was 83% and 80%, respectively (Figures 1a and 1b).

Association between tumor size and clinicopathologic
factors

The mean tumor's largest diameter was 4.1 (range 0.9-10
cm). Tumor size was divided into two categories ( >4 cm and
<4 cm) based on ROC analysis which estimated a tumor cut
off 4 cm has the best predictive value of death and recurrnce
in our samples. The tumor size was less than 4 cm in 50%
of patients. Correlation of all variables with tumor size was
assessed (Tables 2 and 3).
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Figure1. Overall (A) and recurrence-free survival (B) for the whole cohort.

Table 2. Correlation between tumor size and clinicopathologic and demographic features of patients.

Tumor Size
Mean Millimeter | Standard Deviation | P-Value
<60 44.21 18.84
Age 0.343
>60 40.66 22.22
Endometroid Adenocarcinoma 39.79 16.48
Tumor Type Carcinosarcoma 67.78 24.89 <0.001
Serous Adenocarcinoma 20.14 7.90
1.00 36.47 12.13
Grade 2.00 42.60 20.62 0.588
3.00 45,65 22.69
Negative 35.31 17.90
LvI 0.001
Positive 54.47 21.54
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1A 32.05 15.47
1B 41.15 14.59
FIGO Stage 2 44.40 25.63 0.031
3 55.38 26.65
4 55.00 19.69
Positive 48.33 27.54
Lymph Node Status 0.846
Negative 40.34 19.09
Negative 39.55 19.34
Recurrence 0.272
Positive 49.85 25.86
Alive 41.71 22.39
Outcome 0.478
Death 42.25 10.31
Table 3. Correlation between tumor size and tumor histology, LVI, and FIGO Stage.
Tumor Size P-value
<4.0 >4.0
Count ColumnN % | Count Column N %
Tumor Type Endometroid Adenocarcinoma | 22 75.9% 20 69.0% P<0.001
Carcinosarcoma 0 0.0% 9 31.0%
Serous Adenocarcinoma 7 24.1% 0 0.0%
Negative 25 86.2% 14 48.3% P<0.001
i Positive 4 13.8% 15 51.7%
FIGO Stage 1A 14 50.0% 8 26.7% 0.065
>1A 14 50.0% 22 73.3%
The mean tumor size in stage IA, IB, I, lll, and IV was 3.2 cm Association between tumor size and prognosis

(+1.5),41cm (£ 1.4),44 cm (£ 2.5), 5.5 cm (+ 2.6), and 5.5
cm (£ 1.9), respectively. There was a significant correlation
between tumor size and FIGO stage (p=0.031). Additionally,
the incidence of early stage tumors without deep myometrial
invasion was 26.7% in patients with a tumor size less than 4 cm
against 50% in larger tumors (p:0.065).

The tumor size also correlated with LVI (p<0.001). When
LVI was positive, the average tumor size was 5.4 cm (£ 2.1)
compared with 3.5 cm (+ 1.7) in the negative LVI group. Fifty-
one percent of patients with tumor size 4 cm and more had LVI
compared to 13.8% of smaller tumors (P<0.001).

It was also demonstrated an association between tumor
histological type and tumor size (p<0.001). Patients with
carcinosarcoma pathology had marked larger tumor diameter
(mean: 6.7 cm * 2.4), compared with endometroid (mean: 3.9
cm = 1.6) (P<001) and serous adenocarcinoma (mean: 2 cm +
0.79) (P<001).

The mean tumor size in patients with recurrence was 4.98
cm (+ 2.58). Seven patients with tumor size 4 cm and more
experienced recurrence in their follow up and all had one
of the other significant risk factors including high tumor
stage(>l), LVI or carcinosarcoma histology. Six of these had
two risk factors, including deep myometrial invasion and LVI.

There was not a statistically significant association between
tumor size and overall (p:0.754) and recurrence free (p:0.169)
survival. The 3 and 5-year OS as well as 3 and 5-year RFS for
patients with a tumor size of 4 cm and larger were estimated
at 89%, 83%, 80%, and 70%, respectively, and they were 87%,
87%, 85%, and 80% for patients with a tumor size less than 4
c¢m (Figures 2a and 2b).

In subgroup analysis stratifying based on FIGO stages, tumor
types and LVI, there was no association between tumor size
and patients' outcome, including OS and RFS.
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Discussion
Summary of main results

In this analysis, we found two noteworthy findings. First,
the tumor size was indeed the indicator of the presence of
tumor adverse features and there was a significant correlation
between the tumor size and FIGO stage, LVI and tumor
histological type. Second, the tumor size was not a predictive
factor of disease recurrence and patients’ survival. In other
words, large tumors are often associated with other high-
risk factors, although this is not always the rule. Our data
showed that there is a low possibility of LVI, higher stage
disease or aggressive pathology in tumors smaller than 4 cm
in size. Therefore, tumor size cannot absolutely predict patient
survival and can only be a sign of the presence of tumor
related aggressive factors.

Results in the context of published literature

All efforts are made to identify the factors affecting the
prognosis of endometrial cancer in order to classify the
patients based on relevant risk factors. Tumor size has been an
attractive option for discussion in this regard due to the ease
and accuracy of measurement, although its relationship with
the aggressiveness of the disease has not been proven so far.

The main factor that complicates the assessment of the
prognostic and predictive effect of tumor size on endometrial
cancer is its correlation with the other poor prognostic
factors. We found that tumor size ties with established factors
associated with endometrial cancer prognosis, neutralizing
the effect of size as an independent factor.

The mean and median tumor size in our study were 4.17 cm
and 3.9 cm, respectively, similar to the previous studies. In a
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series of 703 patients diagnosed with endometrial canceratthe
Instituto do Cancer do Estado de Sao Paulo from 2008 to 2018,
the reported median tumor size was 4.0 cm [14] and the mean
of tumor diameter was 4.26 cm in another study done in 147
patients with endometrial cancer treated at the Gynecologic-
Obstetric Clinic of the University of Parma [15]. Our analysis
showed that the mean tumor size increased linearly as the
tumor stage increased. Consistent with previous reports [15],
in the present study, the most significant difference in mean
tumor size was demonstrated between stage IA (3.2cm +
1.5) and IB (4.1 cm = 1.4) which indicated a relation between
tumor size and myometrial invasion. Additionally, patients
group with LVI had significantly larger tumors compared
with the negative LVI group (54 cm £+ 2.1 vs 3.5 cm £ 1.7,
p<0.001). In a recent retrospective cohort study reported by
Oliver-Perez, LVI was more common in larger tumors [16].
We also found out that tumor size was significantly higher in
carcinosarcoma compared to the other histological types of
tumors. However, the relation between endometrial cancer
tumor size and types has not been addressed adequately in
prior research. We found that tumor size was not a predictor
of recurrence and all patients with tumor size 4 cm and more
who experienced recurrence in their follow-up, had one of the
other significant risk factors including high tumor stage(>l),
LVI or carcinosarcoma histology. These results revealed that
the tumor size is an indicator of poor pathologic features of
the tumor and higher tumor stage. Therefore, incorporating
tumor size in risk stratifying of patients does not add more
information.

In the entire cohort of this study, the recurrence-free survival
of 3 and 5 years was 80% and 70%, respectively, whereas the
3 and 5 years' overall survival was 83% and 80%, respectively.
These values come close to the survival rate reported in the
literature for a similar population. The overall survival rates
for the 539 women with all stages of histologically confirmed
endometrial carcinoma between 2010 and 2015 at St Mary’s
Hospital, Manchester were 85% (95% Cl 81-88%) at 36 months
and 76% (95% Cl 71-80%) at 60 months [17]. Similarly, the
5-year survival in Swedish women with endometrial cancer
based on the nation-wide Swedish Cancer Registry 2010-2014
was 86% [18].

The association between tumor size and oncological
outcome is a controversy. Tumor size was not significantly
correlated with recurrence free survival in some studies
[14,19,20]. However, others reported a significantly higher rate
of recurrence and lower survival in patients with larger tumor
size [9,21,22]. In a more detailed review of studies' results, it
seems that recent original papers with more comprehensive
surgical staging did not demonstrate the relationship between
tumor size and patients' prognosis due to more accurate
disease stage determination [10,19]. In our study, RFS and OS
were not different between patients according to their tumor
size (p:0.169 and p:0.754, respctively), where 56% of patients

underwent lymph node dissection. The 5-year OS and RFS for
patients with tumor size of 4 cm and larger was 83% and 70%,
respectively, and it was 87% and 70% for patients with a tumor
size less than 4 cm.

Strength and weaknesses

The findings in our study are subject to several limitations
including the retrospective nature of the study, a small
population and lack of information about molecular
characteristics of tumors. Study strengths include long term
follow-up and representing a single cancer center.

Implications for further research

There is a fundamental need to identify essential prognostic
factorsin endometrial cancer and to design a predictive model
of recurrence and survival of the patient in order to be able
to decide on the intensity of the treatment according to the
severity of the disease. Considering that the size of the tumor
is one of the factors raised in this field, with some conflicting
results, it is necessary to investigate this factor in combination
with clinical, pathological, and molecular variables in future
studies so that conclusions can be drawn based on higher
level of evidence about this item in dealing with endomettrial
cancer.

Conclusion

We concluded that tumor size correlates with the other
poor prognostic factors of endometrial carcinoma, but it is
not an independent variable for patients' survival and tumor
recurrence.
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