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Abstract

Endometrial endometrioid carcinoma is usually divided into three histological subgroups: grade 1 (G1), grade 2 (G2),
and grade 3 (G3). Most cases of endometrial endometrioid carcinoma G1/2 have a favorable prognosis, although some
can have unfavorable outcomes, especially when they involve elderly patients, with similarities to endometrioid
carcinoma G3 and serous carcinoma. This retrospective study evaluated whether TP53 abnormalities in endometrial
endometrioid carcinoma could be used to supplement the current grading system and improve its ability to predict
clinical outcomes. Immunohistochemical expression of TP53 was analyzed using tissue microarrays from the surgically
resected specimens of 475 patients with endometrial endometrioid carcinoma. Weak or moderate expression was defined
as TP53-normal expression, while absent or strongly positive expression was defined as TP53-aberrant expression. The
endometrial endometrioid carcinomas had originally been diagnosed as G1 (69%), G2 (18%), and G3 (13%). Univariate
analyses revealed that TP53-aberrant expression was associated with poor survival in G1 and G2 cases, but not G3
cases. In addition, age (<60 years vs. 260 years) was correlated with TP53-aberrant expression in G1 cases (3% vs. 16%,
p =0.001), but not in G2 or G3 cases. Based on immunohistochemical TP53 expression, the endometrial endometrioid
carcinomas were reclassified using a prognostic grading system as high-grade (G1 or G2 with TP53- aberrant expression,
and G3 with TP53-normal or -aberrant expression) or low-grade (Gl or G2 with TP53-normal expression). The
multivariate analyses revealed that the prognostic grading system (using histological grade and TP53 expression) could
independently predict poor progression-free survival (hazard ratio: 2.91, p <0.001) and overall survival (hazard ratio:
3.62, p<0.001). Therefore, combining immunohistochemical TP53 expression with the traditional histological grading
system for endometrial endometrioid carcinoma may help improve its ability to accurately predict the patient’s
prognosis.

Introduction

Endometrial endometrioid carcinoma is the most common
histological type of uterine body cancer through the entire
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which are non-estrogenic and have a poorer prognosis, with
endometrial atrophy as their histogenesis [2, 3]. However,
some of the endometrioid carcinoma G1/2 cases have an
unfavorable prognosis, especially when they involve elderly
patients, as they exhibit a biological behavior that is similar
to that of type II endometrial carcinoma [4]. Histology is
insufficient to predict clinical course for endometrial
endometrioid carcinoma, as there is substantial hetero-
geneity in the biological and molecular features [3].

Several molecular biomarkers for prognostic prediction in
endometrial carcinoma such as TP53 (tumor protein 53) [5],
CTNNBI (encodes p-catenin) [5-7], and POLE (encodes a
subunit of DNA polymerase epsilon that has a role in DNA
replication) [8] mutations have been proposed, but simple
and optimal methods have not yet been established. The
TP53 tumor suppressor gene encodes a nuclear transcription
factor that is involved in cell cycle arrest, apoptosis, and
angiogenesis inhibition [9, 10]. It is the most commonly
mutated tumor suppressor gene in many malignancies [9]
and immunohistochemistry is an effective technique for
identifying mutations [11, 12]. The TP53 protein is an
immunohistochemical marker that is useful for diagnosing
both endometrial and ovarian serous carcinomas [13, 14],
with TP53 abnormalities detected in ~12% of endometrial
endometrioid carcinoma G1 tumors, 25% of G2 tumors, and
42% of G3 tumors [15]. Several studies have indicated that
immunohistochemical TP53 overexpression is linked to
endometrial endometrioid carcinoma that is biologically
aggressive and has high-grade potential [14-20]. However,
there is no large cohort study that has evaluated TP53
abnormalities in endometrial endometrioid carcinoma and
their relationships with patient outcomes, especially based
on histological grade, cancer stage, and patient age.

This retrospective study evaluated whether abnormal
TP53 expression in endometrial endometrioid carcinoma
could help supplement the current grading system. Thus, we
examined the clinical relationships of TP53 immunohisto-
chemical expression with histological grade, cancer stage,
and patient age. The results indicate that some seemingly
low-grade endometrioid carcinoma tumors may actually
exhibit higher grade behavior, which might support the use
of additional treatments, such as adjuvant chemotherapy or
lymph node dissection.

Materials and methods

Patients and samples

Patients’ electronic medical records from the Saitama Medical
University International Medical Center were reviewed from
2007 to 2017. The retrospective protocol was approved by the

institutional review board (13-165), and all methods were
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performed in accordance with the 1975 Declaration of Hel-
sinki. A total of 475 patients with histologically confirmed
endometrial endometrioid carcinoma were included in this
study. The patients’ records were reviewed to obtain data
regarding age, body mass index, International Federation of
Obstetrics and Gynecology (FIGO) 2008 stage [21], histolo-
gical grade [1], lymphovascular invasion, myometrium inva-
sion depth, therapeutic methods, recurrence, progression-free
survival, and overall survival.

Immunohistochemical staining

Immunohistochemistry was performed to evaluate TP53
expression in tissue microarrays (KIN-2; AZUMAYA,
Tokyo, Japan). Two cylindrical cores (diameter: 3.0 mm)
were obtained from each paraffin-embedded tissue block,
which corresponded to the representative histological find-
ings, and were inserted into a recipient block to create the
tissue microarray blocks. The tissue microarray blocks were
cut into serial 4-um sections, which were automatically
analyzed using the VENTANA BenchMark XT system
(Ventana Medical Systems, Inc., AZ, USA) according to the
manufacturer’s protocol. The primary antibodies were
monoclonal mouse antibodies targeting TP53 (dilution:
1:50, clone DO-7; Dako, Kyoto, Japan). Tissue microarray
sections were deparaffinized and pretreated using Cell
Conditioning 1 (Ventana Medical Systems, Inc., AZ, USA)
for 90 min at pH 9.0 to achieve antigen retrieval, which was
followed by inactivation of endogenous peroxidases and
incubation with the primary anti-TP53 antibody at 37 °C for
32 min. Antigen-antibody reactions were visualized using
the Ultraview DAB Detection Kit (Ventana Medical Sys-
tems, Inc., AZ, USA).

Interpretation of the immunohistochemical results

The evaluations of immunohistochemical TP53 expression
were performed by one pathologist (Masanori Yasuda) and
one physician (Mitsutake Yano), who specialize in gyne-
cological oncology and were blinded to the patients’ clin-
icopathological parameters (Fig. 1). The results were scored
as completely negative (0%), weakly positive (1-25%),
moderately positive (26-80%), and strongly positive
(>80%). For the present study, in order to identify differ-
ences in progression-free survival and overall survival, the
results were classified as TP53-normal expression (weakly
and moderately positive) or TP53-aberrant expression
(completely negative or strongly positive).

Statistical analysis

The patients’ clinicopathological and immunohistochemical
characteristics were compared using Pearson’s chi-square test
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Fig. 1 Staining with hematoxylin and eosin and TP53 immunohis-
tochemistry. Results for endometrial endometrioid carcinoma G1 with
TP53-normal expression (a: HE, b: TP53), G1 with TP53-aberrant
expression (c: HE, d: TP53), G2 with TP53-normal expression (e: HE,

or Fisher’s exact test, as appropriate. Survival curves were
compared using the Kaplan—-Meier method and log-rank test.
Univariable and multivariable survival analyses were per-
formed using the Cox proportional hazards model. All ana-
lyses were performed using IBM SPSS software (version
24.0; IBM Corp., Armonk, NY, USA), and differences were
considered statistically significant at p-values of <0.05.

Results
Patient characteristics

Table 1 shows the patients’ characteristics, with the cases
being classified as endometrial endometrioid carcinoma G1
(327 cases, 69%), G2 (88 cases, 18%), or G3 (60 cases,
13%). Based on the immunohistochemical expression of
TP53, the patients were classified as having TP53-aberrant
expression (80 cases, 17%) and TP53-normal expression
(395 cases, 83%). The presence of TP53-aberrant expres-
sion was closely associated with a high FIGO stage
(p <0.001), lymphovascular invasion (p < 0.001), and deep
myometrial invasion (p <0.001).

Impact of TP53 status on clinical outcomes
The Kaplan—Meier analyses (Fig. 2a, b) revealed that

TP53-aberrant expression was associated with poorer
progression-free survival and poorer overall survival than

TP53-aberrant

" g

f: TP53), G2 with TP53-aberrant expression (g: HE, h: TP53), G3 with
TP53-normal expression (i: HE, j: TP53), and G3 with TP53-aberrant
expression (k: HE, 1: TP53). HE hematoxylin and eosin

TP53-normal expression in G1 cases (p<0.001 and
p <0.001, respectively) and G2 cases (p =0.010 and p =
0.047, respectively), but not in G3 cases (p =0.616 and
p = 0.344, respectively) (Fig. 2c). Furthermore, patients
with endometrioid carcinoma G3 had poorer progression-
free survival (Fig. 2d, e) and poorer overall survival than
patients with endometrioid carcinoma G1/2 in all cases
(p<0.001 and p <0.001, respectively) and in the TP53-
normal expression group (p<0.001 and p<0.001,
respectively), but not in the TP53-aberrant expression
group (p =0.640 and p = 0.359, respectively) (Fig. 2f).
The presence of TP53-aberrant expression was associated
with poor progression-free survival and overall survival
regardless of the histological grade (Fig. 2f). In addition,
poor outcomes were observed in the groups of endome-
trioid carcinoma G1/2 with TP53-aberrant expression, as
well as endometrioid carcinoma G3 regardless of FIGO
stage (Fig. 2g, 1).

Correlation between age and TP53 status

Figure 3a shows the correlation between age and the fre-
quency of TP53-aberrant expression. In endometrial endo-
metrioid carcinoma G1, TP53-aberrant expression was more
frequent in patients who were 260 years old, although it was
also more frequent in all endometrioid carcinoma G2/3
cases regardless of age. There was a significant correlation
between age (<60 years vs. 260 years) and TP53-aberrant
expression in G1 cases (3 vs. 16%, p =0.001), but not in
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Table 1 Case distribution

TP53-aberrant
n=280 (17%)

TP53-normal
n=2395 (83%)

All cases
n=475

Variables

Age at diagnosis, years

<60 247 (52%) 28 (35%) 219 (55%)
260 228 (48%) 52 (65%) 176 (44%)
BMI, kg/m?

<25 279 (59%) 56 (70%) 223 (57%)
>25 195 (41%) 23 (29%) 172 (43%)
NA 1 (0%) 1 (1%) 0 (0%)
FIGO stage (2008)

I 355 (75%) 48 (60%) 307 (78%)
I 25 (5%) 4 (5%) 21 (5%)
I 60 (13%) 13 (16%) 47 (12%)
v 35 (7%) 15 (19%) 20 (5%)
FIGO grade

Gl 327 (69%) 31 (39%) 296 (75%)
G2 88 (18%) 18 (22%) 70 (18%)
G3 60 (13%) 31 (39%) 29 (7%)
Lymphovascular invasion

Absent 311 (66%) 34 (43%) 277 (70%)
Present 135 (28%) 30 (37%) 105 (27%)
NA 29 (6%) 16 (20%) 13 (3%)
Myometrial invasion

<50% 295 (62%) 32 (40%) 263 (67%)
>50% 149 (31%) 31 (39%) 118 (30%)
NA 31 (7%) 17 (21%) 14 3%)
Hysterectomy

Yes 445 (94%) 63 (79%) 382 (97%)
No 30 (6%) 17 (21%) 13 (3%)
Lymphadenectomy

Yes 221 (47%) 33 (41%) 188 (48%)
No 254 (53%) 47 (59%) 207 (52%)
Adjuvant therapy

Yes 148 (31%) 31 (39%) 117 (30%)
No 317 (67%) 42 (52%) 275 (69%)
NA 10 2%) 7 (9%) 3 (1%)
Neo-adjuvant therapy

Yes 53 (11%) 23 (29%) 30 (8%)
No 422 (89%) 57 (71%) 365 (92%)
Recurrence

Yes 81 (17%) 32 (40%) 49 (12%)
No 394 (83%) 48 (60%) 346 (88%)
Death

Yes 69 (15%) 29 (36%) 40 (10%)
No 406 (85%) 51 (64%) 355 (90%)

BMI body mass index, NA not available, FIGO International
Federation of Gynecology and Obstetrics

G2 cases (15 vs. 28%, p = 0.126) or G3 cases (58 vs. 47%,
p =0.440) (Fig. 3b). Figure 3c shows the stratification of
endometrial endometrioid carcinoma according to FIGO
grade, patient age, and immunohistochemical TP53
expression. Younger (<60 years) G1 and all G3 patients do
not require TP53 immunohistochemistry due to low fre-
quency of TP53-aberrant expression (Fig. 3a, b) and poor
prognosis independent of TP53 status (Fig. 2c),
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respectively. Elderly (260 years) G1 and all G2 patients
require TP53 immunohistochemistry, because their prog-
nosis strongly depends on TP53 status (Fig. 2a, b).

Combination of the current grading system with
TP53 status

Based on the prognosis (Fig. 2g—i), we reclassified G1/2
cases with TP53-normal expression as low-grade endo-
metrial endometrioid carcinoma, and G1/2 cases with TP53-
aberrant expression or all G3 cases (with TP53-normal or
-aberrant expression) as high-grade endometrial endome-
trioid carcinoma (Fig. 3d). The Kaplan—Meier analysis
revealed that, unlike the conventional histological grade
(Fig. 4a, c), the prognostic grading system could predict
poor outcomes regardless of stage (Fig. 4d, i). In FIGO
stage III/IV cases, the 5-year rates of progression-free sur-
vival were 40% for G1/2, 33% for G3 (Fig. 4c), 46% for
low-grade endometrial endometrioid carcinoma, and 28%
for high-grade endometrial endometrioid carcinoma
(Fig. 4f). In FIGO stage I/II cases, patients with low-grade
endometrial endometrioid carcinoma had an extremely good
5-year prognosis (progression-free survival: 96%, overall
survival: 97%) (Fig. 4e, h). In the multivariate survival
analyses, which included all FIGO stages and histological
grades (Table 2), the independent prognostic factors were
the prognostic grading system (progression-free survival,
hazard ratio: 2.91, 95% confidence interval: 1.85-4.56, p <
0.001; overall survival, hazard ratio: 3.62, 95% confidence
interval: 2.21-5.94, p <0.001) and FIGO staging (progres-
sion-free survival, hazard ratio: 3.06, 95% confidence
interval: 2.41-3.89, p < 0.001; overall survival, hazard ratio:
2.83, 95% confidence interval: 2.19-3.66, p <0.001). The
prognostic grading system was also the independent prog-
nostic factor (progression-free survival, hazard ratio: 5.66,
95% confidence interval: 2.64-12.1, p<0.001; overall
survival, hazard ratio: 6.34, 95% confidence interval:
2.78-14.5, p<0.001) in the multivariate survival analyses
for early-stage (I/I) endometrial endometrioid carcinoma.

Discussion

Molecular biomarkers are routinely used in diagnosis and
clinical management in several cancers. The National
Comprehensive Cancer Network Guidelines for breast
cancer (version 3.2018) incorporate ER/PR/HER?2 data into
a provocative Pathologic Prognostic Stage scheme that is a
better prognostic indicator than simple TNM staging [22].
The World Health Organization strongly supports molecular
testing [Isocitrate dehydrogenase (IDH) mutations, 1p/19q
codeletion, and so on] to better stratify patient prognosis for
certain types of glioma [23]. Oropharyngeal squamous cell
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Fig. 2 Kaplan—-Meier survival analysis. The relationship between
TP53 status and progression-free survival for endometrial endome-
trioid carcinoma G1 a, G2 b, and G3 c¢. The correlation between
histological grade and progression-free survival for all patients d, with
TP53-normal expression e, and with TP53-aberrant expression f. The
correlation between TP53 status and progression-free survival for all-

carcinomas have also been classified by pl6/human papil-
loma virus status [24]. There are many biomarkers directly
linked to treatment, such as EGFR/ALK/PD-L1 for lung
cancer [25, 26] and BRAF for melanoma [27]. However,
there are currently no predictive and/or prognostic mole-
cular markers that are used in the routine clinical manage-
ment of endometrial endometrioid carcinoma. The Cancer
Genome Atlas Research Network has reported four genomic
classes in endometrial carcinoma: POLE (a novel ultra-
mutated group harboring POLE), microsatellite-unstable
high or low copy-number tumors, copy-number aberrations,
and microsatellite instability [8]. However, this classifica-
tion requires expensive and detailed genetic analysis that

Progression free Survival (Months)

T T T T
20 40 60 $0 100 120

Progression free Survival (Months)

T T T T
60 80 100 120

stage g, early-stage (I/Il) h, and advanced-stage (III/IV) endometrial
endometrioid carcinoma i. Asterisks indicate the p-values for com-
paring G1/2 with TP53-normal or -aberrant expression, and daggers
indicate the p-values for comparing G1/2 with TP53-aberrant expres-
sion to G3. p-values were calculated using the log-rank test

may preclude routine use. CTNNBI [5-7] and/or TP53
[5, 19] mutations also identify low grade endometrial
endometrioid carcinoma patients at increased risk of
recurrence. Immunohistochemical abnormality of p-catenin
(encoded by CTNNBI) has high specificity in distinguishing
CTNNBI mutant from wild type, but sensitivity was lower
[28]. p-catenin expressions cannot be used to determine
prognosis in endometrial carcinoma patients [19, 29].
Interestingly, CTNNBI mutation is more common in
younger endometrial endometrioid carcinoma patients and
rarely occurs simultaneously with 7P53 mutation [5, 7].
These data suggest that detection of CTNNBI mutation can
be an auxiliary method of diagnosis in young endometrial
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grade, age, and TP53 status. d Schema of the prognostic grading

endometrioid carcinoma patients with normal TP53. In
comparison with p-catenin, TP53 immunohistochemistry
has high specificity and sensitivity distinguishing TP53
mutant from wild type [12]. Of course, this is by no means
100%, because posttranslational modifications could have
an effect on protein degradation or nuclear export/import,
genetic or epigenetic changes of the protein degradation
machinery, or even intronic gene mutations [12, 28].
However, the present study supports the prognostic utility
of TP53 immunohistochemical patterns (not necessarily
gene mutation) in endometrial endometrioid carcinoma,
which agrees with the findings of several studies that sup-
port TP53 abnormalities being associated with biological
aggressiveness and a poor prognosis [14-20].

We confirmed that TP53 immunohistochemical status is
useful information, especially for all patients with endometrial
endometrioid carcinoma G2 and elderly patients with G1, and
G1/2 with TP53-aberrant expression exhibited a similar
prognosis to G3. Garg et al. [14] and Hu et al. [30] have also
indicated that TP53 immunohistochemical staining of mor-
phologically ambiguous endometrial carcinoma can help
guide prognostication and therapeutic decision making.

SPRINGER NATURE
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system. G1/2 with TP53-normal expression was reclassified as low-
grade endometrial endometrioid carcinoma, and G1/2 with TP53-
aberrant expression plus G3 (TP53-normal or -aberrant expression)
were reclassified as high-grade endometrial endometrioid carcinoma

Han et al. [31] have reported that ancillary techniques
including TP53 immunohistochemistry improved the inter-
and intra-observer agreement regarding the histological type,
relative to the use of morphology alone. Given the potential
limitations of using the current histological grading system for
endometrial endometrioid carcinoma, routine application of
TP53 immunohistochemical staining is recommended for
cases of endometrial endometrioid carcinoma G1/2. Because
endometrial endometrioid carcinoma G1/2 with TP53-
aberrant expression had prognostic similarity with G3, both
should receive similar clinical management. Additionally,
given that endometrial endometrioid carcinoma G1/2 with
TP53-normal expression had an extremely good prognosis in
the early-stage (FIGO stages I/II), adjuvant therapy or lymph
node dissection might be unnecessary in those cases. Immu-
nohistochemical staining for TP53 is a simple and convenient
technique that can be routinely performed at most facilities,
which may help improve prognostication and diagnostic
reproducibility for endometrial endometrioid carcinoma.
Thus, based on our data, we believe that clinical management
should be designed differently for high-grade (G1/2 with
TP53-aberrant expression and all G3 cases) and low-grade
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Fig. 4 Kaplan—Meier survival analysis. The correlations between his-
tological grade and progression-free survival for all-stage a, early-
stage (I/II) b, and advanced-stage (III/IV) endometrial endometrioid
carcinoma c¢. The correlation between the prognostic grading system

Overall Survival (Months)

Overall Survival (Months)

and progression-free survival for all-stage d, early-stage (I/I) e, and

Overall Survival (Months)

advanced-stage (III/IV) endometrial endometrioid carcinoma f. The
correlation between the prognostic grading system and overall survival
for all-stage g, early-stage (I/II) h, and advanced-stage (III/IV) endo-
metrial endometrioid carcinoma i. p-values: log-rank test

Table 2 Univariate and multivariate analyses of prognostic factors for all-stage endometrial endometrioid carcinoma

Univariate analysis
(progression-free

Multivariate analysis
(progression-free

Univariate analysis
(overall survival)

Multivariate analysis
(overall survival)

survival) survival)
Variables HR 95% ClI  p-value HR 95% CI  p-value HR 95% CI  p-value HR 95% CI  p-value
Age (<60 vs. 260 years) 1.74 1.12-2.72  0.015 1.62 1.00-2.62 0.049
TP53 status (normal vs. aberrant) 3.88 2.49-6.07 <0.001 431 2.67-6.95 <0.001
FIGO grade (G1/2 vs. G3) 1.96 1.55-2.49 <0.001 2.14 1.67-2.74 <0.001
Prognostic grade (low vs. high)  4.67 3.01-7.23 <0.001 291 1.85-4.56 <0.001 5.34 3.31-8.62 <0.001 3.62 2.21-5.94 <0.001
FIGO stage (I/II vs. III/IV) 343 2.72-4.33 <0.001 3.06 2.41-3.89 <0.001 3.20 2.49-4.11 <0.001 2.83 2.19-3.66 <0.001

HR hazard ratio, CI confidence interval, BMI body mass index, FIGO International Federation of Gynecology and Obstetrics
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endometrial endometrioid carcinoma (G1/2 with TP53-
normal expression) (Fig. 3c, d), especially as our prognostic
grading system could independently predict the patients’
prognoses.

The present study has several limitations, despite its
relatively large sample size. First, the study only included
Japanese patients, and further verification in other popula-
tions is necessary, given the racial disparities in the mole-
cular subtypes of endometrial carcinoma [32]. Second, the
use of tissue microarrays carries a risk of false-negative
results, which may be related to tissue fixation and tumor
heterogeneity. However, our experience with routine use of
small biopsy specimens suggests that there is little or no
discrepancy in TP53 expression between the biopsy speci-
men and the surgically resected material. Therefore, even
the pre-operative biopsy specimen can likely be used to
accurately examine TP53 expression.

In conclusion, combining immunohistochemical staining
for TP53 expression with the traditional histological grading
system for endometrial endometrioid carcinoma may
improve ability to accurately diagnose endometrial endo-
metrioid carcinoma and predict the subsequent prognosis.
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