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A B S T R A C T

Aim: The objectives of this study were to: 1) establish a nuclear grade evaluation method for endometrioid
carcinoma, and 2) evaluate the nuclear grade of each part in cases in which glandular and solid parts are
present within the same tumor, and confirm its correlation with clinicopathological factors, through which
the usefulness of this nuclear grade evaluation method was assessed.
Material and Methods: Samples were 19 preparations of specimens (4 endometrium in proliferation
phase, 8 endometrioid carcinoma G1 and 7 G3 cases) in HE-stained histological preparations (2-µm thin
sections). The nuclear grade evaluation method for endometrioid carcinoma comprises 6 items of the
nuclear atypia index and each item is scored 1-3. The nuclear grade (NG) was classified as follows based
on the total score (6-18 points): NG-I, 6-10; II, 11-13; III, 14 -18. Then, in cases in which glandular
and solid parts were present within the same tumor, the nuclear grades of these parts were separately
evaluated. The nuclear grade pattern (glandular and solid part-nuclear grade score pattern: GS-NG pattern)
was classified into 4 types: GS-NG patterns 1-4. The highest NG score in each case, designated as “ case
nuclear grade (Case-NG) ”, was positively correlated with p53 expression, and two patients who died of
primary disease were Case-NG III.
Conclusion: Histological nuclear grade evaluation method for endometrioid carcinoma, and the
significance of separately evaluating nuclear atypia of the glandular and solid structure parts, was a useful
method.

© 2019 Published by Innovative Publication.

1. Introduction

The prevalence and mortality of endometrial cancer
have recently increased in Japan.1 Endometrial cancer
originates from the endometrium, and is divided into
estrogen-dependent Type I and estrogen-independent Type
II. Endometrial endometrioid carcinoma (endometrioid
carcinoma) accounts for most of Type I cases. Endometrioid
carcinoma develops from endometrial hyperpla sia as
a precursor lesion or often accompanies endometrial
hyperplasia as a background lesion. Histologically, it is
classified mainly based on structural atypia into Grade 1
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(G1: the solid part accounts for 5% or less) to Grade
3 (G3: the solid part exceeds 50%).2 G3 often invades
deeply into the muscle layer even in the early stage of
advancement, being highly malignant, and the prognosis
is poor. Therefore, objective evaluation of the grade
is clinicopathologically important. However, other than
structural atypia, the objective index of malignancy has not
been sufficiently investigated.

Moreover, although the grade is to be increased by one
rank when nuclear atypia is high-grade, no nuclear atypia
evaluation method has been established and grade judgment
is difficult in some cases. Fewer studies on the nuclear grade
have been reported.3–5 Thus, we examined a nuclear grade
evaluation method for endometrioid carcinoma.
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Endometrioid carcinoma exhibiting no feature s of
transition between the glandular and solid parts with a clear
boundary within the same case (EMC with GS) may be
observed in clinical practice. But there is no description
of this in the WHO classification2 and it is difficult to
decide the final nuclear grade for each part. Moreover, the
relationship between the nuclear grade in these cases and
malignancy is unclear.

The objectives of this study were to: 1) establish
a nuclear grade evaluation method for endometrioid
carcinoma, and 2) evaluate the nuclear grade of each part
in cases in which glandular and solid parts are present
within the same tumor, and confirm its correlation with
clinicopathological factors, through which the usefulness of
this nuclear grade evaluation method was assessed.

2. Materials and Methods

2.1. Definition of EMC with GS

This was defined as cases with glandular and solid structure
with a clear boundary within the same tumor without feature
s of transition between the 2 parts.

A schema and photographs of the distribution mapping
of the glandular and solid parts are shown inFigure 1.

2.2. Nuclear grade evaluation method

2.2.1. Materials
This study was approved by the ethics committee of
Hirosaki University Graduate School of Medicine (No.
2013-232). HE-stained samples from patients diagnosed
with endometrioid carcinoma between April 2010 and
December 2014 at the Gynecology Department of Hirosaki
University Hospital were used.

2.2.2. Nuclear grade score (NG score) and nuclear grade
(NG)
The criteria of items to evaluate NG were investigated
by observing 12 visual fields in HE-stained histological
preparations (2- µm thin sections) (objective lens: 20-
times magnification) of 4 cases of endometrium in the
proliferate phase (Pro-phase), 24 visual fields of 8 cases of
endometrioid carcinoma G1 (G1), and 21 visual fields of 7
cases of endometrioid carcinoma G3 (G3), for a total of 19
cases (57 visual fields).

NG evaluation method was as follows: Each visual
field was scored 1-3 based on the criteria with regard
to the following 6 items: 1) irregularity of nuclear
size, 2) irregularity of nuclear morphology, 3) chromatin
morphology, 4) chromatin distribution, 5) nucleolar size,
and 6) proliferation ability (features of nuclear division).
Each item was scored 1-3 based on the criteria (Figure 2)
and their total score was adopted (range: 6-18) for NG.

Regarding irregularity of nuclear size, homogenous size
or variation by less than 2-times was scored as 1 and
variation by 3- times or more was scored as 3. Nucleoli
scored as 1 were small non-noticeable nucleoli similar to
those in the normal endometrial proliferative phase, and
nucleoli scored as 3 were large noticeable nucleoli in HPF
(objective lens: 40- times magnification). Proliferation
ability was evaluated as follows: Fewer than 5, 5 or more
but fewer than 10, and 10 or more nuclear divisions per 10
HPF were scored as 1, 2, and 3, respectively, and this was
observed in a hot spot.6

NG was evaluated based on NG score described below:
NG score was evaluated in 3 visual fields (objective

lens: 20-times magnification) in each case and the highest
score was adopted as NG score. The mean of NG
scores determined by 3 raters (one pathologist and 2
cytotechnologists) was adopted as the final NG score.

2.2.3. Case nuclear grade (Case-NG)
NG grade of EMC with GS was evaluated in 27 visual fields
each in the glandular growth part (G-GS) and solid growth
part (S-GS), for a total of 54 visual fields, contained in
HE-stained tissue samples from 9 patients whose prognoses
were confirmed.

NG of G-GS and S-GS were determined from NG scores.
For the final NG of each case (Case-NG), the grade of the
part with a higher score was adopted. Then, NG of G-GS
and S-GS of EMC with GS were compared with those of
G1 and G3.

2.2.4. Correlation between Case-NG and
clinicopathological factors
The correlations of the Case-NG with the final pathological
diagnosis, surgical stage,2 nuclear p53-positive rate, which
is a prognostic factor for endometrial cancer7,8 (cut-off:
20%, 0%: 0 point, above 0 to 20% or lower: 2, higher than
20%: 3, designated as p53 score), and the outcome of EMC
with GS were investigated.

2.3. Statistical analysis

The cut-off value of NG was determined by ROC analysis
using Excel statistics 2012. Each score was subjected to the
Shapiro-Wilk test and the results were non-normal. Thus,
the significance of difference s was analyzed using the
Mann-Whitney U-test setting the significance level at 0.05%
or lower.

Inter-rater reliabilities of NG score and NG were
analyzed using the intraclass correlation coefficient (ICC).

ICC value was evaluated as follows: 0.21-0.40, fair;
0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-1.00,
almost perfect.9

The correlations between Case-NG and the clinicopatho-
logical factors were determined using Spearman’s rank
correlation. Significant difference s in the variance of NG
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score items were confirmed using the Kruskal-Wallis test.
For the statistics software, SPSS 16.0 Japan was used.

3. Results

3.1. Evaluation of NG of EMC with GS

Inter-rater reliabilities of NG score and NG calculated from
the intraclass correlation coefficients (ICC) were 0.74 and
0.96, respectively, and the evaluations were substantial and
almost perfect, respectively, demonstrating the inter-rater
reliability of the method to be sufficient. NG was classified
into 3 grades as follows based on the cut-off value calculated
by ROC analysis of NG score:

Nuclear grade type I (NG-I): 6-10 points
Nuclear grade type II (NG-II): 11-13 points
Nuclear grade type III (NG-III): 14-18 points
NG scores for each histology are shown in Table 1. A

significant difference in variance (p<0.001, Kruskal-Wallis
test) was noted in all NG score items in each histology.

The results of comparison of NG score s between G1 and
G-GS are shown in Figure 3. The score of G-GS (median
[min, max]: Med, interquartile range: IR) (Med: 12 [7,
16] , IR: 3) was significantly higher than those of Pro-phase
(Med: 8 [7, 12] , IR: 1) and G1 (Med: 11 [8, 14] , IR: 2).

Similarly, the results of comparison of NG score s
between G3 and S-GS are shown in Figure 4. The score
of S-GS (Med: 13 [8, 18] , IR: 5) was lower than that of G3
(Med: 15 [11, 18] , IR: 2), but it exhibited variation (IR).

NG of G-GS and S-GS in each case of EMC with GS are
shown in Table 2.

3.2. Correlation between evaluation of Case-NG and
clinicopathological factors in EMC with GS

The correlations between the Case-NG and the final
pathological diagnosis, surgical stag e, p53 score, and
outcome of EMC with GS are shown in Table 2.

NG of EM C with GS based on the combination of NG of
G-GS and S-GS was classified into 4 types (GS-NG patterns
1-4).

GS-NG pattern-1: NG - I in both parts in one case (Case
1, 11.1%)

GS-NG pattern-2: Intermediate type (intermediate
between GS-NG pattern -1 and 3) in 4 cases (Cases 2 and
5-7, 44.4%)

GS-NG pattern-3: NG-III in both parts in 2 cases (Cases
3 and 9, 22.2%)

GS-NG pattern-4: Divergent type (difference between G-
GS and S-GS NG scores was 6 or greater) in 2 (Cases 4 and
8, 22.2%)

NG score of G-GS was higher than that of S-GS (reverse
case) in 2 cases (Cases 6 and 7, 22.2%).

Next, the correlations of Case-NG with the surgical
stage, p53 score, and outcome were investigated. The
correlation of Case-NG with the surgical stage was low

(rs=0.42), but a high positive correlation with p53 score, a
poor prognostic factor, was noted (rs=0.90).

Regarding the relationship with the outcome, 2 patients
died of primary disease (Case 3: Stage IA with invasion of
less than 1/2 of the myometrium without vascular invasion.
The disease recurred as carcinomatous peritonitis and the
patient died after 3 years and one month. Case 8: Stage
IVB. Six cycles of TC were performed after surgery, but
the patient died of intraperitoneal recurrence after 8 months)
and NG was Case-NG III, being high, in both cases.

HE histological staining of a sample from Case 3 is
shown in Figure 5. This case was GS-NG pattern 3 and
the patient died of primary disease, being a poor outcome,
even though the surgical stage was Stage 1A.

4. Discussion

4.1. Nuclear grade evaluation method for endometrioid
carcinoma

There have been few studies in which a histological nuclear
grade evaluation method for endometrioid carcinoma was
objectively converted into numerals. In a study on cytology
of endometrioid carcinoma, the nuclear grades 1-3 were
determined based on the scores of 10 items among the
characteristics of endometrioid carcinoma cells in cytology
preparations, which enabled investigation of the nuclear
grade of endometrioid carcinoma.3

In our study, NG score was determined from the
6 evaluation items among the histopathological nuclear
findings of endometrioid carcinoma: 1) irregularity of
nuclear size, 2) irregularity of nuclear morphology, 3)
chromatin morphology, 4) chromatin distribution, 5)
nucleoli, and 6) proliferation ability (features of nuclear
division). NG score was determined from these items, and
classified into 3 grades: 6-10 points, NG-I; 11-13, NG-II;
14-18, NG-III.

Tumors for which the nuclear and histological grades
are reflected in the treatment include non-invasive papillary
urothelial carcinoma,10 which is divided into low and high
grades based on the structural and nuclear grades.

In vasiveductal carcinoma of the mammary gland6 is
classified into histological grades (Grades I-III) based on
the structural and nuclear grades. NG of this carcinoma is
classified into NG 1-3 by classifying the degree of atypia
(score 1-3 points) and combining this with the nuclear
division score (score 1-3 points).

In the WHO classification of prostate tumors,11 the sum
of histological grades 0-4 and NG I- III is defined as WHO
Grade, and NG is judged based on the findings of atypia.

In the WHO classification concerning endometrial
cancer,2 the nuclear atypia evaluation method is not
specifically described. The objective evaluation of nuclear
atypia in the G-GS and S-GS in each tissue using
histopathological preparations of endometrioid carcinoma
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Fig. 1: Endometrioid carcinoma exhibiting no features of transition between the glandular and solid parts with a clear boundary within
the same case (EMC with GS); a: Schema of the distribution mapping of glandular component (G-GS), solid growth component (S-GS)
(Table 2, case 7).; b: G-GS(G) and S-GS(S) (H.E. stain, x4); c: Moderate differentiated component (Mod) (H.E. stain, x4)

Table 1: Comparison of nuclear grading score in each histology

Cases
[Score
range:1-3]

Irregularity
of nuclear
size

Nuclear
morphological
irregularity

Chromatin
morphological
granularity

Chromatin
distribution

Size of
nucleoli

Proliferative
ability

Nuclear grade
score [range: 6∼18
points]

Pro-
phase(n=12)

1.1±0.4 1.1±0.3 1.9±0.4 1.2±0.5 1.4±0.5 1.0±0.0 7.8±1.1

G1 (n=24) 1.8±0.5 1.9±0.3 1.9±0.4 2.1±0.5 1.5±0.5 1.9±0.8 11.0±1.4
G3 (n=21) 2.5±0.6 2.3±0.5 2.3±0.7 2.6±0.5 1.9±0.5 3.0±0.0 14.6±1.6
G-GS
(n=27)

1.9±0.7 1.9±0.6 2.0±0.6 2.2±0.7 1.6±0.7 2.0±0.5 11.6±2.5

S-GS
(N=27)

2.2±0.7 2.2±0.6 2.3±0.5 2.6±0.5 2.0±0.8 2.2±0.9 13.5±2.8

p value ※ <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

※Kruskal Wallis test (One-way analysis of variance)

performed in this study is a new attempt. When 2 or more
NG were observed within the same case, such as those in
EMC with GS, the higher nuclear grade was adopted, which
was also novel.

Using the nuclear grade evaluation method (intraclass
correlation coefficient ICC=0.74-0.94) of EMC with GS
established in this study, reduction of inter-rater differences
in evaluation of NG is expected.

4.2. NG of EMC with GS

NG of EMC with GS was classified into 4 types using NG
e valuation method [GS-NG pattern 1: NG- I in both parts
in 1 case (Case 1, 11.1%), GS-NG pattern 2: intermediate
type (intermediate between GS-NG pattern- 1 and 3) in 4
cases (Cases 2 and 5-7, 44.4%), GS-NG pattern 3: NG-III in
both parts in 2 cases (Cases 3 and 9, 22.2%), GS-NG pattern
4: divergent type (difference between G-GS and S-GS NG
scores was 6 or greater) in 2 (Cases 4 and 8, 22.2%)]
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Fig. 2: Criteria images of six items for nuclear grade score
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Fig. 3: Comparison between proliferative phase (Pro-phase) and G1 of endometroid carcinoma (G1) and glandular part of endometrioid
carcinoma of clear border growth between glandular and solid part (G-GS)

Fig. 4: Comparison between proliferative phase (Pro-phase) and G3 of endometroid carcinoma (G3) and solid part of endometrioid
carcinoma of clear border growth between glandular and solid part (S-GS)



226 Yoshioka et al. / IP Archives of Cytology and Histopathology Research 2019;4(3):220–227

Fig. 5: GS- NG pattern-3 of endometrioid carcinoma of clear border growth between glandular and solid part. HE stain, ×40; a:
Glandular part of endometrioid carcinoma of clear border growth between glandular and solid part (G-GS) presented NG-III.; b: Solid
part of endometrioid carcinoma of clear border growth between glandular and solid part (S-GS) presented NG-III.

Table 2: Comparison of nuclear grading of EMC with GS and clinicopathological parameters

Cases Pathological
grades

Surgical
stage

P53
score

G-GS scores
(Grade)

S-GS scores
(Grade)

Case-nuclear
grades

Prognosis

1 G2 IB 0 9 (I) 10 (I) I Disease-free
survival

2 G3 IA 0 11 (II) 13 (II) II Disease-free
survival

3 G1 IA 2 15 (III) 16 (III) III Death by tumor
4 G3 IIIC2 2 11 (II) 17 (III) III Disease-free

survival
5 G3 IA 0 12 (II) 13 (II) II Disease-free

survival
6 G3 IA 1 14 (III) 13 (II) III Disease-free

survival
7 G2 IIIC1 0 12 (II) 11 (II) II Disease-free

survival
8 G3 IVB 1 12 (II) 18 (III) III Death by tumor
9 G3 IIIA 2 16 (III) 17 (III) III Disease-free

survival

Of these, Case-NG score (range: 6-18) of patients who
died of primary disease (Cases 3 and 8) were 16 and 18,
respectively, and both were Case-NG III, clarifying that it
is important to separately evaluate G-GS and S-GS, and
determine NG in each part to evaluate Case-NG in cases
of EMC with CGS, even in G1 cases considered to have a
good prognosis.12

In cases of NG III and Case-NG III, such as Case 3, in
particular, the outcome may be poor even though the stage
is IA. It was clarified that the necessity of strict follow up
and increase in the grade from G1 to G2 in these cases.

GS-NG pattern 4 of EMC with GS: divergent type (the
difference in NG score between G-GS and S-GS is 6 or
greater) was noted in 2 cases (Cases 4 and 8, 22.2%), and
NG score of G-GS may be higher than that of S-GS in some

cases (reverse case), as noted in 2 cases (Cases 6 and 7,
22.2%). Thus, the cancer development mechanisms in these
cases may be different from that in G1.

In GS-NG pattern 3 (NG- III in both parts) and GS-NG
pattern 4 (divergent type) of EMC with GS, Case-NG was
high and the positive correlation with the poor prognostic
factor P53 was strong, suggesting a poor prognosis.7,8

It is necessary to examine the association with genetic
abnormalities such as p53 gene mutation and amplification
of PIK3CA. In addition, why NG score of S-GS of
EMC with GS is lower than that of G3 requires further
investigation (Table 1, Figure 4). Furthermore, whether the
mechanism of divergence of the NG score of GS-NG pattern
4 (divergent type) is due to dedifferentiation of S-GS needs
to be clarified.13,14
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The usefulness of the nuclear grade evaluation method
in which nuclear atypia is evaluated by the histological
structure of endometrioid carcinoma in consideration of its
correlation with the final pathological diagnosis, surgical
stage, and p53 score was investigated.

The outcome of EMC with GS may be predicted
by Case-NG determined by evaluating the NG of each
component, G-GS and S-GS, which suggested the necessity
of separately evaluating NG of the components.
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