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Objective: The aim of this study was to establish a nomogram to predict the recurrence of
endometrial cancer (EC) by immunohistochemical markers and clinicopathological para-
meters and to evaluate the discriminative power of this model.

Methods: The data of 473 patients with stages [-1II endometrial cancer who had received
primary surgical treatment between October 2013 and May 2018 were randomly split into
two sets: a training cohort and a validation cohort at a predefined ratio of 7:3. Univariate and
multivariate Cox regression analysis of screening prognostic factors were performed in the
training cohort (n=332) to develop a nomogram model for EC-recurrence prediction, which
was further evaluated in the validation cohort (n=141).

Results: Univariate analysis found that FIGO stage, histological type, histological grade,
myometrial invasion, cervical stromal invasion, postoperative adjuvant treatment, and four
immunohistochemical markers (Ki67, ER, PR, and p53) were associated with recurrence in
EC. Multivariate analysis showed that FIGO stage, histological type, ER, and p53 were
superior parameters to generate the nomogram model for recurrence prediction in EC.
Recurrence-free survival was better predicted by the proposed nomogram, with a C-index
value of 0.79 (95% CI 0.66—0.92) in the validation cohort.

Conclusion: This nomogram model involving immunohistochemical markers can better
predict recurrence in FIGO stages I-11I EC.

Keywords: classical parameters, immunohistochemical markers, endometrial cancer,
predicting model, recurrence

Introduction

The 5-year overall survival rate of endometrial cancer (EC) is about 80%.' Though early
diagnosis could be an important factor contributing to such a high overall survival rate, if
tumor type or other related factors are taken into consideration, the survival rate varies
significantly.”* Relapse is still one of the leading causes of EC mortality.* Therefore, it
would be of great help for a model to predict precisely the of EC recurrence, which
would be better for identifying patients to be put onto a more proper scheme of treatment
and follow-up. Most of the current models for predicting recurrence in EC are based on
classical clinicopathological parameters.” The most recent study by Ouldamer et al
developed a nomogram model based on age, International Federation of Gynecology
and Obstetrics (FIGO) stage, histological type and grade, lymphovascular space inva-
sion, and surgical nodal staging to predict prognosis of patients with stages [-11I EC with
good discrimination.* Immunohistochemical markers have been widely applied in
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pathological reports, and have already became an important
indicator for prognosis in EC and other tumors.*’ In breast
cancer, the prognostic prediction value has been optimized by
adding four immunohistochemical markers — ER, PR,
HER2, and Ki67 — to the traditional model..* Therefore, it
is of great necessity to incorporate immunohistochemical
markers into the traditional models and develop a more pre-
cise prediction model for recurrence in EC to facilitate indi-
vidualized treatment for patients.

Methods
Study Population

We conducted a retrospective analysis of the data of 537
patients with EC who received primary surgical treatment
between October 2013 and May 2018 at the First Affiliated
Hospital of Chongqing Medical University. Inclusion criteria
were patients diagnosed with stages I-1II EC according to the
updated staging system of FIGO,” complete case records,
including age, body-mass index (BMI), comorbidities (eg,
hypertension or diabetes), surgical records, pathological
results (histological type, grade, depth of myometrial inva-
sion, and cervical stromal invasion), four immunohistochem-
ical markers (Ki67, ER, PR, and p53), and postoperative
treatment. Exclusion criteria were patients not following the
routine standardized surgical treatment,* pathological analy-
sis indicated endometrial sarcoma, Those with other malig-
nancies, having received chemotherapy or radiotherapy
before surgery, and patients who failed to adhere to post-
operative and follow-up schemes. '’

Treatment and Follow-Up

All patients had received standard surgical treatment, includ-
ing total hysterectomy with bilateral salpingo-oophorectomy,
with or without nodal staging (sentinel lymph node + pelvic +
para-aortic lymphadenectomy).* Postoperative treatment,
including chemotherapy or radiotherapy, was determined by
a multidisciplinary team as per the 2013 ESMO guidelines.""
Paclitaxel and nedaplatin had been used in chemotherapy at
a dose of 135-175 mg/m? intravenously and 80—100 mg/m?,
respectively. Follow-up visits were performed every 3 months
for the first 2 years, every 6 months for the following 3 years,
and once a year thereafter until 5 years after operation. Each
follow-up included at least regular physical examinations plus
necessary imaging or blood tests. Except for some patients
who died due to recurrence or other disease during follow-up,
all patients had follow-up >1 year.

Recurrence

Recurrence was considered if lesions were confirmed by
physical examination, histological examination, or images,
including CT, MRI, ultrasonography, bone scintigraphy,
FDG-PET, or specific X-rays.'? Recurrence-free survival
(RFS) was defined as time between date of complete
surgical removal of the malignancy and either date of
histologically or radiologically confirmed recurrence.'
Overall survival was defined as time from primary surgery
to death."?

Histology and Immunohistochemistry

All postoperative specimens were processed in the
Department of Pathology as per lab protocols reported
previously.'*  Briefly, samples were formalin-
fixed and paraffin-embedded. H&E staining was used to
confirm cancerous compartments. Cancer tissue with
a diameter of at least 2 mm was chosen for immunohisto-
chemistry staining, including ER, PR, Ki57, and p53.
Immunohistochemistry was performed with an automated
immunostainer (Leica Bond-Max, Milton Keynes, UK).
Primary mouse monoclonal antibodies used in immunohis-
tochemistry were ER (clone 1D5, 1:50), PR (clone PgR636,
1:500), Ki67 (clone MIB1, 1:300), and p53 (clone DO7,
1:200). The positive ratio of immunohistochemistry was
calculated by positive tumor cells over total tumor cells
per protocol. The positive rate of immunohistochemistry
results was recorded as a percentage, such as Ki67 50%
(+), ER 20% (+), PR 20% (+), and p53 (—), etc. Histological
type, histological grade, lesion size, lesion-infiltration
range, and immunohistochemistry results were initially
judged by the primary pathologist, then reviewed by the

senior physician.

Statistical Analysis
R software (version 3.6.1, package caret version 6.0-84,
http://www.r-project.org)) was applied to split data ran-

domly into an internal training set and an external valida-
tion set with a predefined ratio of 7:3. Splitting balance
and consistency between the two data sets were tested to
make sure the two cohorts were comparable. Categorical
data were analyzed using y* and Fisher’s exact tests, and
continuous data using Student’s #-tests and rank sum tests.
P<0.05 was considered statistically significant.

The training cohort was applied to establish the model.
Correlation of all factors with recurrence in EC was analyzed
by univariate Cox regression. Those with P<0.05 were

submit your manuscript

7396

Dove

Cancer Management and Research 2020:12


http://www.r-project.org
http://www.dovepress.com
http://www.dovepress.com

Dove

Jiang et al

included in the multivariate Cox regression model and the
HR of each factor calculated. Factors in multivariate regres-
sion with P<0.05 were selected to construct a nomogram
model by R software to predict 1-, 3-, and 5-year RFS of
EC patients. To identify the optimal threshold of the nomo-
gram, a 3-year RFS rate for the patients was calculated and an
ROC curve used. According to this optimal threshold,
patients in the validation set were further divided into a high-
RFS group and a low-RFS group. Median follow-up and
initial time of EC recurrence were calculated and compared.
Kaplan—Meier analysis was used to determine the duration of
RFS and overall survival rates in the two groups, and log-
rank tests were applied to determine significance.

In the validation cohort, performance of the prediction
model was evaluated by bias-corrected calibration
curves using Bootstrap version 1.3-23. The concordance
index (C-index) is a metric to evaluate predictions made
by a model.'> Therefore, to test the efficacy of the pro-
posed model further, C-index values for three different
models were calculated, including the model composed
only of traditional indicators, the model composed only
of immunohistochemical parameters, and the model pro-
posed in our research. Besides R software, data were also
analyzed using SPSS version 25.0 (IBM, Chicago,
IL, USA).

Results

From October 2013 to May 2018, a total of 537 patients
with stages I-III EC underwent primary surgical treatment
at the First Affiliated Hospital of Chongqing Medical
University, among which 473 meeting the criteria were
recruited, while 54 were excluded, due to missing data,
loss to follow-up, or nonstandard surgical approaches
(Supplementary Figure). The six patients excluded were

<30 years old and had stage IA EC. Because they required
personalized surgical approaches for fertility preservation,
oophorectomy was declined. Allcases were randomly
divided into a training cohort (n=332, 70%) and
a validation cohort (n=141, 30%). Demographics and clin-
icopathological characteristics of women in the two
cohorts are summarized in Table 1. Median follow-up for
patients in the training cohort was 39 months, while that in
the validation cohort was 35 months. There were 47
(14.2%) recurrences in the training cohort, of which 26
patients died due to recurrence in EC and four due to other
causes. Median RFS for relapsed patients was 12 months.
Features between the two cohorts were comparable
(Supplementary Table).

Predictors of Recurrence in EC by Cox

Regression Analysis

We used univariate Cox regression analysis to analyze the
clinicopathological factors and four immunohistochemical
markers (Ki67, ER, PR, and p53) which might affect the
recurrence of EC (Table 2). Factors with P>0.05 were
excluded from multivariate analysis, including age
(P=0.109), BMI (P=0.653), hypertension (P=0.664), dia-
betes (P=0.291), and lymphadenectomy (P=0.629).
Factors with P<0.05, including FIGO stage, histological
type and grade, myometrial invasion, cervical stromal
invasion, adjuvant treatment, and all four immunohisto-
chemical markers, were further included in the multivari-
ate Cox regression. Finally, four factors with P<0.05 in
multivariate regression analysis were recruited for model-
ing: FIGO stage, histological type, ER, and p53.

Nomogram-Model Establishment and

Evaluation

A nomogram model was established (Figure 1) to calculate
RFS in a more convenient and precise manner. The score
of each predicting factor wasassigned to the first “Points”
line, and then total points were added and assigned to 1-,
3-, and 5-year RFS. Calibration curves in both data sets
showed good fitness between predictions and our data
(Figure 2). In the comparison among different prediction
models, discriminatory power demonstrated by C-index of
our proposed model was 0.88 (95% CI 0.84-0.92) in the
training cohort and 0.79 (95% CI 0.66—0.92) in the valida-
tion cohort (Table 3).

Optimal Threshold of Nomogram

The optimal threshold of 3-year RFS in this model was
0.83, determined by ROC curve with area under the curve
0.899 (95% CI 0.852-0.946), sensitivity 80.9%, and spe-
cificity 87.0%. Based on the optimal threshold, patients in
the validation cohort with 3-year RFS >0.83 were defined
as the high-RFS group and low-RFS group. In the high-
RFES group, median follow-up and initial time of EC
recurrence were 35 (range 7-67) and 23 (range 10-47)
months, while for the low-RFS group these were 36 (range
7-63) and 11 (range 2-42) months, respectively. The
3-year RFS rates for the high-RFS group and low-RFS
group were 96.6% (95% CI 92.7%-100%) and 57.4%
(95% CI 40.5%—74.3%, P<0.001; Figure 3A). The 3-year
overall survival rates of the high-RFS group and low-RFS
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Table | Baseline Characteristics of the Training Cohort and Validation Cohort

Training Cohort, n=332 % Validation Cohort, n=141 % P-Value
Age (years)
Median 52 54 0916
Range 29-81 24-77
BMI (kg/m?)
Median 24.44 24.65 0.501
Range 16.53-39.30 16.35-37.20
Hypertension 84 253 32 22.7 0.547
Diabetes 53 16.0 15 10.6 0.131
FIGO stage
| 245 738 102 723 0.834
I 36 10.8 18 12.8
n 51 15.4 21 14.9
Histological type
| 287 86.4 121 85.8 0.856
I 45 13.6 20 14.2
Histological grade
| 52 15.7 18 12.8 0.674
2 185 55.7 79 56.0
3 95 28.6 44 31.2
Myometrial invasion
<12 225 67.8 105 74.5 0.147
21/2 107 322 36 255
Cervical stromal invasion 63 19.0 26 18.4 0.891
Lymphadenectomy 298 89.8 123 87.2 0.422
Adjuvant treatment
Follow-up or HT 130 39.1 64 454 0.343
Only chemotherapy 133 40.1 44 31.2
Only radiotherapy 10 3.0 5 35
Chemoradiotherapy 59 17.8 28 19.9
Kié7-positive ratio (%)
Median 30 30 0.123
Range 1-90 0-90
ER-positive ratio (%)
Median 80 90 0.684
Range 0-95 0-95
PR-positive ratio (%)
Median 80 70 0.087
Range 0-95 0-95
p53-positive ratio (%)
Median 20 20 0.948
Range 0-95 0-90
Recurrence 47 14.2 20 14.2 0.994
Death
Death from EC 26 7.8 I 7.8 |
Death from other disease 4 1.2 | 0.7
(Continued)

7398 submit your manuscript

Dove

Cancer Management and Research 2020:12



http://www.dovepress.com
http://www.dovepress.com

Dove Jiang et al
Table | (Continued).
Training Cohort, n=332 % Validation Cohort, n=141 % P-Value
Follow-up (months)
Median 39 35 0.174
Range 7-67 7-67

Abbreviations: BMI|, body mass index; HT, hormonal treatment; FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone

receptor.

Table 2 Univariate and Multivariate Analyses of Factors Predicting Endometrial Cancer Recurrence in the Training Cohort

Univariate Analysis Multivariate Analysis
HR 95% CI P-Value HR 95% CI P-Value
FIGO stage
| 1.000 <0.001 1.000 0.014
1l 2.562 1.002-6.548 0.049 1.626 0.423-6.248 0.479
1 7017 3.792-12.985 <0.001 3.699 1.416-9.622 0.008
Histological type (Il vs I) 8.000 4.509-14.193 <0.001 2.067 1.0324.138 0.040
Histological grade
| 1.000 <0.001 1.000 0.779
2 5.249 0.703-39.211 0.106 2.122 0.264-17.055 0.479
3 7.089 2.422-20.750 <0.001 2.094 0.241-18.203 0.503
Myometrial invasion (=1/2 vs <1/2) 3.997 2.218-7.204 <0.001 1.450 0.689-3.050 0.328
Cervical stromal invasion (Yes vs No) 4.809 2.713-8.525 <0.001 1.434 0.579-3.554 0.436
Adjuvant treatment (yes/o) 4.037 1.808-9.014 0.001 0.659 0.247-1.760 0.406
Ki67-positive ratio 1.034 1.020-1.047 <0.001 1.006 0.991-1.022 0.407
ER-positive ratio 0.968 0.958-0.977 <0.001 0.984 0.970-0.998 0.028
PR-positive ratio 0.972 0.964-0.981 <0.001 0.999 0.984-1.014 0.868
p53-positive ratio 1.020 1.011-1.028 <0.001 1.010 1.001-1.020 0.032

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone receptor.

group were 97.6% (95% CI 94.3%—100%) and 69.9%
(95% CI 54.2%-85.6%, P<0.001; Figure 3B).

Discussion

In this study, four immunohistochemical markers (Ki67,
ER, PR, and p53) were analyzed, which are also com-
monly used in clinical practice, and two (ER and p53)
were included in the model. Using this nomogram model,
the postoperative recurrence of each EC patient with FIGO
stages I-III was able to be predicted in a more precise and
convenient manner. Firstly, including immunohistochem-
ical markers in this model increased the discrimination of
recurrence risk among EC patients. It has been demon-
strated by the internal and external calibration (Figure 2)
and the comparison among different models (Table 3) that
this proposed model had the highest prediction accuracy
and consistency compared to traditional models or

immunohistochemical markers only. Secondly, the use
a nomogram makes this model a convenient tool for clin-
ical use. For example, if a patient had FIGO stage II (42
points), histological type I (0 points), ER 20% (+, 80
points), and P53 70% (+, 40 points), she would get
a total score of 162 points, corresponding to a 3-year
RFS rate of 70% (recurrence probability in three years is
30%). As such, this proposed model can explain the
abstract concept of postoperative recurrence in quantitative
form instead of a simple conclusion, as “high risk” or “low
risk”, for recurrence based on several predictors.
Furthermore, the results showed that both RFS and overall
survival of the low-RFS group were much lower than the
high-RFS group. Therefore, the model was able to stratify
EC patients according to risk of recurrence, and it also
suggested that the postoperative management of the low-
RFS group should have more attention to it: for patients
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Notes: (A, B) Blue dotted line, reference; solid red line, prediction curve given by the model.

who would receive postoperative adjuvant treatment (che-
motherapy and/or radiotherapy), cycles of postoperative

adjuvant therapy should be

increased appropriately

compared with the original basis, and follow-up of them
should be closer, while for some early low-risk EC
patients who would not receive adjuvant therapy after
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Notes: (A, B) Dotted line, recurrence-free survival or overall survival for low-RFS group patients in validation cohort; solid line, recurrence-free survival or overall survival

for high-RFS group patients in validation cohort.

surgery, the appropriate postoperative adjuvant treatment
still might be necessary.

In recent years, Cancer Genome Atlas molecular sub-
groups, including POLE, MSI, copy-number high, and
copy-number low, have shown increasing potential value
in EC prognosis.'®'® Many studies have reported that
there are obvious different EC prognoses among the four
subgroups.'® Prognosis of the copy number—high group is
the worst, and easily deteriorate, further, due to adverse
clinicopathological factors. Secondly, prognosis of the
MSI group is similar to the copy number—low group, but
can still easily deteriorate, due to adverse clinicopatholo-
gical factors. Prognosis of the POLE group is best, and it
does not seem to be significantly affected by clinicopatho-
logical factors. However, such novel classifications have
not been widely used in clinical practice, because of the
high cost of sequencing and technical difficulties in many
regions, while immunohistochemistry, having been applied
for decades, is still an important component of the present
postoperative histopathological report, as it is simple,
inexpensive, and less time-consuming.

Table 3 The Discriminatory Power (C-Index) for Recurrence-
Free Survival in the Training Cohort and Validation Cohort

Combinations Training Cohort Validation Cohort
C-Index | 95% CI C-Index | 95% CI
FIGO, His-type, 0.84 0.78-0.90 | 0.76 0.63-0.89
His-grade, cervical
stromal invasion
ER, PR, p53 0.83 0.78-0.88 | 0.77 0.64-0.90
FIGO, His-type, | 0.88 0.84-0.92 | 0.79 0.66-0.92
ER, p53

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics;
His-, histological; ER, estrogen receptor; PR, progesterone receptor.

However, some points should be clarified before this
model is applied. Though only four factors were
included in this model, other factors, such as histological
grade, depth of myometrial invasion, cervical stromal
infiltration, Ki67, or PR, have been shownto have prog-
nostic importance in EC.*>'* According to the risk ratio
of the univariate analysis, it seemed that EC was more
likely to relapse in patients who had received adjuvant
therapy. This could have been confounded by adjuvant
therapy being administered to patients at late stages or
other high-risk factors for recurrence, which caused
adjuvant therapy as a prognostic factor to have strong
“collinearity” on univariate analysis,”® and the “protec-
tive effect” of adjuvant therapy may not be adequate to
offset the risk raised by these risk factors.”'** In this
study, the 3-year RFS rate of patients was predicted.
Though the follow-up of a small proportion of patients
(about 20% of the total patients;proportion of censored
data within the statistically allowable range®’) was <3
years, the overall median follow-up of patients was
about 3 years. Also, median RFS time of relapsed
patients was concentrated at 12 months, and except for
some patients whose follow-up did not reach 1 year due
to death, the remaining patients’ follow-up was all
>lyear. Therefore, this study ensured that there was
sufficient follow-up for patients.

Given the number of cases recruited, this model could
have been optimized in the following three aspects.
Firstly, besides the four immunohistochemical markers
included in this study, markers like serum Cal25,
CDK4/6, cytotoxic T cells, memory T cells, and LICAM
have demonstrated potential.**2’ It is possible that more
markers could contribute to a better prediction model.
Another issue is that this model included patients with
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FIGO stage III like previous studies,****° but it is likely
that more importance should be attached to predict recur-
rence in early-stage EC and thus facilitate the prescription
of personalized treatment schemes for those patients.
Therefore, we are going to recruit more patients with
early-stage EC to establish new models in future.
Finally, this model was established from a retrospective
and single-center study, though a training cohort and vali-
dation cohort were set to minimize the bias. The model
requires multicenter data to test its universality further. In
summary, we have developed a nomogram model for
predicting 1-, 3-, and 5-year recurrence-free survival of
patients with FIGO stages I-III EC. This convenient and
quantifiable tool can facilitate the treatment and follow-up
of patients with EC.

Abbreviations
EC, endometrial cancer; ER, estrogen receptor; PR, pro-
gesterone receptor; RFS, recurrence-free survival; OS,
FIGO,
Gynecology and Obstetrics;

overall survival; International Federation of
ROC, receiver-operating

characteristic.

Data-Sharing Statement

The data sets used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Ethics Approval and Consent to

Participate

The study was approved by Ethics Committee of
Chongqing Medical University and conducted in accor-
dance with the Declaration of Helsinki. All patients pro-
vided informed consent before starting treatment. As it
was a retrospective clinical study, all patients were con-
tacted by telephone to obtain verbal informed consent,
which was approved by the Ethics Committee. All data
on the patients was anonymized or maintained with
confidentiality.
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