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Objective: The purpose of this study was to investigate the prognostic value of the inflammation-immunity-nutrition score (IINS) in
patients with stage I-1II endometrial cancer (EC) and establish a nomogram model to predict the recurrence of EC by combining I[INS
and traditional classical predictors.

Methods: Seven hundred and seventy-five patients with stage I-III EC who underwent initial surgical treatment at the First Affiliated
Hospital of Chongqing Medical University were included in this study as the training cohort. In the training cohort, IINS (0-3) was
constructed based on preoperative C-reactive protein (CRP), lymphocytes (LYM), and albumin (ALB). Univariate and multivariate
Cox regression analysis were used to screen independent predictors associated with recurrence of EC for developing the nomogram
model. Internal validation of the model was performed in the training cohort by using the C-index and calibration curve, while external
validation of the model was performed in another cohort (validation cohort) of 491 patients from the Second Affiliated Hospital of
Chongqing Medical University.

Results: IINS was successfully constructed, and survival analysis showed that patients with high IINS had a worse prognosis.
Multivariate analysis showed that IINS, age, FIGO stage, pathological type, myometrial invasion, lymphatic vessel space invasion
(LVSI), Ki67 expression, estrogen receptor (ER) expression, and P53 expression were significantly associated with shorter recurrence-
free survival, and then a nomogram model for predicting the recurrence of EC was successfully established. The internal and external
calibration curves of the model showed that the model fit well, and the C-index (0.887 in training cohort and 0.883 in validation
cohort) showed that the model proposed in this study had better prediction accuracy than other prediction models.

Conclusion: I[INS may be a strong predictor of prognosis in patients with EC. The nomogram model incorporated into the IINS can
better predict the recurrence of EC than the traditional models.
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Introduction

Endometrial cancer (EC) is one of the common gynecological malignancies and is the fourth most frequent one in
women worldwide.! The overall survival rate of patients is relatively high, but the prognosis of patients with recurrence
is extremely poor, and the recurrence of tumor is one of the main causes of death in patients.” Predicting the recurrence of
EC as accurately as possible and applying risk stratification of patients can not only ensure that patients receive
personalized prognostic management, reduce tumor recurrence rates, but also prevent patients from being over-treated,
which leads to waste of medical resources.® Traditionally, prognostic indicators used to predict the recurrence of EC are
mostly based on classical predictors, including clinicopathological parameters and molecular prognostic markers.* For

example, clinicopathological parameters including age, International Federation of Gynecology and Obstetrics (FIGO)
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stage, histological type and grade, myometrial invasion, lymphovascular space invasion (LVSI), etc. are always used as
the basis for risk stratification of patients in various international guidelines; in recent years, molecular prognosis makers
such as ER, PR, Ki67 and P53 have also been shown to be reliable predictors of EC prognosis and are widely used in
clinical practice in the form of immunohistochemistry.’® However, clinicopathological parameters and molecular
prognostic markers only represent the biological behavior of tumors.” In fact, the prognosis of patients is not only
affected by the clinicopathological features and molecular prognostic markers of the tumor, but also by the systemic
inflammatory response, immune response, and nutritional status.”*®

At present, it has been confirmed that the occurrence and development of tumors are closely related to the inflammatory
response, immune infiltration, and nutritional support. Inflammation, immunity, and nutritional status of the body have been
used as potential prognostic factors for a variety of tumors, among which, C-reactive protein (CRP), lymphocytes (LYM) and
albumin (ALB) are representative indicators of inflammation, immune, and nutritional status in clinical practice, respectively.®
CRP is a protein synthesized in the liver in the acute phase of the inflammatory response and is significantly elevated during
the acute inflammatory response.” LYM is a cell line with immune recognition and response functions, lymphocyte counts
reflect systemic inflammatory and immune status.'® ALB is a plasma protein produced in the liver to maintain body nutrition
and osmotic pressure, which can reflect the nutritional status of individuals and is closely related to immune function.''
Various prognostic scores established based on CRP, LYM and ALB including Glasgow Prognostic Score (the combination of
CRP and ALB), prognostic nutrition index (the combination of LYM and ALB), and inflammation-immune-nutrition score
(the combination of CRP, LYM and ALB) have been widely applied in prognostic prediction of various tumors such as
hepatocellular carcinoma, pancreatic cancer, colorectal cancer.®!>!? In EC, some studies have also found that CRP, LYM and
ALB are closely related to the prognosis,'* ¢ but most of these studies focus on a single prognostic index, the prognostic value
of which is limited, while the research about the inflammation-immunity-nutrition score (IINS) constructed based on the
combination of above three indicators is still very rare.

Therefore, this study aimed to construct an inflammation-immunity-nutrition score (IINS) based on inflammatory
markers (CRP), immune markers (LYM) and nutritional status markers (ALB), and to evaluate the prognostic value of
IINS in EC. On this basis, a nomogram model was constructed combined with traditional classical predictors to predict
the recurrence of EC.

Materials and Methods

Study Population

Patients with stage I-III (according to the 2009 FIGO guidelines'”) EC who received initial surgical treatment in the First
Affiliated Hospital of Chongqing Medical University and the Second Affiliated Hospital of Chongqing Medical
University from October 2013 to May 2018 were included. The exclusion criteria of patients were as follows: 1.
Without standard surgery; 2. Receiving neoadjuvant therapy before surgery; 3. With incomplete medical records; 4. Lost
to follow-up; 5. With other malignancies, 6. Preexisting significant inflammatory conditions or immune system disorders.
At the same time, the clinical case data of the patients were collected, including age, body mass index, preoperative blood
index results (Cal25, CRP, LYM and ALB), surgical procedures, and postoperative pathological examination results
(tumor site and size, histologic type and grade, the depth of myometrial invasion, the status of LVSI and cervical stromal
invasion, etc.), immunohistochemical results of molecular markers (ER, PR, Ki67 and P53), and postoperative adjuvant
therapy. Preoperative blood indexes were measured one week before the operation, LYM counts were obtained from
routine blood tests, and ALB was obtained from liver function tests.®

Treatment

All patients underwent at least abdominal total hysterectomy and bilateral salpingo-oophorectomy, with or without nodal
staging (sentinel lymph node + pelvic +-para-aortic lymphadenectomy). The adjuvant treatment plan was determined
according to international guidelines and multidisciplinary discussions after surgery.”'® Generally, patients pooled at
least one of the following adverse risk factors were recommended to receive postoperative radiotherapy: older age
(especially >60 years), advanced FIGO stage, non-endometrioid carcinoma (especially serous or clear cell carcinoma
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histology), high-grade (G3) tumors, deep myometrial invasion (>1/2), cervical stromal invasion, or extensive LVSI.
Especially when patients were accompanied with one of these high-risk factors including FIGO stage (FIGO stage III),
non-endometrioid carcinoma (especially serous or clear cell carcinoma histology), high-grade (G3) tumors, and deeper
myometrial invasion (>1/2), the systemic therapy (chemotherapy) was further required. Radiotherapy was mainly vaginal
brachytherapy (total dose 22-24Gy, 5.5-6Gy x 4 fractions, 2 fractions/week, 2 weeks in total) or pelvic external beam
radiotherapy (total dose 45-50Gy, 1.8-2Gy x 25 fractions, 5 fractions/week, 5 weeks in total), which were usually
applied within 12 weeks after surgery (usually 6-8 weeks after surgery). The combination chemotherapy regimen is
mainly based on the TP regimen (carboplatin and paclitaxel) every 3 weeks for 68 cycles in total.

Pathology and Immunohistochemistry

All patients’ postoperative specimens were immediately fixed with formalin tissue fixative, which were further
embedded, sectioned, stained with H&E (H&E staining was used to determine the cancerous area) in the Pathology
Experiment Center of Chongqing Medical University according to unified standards. Immunohistochemical analysis of
ER, PR, Ki67 and P53 was performed on an immunohistochemical autostainer (Leica Bond-Max, Milton Keynes, UK)
according to an optimized and validated protocol of immunohistochemistry, the following mouse primary antibodies
(ready-to-use) were used for immunohistochemistry: Ki67 (clone MX006), ER (clone SP1), PR (clone MX009), and P53
(clone MX008) (all purchased from Fuzhou, China, the specific experimental steps of immunohistochemistry can be seen
in the references).'®*°

Pathological analysis (tumor site and size, histologic type and grade, the depth of myometrial invasion, the status of
LVSI and cervical stromal invasion, etc.) were initially judged by primary physicians and reviewed by superior
physicians.” Pathological type I of EC was defined as G1 and G2 endometrioid adenocarcinoma, type II was defined
as G3 endometrioid adenocarcinoma and non-endometrioid adenocarcinoma including serous carcinoma, clear cell
carcinoma, and other histotypes.*'

Interpretation of immunohistochemical results refers to the following steps: 5 high-power fields were randomly
observed in “hottest spot” area of tumor, and 100 tumor cells were assessed per field, tumor cells with strong nuclear
immunostaining were defined as positive cells, then average percentages (range 0-100%) of positive cells of the five
fields for each molecular maker (Ki67, ER, PR, and P53) were calculated.'® This process was independently assessed by
two experienced pathologists, and if the difference between the two observers’ count results was <10%, the observations
were considered consistent; otherwise, the results were reassessed (unblinded), and a consensus was reached. The
average of the positive percentages assessed by two observers represented the final result of the immunohistochemical
interpretation.*

Referring to most other similar studies, ER and PR were defined as negative expression if the proportion of positive
tumor cells of ER and PR was <5%; otherwise, ER and PR were defined as positive expression.'** According to the
results of our previous study, the proportion of positive tumor cells of Ki67 >40% and <40% were defined as high
expression and low expression of Ki67, respectively.'”?' According to the 3-stratified interpretation criteria of P53
immunohistochemistry, overexpression or complete loss of expression (no obvious positive tumor cell) of P53 was
defined as abnormal (aberrant/mutation-type) expression, conversely, positive expression between the two extremes was
defined as normal (wild-type) expression of P53.'%2*

Follow-Up and Recurrence
Patients were followed up every 3 months for the first 2 years, every 6 months for the next 3 years, and annually
thereafter. Follow-up started from the day of surgery, including regular physical examinations and necessary auxiliary
examinations, the follow-up deadline was June 2021 (since the relevant literature reports that the recurrence time of most
recurrent EC patients is concentrated within 3 years after surgery, except for some patients who died during the follow-up
period, the rest of the patients are guaranteed to have a follow-up time of more than 3 years).?

Recurrence was confirmed by more than two gynecological oncologists through physical examination, biochemical
indicators, imaging examination and pathological biopsy.> According to the recurrence site, recurrence was divided into
local recurrence and distant metastasis. Local recurrence included vaginal stump recurrence and central pelvic region
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recurrence. Distant metastasis included upper para-aortic lymph node metastases, peritoneal metastases, and metastases
to other organs.”® Recurrence-free survival (RFS) was defined as the time from the date of surgery to the date of
confirmation of recurrence, and overall survival (OS) was defined as the time from the date of surgery to death or the end
of follow-up.?'

Study Design and Statistical Analysis

The study design is shown in Figure 1. Specifically, a patient cohort from the First Affiliated Hospital of Chongqing
Medical University was used as the training cohort to construct IINS and a nomogram model, the internal validation of
the model was also performed in the training cohort. Patients from the Second Affiliated Hospital of Chongqing Medical
University acted as the validation cohort for external validation of the model. The differences between the two cohorts
were compared, the chi-square test was used for the comparison of categorical variables; the /—test and the rank sum test
were used for the comparison of continuous variables. P values <0.05 were considered as statistically significant
differences.

In the training cohort, the receiver operating characteristic (ROC) curve and the maximum value of Youden index
(Youden index = sensitivity + specificity - 1) were used to determine the optimal thresholds of CRP, LYM and ALB to
predict EC recurrence, respectively.'”?” The IINS was established based on the optimal thresholds of the above three
indicators and the prognostic analysis of the IINS was performed. IINS and classical predictors were put into univariate
Cox regression analysis to analyze their correlation with EC recurrence, and then predictors with P values <0.05 were
further included in multivariate Cox regression analysis to screen the factors that were independently associated with EC
recurrence. Factors with P values <0.05 in multivariate analysis were finally selected for building a nomogram model
through R software. The ROC curve and the maximum value of Youden index were used to determine the optimal
threshold of 3-year recurrence-free survival (risk threshold) calculated by the nomogram model. According to the risk
threshold of the model, the patients in the two cohorts were further divided into the high-risk group and low-risk group.
Kaplan—Meier analysis was used to describe the distribution of RFS and OS in the two groups, and Log rank test was
used to compare the differences of RFS and OS between the two groups.

Internal and external validation of the model was performed in the training cohort and validation cohort, respectively. First,
the consistency between the “predicted values” of the model and “actual values” was assessed by internal and external
calibration curves.® Then, the prediction performance of the model was evaluated using the consistency index (C-index) in
the two cohorts. C-index (range 0—1) is mainly used to evaluate the prediction accuracy of the model. If the C-index lies
between 0.5 and 0.6, 0.6 and 0.7, or greater than 0.8, the model is considered to have poor, general or good performance.*’
Finally, to further demonstrate the superiority of the model proposed in this study, it was compared with the models proposed
by other similar studies via the C-index and net reclassification index (NRI). NRI (range —2-2) is mainly used to evaluate the
probability of using the new model to improve the individual prediction results compared with the old model when the two
models use the optimal diagnostic cut-off point for prediction. If NRI > 0, it means positive improvement, indicating that the
prediction ability of the new model is improved compared with the old model; If NRI < 0, it represents negative improvement,
indicating that the prediction ability of the new model decreases; If NRI = 0, it is considered that the new model has not
improved.*® Data were statistically analyzed using SPSS software (version 25.0, IBM Statistics, Chicago, IL, USA) and
R software (version 4.0.3, http://www.r-project.org) (Supplementary Material R).

Results

General Clinicopathological Characteristics of Patients in Two Cohorts

As shown in Figure 1 and Table 1, a total of 775 patients and 491 patients were included in the training cohort and the
validation cohort, respectively. The median age of patients in the two cohorts was 53 (range 24-81) years and 52 (range
25-83) years, respectively, and the median follow-up time was 51 (range 7-91) months and 50 (range 7-91) months,
respectively. Most of the patients were with FIGO stage I (70.7% and 70.9%, respectively), with histological type
I (71.6% and 72.3%, respectively). A total of 477 patients in the training cohort received postoperative adjuvant therapy,
of which 26 patients only received chemotherapy for personal reasons, and the rest received radiotherapy or
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The total patients with stage I-III EC in the The total patients with stage I-III EC in the
First Affiliated Hospital of Chongqing Second Affiliated Hospital of Chongqing
Medical University Medical University
(N=913) (N=612)
Exclusion 138 individuals 2
(1) Without standard surgery (N=15) Exclusion 121 individuals 2
(2) Receiving adjuvant therapy before (1) Without standard surgery (N=8)
surgery (N=39) (2) Receiving adjuvant therapy before
(3) Lost follow-up (N=28) surgery (N=29)
(4) With incomplete medical records (N=45) (3) Lost follow-up (N=40)
(5) With other malignancies (N=9) (4) With incomplete medical records (N=38)
(6) Preexisting significant inflammatory (5) With other malignancies (N=6)
conditions or immune system disorders (N=2)
Training cohort (N=775) Validation cohort (N=491)
(Result 3.1) (Result 3.1)
(1) IINS was constructed based on
preoperatl\./e C-reactive protein, lymphocyte, The prognosis of patients was evaluated by
and albumin; . .
. . Kaplan-Meier analysis based on IINS.
(2) The prognosis of patients was evaluated (Result 3.2)
by Kaplan-Meier analysis based on IINS. )
(Result 3.2)
Univariate and multivariate Cox regression
analysis were used to screen the predictors
associated with the RFS of patients.
(Result 3.3)
* A4
(1) A nomogram model was established with
R sof.twa‘re based on the 1“esults of . C-index and calibration curve were used for
multivariate Cox regression analysis; [
. . . the externally validation of the model.
(2) C-index and calibration curve were used (Result 3.4)
for the internally validation of the model. :
(Result 3.4)
(1) ROC curve was used to determine the
optimal threshold of the model; Kaplan-Meier analysis was used to compare
(2) Kaplan-Meier analysis was used to the prognosis of patients between the high-
compare the prognosis of patients between and low-risk group.
the high- and low-risk group. (Result 3.5)
(Result 3.5)
C-index and NRI was used to compare the
prediction performance among different
Figure | Study design and the flow chart of patient inclusion.
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Table | Baseline Characteristics of the Training Cohort and the Validation Cohort

Variable Training Cohort % Validation Cohort | % P-value*
N =775 N =491

Age (yrs) 0.279
Mean (+SD) 53.84 (¥9.32) 53.25 (+¥9.49)
Median (range) 53.00 (24-81) 52.00 (25-83)

BMI (kg/m?) 0.369
Mean (£SD) 24.65 (¥3.72) 24.84 (+3.82)
Median (range) 24.34 (16.35-45.72) 24.44 (16.53—41.84)

FIGO stage 0914
| 548 70.7 348 70.9
Il 73 9.4 49 10.0
1] 154 19.9 94 19.1

Pathological type 0.791
| 555 71.6 355 723
Il 220 28.4 136 27.7

Myometrial invasion 0.862
<12 541 69.8 345 703
21/2 234 30.2 146 29.7

Cervical stromal invasion 0.799
No 642 82.8 404 823
Yes 133 17.2 87 17.7

LvSI 0.734
LVSI negative 587 757 376 76.6
LVSI positive 188 243 115 234

Lymphadenectomy 0.540
Yes 651 84.0 406 827
No 124 16.0 85 17.3

Serum Cal25(U/mL) 0.586
<35 575 742 371 75.6
235 200 258 120 244

Ki67 expression 0.815
Low 455 587 285 58.0
High 320 41.3 206 42.0

ER expression 0.840
Positive 639 82.5 407 829
Negative 136 17.5 84 17.1

PR expression 0.670
Positive 611 78.8 392 79.8
Negative 164 21.2 99 20.2

P53 expression 0.978
Normal 482 62.2 305 62.1
Abnormal 293 37.8 186 379

Adjuvant treatment 0.928

Follow-up or HT 298 385 180 36.7

Only radiotherapy 259 334 169 344

Only chemotherapy 26 34 18 37

Chemoradiotherapy 192 24.8 124 25.3

RFS time (months) 0.458

Mean (+SD) 51.06 (+¥20.01) 51.92 (+20.20)

Median (range) 49.00 (6-91) 49.00 (6-91)

Follow-up (months) 0.615

Mean (+SD) 53.59 (x18.10) 54.12 (+18.32)

Median (range) 51.00 (7-91) 50.00 (7-91)

Note: *The comparison of the parameters between the training cohort and the validation cohort.
Abbreviations: BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion; ER,
estrogen receptor; PR, progesterone receptor; HT, hormonal treatment; RFS, recurrence-free survival.
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chemoradiotherapy. The proportion of patients who received adjuvant therapy in the validation cohort was similar to the
training cohort.
The clinical characteristics of relapsed patients in the two cohorts are summarized in Supplementary Table 1. There

were 106 patients relapsed in the training cohort, 75 patients were found to be died during follow-up, 70 of whom died
due to relapse, and the median follow-up and RFS for relapsed patients were 32 months and 17 months, respectively; the
validation cohort had 60 relapses and 42 deaths, 38 of whom died due to relapse, and the median follow-up and relapse-
free survival were similar to those in the training cohort. The distribution of demographic and clinicopathological
characteristics of patients in the two cohorts was relatively consistent, with no statistically significant differences (the
P values of comparison of all parameters between two cohorts were >0.05).

The Construction of Inflammation-Immunity-Nutrition Score

The ROC curve and the maximum of Youden index showed that the optimal thresholds of CRP, LYM, and ALB for
predicting the recurrence of EC were 4.76 mg/L, 1.37x109/L, and 37 g/L, respectively (Figure 2). Based on the above
thresholds, CRP, LYM, and ALB were scored as follows: (1) CRP <4.76 mg/L, score 0; CRP >4.76 mg/L, score 1; (2)
LYM >1.37x109/L, score 0; LYM <1.37x109/L, score 1; (3) ALB >37 g/L, score 0; ALB <37 g/L, score 1. Then,
inflammation-immunity-nutrition score (IINS) was defined as the sum of the scores of CRP, LYM and ALB (IINS = the
score of CRP (0 or 1) + the score of LYM (0 or 1) + the score of ALB (0 or 1), range 0-3).® Finally, the distribution of
IINS of patients in the two cohorts is shown in Table 2. The IINS of most patients (>80%) were 0 or 1, patients with
higher IINS had worse overall prognosis (RFS and OS), the difference was statistically significant (P < 0.001) (Figure 3).
However, the predictive performance for using IINS alone to predict the recurrence of EC was not good, the C-index of
IINS in training cohort and validation cohort were only 0.708 (95% CI, 0.657-0.759) and 0.696 (95% CI, 0.628-0.764),
respectively.

Univariate and Multivariate Cox Regression Analysis of Predictors for Predicting

Recurrence

Univariate analysis showed that except for BMI (P = 0.185) and lymphadenectomy (P = 0.554), other predictors included
IINS (P < 0.001), age (P < 0.001), FIGO stage (P < 0.001), pathological type (P < 0.001), myometrial invasion (P <
0.001), cervical stromal invasion (P < 0.001), LVSI (P < 0.001), adjuvant treatment (P < 0.001), serum Cal25 (P <
0.001), Ki67 expression (P < 0.001), ER expression (P < 0.001), PR expression (P < 0.001), and P53 expression (P =
0.001) were all significantly associated with recurrence of EC, and these factors were further included in multivariate
analysis. Then, multivariate analysis showed that nine predictors were independently associated with recurrence, namely
IINS (P < 0.001), age (P = 0.030), FIGO stage (P = 0.018), pathological type (P = 0.019), myometrial invasion (P =
0.030), LVSI (P = 0.008), Ki67 expression (P = 0.019), ER expression (P = 0.038), and P53 expression (P = 0.028)

(Table 3). The nine predictors were further used to develop a nomogram model.

ROC Curve ROC Curve ROC Curve
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Figure 2 The ROC curve of (A) CRP, (B) ALB, and (C) LYM for predicting the recurrence of EC. Description: “black dot” represents the area under the curve (AUC) at
this point is the largest, which suggests that the value of this point is the optimal threshold of the indicator for predicting the recurrence of EC.
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Table 2 The Distribution of Inflammation-lmmunity-Nutrition Score (IINS) of Two Cohorts

Variable Training Cohort % Validation Cohort % P value*
N =775 N =491
C-reactive protein (mg/L) 0.589
Mean (xSD) 4.86 (+4.45) 5.00 (+4.47)
Median (range) 3.35 (1.00-50.80) 3.48 (1.00-39.75)
<4.76 493 63.6 310 63.1
24.76 282 36.4 181 36.9
Albumin (g/L) 0.370
Mean (xSD) 41.41 (£5.05) 41.67 (+4.98)
Median (range) 42.00 (24.00-64.00) 42.00 (24.00-58.00)
<37 124 16.0 70 14.3
237 651 84.0 421 85.7
Lymphocyte (10°/L) 0.720
Mean (xSD) 1.72 (20.55) 1.71 (20.53)
Median (range) 1.68 (0.32-3.89) 1.67 (0.35-3.55)
<1.37 223 2838 139 28.3
21.37 552 71.2 352 71.7
Inflammation-immunity-nutrition
score
0 338 43.6 207 422 0.493
| 285 36.8 196 39.9
2 112 14.5 70 14.3
3 40 5.2 18 37

Note: *The comparison of the parameters between the training cohort and the validation cohort.

Establishment of the Nomogram Model and Evaluation of Its Predictive Performance
Nine predictors with P-value <0.05 in multivariate analysis were used to successfully construct a nomogram model by
R software (Figure 4). Through the nomogram model, the prognostic value of each predictor can be seen intuitively,
because the length of the line segment corresponding to each predictor in the nomogram represents the weight of the
predictor leading to the recurrence of EC. It can be seen from this nomogram that even compared with the other eight
traditional classical predictors, the weight of IINS was still larger (the line segment corresponding to IINS was the
longest), which indicated that IINS might play an important role in the occurrence of prognostic outcome (recurrence).
The predictive performance of the model was comprehensively evaluated by internal and external calibration curves
as well as the C-index. The 1-, 3-, and 5-year internal and external calibration curves showed that the “nomogram
predicted survival” was highly consistent with the “actual survival”, indicating that the model fit well (Figure 5).
Similarly, the C-index of internal and external validation of the model were 0.887 (95% CI, 0.855-0.918) and 0.883
(95% C1, 0.838-0.928), respectively, which also indicated that the model had a relatively good prediction accuracy.

Optimal Risk Thresholds of the Nomogram Model

Since most recurrent EC patients relapsed within 3 years after surgery, we calculated the 3-year RFS rate for each patient
in the training cohort through the model. Then, ROC curve and the maximum of Youden index were used to determine
the optimal threshold (0.85) of the 3-year RFS rate predicted by the nomogram model (Figure 6). Based on this threshold,
patients with 3-year RFS rates <0.85 and >0.85 in the two cohorts were defined as high-risk group and low-risk group of
recurrence, respectively. Kaplan—Meier survival analysis showed that the RFS and OS of patients in the high-risk group
were much lower than those in the low-risk group in both two cohorts, and the difference was statistically significant,
which is shown in Table 4 and Figure 7.
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Figure 3 Kaplan—Meier survival curve of IINS in two cohorts. Description: (A) RFS curve of IINS in the training cohort; (B) OS curve of [INS in the training cohort. (C) RFS
curve of [INS in the validation cohort. (D) OS curve of IINS in the validation cohort.

Comparison of the Predictive Performance (C-Index and NRI) Among Different

Predictive Models

To further demonstrate the superiority of the model proposed in this study, we compared it with four similar models for
predicting recurrence of EC in other studies. The four models were all composed of traditional classical predictors
(clinicopathological parameters or/and molecular markers), including model A,*' model B,?® model C** and model D.*
Through the comparison of C-index of the five models, it was found that the five models can be roughly divided into
three echelons: (1) model B and model C, the predictive performance of the two models was average
(0.75<C-index<0.80); (2) model A and model D, the predictive performance of the two models was good
(0.80<C-index<0.85); (3) the model proposed in this study, the predictive performance of the model was best
(C-index>0.88) (Table 5). Obviously, with the continuous enrichment of the key predictors included in the above three
echelons, the predictive performance of the models was better and better. The model proposed in this study combined
IINS and traditional classical predictors, the C-index of the model was the highest among the five models in both the
training cohort (0.887, 95% CI 0.855-0.918) and the validation cohort (0.883, 95% CI 0.838—0.928), which indicated that
combining IINS based on traditional predictors can further optimize the model prediction performance. Similarly, NRI
also suggested that the model proposed in this study has significantly different degrees of positive improvement
compared with the four models (NRI > 0).
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Table 3 Univariate and Multivariate Analysis of Factors Predicting EC Recurrence in the Training Cohort

Variables Univariate Analysis Multivariate Analysis
Hazard Ratio 95% CI P-value Hazard Ratio 95% CI P-value
Age (260 vs <60) 2.404 1.640-3.525 <0.001 1.570 1.044-2.361 0.030
FIGO stage
| 1.000 <0.001 1.000 0.038
Il 2.203 1.091-4.449 0.028 1.157 0.491-2.728 0.739
1] 7.809 5.149-11.842 <0.001 1.959 1.123-3.417 0.018
Pathological type (Il vs I) 5718 3.824-8.550 <0.001 1.837 1.107-3.046 0.019
Myometrial invasion (21/2 vs <I1/2) 3.715 2.523-5.469 <0.001 1.628 1.048-2.528 0.030
Cervical stromal invasion (Yes vs No) 2.935 1.968-4.377 <0.001 1.265 0.759-2.109 0.367
LVSI (Yes vs No) 4.562 3.108-6.696 <0.001 1.879 1.181-2.989 0.008
Adjuvant treatment (Yes vs No) 2.376 1.497-3.771 <0.001 0.677 0.397-1.153 0.151
Serum Cal25 (235 vs <35) 2.406 1.639-3.533 <0.001 1.201 0.786—1.835 0.397
Ki67 expression (High vs Low) 3.001 2.007-4.486 <0.001 1.670 1.090-2.561 0.019
ER expression (Negative vs Positive) 6.038 4.123-8.844 <0.001 1.902 1.036-3.492 0.038
PR expression (Negative vs Positive) 4.541 3.102-6.649 <0.001 1.037 0.571-1.883 0.905
P53 expression (Abnormal vs Normal) 1.932 1.319-2.829 0.001 1.560 1.049-2.318 0.028
IINS
0 1.000 <0.001 1.000 <0.001
| 4.075 2.237-7.425 <0.001 3.128 1.701-5.755 <0.001
2 7418 3.946-13.946 <0.001 4.557 2.385-8.707 <0.001
3 12.234 5.968-25.076 <0.001 5.286 2.448-11.412 <0.001

Abbreviations: Cl, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone receptor; LVSI,
lymphovascular space invasion; IINS, inflammation-immunity-nutrition score.

Discussion
Accurate prediction of EC recurrence and subsequent personalized treatment have always been the direction of
researchers’ efforts.” In this study, we first explored the prognostic significance of IINS in EC and demonstrated that
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Figure 4 Nomogram model for predicting the |-year, 3-year, and 5-year RFS rates of EC patients. Description: to predict the |-year, 3-year, and 5-year RFS rates of EC
patients, locate the patient’s age on the “age” axis. Draw a straight line up to the “point” axis to determine the points for “age”. Repeat the process for each of the remaining
axes, drawing a straight line each time to the “point” axis. Add the points received from each variable and locate this point on the “total point” axis. A straight line is drawn
down from the “total point” axis to the “l-year RFS”, “3-year RFS”, and “5-year RFS” axis to determine the |-year, 3-year, and 5-year RFS rates of EC patients.
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Figure 6 The ROC curve of the 3-year RFS rates (predicted by the nomogram model) for predicting the recurrence of EC. Description: “black dot” represents the area
under the curve (AUC) at this point is the largest, which suggests that the optimal threshold of the 3-year RFS rate (risk threshold of the model) for predicting the
recurrence of EC is 0.85 (area under the curve = 0.887; sensitivity, 80.2%; specificity, 83.6%).

IINS may be an independent predictor of EC recurrence even when compared with traditional classical predictors
(clinicopathological parameters and molecular prognostic markers). However, the prognostic value for using IINS alone
to predict the recurrence of EC was very limited (the C-index of IINS for independently predicting EC recurrence was
only about 0.7); therefore, we combined IINS and traditional predictors to further develop a nomogram model that can
visually display IINS. The calibration curve and C-index of the internal and external validation of the model showed that
the model proposed in this study had good prediction accuracy, and the prediction performance of the model proposed in
this study was also better than similar prediction models in other studies due to the combination of IINS and traditional
predictors. Through this nomogram model, we can more accurately evaluate the prognosis of each patient, for example,
a patient with age >60 (23 points), FIGO stage II (23 points), the depth of myometrial invasion >1/2 (28 points), no LVSI
(0 points), pathological type II (38 points), negative expression of ER (39 points), low expression of Ki67 (0 points),
normal expression of P53 (0 points), and IINS = 2 (66 points), the total score was 217 points, and the corresponding
1-year, 3-year and 5-year RFS rates of the patient were about 0.86, 0.63 and 0.60, respectively. Because different patients
have different clinicopathological characteristics, different patients would get different predictive results of prognostic
through this model. Compared with simply telling patients the risk of recurrence was “high” or “low”, such predictive
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Table 4 Analysis of Survival Differences Between High- and Low-Risk Groups in Training Cohort and Validation Cohort

Cohort Group Number of 3-Year RFS Rate 5-Year RFS Rate P-value® | Number 3-Year OS Rate 5-Year OS Rate P-value®
Recurrences (95% CI) (95% CI) of Deaths (95% CI) (95% CI)
Training High-risk group 85 (80.2%) 59.0% (52.1-65.9%) 54.6% (47.2-62.0%) <0.001 57 (76.0%) 74.4% (68.3-80.5%) 69.5% (62.8-76.2%) <0.001
Cohort (N=195, 25.2%)
(N=775) Low-risk group 21 (9.8%) 96.5% (94.9-98.1%) 96.4% (94.8-98.0%) 18 (24.0%) 97.2% (95.8-98.6%) 96.8% (95.4-98.2%)
(N=580, 74.8%)
Validation High-risk group 50 (83.3%) 64.1% (55.9-72.3%) 60.4% (51.6-69.2%) <0.001 32 (76.2%) 79.4% (72.5-86.3%) 74.5% (66.7-82.3%) <0.001
Cohort (N=131, 26.7%)
(N=491) Low-risk group 10 (16.7%) 97.5% (95.9-99.1%) 97.2% (95.4-99.0%) 10 (23.8%) 97.5% (95.9-99.1%) 97.1% (95.3-98.9%)
(N=360, 73.3%)

Note: *Log rank test of RFS; ®Log rank test of OS.
Abbreviation: Cl, confidence interval.
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Figure 7 Kaplan—Meier survival curve of low- and high-risk groups in two cohorts. Description: (A) RFS curve of low- and high-risk groups in the training cohort; (B) OS
curve of low- and high-risk groups in the training cohort. (C) RFS curve of low- and high-risk groups in the validation cohort. (D) OS curve of low- and high-risk groups in
the validation cohort.

results were undoubtedly very interesting and more convincing, and at the same time, it can also be used as an important
reference index for the subsequent formulation of personalized treatment plans for patients.

At present, postoperative adjuvant therapy (radiotherapy or chemoradiotherapy) is still an important intervention to
control local recurrence and distant metastasis of patients with EC.> Whether patients with EC receive adjuvant therapy
after surgery mainly depends on whether the patients have high-risk clinicopathological parameters.> For example, the
latest National Comprehensive Cancer Network (NCCN) clinical practice guidelines’ and European Society for
Medical Oncology (ESMO) clinical practice guidelines®* still suggest that supplemental postoperative radiotherapy
or even combined chemotherapy should be considered if patients with the following high-risk factors: older age
(especially >60y), non-endometrioid carcinoma (especially serous or clear cell carcinoma histology), high-grade
tumors, extensive LVSI, deep myometrial invasion (>1/2), cervical stromal invasion, advanced FIGO stage (stage
III-1V), etc. However, in this study, we divided patients into high- and low-risk groups of recurrence according to the
risk threshold of the model, patients in high-risk group had much lower RFS and OS than those in low-risk group. Even
though most patients in high-risk group received postoperative adjuvant therapy according to the existing guidelines, it
was obvious that a considerable number of patients in high-risk group relapsed or dead due to the combination of
multiple adverse prognostic factors, which suggested that we should pay more attention to the patients in high-risk
group identified by the model. For example, the established adjuvant treatment plan of patients could be appropriately
adjusted (combination systemic therapy may be recommended for patients when receiving radiotherapy alone, or the
cycle of adjuvant treatment could be appropriately extended), follow-up of patients could be performed more closely,
and more diversified treatment plans (endocrine therapy, targeted therapy, or immunotherapy) could be recommended
for patients, etc. It was worth mentioning that there were still some patients in high-risk group who did not have
obvious high-risk clinicopathological factors, so most of them did not receive postoperative adjuvant therapy according
to the guidelines, but their molecular markers and IINS indicated a poor prognosis. For example, the clinicopathological
features of a patient were age <60 (0 points), FIGO stage I (0 points), the depth of myometrial invasion <1/2 (0 points),
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Table 5 The Predictive Performance (C-Index and NRI) of Different Models for Predicting EC Recurrence in the Training Cohort and Validation Cohort

Model Author Composition of the Key Predictors of the Model C-Index (95% CI) NRI*
Model . S - S
Training Cohort Validation Cohort Training | Validation
Cohort Cohort
Model A*' | Lobna Clinicopathological A nomogram model including age, surgical nodal staging, 0.820 (0.750-0.850 0.818 (0.748-0.889 0.106 0.142
P g 3 g ag 8! ging,
Ouldamer | parameters. histological type, histological grade, LVSI, FIGO staging.
et al 2016
Model B* | Kenta Clinicopathological A scoring system based on age, pathological type, cervical 0.755 (0.704-0.807) 0.778 (0.710-0.847) 0.175 0.179
Takahashi parameters. stromal invasion, peritoneal cytology.
et al 2019
Model C32 | Mingzhu Molecular prognostic The combined ratio of ER, PR, Kié7, and P53 ([ER + PR}/ 0.767 (0.712-0.823 0.779 (0.705-0.852 0.219 0.225
gz prog
Jia et al markers. [P53 + Ki67]).
2020
Model D** | Peng Jiang | Clinicopathological A nomogram model including pathological type, myometrial | 0.818 (0.762-0.873) 0.838 (0.764-0.912) 0.070 0.078
et al 2020 | parameters + Molecular invasion, cervical stromal invasion, Kié7, ER and P53
prognostic makers. expression.
Model Clinicopathological A nomogram model including FIGO staging, myometrial 0.887 (0.855-0.918 0.883 (0.838-0.928 —_— e
P g g g ging, my
proposed parameters + Molecular invasion, LVSI, pathological type, ER expression, Ki67
in this prognostic makers + IINS. expression, P53 expression and IINS.
study

Note: NRI* indicates the improvement ratio of the prediction ability of the model proposed in this study compared with other models (model A, model B, model C and model D).
Abbreviations: LVSI, lymphovascular space invasion; ER, estrogen receptor; PR, progesterone receptor.
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no LVSI (0 points), pathological type I (0 points), but the results of the molecular prognostic markers and IINS of the
patient were negative expression of ER (39 points), high expression of Ki67 (28 points), abnormal expression of P53
(26 points), and IINS = 3 (100 points), the total score calculated by the model was still as high as 193 points,
corresponding 3-year RFS rate of the patients was about 0.73, so the patient still belonged to the high-risk group of
recurrence according to the risk threshold (0.85) of the model. It suggested that we should not only focus on the
clinicopathological characteristics of patients, but also the expression of molecular markers and IINS in patients. At the
same time, these patients may also need to receive certain postoperative adjuvant therapy even if they were with a “low
risk” of recurrence according to the guidelines. Of course, whether these patients can benefit from adjuvant therapy still
needs further clinical validation, but our model may be the basis for risk stratification of patients in such clinical
validation.*

It is worth noting that in recent years, the Cancer Genome Atlas (TCGA) molecular classification of EC has pushed the
prognostic value of molecular prognostic markers to a climax due to subverting the traditional pathological classification. The
four molecular subgroups with significant prognostic differences were POLE-mutated/ultramutated (POLEmt) group (the best
prognosis), copy-number-low/p53-wild-type (pS3wt) group (relatively good prognosis), microsatellite-instable/hypermutated
(MSI) group (poor prognosis), and copy-number-high/p53-mutated (p53mt) group (the worst prognosis)." Moreover, relevant
studies have found that some molecular classification has “priority” compared with clinicopathological parameters.*® For
example, patients with POLEmt still show good clinical outcomes even if they are combined with high-grade (G3) tumors, or
high-risk histological types such as serous carcinoma, clear cell carcinoma or undifferentiated carcinoma. Based on this, the latest
ESMO guidelines have combined molecular classification with classical clinicopathological parameters to define a new
prognostic risk group to guide patients’ adjuvant treatment.** Therefore, the popularization of the study and application of
molecular prognostic markers will be the general trend. However, on the one hand, due to the high cost and complicated
procedures of gene test, the clinical application of TCGA molecular classification is still very limited in many developing
countries or regions.*® On the other hand, the existing guidelines or prediction models ignore the potential prognostic value of
IINS in EC. This study integrates a little part of TCGA molecular classification (P53 molecular classification), IINS and
clinicopathological parameters in the form of nomogram model. Although the types of molecular classification in the model need
to be further expanded, our model could serve as a transitional tool for the popularization of future molecular prognostic models.

It should be explained that in univariate analysis, adjuvant therapy was prompted as “risk factor” (HR value of adjuvant
therapy in univariate analysis >1) due to its strong collinearity with multiple adverse prognostic factors (because patients
usually received adjuvant therapy when they were combined with adverse prognostic factors). In fact, after multivariate
analysis offsets the collinearity between factors, we found that adjuvant therapy was a “protective factor” (HR value of
adjuvant therapy in multivariate analysis <1). Although no significant correlation was found between adjuvant therapy and
recurrence (P value of adjuvant therapy >0.05), many other studies have reported that adjuvant therapy plays a positive role in

improving the prognosis of patients (especially patients with high-risk factors),>”®

and as mentioned above, adjuvant therapy
is still the main postoperative supplementary treatment for patients with high-risk factors recommended by current guidelines.’
Secondly, in our previous study, we have proposed a model based on classical predictors to predict EC recurrence.” However,
compared with the previous study, this study further expanded the number of patients included in the study, extended the
follow-up time of patients, and added a patient cohort from another center used for external validation of the model, which
undoubtedly greatly improved the reliability of statistical analysis results; meanwhile, the setting of external validation cohort
from another center also made the predictive performance of the model more convincing and facilitated the generalization of
the model. Most importantly, in this study, we first explored the prognostic value of inflammation-immunity-nutrition score
(IINS) based on preoperative C-reactive protein (CRP), lymphocytes (LYM), and albumin (ALB) in EC, and found that the
combination of IINS and traditional predictors could greatly improve the predictive performance of the model compared with
previous studies (Table 5). Therefore, although there are some similarities between this study and the previous study, in fact,
this study is the continuation and sublimation of the previous study, which is also in line with the current research trend, that is,
constantly looking for new prognostic indicators to improve the predictive performance of the model, so as to carry out
accurate prognostic evaluation and personalized treatment for patients. Finally, the biggest limitation of this study is that it is
a retrospective study, so it needs to be further demonstrated by prospective clinical trials.
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In conclusion, we explored the prognostic value of IINS in EC and developed a nomogram model based on IINS
and traditional classical predictors. Through this model, we can more accurately predict the recurrence of EC, and
perform risk stratification of patients based on the risk threshold of the model to better manage the prognosis of
patients.

Abbreviations

EC, endometrial cancer; IINS, inflammation-immunity-nutrition score; CRP, C-reactive protein; LYM, lymphocytes;
ALB, albumin; BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lympho-
vascular space invasion; ER, estrogen receptor; PR, progesterone receptor; HT, hormonal treatment; RFS, recurrence-free
survival; OS, overall survival; ROC, receiver operating characteristic; AUC, area under the curve; NCCN, National
Comprehensive Cancer Network; ESMO, European Society for Medical Oncology; TCGA, the Cancer Genome Atlas.
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