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Purpose: To study the early predictive value of WBC, CRP and PCT on infectious complications after epithelial ovarian cancer 
surgery, draw ROC curves, and construct a nomogram prediction model.
Patients and Methods: The clinical data of patients with epithelial ovarian cancer in Shengjing Hospital from August 2019 to 
August 2022 were included. The levels of WBC, CRP and PCT were statistically analyzed on the first, third and fifth days after 
surgery, and the ROC was plotted. Multivariate logistic regression analysis determined independent influencing factors, individualized 
nomogram model for predicting the occurrence of postoperative infectious complications was constructed, and the correction curve 
was used for verification.
Results: A total of 116 patients were enrolled. The postoperative test levels of WBC, CRP and PCT were compared between two 
groups, and the differences on POD3 and POD5 were statistically significant. The ROC area on POD5 was 0.739, 0.838 and 0.804, 
respectively, better than that on POD3. Among them, CRP has the greatest value; The predicted value of the combined test of WBC, 
CRP and PCT on POD5 was greater than that of a single index on POD5. The nomogram model on POD5 was constructed, and the 
ROC analysis showed that it had a good degree of differentiation.
Conclusion: WBC, CRP and PCT can effectively predict the occurrence of postoperative infectious complications, among which 
CRP alone has the greatest diagnostic value on POD5, and the combined test value of the three indicators is higher than that of a single 
index. The nomogram model constructed by the combined indicators on POD5 can assess the risk individually.
Keywords: surgery, epithelial ovarian cancer, postoperative infectious complications, prediction

Introduction
The incidence of ovarian malignancies increased year by year, and the mortality rate ranked first in female genital 
malignancies. Epithelial ovarian cancer (EOC) is the most common pathological type of ovarian malignancies, account
ing for about 70% of the ovarian malignancies, with high mortality and poor prognosis.1 Surgery and chemotherapy are 
the main means of treatment for ovarian cancer. Very few patients can be cured by surgery only, but the vast majority of 
patients need comprehensive treatment such as surgery combined with chemotherapy. The operation of ovarian cancer is 
complex and difficult, and most of the patients are middle-aged and elderly women, with many internal medicine 
complications, and often have problems such as low immunity.2 At the same time, due to the long operation time, wide 
surgical range, and excessive blood loss during surgery, the body’s anti-infection ability is reduced, and the chance of 
infectious complications after surgery is greatly increased.3

Infection is a common postoperative complication that typically occurs at the sites such as surgical incisions, the 
urinary system, and the respiratory system.4 Guidelines call for primary surgery for ovarian cancer to include full staging 
surgery and tumor cell reduction, which is designed to maximize the removal of all visible tumors. This procedure 
includes hysterectomy, bilateral salpingo-oophorectomy, omentectomy, and appendectomy, para-aortic and pelvic 
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lymphadenectomy.5 Most patients have advanced tumors, and in order to achieve satisfactory tumor reduction goals (that 
is, the diameter of the lesion visible to the naked eye is less than 1 cm), intraoperative bowel resection is highly likely. 
Anastomotic leakage is one of the most serious complications after intestinal resection, which will increase the incidence 
of secondary surgery and mortality rate of patients, and there is currently a lack of effective means to diagnose 
anastomotic leakages early. At the same time, general anesthesia requires the use of tracheal intubation during surgery, 
and the operation time and postoperative bed rest time are long, and the patient is not easy to discharge sputum, resulting 
in a high incidence of pulmonary infections, and the appearance of obvious pulmonary infection symptoms has a certain 
delay, so early diagnosis is difficult.6 In addition, preoperative urinary catheterization, tumor lesions eroding the bladder, 
surgical injury to bladder function nerves, and the application of anesthetic drugs can easily cause symptoms such as 
bladder paralysis or urinary retention, which may eventually lead to urinary tract infections.7 Patients with epithelial 
ovarian cancer are mostly middle-aged and elderly, and there are many high-risk factors such as diabetes and obesity 
before surgery, and the incidence of postoperative incision infections is higher than that of other surgeries.8 Therefore, it 
is of great clinical significance to effectively predict postoperative infectious complications and intervene as early as 
possible.

White blood cells (WBC) in blood routine are the most common biochemical indicators in clinical practice, which 
have the advantages of low price and high specificity, can effectively reflect body inflammation, and are widely used. 
C-reactive protein (CRP) and procalcitonin (PCT) are biochemical indicators closely related to infection. CRP has a half- 
life of 19 hours. When organ damage, infectious diseases, etc, occur, the serum level of CRP will rise rapidly, whereas 
when the condition is in remission, serum levels decrease rapidly.9 As a biochemical index that can indicate bacterial 
infection with high specificity, PCT has been used in many departments such as intensive medicine to predict sepsis and 
guide antibiotic therapy.

This study retrospectively analyzed the clinical data of 116 patients who underwent epithelial ovarian cancer surgery 
from August 2019 to August 2022, explored the predictive value of WBC, CRP and PCT on postoperative infectious 
complications, and constructed a nomogram prediction model to screen out early predictors with high sensitivity and 
specificity.

Materials and Methods
Study Design and Sample
The clinical data of 116 patients with epithelial ovarian cancer who underwent open surgery in the gynecological ward of 
Shengjing Hospital affiliated to China Medical University from August 2019 to August 2022 were collected by retro
spective analysis. Inclusion criteria for this study were as follows: 1) Primary cytoreductive surgery for ovarian cancer; 2) 
Complete preservation of clinical data; 3) The results of various laboratory indicators after surgery are complete; 4) All 
diagnoses were confirmed pathologically; and 5) Sign the informed consent form. Exclusion criteria were as follows: 1) 
Preoperative infections, hematological diseases, rheumatism, rheumatoid and other connective tissue diseases; 2) 
Combined with cardiac, liver, kidney, and pulmonary insufficiency; 3) Neoadjuvant chemotherapy before surgery; 4) 
Have a mental illness; 5) Pregnant and lactating women; 6) History of other malignant tumors; 7) Postoperative reception 
of intraperitoneal heat perfusion chemotherapy; and 8) Anastomotic leakage occurs due to high tension or restricted 
blood flow. A total of 198 patients were included in this study, and 82 of them were not statistically analyzed because 
they met the exclusion criteria. This study (No. 2022PS1053K) was approved by the Hospital Ethics Committee.

The basic information and clinical data of patients are derived from the HIS system of Shengjing Hospital affiliated to 
China Medical University, including age, past history, surgical conditions, postoperative complications, etc. The 
pathological staging of epithelial ovarian cancer is carried out with reference to the 2014 criteria of the International 
Federation of Gynecology and Obstetrics (FIGO). The occurrence of infectious complications such as high fever, 
anastomotic leakages, urinary tract infections, pulmonary infections, surgical incision infections and septic shock was 
recorded from surgery to discharge. Complications are graded using the Common Terminology Criteria for Adverse 
Events 5.0 (CTCAE V5.0) criteria, as shown in Figure 1. If there are no complications after surgery, it is classified as 
grade 0.
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Instrument Reagents and Specimen Collection
WBC was determined by Coulter Gen. S System and supporting kit electrical impedance method, CRP was determined 
by Pumen PA990 and supporting kit immunoscattering turbidimetry, and PCT was determined by Roche E411 type and 
supporting kit electrochemiluminescence. All operations are carried out in strict accordance with the requirements of the 
department’s operation manual and kit instructions. The WBC count, PCT value and CRP value of the patient on the first, 
third and fifth postoperative days (hereinafter referred to as POD1, POD3 and POD5) were recorded. In the early 
morning, 3mL of venous blood from the patient’s elbow joint was drawn, stored in a vacuum collection tube, and gently 
reversed and mixed 5 times after collection to promote blood clotting. After the specimen is placed at room temperature 
for 10 minutes, it is sent to the Department of Clinical Laboratory, Shengjing Hospital affiliated to China Medical 
University for testing. After standing for 10min at room temperature, it was placed in a centrifuge tube, centrifuged at 
a speed of 3000r/min for 10min, and the supernatant was frozen in a −80°C refrigerator for reserve.

Diagnostic Criteria
The diagnostic criteria for colorectal anastomotic leakage: At present, there is no clear definition and classification of 
colorectal anastomosis leakages in academia. This article refers to the definition of colorectal anastomosis leakages by 
the International Study Group of Rectal Cancer (ISREC):10 interruption or absence of bowel wall integrity at the 
anastomosis site of colorectal or colonic canal lesions, resulting in the communication of the internal and external 
chambers of the intestinal canal and the appearance of a pelvic abscess next to the anastomotic site. ISREC classifies 
colorectal anastomotic leakages into three levels, see Table 1.

The diagnostic criteria for small bowel anastomosis leakage: Tu et al define small bowel anastomosis leakage as the 
patient’s postoperative drainage tube outflow of small intestinal contents or saliva; At the same time, if the methylene 
blue is elicited or the upper gastrointestinal contrast agent leaks when oral methylene blue is taken orally, it can also be 
diagnosed as a small bowel anastomotic leak.11

The diagnostic criteria for urinary tract infection: urinalysis shows that WBC ≥10/high-magnification field of view, 
and the patient has irritating symptoms such as frequent urination, urgency, dysuria, or percussion pain in the renal area, 
lower abdominal pain, with or without fever and one of the following conditions: 1) Cleaning midstream urine culture 
suggests gram-positive bacteria or fungi >104 cfu/mL; 2) Bacterial culture of cleaning midstream urine showed gram- 
negative bacteria >105 cfu/mL; and 3) Cleaning midstream urine examination showed that WBC >5/high visual field.7

Figure 1 CTCAE V5.0 criteria.

Table 1 Colorectal Anastomotic Leak Classification, Clinical Manifestations and Management Principles

Classification Clinical Manifestations Management Principles

Grade A Asymptomatic Anti-infective and nutritional symptomatic treatment without 

surgical intervention
Grade B Manifested as abdominal pain, fever, etc, see purulent or fecal 

drainage from the anus, drainage tube or vagina, white blood 

cells and CRP and other infection indicators are increased

Endoscopic or interventional treatment is possible, and the 

rest are treated according to the principle of grade A, but no 

secondary surgery is required
Grade C Presents with peritonitis, sepsis, and other grade B anastomotic 

leaks

Secondary surgery is preferred
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The diagnostic criteria for pulmonary infection: Pulmonary infection is diagnosed by one of the following: imaging 
findings of an infiltrative lesion in the lungs; Auscultation with a murmur in breathing, dyspnea, increased total number 
of leukocytes and/or proportion of neutrophils; Temperature ≥38°C, fever, and acute inflammation of the upper 
respiratory tract such as nasopharynx, paranasal sinuses and tonsils.12

The diagnostic criteria for surgical incision infection: Local redness and swelling with varying degrees of purulent 
exudation, patients with varying degrees of pain, purulent discharge found after puncture or suture removal.13

The diagnostic criteria for septic shock: Septic shock is defined as infection-induced sepsis with organ dysfunction or 
altered consciousness.14

Perioperative Management
The perioperative period implements the enhanced recovery after surgery (ERAS) management concept. Preoperative 
education and adaptive training were carried out, and the burden of mental stress and anxiety of patients was reduced 
through outpatient education and inpatient education. Relevant biochemical and imaging examinations before surgery, 
comprehensively assess the patient’s heart, lung, liver, kidney and other functions were improved, underlying diseases 
were screened, and the consultation of relevant departments weas improved and correction and targeted treatment were 
given according to the consultation opinions. Through testing and corresponding treatment, the patient’s hemoglobin was 
ensured to be greater than 100g/L before surgery. Antibiotics are given intravenously 30 minutes before surgical cuts, and 
once if the operation takes more than 3 hours, antibiotics are added. On the day of surgery and after surgery until 
discharge, the patient was given third-generation cephalosporin 2.5g twice daily. Postoperative individualized rehydration 
therapy was provided. The catheter was removed as soon as possible after surgery, encourage patients to get off the 
ground as soon as possible, and eat as soon as possible according to the actual situation. Discharge criteria were as 
follows: no fever, no nausea and vomiting, no abdominal distension, no cough and phlegm and other uncomfortable 
complaints; The surgical incision heals well and the drainage tube has been removed; tolerate liquid or semi-liquid 
eating; Have defecated and can move autonomously.

Statistical Analysis
SPSS 25.0 software was used for statistical analysis. The measurement data conforming to the normal distribution were 
expressed as mean ± standard deviation (X±s), the t-test was used for the comparison between groups of continuous 
variables, the analysis of variance was used, and the Turkey–Kramer test was used for multiple comparisons between 
groups. The measurement data conforming to the skewed distribution were expressed by the median with quartiles, and 
the Kruskal–Wallis test was used for the comparison between skewed distribution groups. The counting data were 
expressed by example (%), and the χ2 test was used for the comparison between groups; Directly plot the receiver 
operating characteristic curve (ROC) for WBC, CRP and PCT, and calculate its sensitivity, specificity, cut-off value and 
area under curve (AUC); In the joint test of multiple indicators, the regression equation and the joint prediction 
probability of the related joint index are first calculated, and then the ROC curve is plotted by the joint prediction 
probability to analyze the diagnostic value of the joint index. P < 0.05 is a statistically significant difference. Multivariate 
analysis was included when there were statistically different variables in univariate logistic regression analysis.

Results
Patient’s General Information
A total of 116 patients with epithelial ovarian cancer were included in this study. All patients underwent initial 
cytoreductive surgery for epithelial ovarian cancer and performed surgery, such as intestinal resection anastomosis, 
spleen surface lesion resection and diaphragmatic lesion dissection, according to the actual conditions seen during the 
operation, the wishes of the patient and her family, etc, and there were no residual lesions after surgery. The general 
information and clinical stage comparison of patients are shown in Table 2, and the classification is assigned. There were 
no significant differences between the infectious complications group (hereinafter referred to as the infected group) and 
the non-infectious complications group (hereinafter referred to as the non-infected group) in age (P=0.218), body mass 
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index (BMI) (P=0.595), pelvic surgery history (hereinafter referred to as surgical history) (P=0.134), comorbidities such 
as hypertension (P=0.142), diabetes (P=0.551), and coronary heart disease (P=0.686).

A total of 28 patients underwent abdominal surgery, including epigastric and intestinal surgery. Twenty-three patients 
(82.1%) underwent bowelectomy and anastomosis, and 5 (17.9%) underwent only intestinal wall surface mass resection and 
repair. Among them, 15 cases (53.5%) were sigmoidectomy, 4 (14.3%) patients underwent sigmoidostomy during surgery, 4 
cases (14.3%) were partial ileectomy, 2 cases (7.1%) were right hemicolectomy, 1 case (3.6%) was left hemicolectomy, and 1 
case (3.6%) was rectal resection. Four patients (14.3%) underwent epigastric surgery, 2 cases of spleen surface lesion 
resection, 1 case of liver surface lesion resection, and 1 case of diaphragmatic surface peritoneal dissection.

Infectious Complications, CATCAE Grading and Treatment
A total of 46 cases (39.6%) developed infectious complications after surgery, and the median days for diagnosis were 4 days, 
of which the days for diagnosis of anastomotic leakages were 10–19 days. Among the postoperative patients, there were 43 
cases (37.1%) with high fever, 11 cases (9.4%) with urinary tract infections, 7 cases (6.0%) with septic shock, 6 cases (5.1%) 
with incision infections, 5 cases (4.3%) with anastomotic leakages, 4 cases (3.4%) with pulmonary infections, and no 
perioperative deaths. A total of 2 cases of reopening of the abdomen due to anastomotic leakages were performed. The 
classification of complications, treatment modalities, and CTCAE complications are detailed in Table 3.

Table 2 Patient’s Clinical Characteristics [n (%)]

Factors Assignment Total Patients 
(n=116)

Postoperative Infectious 
Complications

F value P value

Infected Group 
(n=46)

Non-Infected 
Group (n=70)

Age (years) 1.520 0.218

<60 1 65 (56.0) 29 (44.6) 36 (55.4)

≥60 2 51 (44.0) 17 (33.3) 34 (66.7)
BMI (kg/m2) 0.283 0.595

<24 1 110 (94.8) 43 (39.1) 67 (60.9)

≥24 2 6 (5.2) 3 (50.0) 3 (50.0)
Pelvic surgery 

history

2.243 0.134

Absent 1 71 (61.2) 32 (45.1) 39 (54.9)
Present 2 45 (38.8) 14 (31.1) 31 (68.9)

Hypertension 2.151 0.142

Absent 1 82 (70.7) 29 (35.4) 53 (64.6)
Present 2 34 (29.3) 17 (50.0) 17 (50.0)

Diabetes 0.356 0.551

Absent 1 98 (84.5) 40 (40.8) 58 (59.2)
Present 2 18 (15.5) 6 (33.3) 12 (66.7)

Coronary heart 

disease

0.163 0.686

Absent 1 107 (92.2) 43 (40.2) 64 (59.8)

Present 2 9 (7.8) 3 (33.3) 6 (66.7)

FIGO staging
I 35 (30.2) 13 (37.1) 22 (62.9)

II 11 (9.5) 3 (27.2) 8 (72.8)

III 57 (49.1) 21 (36.8) 36 (63.2)
IV 13 (11.2) 9 (69.2) 4 (30.8)

Note: P-value and F-value indicate differences between the non-infected group and infected group. 
Abbreviations: BMI, body mass index; FIGO, the International Federation of Gynecology and Obstetrics.
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Clinical Value of WBC, CRP and PCT in Diagnosing Postoperative Infectious 
Complications
Table 4 and Figure 2 compare the levels of WBC, CRP and PCT in patients between the infected group and non-infected 
groups. The levels of WBC, CRP and PCT in the infected group were significantly higher than those in the non-infected 
group. In the infection group, the median values of the first, third and fifth days after WBC were 11.42×109/L (P=0.747), 
8.79×109/L (P<0.05), 7.74×109/L (P<0.05), and the median values on the first, third and fifth days after CRP were 
88.85 mg/L (P=0.168), 121.50 mg/L (P<0.05) and 81.85 mg/L (P<0.05), the median values on the first, third and fifth 
postoperative days of PCT were 0.643 ng/mL (P=0.290), 0.543 ng/mL (P<0.05) and 0.248 ng/mL (P<0.05), respectively, 
and the differences between the infected group on the third and fifth postoperative days were statistically significant.

Table 5 shows the ROC analysis of the diagnostic value of WBC, CRP and PCT for postoperative infectious 
complications. According to the AUC and Youden indexes, WBC had the highest diagnosis accuracy on the fifth day 
after surgery, the cut-off value was 9.67×109/L, and the sensitivity and specificity were 73.91% and 78.59%, respectively. 
CRP on the fifth postoperative day had the highest diagnosis accuracy for postoperative infectious complications, with 
the cut-off value of 91.15 mg/L and sensitivity and specificity of 95.70% and 70.00%, respectively. PCT also had the 
highest diagnosis accuracy on the 5th postoperative day, with the cut-off value of 0.476 ng/mL, sensitivity and specificity 
of 93.51% and 68.59%, respectively.

Figure 3 shows the ROC prediction curves of POD1, POD3, and POD5 after WBC, CRP and PCT. The AUCs for 
WBC were 0.723 (95% CI 0.630–0.815), 0.625 (95% CI 0.517–0.734), and 0.739 (95% CI 0.636–0.843) on POD1, 
POD3, and POD5, respectively; The AUC of CRP on postoperative day 1, 3 and 5 was 0.722 (95% CI 0.628–0.815), 
0.717 (95% CI 0.618–0.816), and 0.838 (95% CI 0.764–0.912), respectively. The AUC for PCT on postoperative day 1, 3 
and 5 was 0.725 (95% CI 0.625–0.826), 0.732 (95% CI 0.635–0.829), and 0.804 (95% CI 0.724–0.885), respectively. In 
the single-index test on POD1, POD3, and POD5, the AUC of CRP was greater than that of PCT, and the diagnosis 
accuracy of both was better than that of WBC.

Table 3 Infectious Complications, CTCAE Grading and Treatment

Complications Total Patients  
[n (%)]

CTCAE 
Grading

Treatment

High fever 43 (37.1) I Anti-inflammatory, rehydration, cooling and symptomatic treatment

Pulmonary infection 4 (3.4) I Anti-inflammatory, aerosolizing and symptomatic treatment

Incision infection 6 (5.1) II Debridement suture, anti-inflammatory and symptomatic treatment
Urinary tract infection 11 (9.4) II Anti-inflammatory and symptomatic treatment

Anastomotic leakage 5 (4.3) II–IV

Grade B 3 (2.5) II Smooth drainage, anti-inflammatory and nutritional symptomatic treatment
Grade C 2 (1.8) III–IV Enterostomy, adequate drainage, anti-inflammatory and nutritional support

Septic shock 7 (6.0) IV Anti-inflammatory, rehydration, BP raising, assisted ventilation and 
symptomatic treatment

Table 4 The Compared Median WBC, CRP, and PCT of the Patients

Groups WBC (×109/L) CRP (mg/L) PCT (ng/mL)

POD1 POD3 POD5 POD1 POD3 POD5 POD1 POD3 POD5

Non-infected group 11.05 9.40 7.55 80.15 105.00 66.40 0.465 0.367 0.224
Infected group 11.42 8.79 7.74 88.85 121.50 81.85 0.643 0.543 0.248

F value 0.105 6.12 7.19 0.821 15.85 4.974 1.131 7.765 15.45

P value 0.747 0.015 0.008 0.168 0.001 0.028 0.290 0.006 0.001

Note: P-value and F-value indicates differences between the non-infected group and infected group. 
Abbreviations: WBC, white blood cells; CRP, C-reactive protein; PCT, procalcitonin.
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Figure 2 WBC, CRP and PCT on the third and fifth days after surgery.
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At the same time, also as shown in Figure 3, the combined test of WBC, CRP and PCT on the first, third and fifth 
postoperative days had better diagnosis accuracy than that of the single index test, and the combined test of the three 
indicators had the highest accuracy. Among them, the combined test on the fifth postoperative day had the highest 
accuracy (AUC 0.860), sensitivity of 84.80%, and specificity of 80.00%.

We also noted that the median WBC level on the fifth postoperative day was 13.8 (7.2–33.4)×109/L, the median CRP 
level was 92.5 (28.1–250) mg/L, and the median PCT level was 8.47 (0.56–38.33) ng/mL on the fifth postoperative day. 
The median WBC level of the remaining 41 patients with postoperative infectious complications was 9.88 (3.73– 
16.37)×109/L, the median CRP level was 31.6 (6.06–333) mg/L, and the median PCT level was 0.251 (0.033–47.58) ng/ 
mL on the fifth postoperative day.

Establishment and Validation of Nomogram Models
When POD5 WBC, POD5 CRP, and POD5 PCT are greater than or equal to their respective forecast cut-off values, the 
assignment is 2 and the rest of the case is assigned 1. The assignment of patient’s clinical data as variables, and the 
variables in univariate analysis that were significantly associated with postoperative infectious complications were 
included in multivariate analysis. There are three independent predictors of risk factors in multivariate logistic regression 
analysis, namely POD5 WBC (OR=2.219, P=0.045), POD5 CRP (OR=2.373, P=0.035), and POD5 PCT (OR=1.873, 
P=0.013). The univariate logistic regression analysis and the multivariate logistic regression analysis of each variable are 
shown in Table 6.

Using the R Programming language software, based on the results of multivariate and tivariate logistic regression 
analyses of POD5 WBC, POD5 CRP and POD5 PCT, a nomogram model that can assess the risk of postoperative 
infectious complications was drawn, as shown in Figure 4. Nomogram shows that as the level of WBC, CRP and PCT 
increases, the higher sum of individual scores, the higher risk of postoperative infectious complications, and the sum of 
the three scores is on the Total Points axis. The calibration curve model test level of nomogram is shown in Figure 5, the 
corrected C-index of the graph is 0.858, and after 1000 internal verifications, the mean absolute error between the 
predicted risk of postoperative infectious complications and the actual risk is 0.034, and the adjusted C-index is 0.859, 
and the calibration of model is good. Figure 6 shows the ROC curve of nomogram plotted by Stata, AUC of 0.882, 95% 
confidence interval of 0.965–0.987, maximum Youden index of 0.689, sensitivity and specificity of 82.10% and 86.80%, 
respectively.

Table 5 ROC Analysis of Indicators Predicting Infectious Complications After Surgery for Ovarian Cancer

Indicators POD Cut-off Value AUC Youden Index Sensitivity (%) Specificity (%) 95% CI

WBC (×109/L)* 1 12.55 0.723 0.484 91.30 57.12 0.630–0.815
3 14.25 0.625 0.274 67.41 69.99 0.517–0.734

5 9.67 0.739 0.525 73.91 78.59 0.636–0.843

CRP (mg/L)* 1 162.5 0.722 0.456 87.62 57.98 0.628–0.815
3 185.5 0.717 0.374 67.44 69.96 0.618–0.816

5 91.15 0.838 0.657 95.70 70.00 0.764–0.912

PCT (ng/mL)* 1 0.461 0.725 0.430 58.71 84.29 0.625–0.826
3 0.528 0.732 0.541 87.00 67.10 0.635–0.829

5 0.476 0.804 0.621 93.51 68.59 0.724–0.885
CRP+PCT† 1 - 0.803 0.546 71.70 82.90 0.720–0.886

3 0.723 0.382 73.91 64.29 0.625–0.821

5 0.846 0.700 95.70 74.30 0.774–0.918
WBC+CRP+PCT 1 - 0.818 0.556 87.01 68.59 0.739–0.897

3 0.739 0.488 71.70 77.10 0.641–0.836

5 0.860 0.648 84.80 80.00 0.793–0.927

Notes: Optimal threshold in a multivariate model is the threshold with the best compromise between sensitivity and specificity. * AUC analysis as 
univariate analysis, † AUC analysis as multivariate analysis. 
Abbreviations: WBC, white blood cells; CRP, C-reactive protein; PCT, procalcitonin; POD, postoperative day; AUC, area under curve.
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Discussion
Epithelial ovarian cancer is more common in postmenopausal women. Due to the anatomical location of the ovary in the 
pelvic cavity, the early symptoms are not obvious, mostly non-specific symptoms, hidden onset, difficult to early 
diagnosis, about 75% of epithelial ovarian cancer patients have been diagnosed at the late stage.15 At present, the initial 
treatment of ovarian cancer is surgical treatment, the purpose is to excise the lesion, reduce the tumor load, determine the 
stage, improve the curative effect of chemotherapy and guide the follow-up treatment. Chemotherapies such as post
operative adjuvant chemotherapy and neoadjuvant chemotherapy, targeted therapy such as PARP inhibitors and anti- 
angiogenic drugs are all included in the follow-up treatment of ovarian cancer and can effectively improve the prognosis 
and survival of patients. Ovarian cancer is surgically excised, the intraoperative abdominal cavity is exposed for a long 
time, the postoperative recovery is slow, the body’s anti-infection ability is poor, and infectious complications are prone 
to occur after surgery.16,17 The infection will further aggravate the condition, delay treatment, affect the prognosis of 
patients, and cause a vicious circle.

Figure 3 ROC curves of WBC, CRP and PCT alone and in combination in predicting infectious complications after epithelial ovarian cancer.
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A total of 116 patients who underwent cytoreductive surgery for epithelial ovarian cancer were included, of whom 46 
developed infectious complications such as high fever, urinary tract infections, incision infections, pulmonary infections, 
anastomotic leakages and septic shock after surgery. There were no statistical differences in age, BMI, surgical history, 
hypertension, diabetes, and coronary heart disease.

Patients with ovarian cancer are mostly middle-aged and elderly people, the respiratory system degenerates, the 
ability to resist infection is weak, surgical trauma and tracheal intubation anesthesia can further damage the respiratory 
mucosa, so they are more likely to develop pulmonary infections. This group is often complicated by underlying 
diseases, such as diabetes and hypertension, and the immune function will be further suppressed after surgery, increasing 
the chance of pulmonary infections after surgery. In the early stage of pulmonary infections, there are no obvious 
symptoms, and once it is aggravated, the condition will rapidly progress and deteriorate, causing complications and 
affecting the prognosis of patients. Early prediction, diagnosis, and treatment of pulmonary infections is important.18 

Sputum culture, as the gold standard for diagnosing pulmonary infections, is time-consuming and rarely used in clinical 

Table 6 Univariate and Multivariate Logistic Regression Analyses of Each Variable

Factors Univariate Analysis Multivariate Analysis P value

OR 95% CI P value OR 95% CI

Age 1.586 0.274–1.254 0.218 –
BMI 2.087 0.311–13.989 0.595

Pelvic surgery history 1.648 0.274–1.532 0.134

Hypertension 2.531 0.963–6.652 0.142
Diabetes 1.479 0.138–1.655 0.551

Coronary heart disease 1.785 0.171–3.600 0.686

POD5 WBC 2.196 1.282–5.653 0.013 2.219 0.896–5.498 0.045
POD5 CRP 2.478 1.081–5.683 0.032 2.373 1.063–5.294 0.035

POD5 PCT 2.078 1.079–4.957 0.049 1.873 0.832–4.216 0.013

Note: P-value indicates differences between the non-infected group and infected group. 
Abbreviations: BMI, body mass index; WBC, white blood cells; CRP, C-reactive protein; PCT, procalcitonin; POD, 
postoperative day; AUC, area under curve.
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Figure 4 Nomogram prediction model of POD5 WBC, CRP and PCT on postoperative infectious complications of epithelial ovarian cancer.
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practice.19 Existing diagnostic methods do not meet the diagnostic needs for early pulmonary infections. Therefore, 
biochemical indicators that can indicate pulmonary infections are urgently needed. It has been reported in the literature 
that about 5.43% of the patients after surgery for ovarian cancer develop pulmonary infections. In this study, a total of 4 
patients developed pulmonary infections after monitoring vital signs, biochemical tests, and imaging after surgery, and 
the incidence rate was 3.40%, which was basically consistent with the above results.20

Female patients have a close anatomical relationship between the reproductive system and the urinary system, and are 
susceptible to urinary tract infections, which may cause bladder dysfunction and urinary retention due to tumor erosion of 
the urinary system and prolonged indwelling of urinary catheters, which can lead to urinary tract infections. At the same 
time, routine postoperative indwelling urinary catheters destroy the function of the urethral mucosa, affect the urine 
flushing, and increase the incidence of urinary tract infections.21 Previous studies have found that the postoperative 
incidence of urinary tract infections in patients with ovarian cancer can reach 28.4% to 34.8%, and the positive signs in 
many patients are not obvious.22 At the same time, the biochemical indicators at this stage indicate that the positive rate 
of urinary tract infections is generally not high. Therefore, we lack biochemical indicators that can suggest urinary tract 
infections in clinical practice. In this study, according to the postoperative urine routine and urine culture examinations, 
a total of 11 patients developed urinary tract infections with an incidence of 9.4%, which is lower than the above results, 
which may be related to the implementation of ERAS concept and early removal of urinary catheters after surgery.

According to literature statistics, about 60–70% of the patients with advanced ovarian cancer find that the intestine is 
eroded by tumors during ovarian tumor cytoreductive surgery, and doctors choose to perform enterostomy or intestinal 
anastomosis.23 Although enterostomy can reduce the pressure of the distal anastomosis by diversion and diversion of 
stool, it can effectively avoid the complications related to intestinal anastomosis, but it will seriously affect the physical 
and mental health and quality of life of patients after surgery. In addition, enterostomy has clinical problems such as loss 

Figure 5 Nomogram’s calibration curve.
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of intestinal fluid, ionic disturbance, and intestinal obstruction.24 Therefore, intestinal resection and anastomosis are often 
performed in clinical practice. Anastomotic leakage is one of the most serious complications of bowel surgery, with an 
incidence of about 1.4–34.3% and a mortality rate of as high as 18%.25 Postoperative anastomotic leakage occurs in less 
than 4% of ovarian cancers, but diagnosis is difficult due to its insidious course.26 In this study, a total of 28 patients 
underwent bowel surgery, including 5 patients with anastomotic leakages after bowel resection, with an incidence of 
4.3%, which was consistent with the above results. There were 2 cases of anastomotic leakages after sigmoidectomy and 
anastomosis. One anastomotic leakage each occurred after partial ileectomy, right hemicolectomy, and left hemicolect
omy. A total of 2 patients with anastomotic leakages received surgical treatment, and the remaining 3 patients recovered 
after conservative treatment such as adequate abdominal irrigation and drainage, and there were no deaths. A total of 4 
patients underwent epigastric surgery, including 2 cases of splenic lesion resection, 1 case of liver lesion resection, and 1 
case of diaphragmatic lesion dissection, and no infectious complications occurred after surgery. The causes of anasto
motic leakage are complex and may be related to factors such as the patient’s own nutritional status, surgical difficulty, 
tumor size and location. Mayer et al report that more than 30% of the anastomotic leakages occur after hospital 
discharge, with more than 25% occurring 20 days postoperatively.27 In this study, postoperative anastomotic leakage 
was detected at 10–19 days, consistent with these results. At the same time, early diagnosis of anastomotic leakage, even 
grade A anastomotic leakage, can reduce the morbidity, mortality, and recurrence of malignancy.28 Therefore, within 3 
weeks after surgery, we should closely observe the patient’s biochemical indicators, drainage tube and abdominal signs, 
etc., and diagnose anastomotic leakage as early as possible. Common methods for diagnosing anastomotic leakage in 
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Figure 6 Nomogram’s ROC curve.
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clinical practice include CT scan, gastroenterography, and re-surgical exploration, but CT examination has high false- 
negative results, and the rest are mostly invasive procedures and are not the preferred clinical methods.

Therefore, there is an urgent need for reliable biochemical indicators to help diagnose postoperative infectious 
complications such as pulmonary infections, urinary tract infections, and anastomotic leakages, with as much sensitivity 
and specificity as possible. The clinical indicators commonly used to diagnose infection include blood routine, 
interleukin-6, erythrocyte sedimentation rate, serum amyloid A, etc. Although culture of pathogens is the gold standard 
for diagnosing infection, its role in early diagnosis of infection is limited by factors such as long culture times and low 
positive rates. In recent years, CRP, PCT and other infection-related biochemical indicators have been applied to clinical 
practice and played an important role.

As the most commonly used biochemical index, WBC has the highest specificity, which is important to exclude 
postoperative infectious complications. It has been suggested that, compared with CRP and PCT, WBC does not have the 
ability to sensitively distinguish between infectious and non-infectious complications.29 In this study, there was 
a statistically significant difference in WBC counts between the infected and non-infected groups on POD3 and POD5 
postoperatively (P<0.05), and the AUC was 0.625 (95% CI 0.517–0.734) and 0.739 (95% CI 0.636–0.843), respectively. 
WBC on the fifth postoperative day had the cut-off value of 9.67×109/L, which was also an independent risk factor for 
diagnosing postoperative infectious complications of epithelial ovarian cancer (OR=2.219, P=0.045). However, patients 
with malignant tumors are mostly malnourished, which inhibits immune function and weakens the chemotaxis of 
immune cells, which affects the diagnostic value of WBC. Therefore, we recommend combining WBC with other 
indicators to diagnosis postoperative infectious complications.

CRP is an acute-phase protein produced primarily by hepatocytes in the presence of inflammation and is often used to 
demonstrate the presence of inflammation. As an acute reactive protein, CRP is usually present in the body in trace form 
at a concentration of less than 10 mg/L. When infection is present, CRP in serum concentrations begins to rise 6–8 hours 
after infection, peaking at 24–48 hours as the disease progresses, and their duration and degree of increase are related to 
the severity of infection. The association between CRP and postoperative infectious complications has been demonstrated 
in several studies, and routine testing of CRP on POD3 to POD5 postoperatively is recommended.30,31 This study found 
that CRP was slightly better than PCT in diagnosing infectious complications after surgery for epithelial ovarian cancer, 
especially with the highest AUC value of 0.838 (95% CI 0.764 to 0.912) and the cut-off value of 91.15 mg/L on 
postoperative day 5. POD5 CRP is an independent risk factor for diagnosing infectious complications after epithelial 
ovarian cancer (OR=2.373, P=0.035). Compared with PCT, CRP is slightly more sensitive and specific than PCT.

PCT, as a precursor substance of calcitonin, has very low levels (less than 0.05 ng/mL) in circulating blood.32 When 
the body is infected with a pathogen, procalcitonin is produced in large quantities in epithelial cells and enters the blood 
circulation, and the degree of increase in concentration correlates with the severity of the infection.33 Studies have shown 
that PCT can be detected within 3–4 hours after infection, and the concentration will peak 6–12 hours after infection.34 

The half-life of PCT is about 24h and will maintain or further increase PCT concentration if infection persists or 
worsens.35 Once the infection is controlled, PCT levels in the body will decrease.36 PCT is of high clinical significance. 
PCT has been widely used in the diagnosis of infectious diseases such as upper respiratory tract infections, sepsis, and 
systemic inflammatory response syndrome (SIRS).37,38 Simon et al concluded that PCT diagnostic accuracy was highest 
on the fifth postoperative day, with the cut-off value of 0.66 ng/mL, a negative diagnostic value of 99%, and a positive 
diagnostic value of 44%.39 Plesko et al concluded that PCT had a higher diagnostic value for infectious complications 
than CRP on POD3 (AUC 0.873, sensitivity and specificity of 84% and 98.6%).29 This study found that PCT had the cut- 
off value of 0.476 ng/mL (AUC=0.804) on postoperative day 5, which was an independent risk factor for diagnosing 
postoperative infectious complications of epithelial ovarian cancer (OR=1.873, P=0.013). Although the AUC of post
operative PCT is slightly lower than CRP, which is inferior to the predictive value of CRP, we believe that PCT has high 
sensitivity and specificity, and postoperative testing is necessary to exclude the risk of postoperative infectious 
complications as much as possible.

This study found that the combined test for postoperative infectious complications had a higher prediction accuracy 
than that of the single index test, and the combined WBC, CRP and PCT test was the highest on the fifth 
postoperative day (AUC=0.860). We also found that WBC, CRP, and PCT levels were significantly higher in patients 
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with anastomotic leakages than in other infectious complications, consistent with findings reported in previous 
studies.40

Although the above three risk factors are independent of each other, there is a certain correlation and may affect each 
other in the clinic. We built a nomogram model based on the relative risk of the factors. The internally validated corrected 
C-index is 0.858, which has good compliance. Timely diagnosis and clinical intervention of infectious complications 
after ovarian cancer are of great clinical significance but are often difficult. The above three risk factors are postoperative 
biochemical indicators, and the specimens are easy to obtain, simple to operate, and practical. For patients at higher risk 
predicted by nomogram plots, clinicians can perform early intervention, such as upgrading antibiotic levels, adding 
antibiotic doses, improving other relevant tests, delaying drainage removal and symptomatic treatment, etc, which may 
reduce or avoid postoperative infectious complications and improve prognosis. In addition, this study also provides 
digital reference value for clinical work, which is helpful for preoperative and postoperative doctor-patient 
communication.

There are still some limitations in this study, all patients were from a single center, and due to strict data collection 
according to the inclusion criteria, resulting in a small sample size, and lack of data from other centers for validation, data 
from other centers can be added for further prospective validation to improve the efficacy of this model. Therefore, the 
prediction of infectious complications after ovarian cancers still needs long-term prospective studies of multi-center and 
large samples to obtain more meaningful and authoritative results.

Conclusion
In the clinical management of postoperative patients with epithelial ovarian cancer under the ERAS pathway, testing 
WBC, CRP and PCT can effectively predict the occurrence of postoperative infectious complications. The cut-off values 
of WBC, CRP and PCT on the fifth postoperative day were 9.67×109/L, 91.15 mg/L and 0.476 ng/mL, respectively, 
among which the prediction effect of CRP alone was better, the AUC was 0.838 (95% CI 0.764–0.912), and the 
sensitivity and specificity were 95.70% and 70.00%. On the fifth postoperative day, the combined test of WBC, CRP and 
PCT had the greatest diagnostic value, with AUC of 0.860 (95% CI 0.793–0.927), sensitivity and specificity of 84.80% 
and 80.00%. At the same time, this study established a nomogram model that can predict postoperative infectious 
complications of epithelial ovarian cancer, which reflects a good calibration degree in internal verification, which is 
helpful to the individualized treatment of postoperative patients and the effective use of medical resources. When WBC, 
CRP, and PCT are greater than or equal to the cut-off of the best prediction or the risk of model assessment is high, it 
indicates that the patient has a greater chance of infectious complications, even if there are no obvious clinical signs or 
symptoms, and the patient is recommended to stay in the hospital for continued observation, and giving them sympto
matic treatment.
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