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Abstract
Introduction: Serum levels of procalcitonin and C- reactive protein (CRP) have been 
used to predict anastomotic leakage after colorectal surgery, but information is scarce 
in advanced ovarian cancer (AOC) surgery with bowel resection. This study aimed to 
assess the predictive value of procalcitonin and CRP in detecting anastomotic leak-
age after AOC surgery with bowel resection. The study also aimed to determine the 
optimal postoperative reference values and the best day for evaluating these markers.
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1  |  INTRODUC TION

Advanced ovarian cancer (AOC) is usually treated with a combina-
tion of cytoreductive surgery and chemotherapy.1 Given the prox-
imity of the rectosigmoid, bowel involvement is common.2 Tumor 
implants can also affect the small intestine due to peritoneal dissem-
ination. Consequently, it has been estimated that bowel resections, 
which include large bowel and small bowel resections with manual 
or mechanical anastomosis, are required in 20%–80% of the patients 
with AOC.2,3

When a bowel resection surgery is required in AOC, the most 
common procedure is modified pelvic exenteration (MPE) followed 
by colorectal anastomosis, which has acceptable morbidity and mor-
tality rates.4 A serious postoperative complication of MPE is anasto-
motic leak (AL). AL is defined as a defect of the intestinal wall at the 
anastomotic site leading to a communication between the intra-  and 
extraluminal compartments. Mortality following AL is estimated to 
be between 7.3% and 16%.4–8 Some asymptomatic patients with AL 
might evolve favorably with conservative management, but symp-
tomatic patients require radiological drainage or reintervention with 
stoma formation. Further, these patients often require admission to 
an intensive care unit (ICU) due to sepsis, and prolonged hospital 
stay with associated high healthcare costs.9 Additionally, AL can 
delay the start of adjuvant CT increasing the risk of cancer progres-
sion and recurrence.10

There is evidence of the utility of procalcitonin (PCT) and C- 
reactive protein (CRP) as early predictors of AL in patients with 

colorectal tumors.11–17 Determination of PCT and CRP in the third 
postoperative day (POD) has been shown to provide the best results, 
with CRP showing a high negative predictive value (NPV) for AL.15–17 
Predicting AL in a subclinical stage may limit the consequences of 
the leak and accelerate the initiation of therapeutic measures. Also, 
these markers could help to identify patients at low risk of AL that 
could benefit from an early discharge in the context of the enhanced 
recovery after surgery (ERAS) programs. ERAS is a multidisciplinary, 
evidence- based pathway for the care of surgical patients that aims to 
improve perioperative management and outcomes. ERAS programs 
aim to achieve early recovery after surgery and a shorter length of 
hospital stay (LOS), and they have been successfully implemented in 
AOC surgery.18–20

In patients undergoing bowel resection of AOC surgery, there 
is emerging evidence suggesting the usefulness of PCT and CRP in 
predicting AL. Baseline and cutoff values of PCT and CRP in AOC 

Material and methods: This prospective, observational and multicentric trial included 
92 patients with AOC undergoing debulking surgery with bowel resection between 
2017 and 2020 in 10 reference hospitals in Spain. Procalcitonin and CRP levels were 
measured at baseline and on postoperative days 1–6. Receiver operating characteris-
tic analysis was performed to evaluate the predictive value of procalcitonin and CRP 
at each postoperative day. Sensitivity, specificity, positive and negative predictive val-
ues were calculated.
Results: Anastomotic leakage was detected in six patients (6.5%). Procalcitonin and 
CRP values were consistently higher in patients with anastomotic leakage at all post-
operative days. The maximum area under the curve (AUC) for procalcitonin was ob-
served at postoperative day 1 (AUC = 0.823) with a cutoff value of 3.8 ng/mL (83.3% 
sensitivity, 81.3% specificity). For CRP, the maximum AUC was found at postopera-
tive day 3 (AUC = 0.833) with a cutoff level of 30.5 mg/dL (100% sensitivity, 80.4% 
specificity).
Conclusions: Procalcitonin and C- reactive protein are potential biomarkers for early 
detection of anastomotic leakage after ovarian cancer surgery with bowel resection. 
Further prospective studies with a larger sample size are needed to confirm these 
findings.

K E Y W O R D S
anastomotic leakage, colorectal resection, ovarian cancer

Key message

This trial involving women undergoing ovarian cancer 
surgery with bowel resection aimed to predict the risk of 
anastomotic leakage using inflammatory markers. Levels 
of procalcitonin and C- reactive protein were consistently 
higher in patients with anastomotic leakage throughout 
the early postoperative period.
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might differ from those described in colorectal cancer surgery due 
to the inflammatory process associated to peritoneal carcinomato-
sis.21,22 In this study we assessed the predictive value of PCT and 
CRP serum levels for the early detection of AL in patients under-
going debulking surgery for AOC and concomitant bowel resection 
(early dehiscence markers in ovarian cancer surgery [EDMOCS]). We 
aimed to define the optimal post- surgical reference values for PCT 
and CRP and determine the optimal postoperative day to evaluate 
these parameters in AOC patients.

2  |  MATERIAL AND METHODS

This study was a prospective, observational, multicentric trial con-
ducted at 10 major reference hospitals in Spain from June 2017 to 
December 2020. The management of patients was carried out ac-
cording to the protocols established by each participating center, 
including ICU admission. This multicenter prospective observa-
tional study was endorsed by the Spanish Investigational Network 
Gynecologic Oncology Group (Spain- GOG) and was registered at 
Clini calTr ials. gov with reference number NCT03131492.

2.1  |  Inclusion and exclusion criteria

Patients were included if they were aged ≥18 years and diagnosed 
with AOC (FIGO stages III–IV), undergoing primary debulking sur-
gery, interval surgery, or secondary debulking surgery for recur-
rence. Surgery had to include a bowel resection with mechanical or 
manual anastomosis. Patients undergoing an emergency surgery or 
those who developed a surgical infection were excluded from the 
study. The inclusion of patients who had a protective ileostomy were 
minimized to less than 10% in order to avoid potential bias related to 
minor AL symptoms associated to this procedure, although protec-
tive ileostomies have not shown to improve the frequency of AL.

2.2  |  Study procedures

The eligibility of patients for inclusion in the study was evaluated 
at the preoperative visit. Eligible patients underwent a preoperative 
baseline CRP and PCT serum determination, assessment of albumin 
as a nutritional status marker, and carbohydrate antigen (CA)- 125 
levels.

Regarding the policy of bowel resections, we contemplated a 
Hudson procedure if rectosigmoid involvement was superficial. 
When there was evidence of deeper or muscular layer involvement, 
we proceeded to perform a bowel resection, independently of the 
need of other intestinal resections, in order to achieve a complete 
cytoreduction.

During the postoperative period, the following variables were 
collected: daily registry (3 measurements per day) of clinical parame-
ters (blood pressure, heart and respiratory rates, oxygen saturation, 

pain according to the visual analog scale [VAS] scale, diuresis and 
peristalsis) from the first postoperative day (POD) until discharge, 
and daily blood tests from POD 1 to 6 (red and white blood cell 
count, Na+, K+, Cl−, glucose, urea, creatinine, coagulation markers, 
CRP and PCT). PCT concentration was determined by immunoassay 
(BRAHMS PCT reagent) with an ADVIA Centaur CP Immunoassay 
System (Siemens). Although the PCT samples were processed by 
different instruments in the participating centers, they were all 
calibrated to the BRAHMS standard, allowing for a combined data 
analysis. CRP concentration was measured by immunoturbidimetry 
(Olympus AU5400 equipment, Beckman Coulter). As CRP measure-
ments could not be rigorously standardized and correlated between 
the different instruments used in the participating centers, only 
data obtained from the same instruments were pooled from two 
hospitals.

Sepsis is caused by a systemic inflammatory response syndrome 
(SIRS) secondary to infection, and, when associated with organ dys-
function, produces several life- threatening complications. The crite-
ria for sepsis diagnosis included the presence of one or more of the 
following: fever >38.5°C, hypothermia <36°C, heart rate >90 bpm, 
tachypnea >20 breaths/min, altered mental status, significant edema 
(positive fluid balance), hyperglycemia (plasma glucose >120 mg/dL), 
leukocytosis (>12 000/μL), leukopenia (<4000/μL), and normal leu-
kocyte count with more than 10% immature forms. When the sepsis 
criteria were met,23 the following sites were evaluated for infection: 
the wound (examination and sample for microbiology), the lung (X- 
ray/computed tomography [CT]), the urinary tract (sediment/cul-
ture), and the abdomen or pelvis (CT or abdominal ultrasound).

If AL was suspected clinically, a CT- enema with water- soluble 
contrast (Gastrografin) was performed.24 In some of the partici-
pating centers, a rectal examination with rectoscopy was also car-
ried out. An elevation of CRP and/or PCT levels without a clinical 
suspicion for AL was not an indication to perform an imaging tech-
nique. Management of the AL depended on the colorectal surgery 
protocols of each participating center. All patients diagnosed with 
AL were excluded from the study after treatment. All intraopera-
tive and early postoperative complications (<30 days) were reported 
using the Clavien–Dindo classification.25

Patients were followed up in the clinic one week after discharge 
with a physical examination and a blood test including blood count, 
hemostasis study and basic biochemistry, and at 30 days postopera-
tively just for anamnesis and physical examination.

2.3  |  Statistical analyses

The sample size determination was based on data from previous 
published studies, which indicated that the AL rate in patients un-
dergoing surgery for AOC with rectal- sigmoid resection was 7%. 
Assuming an area under the curve (AUC) >0.80 in the receiving 
operator characteristic (ROC) analysis, both for PCT and CRP, with 
a power of 95%, a total of 70 patients were required. Continuous 
variables are expressed as mean and standard deviations, while 
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categorical variables are expressed as absolute numbers and per-
centages. To analyze the reliability of the analytical variables (PCT, 
CRP) as possible diagnostic tests for the early detection of AL, ROC 
curves were analyzed, and the AUC was calculated for each of the 
variables. The sensitivity, specificity, NPV, and PPV of these param-
eters were assessed. Statistical significance was set at p < 0.05. Stata 
statistical software (version 16) was used for data analysis.

3  |  RESULTS

A total of 92 patients out of 133 cytoreductive surgeries for AOC 
performed during the study period were included in the study as 
they met the inclusion criteria (Figure 1). The demographic and 
clinical characteristics are shown in Table 1. Bowel resection rate in 
cytoreductive surgery was 58%. A total of 55 patients (59.8%) un-
derwent primary cytoreductive surgery. The most common type of 
bowel resection was rectosigmoid in 81 patients (88.0%), and seven 
patients (7.6%) underwent ileostomy. The ERAS protocol was ap-
plied to half of the patients (48.9%) and the median LOS was 8 days 
(range 4–57). A total of 41 patients (48.5%) required ICU admission.

AL was diagnosed in six patients (6.5%) between postoperative 
days 2 and 5. All patients with AL underwent surgical treatment. The 
median LOS in patients with AL was 25 days. Five of the AL occurred 
in patients with multiple bowel resections (rectosigmoid and ileoco-
lic), and one patient had undergone a left hemicolectomy.

It was not possible to assess survival data because follow- up was 
limited to 30 days- postoperatively.

Serum levels of PCT (N = 92) peaked at POD 1 (Figure 2A). Higher 
serum levels were observed in patients who had AL at all timepoints 

during the postoperative period. The ROC analysis for PCT and CRP 
for the diagnosis of AL in the first five PODs is summarized in Table 2. 
The maximum AUC for PCT was observed at POD 1 (AUC = 0.823, 
95% CI: 0.594–1.000) with a cutoff level at 3.8 ng/mL for predicting 
AL, with a sensitivity of 83.3%, a specificity of 81.3%, PPV of 25.0%, 
NPV of 98.5, and a false positive rate of 18.7%. The ROC curve for 
PCT on POD 1 for the diagnosis of AL is shown in Figure 3A.

In the analysis of CRP serum levels, only the results from two 
hospitals which used comparable CRP determination methodologies 
were considered (N = 56). Mean levels of CRP increased for patients 
with and without AL up to POD 2, and then gradually decreased for 
both groups (Figure 2B). However, patients with AL consistently pre-
sented higher levels of CRP compared with patients without AL. The 
maximum AUC for CRP was observed at POD 3 (AUC = 0.833, 95% 
CI: 0.727–0.939) with a cutoff level at 30.5 mg/dL for predicting AL, 
and a sensitivity of 100%, specificity of 80.4%, PPV of 28.6%, a NPV 
of 100% and a false positive rate of 19.6%. The ROC curve for CRP 
on POD 3 for the diagnosis of AL is shown in Figure 3B.

4  |  DISCUSSION

In this study we analyzed the utility of PCT and CRP to evaluate 
the risk of AL after surgery for AOC and concurrent intestinal resec-
tion. The results show that both PCT and CRP levels were raised in 
patients with AL compared to patients without AL, suggesting that 
both markers could be of value for the diagnosis of this postsurgi-
cal complication. This is the first study analyzing the possible use of 
early inflammatory markers to detect infectious complications in the 
context of AOC surgery with bowel resection.

F I G U R E  1  Flow chart of the study. AL, 
anastomotic leak; CRP, C- reactive protein; 
PCT, procalcitonin.
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PCT and CRP have been used as serum markers of infection and 
sepsis in cancer patients.26,27 Recently, they have also been asso-
ciated with COVID- 19 severity in gynecologic cancer patients.28 
Numerous studies have shown the predictive power of PCT and CRP 

in the early detection of AL after colorectal surgery.11–16 However, 
there is still no consensus as to the best cutoff value to consider the 
measurements as being positive or negative for AL, or the best POD 
to measure these markers. Several meta- analyses have reported that 
the optimal cutoff values for PCT could range from 0.17 to 68 ng/
mL on PODs 3–5, and for CRP from 9.4 to 19.0 mg/dL on PODs 
3–4.11,12,29 Also, in an effort to identify the risk of AL as early as pos-
sible after surgery, a recent study reported that a NPV of 99% could 
be obtained at POD 3 with the combination of both markers (cutoff 
values of 2.5 ng/mL for PCT and 16.3 mg/dL for CRP).15 Although our 
results in ovarian cancer surgery cannot be directly compared with 
those obtained in the context of laparoscopic surgery for colorectal 
cancer treatment, they suggest that the measurement of PCT and 
CRP could be indicative of AL even earlier in the postoperative pe-
riod. Thus, in our study, we found that levels of PCT above 3.8 ng/mL 
on POD 1 could be indicative of AL with a NPV of 98.5%, and that a 
cutoff of value 30.5 mg/L for CRP at POD 3 achieved a NPV of 100% 
for predicting AL.

It should be noted that the measurement of CRP is strongly de-
pendent on the technique used, and therefore comparison of results 
must be viewed with caution. In contrast, PCT is standardized across 
laboratories and the absolute values can be combined or compared. 
For both markers, isolated increments in measured concentrations 
are not enough for the diagnosis of postoperative complications, 
given that some patients without AL could present severe inflam-
matory responses associated to the disease and the surgical inter-
vention itself. Therefore, a combination of biomarkers would be 

TA B L E  1  Patient characteristics and surgery (N = 92).

Variable N = 92

Age (years), mean (SD) 59.9 (11.7)

BMI (kg/m2), mean (SD) 25.3 (4.21)

Smoker, N (%) 7 (7.6)

FIGO stage, N (%)

IIIA 10 (10.9)

IIIB 8 (8.7)

IIIC 55 (59.8)

IV 19 (20.7)

Type of surgery, N (%)

Primary cytoreduction 55 (59.8)

Interval 19 (20.7)

Secondary cytoreduction 18 (19.6)

Histology, N (%)

Serous 77 (83.7)

Endometrioid 8 (8.7)

Clear cell 4 (4.3)

Other 3 (3.3)

CA- 125, U/mL 463.8 (698.0)

Bowel resection, N (%)

Rectosigmoid 81 (88.0)

Right ileocolic 12 (13.0)

Right hemicolectomy 1 (1.1)

Left hemicolectomy 2 (2.2)

Transversectomy 1 (1.1)

Small bowel resection 4 (4.3)

Appendectomy 19 (20.7)

Cytoreduction, N (%)

Complete 85 (92.4)

Optimal 6 (6.5)

Suboptimal 1 (1.1)

Ileostomy, N (%) 7 (7.6)

ERAS protocol, N (%) 45 (48.9)

Anastomotic leak, N (%) 6 (6.5)

Blood transfusions per patient, median (SD) 2 (1.6)

ICU admissions, N (%) 41 (44.6)

Length of hospital stay (days), median (range) 8 (5–57)

Readmission in 30 days 7 (7.6)

Death in 30 days 1 (1.1)

Aletti complexity score, mean (range) 9 (6–14)

Abbreviations: BMI, body mass index; ERAS, enhanced recovery 
after surgery; FIGO, the International Federation of Gynecology and 
Obstetrics; ICU, intensive care unit.

F I G U R E  2  Mean procalcitonin (PCT) (A) and C- reactive protein 
(CRP) (B) serum concentrations in the preoperative phase and the 
postoperative days 1–5, for patients presenting anastomotic leak or 
no anastomotic leak. Bars indicate standard deviation.
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necessary to improve predictive accuracy. Some predictive models 
for complications have been described in ovarian cancer surgery and 
the incorporation of these biomarkers to the clinical models could 
improve their accuracy.30 If an early discharge is sought, especially 

in the context of ERAS programs, then a high NPV of AL at an early 
postoperative time is necessary.15,20

Inflammatory processes are closely associated with cancer and 
increased levels of CRP and other inflammatory markers have been 

TA B L E  2  Receiver operator characteristic (ROC) analysis for the diagnosis of AL in women undergoing surgery for advanced ovarian 
cancer with bowel or colorectal resection.

POD AUC 95% CI Cutoff value Sensitivity Specificity PPV NPV

PCT 1 0.823 0.594–1.000 3.8 83.3 81.3 25.0 98.5

2 0.795 0.542–1.000 2.5 83.3 79.8 22.7 98.5

3 0.805 0.510–1.000 2.3 80.0 88.2 28.6 98.7

4 0.805 0.506–1.000 1.4 80.0 90.5 33.3 98.7

5 0.984 0.948–1.000 2.1 100.0 95.1 42.9 100.0

CRP 1 0.671 0.375–0.967 20.0 80.0 58.3 16.7 96.6

2 0.828 0.603–1.000 34.5 80.0 88.2 40.0 97.8

3 0.833 0.727–0.939 30.5 100.0 80.4 28.6 100.0

4 0.799 0.651–0.947 23.7 100.0 64.7 18.2 100.0

5 0.905 0.821–0.989 24.9 100.0 87.8 33.3 100.0

Abbreviations: AL, anastomotic leak; AUC, area under the curve; CI, confidence interval; CRP, C- reactive protein; NPV, negative predictive value; 
PCT, procalcitonin; POD, postoperative day; PPV, positive predictive value.

F I G U R E  3  Plot of the receiving 
operator characteristic curve of the 
procalcitonin (PCT) in postoperative 
day (POD) 1 (A) and C- reactive protein 
(CRP) in POD 3 (B) for the diagnosis 
of anastomotic leak after surgery for 
advanced ovarian cancer with intestinal 
resection.
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associated with a subsequent increased risk of ovarian cancer.21,31 
High CRP levels in plasma have been correlated with stage and 
tumor size in epithelial ovarian cancer, suggesting that CRP could 
be valuable in the diagnosis of the disease.32,33 Similarly, serum 
PCT levels are higher in cancer patients compared with noncan-
cer patients, but these increments depend mainly on the type of 
cancer and the stage of the disease.26 For these reasons, studies 
must be conducted to analyze PCT and CRP measurements as pre-
dictors of infectious complications after surgery in the context of 
each specific tumor. In this regard, the present study is the first to 
analyze these parameters prospectively and in multiple centers in 
patients with AOC in which an intestinal resection was performed 
during surgery.

In our study we found that only six patients developed AL (6.2%), 
results that are in line with those reported by others with an inci-
dence rate of AL of 1.4%–6.8% after colorectal resection in ovarian 
cancer surgery.34 Interestingly, these rates are lower than those ob-
served in colorectal surgery for bowel tumors, from 1.2% to 15%, 
which again underlines the importance of studying the utility of 
these biomarkers specifically in surgery for AOC.34 Unfortunately, 
due to the low number of AL in our study, no conclusions could be 
drawn about the preoperative value of these markers or the im-
pact of different types of cytoreductive surgery (primary, interval 
debulking and secondary) on the results.

In addition, several authors have highlighted the utility of no-
mograms to estimate the risk of AL after resection of rectosigmoid 
colon in ovarian cancer based on clinical factors, such as diabetes, 
cosurgery of distal pancreatectomy, macroscopic residual tumor, 
and anastomotic level from the anal verge shorter than 10 cm.35 
These factors and others such as age, serum albumin level or num-
ber of bowel resections are considered on daily practice to perform 
a protective stoma and to prevent the consequences of AL.5 In this 
regard, we believe future studies of models combining these well- 
known clinical variables and postoperative biomarkers such as PCT 
and CRP could improve the prediction of AL and help clinicians in 
their daily practice.

Finally, it should be noted that the use of these early postop-
erative biomarkers should not substitute surgical techniques used 
for the evaluation of the anastomosis integrity, such as methylene 
blue injection, sigmoidoscopic intraoperative evaluation of the anas-
tomosis, air leak tests,36 and indocyanine green (ICG) combined 
with fluorescent near- infrared imaging.37 Also, in the postoperative 
setting, the usefulness of transvaginal ultrasound with serum insuf-
flation as a minimally invasive method for detecting AL is currently 
being evaluated.38

The main strengths of this study were its novelty, as the use of 
PCT and CRP as markers of AL in the context of AOC had not pre-
viously been explored, and that it included more than one center. 
However, the study had some limitations that should be considered. 
The main limitation was the small number of patients that developed 
AL (N = 6, 6.2%), which, although in a proportion similar to recent 
publications,34,39 considerably constrained the statistical analysis. 
Also, the heterogeneity of the patients included (eg, with respect 

to tumor stage) could have obscured differences between groups 
or generated an overestimation of the variation between patients, 
and we did not study the correlation between factors such as tumor 
stage or surgical complexity and PCT and CRP levels. Follow up until 
30 days postoperatively did not allow long- term survival data to be 
assessed.

The results of this study suggest a possible preliminary algo-
rithm for the postoperative management of patients undergoing 
surgery for AOC and concurrent intestinal resection. We suggest 
that on POD 1 all patients should be tested for PCT, and if the 
result is superior to 3.8 ng/mL, the test should be repeated on 
POD 4. If the PCT result on POD 4 is superior to 1.4 ng/mL, then 
a water- soluble contrast enema CT should be conducted to deter-
mine the occurrence of AL. This algorithm should be validated in 
future clinical trials.

5  |  CONCLUSION

This study showed that PCT and CRP are potential biomarkers for 
AL in the context of debulking surgery for AOC and concomitant 
bowel resection very early after surgery. The high NPV could sug-
gest their use in patients following ERAS programs. Future pro-
spective studies with a higher number of patients are required to 
confirm our results.
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