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Abstract 
 

Background: The utility of procalcitonin for detecting anastomotic leaks after colorectal surgery in 
older adults has not been well documented. As the immune system undergoes changes with 
age,procalcitonin levels may differ at baseline, and its diagnostic performance could vary when an 
anastomotic leak occurs after colorectal surgery in older adult patients with cancer.The aim of this 
study is to evaluate the diagnostic performance of procalcitonin on postoperative day 3 for 
detecting anastomotic leaks in older adults with colorectal cancer. 
Methods: We conducted a diagnostic test study based on a delayed-type cross-sectional design in 
older adults (≥65 years old) with colorectal cancer. Postoperative day 3 procalcitonin levels were 
tested. The reference standard was anastomotic leak. We calculated the receiver operating 
characteristic curve and its area under the curve. 
Results: The incidence of anastomotic leak was 7.7%.On postoperative day 3, the ROC 
demonstrated an AUC of 0.68 (95%CI:0.58–0.78) for the prediction of an anastomotic leak using 
procalcitonin levels. The cutoff point with the highest diagnostic performance, according to the 
Youden index, was 0.61 ng/ml, with a sensitivity of 0.69, specificity of 0.62, a LR+of 1.86, and a LR- 
of 0.48 for predicting an anastomotic leak. The AUC was 0.78 when ileostomies were excluded and 
0.81 when evaluating Grade C leaks. 
Conclusion: Our study reveals that procalcitonin levels on postoperative day 3 are a poor diagnostic 
marker for identifying anastomotic leaks in older adults with colorectal cancer, with an 
improvement in performance for the Grade C anastomotic leak subgroup. 
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Introduction 
 

Procalcitonin is a precursor of calcitonin induced by thyroid C cells. In healthy individuals, only a 
very small amount is released into systemic circulation (<0.05 ng/L). During bacterial infection, its 
blood level increases rapidly, produced by other tissues(1).Under specific clinical conditions such 
as after surgical procedures, trauma, renal dysfunction, or immunosuppression, among others, 
procalcitoni levelsmay be also increased due to cytokine-mediated stimulation(2). 

One of the documented uses of procalcitonin is as a biomarker for the early detection of 
anastomotic leaks, particularly in colorectal surgery. The reported incidence of anastomotic leaks in 
colorectal surgeries ranges between 2.8% and 30%(3).A recent systematic review and meta-analysis, 
which included 11 studies and 3,393 patients who underwent colorectal surgery, reported an area 
under the curve (AUC) of 0.87 for procalcitonin on postoperative day 3 was in detecting anastomotic 
leaks (4). 

 
The utility of procalcitonin for detecting anastomotic leaks after colorectal surgery in older adults 
has not yet been described. Older adultsrepresent an increasingly significant population group. The 
global number of individuals aged 65 or older is expected to double, from 761 million in 2021 to 1.6 
billion in 2050, with the number of individuals aged 80 or older growing at an even faster 
rate(5,6).Considering this trend and the United Nations’ call for research and program development 
focusing on the aging population (7), the issue is particularly pertinent. 

The immune system undergoes age-related changes, a phenomenon known as immunosenescence 
and inflammaging. This involves a decline in immune function and defense mechanisms, leading to 
a reduced ability to trigger effective antibody and cellular responses against infections and vaccines. 
Moreover, there is an imbalance between pro-inflammatory and anti-inflammatory cytokines, 
resulting in chronic inflammation even in the absence of infection(8–10). Consequently, baseline 
procalcitonin levels may differ, and its diagnostic accuracy could vary when an anastomotic leak 
occurs after colorectal surgery in older adult patients with cancer. 

Given these considerations, the aim of this study is to evaluate the diagnostic performance of 
procalcitoninonon postoperative day 3 for detecting anastomotic leaks in older adult patients with 
colorectal cancer. 

 
Methods 

 
Study design 

We conducted a diagnostic test study using a delayed-type cross-sectional design (11). All patients 
admitted to the institution between 2015 and 2022 who met the eligibility criteria were included in 
the study. Data for all variables were collected in an anonymous database using REDCap electronic 
data capture tools (12). The study was reviewed and approved by our institution’s ethics committee 
(approval number 2568-CV1861).Upon admission, patients or their caregivers provided written 
informed consent for the use of their clinical information in research.The study adhered to the list 
of essential items for reporting diagnostic accuracy studies (STARD)(13). 

 
Study population 



Eligible study participants included older adults (≥65 years old) who underwent surgical resection of 
the colon or rectum for colorectal cancer. The exclusion criteria were as follows: (i) no anastomosis 
performed during the same surgical procedure, (ii) lack of procalcitonin measurement on 
postoperative day 3, (iii) insufficient follow-up to determine the presence of an anastomotic leak, 
(iv) patients with active infection prior to surgery, and (v) inability to provide informed consent. 

 
The following variables were analyzed: demographic characteristics of the patients, body mass 
index (BMI), ASA Physical Status Classification, presence of diabetes mellitus, chronic obstructive 
pulmonary disease, cardiovascular disease, chronic kidney disease,preoperative laboratory results, 
neoadjuvant treatments, including radiotherapy and/or chemotherapy, surgical approach (open or 
laparoscopic),tumor location, TNM classification, intraoperative bleeding and the need for 
transfusion, procalcitoninonlevels on postoperative day 3, surgical complications categorized 
according to the Clavien-Dindo Classification) and hospital stay duration. During the postoperative 
period, all patients were examined daily to assess their clinical condition, including assessment of 
pain, fever, hemodynamic status, abdominal examination, return of bowel function, and any wound 
drainage. 

 
Index test 

Serum procalcitonin levels were analyzed in the institution's clinical laboratory, using a 
chemiluminescence assay. Baseline procalcitonin values were not available because they are not 
part of the institutional protocol; however, blood levels were measured on postoperative day 3 for 
all patients as part of routine care. The procalcitonin valuesto the treating surgeons and informed 
clinical decision-making for each patient. 

 
Reference standard 

 
An anastomotic leak was defined as any deviation from the expected postoperative recovery 
associated with the anastomosis. This includes the presence of pus or enteric fluid in surgical drains 
or wounds, detection of an abdominal or pelvic collection near the anastomosis on a computed 
tomography (CT) scan, or identification of anastomotic dehiscence during reoperation.This includes 
anastomotic leakage grade A, B, or C according to The International Study Group of Rectal Cancer 
(14). 

Statistical analysis 
 

A description was made with demographic, clinical and surgical variables. Categorical variables were 
described as proportions and continuous variables as medians with their respective interquartile 
range (IQR). A bivariate analysis was performed with Mann- Whitney tests or chi-squared tests, as 
appropriate, in order to compare differences between the variables according to whether 
anastomotic leak was present or not. A linear regression analysis was performed to explore the 
factors that may influence procalcitonin levels. 

 
We calculated the receiver operating characteristic (ROC) curve and its area under the curve (AUC) 
with the corresponding 95% confidence interval (95% CI). The optimal cutoff point with the highest 
diagnostic performance was determined using the Youden Index method, and we calculated its 
sensitivity, specificity and likelihood ratios (LR+ and LR-). 



Additionally, we conducted subgroup analyses, excluding patients with a defunctioning ileostomy 
and those with anastomotic leakage grade A and B. This was done because these patient groups 
might exhibit a less severe inflammatory response. 

 
The percentages of missing data for the variables were as follows: IMC 0.9%, albumin16%, approach 
0.9%, and intraoperative bleeding4.4%; these were imputed using multiple imputation by predictive 
mean matching. 

A p-value of <0.05 was considered statistically significant. All analyses were carried out using R 
(version 2023.12.1+402). 

 
Sample size calculation 

 
All patients who met the selection criteria during the study period were included in the analysis. A 
post-hoc sample power calculation was performed. 

 
Results 

A total of 338 patients were included in the study and a flowchart shows the selection process 
(figure 1). 

 
The incidence of anastomotic leak was 7.7%, with 2 cases classified as Grade A, 9 as Grade B, and 

15 as Grade C. The median age of the patients was 72.0 years (IQR: 69.0–78.0), with the majority 
being female (53.8%). Tumors were most commonly located in the right colon, followed by the 
sigmoid colon and rectum. The most frequent tumor stages were II and III (41.4% and 35.2%, 
respectively).When comparing characteristics based on the presence or absence of an anastomotic 
leak, we found that the ASA physical status classification was higher in patients with leaks. 
Additionally, tumor location in the rectum and the use of neoadjuvant therapy were more common 
in patients with leaks, with statistically significant differences observed. Further demographic, 
clinical, and surgical characteristics are detailed in Table 1. 

 
The median procalcitonin level was 0.40 ng/mL (IQR: 0.17–0.99). When comparing procalcitonin 
levels between the groups, patients with anastomotic leaks had significantly higher levels (0.36 
ng/mL, IQR: 0.17–0.92 vs. 0.90 ng/mL, IQR: 0.38–1.78; p = 0.002). 

 
In terms of surgical outcomes, patients with an anastomotic leak exhibited a significantly higher 
proportion of major complications and mortality. Similarly, they experienced a longer hospital stay 
duration (table 2). 

On postoperative day 3, the ROC curve demonstrated an AUC of 0.68 (95% CI: 0.58–0.78) for the 
prediction of an anastomotic leak using procalcitonin levels. The cutoff point with the highest 
diagnostic performance, according to the Youden Index, was 0.61 ng/ml, with a sensitivity of 0.69, 
specificity of 0.62, a LR+ of 1.86, and a LR- of 0.48 for predicting an anastomotic leak (figure 2 and 
3). 

 
In the subgroup analysis, we found that excluding patients with a defunctioning ileostomy increased 
the AUC to 0.78 (95% CI: 0.68–0.88). The optimal cutoff remained the same, with a sensitivity of 
0.86, specificity of 0.62, a LR+ of 2.30, and a LR- of 0.21 for predicting an anastomotic leak. In the 



other subgroup analysis, excluding patients with Grade A and B anastomotic leaks increased the 
AUC to 0.81 (95% CI: 0.73–0.89). The optimal cutoff remained unchanged, with a sensitivity of 0.93, 
specificity of 0.62, an LR+ of 2.51, and an LR- of 0.10 for predicting an anastomotic leak (figure 2). 

 
Finally, when analyzing the factors that may influence procalcitonin levels on postoperative day 
3,we found that age was significantly associated with higher levels (p = 0.027), while a laparoscopic 
approach was associated with lower procalcitonin levels compared to an open approach (p 
<0.001).In contrast, neoadjuvant therapy, Charlson comorbidity index, and rectal tumor location 
were not associated with procalcitonin levels. This indicates that age and surgical approach are 
independent factors influencing procalcitonin levels, regardless of the presence of anastomotic 
leakage (table 3). 

Using the obtained AUC value, the number of cases and controls, and a significance level of 0.05, a 
post-hoc power analysis calculated a power of 0.88 for the sample. 

 
Discussion 

 
The rate of anastomotic leaks after colorectal surgery was 7.7%, consistent with the expected range 
for such complications. This result is notable given our population’s higher risk factors including 
advanced age and the presence of colorectal cancer in all patients(15,16). 

Our findings indicate a poor diagnostic performance (17) of postoperative day 3 procalcitonin levels 
for predicting anastomotic leaks following colorectal resection in older adults with cancer. With a 
pre-test probability of 7.7%, the post-test probability for a procalcitonin level above the established 
cutoff point (0.61 ng/mL) would be 13%, and for a level below the cutoff, it would be 4% (Figure 3). 
These findings demonstrate that procalcitonin at this threshold cannot reliably rule in or rule out 
the anastomotic leaks. 

 
Despite this, when we conducted a subgroup analysis excluding patients with a defunctioning 
ileostomy and those with Grade A and B anastomotic leaks, we observed an improvement in the 
performance of procalcitonin, with an AUC of 0.78 and 0.81, respectively. While this improvement 
in performance is significant, it is sometimes more important to detect Grade A and B leaks, as they 
often present with a more insidious clinical course. These findings may be related to the severity of 
the fistula and, consequently, the intensity of the inflammatory response. It is important to note 
that among the patients who did not undergo an ileostomy, only one had a Grade B leak, while the 
rest were Grade C. This means that by excluding patients with an ileostomy, we are also excluding 
the majority of Grade A and B leaks. 

 
A recent meta-analysis including patients of all agesand with both benign and malignant conditions, 
reported a pooled AUC of 0.81 for postoperative day 3 procalcitonin levels, with a cutoff value of 
0.75 ng/mL(4). This study found a pooled LR+ of 3.27 and aLR- of 0.34, suggesting that procalcitonin 
levels below this threshold might potentially rule out anastomotic leaks after colorectal surgery. 
However, the wide confidence intervals raised concerns about the reliability of these results. 
Specifically, they showed that a pre-test probability of 8% would decrease to a post-test probability 
of 3% with procalcitonin levels below 0.75 ng/mL, which is not compelling for ruling out leaks(4). 
Similarly, another meta-analysis, including different age groups and with both benign and malignant 
conditions, found a pooled AUC of 0.87 for postoperative day 3 procalcitonin levels, suggesting 
better diagnostic performance than our findings (16). The discrepancy between our findings and 



those of these systematic reviews could be attributed to multiple factors, including differences in 
patient populations, methodologies, and cutoff thresholds. However, when performing the 
subgroup analysis, the results are more similar to those reported in the literature. 

 
Firstly, we exclusively included older adult patients, who have distinct characteristics compared to 
other age groups. In this population, the balance between pro-inflammatory and anti-inflammatory 
responses is often disrupted, potentially causing variations in procalcitonin levels (18). In other 
infectious conditions, where prior studies have demonstrated good diagnostic performance of 
procalcitonin, this effect has been less consistent in older adults (19), although some studies still 
report reliable performance (20,21). For example, a study by Ying Yang et al., which evaluated older 
adults with and without infection, including pneumonia, based on frailty status, found a positive 
association between procalcitonin levels and frailty, independent of infection status. Secondly, all 
included patients had colorectal cancer, with no cases of benign disease. Baseline procalcitonin 
levels may differ in colorectal cancer patients, which could limit its diagnostic performance for 
predicting anastomotic leaks in this population (22,23). 

 
Immunosenescence is closely linked to inflammaging, a process associated with aging. This 
phenomenon involves the secretion of various molecules, including proteases, chemokines, 
angiogenic factors, proinflammatory cytokines, matrix metalloproteinases, and extracellular matrix 
components. These changes can alter the inflammatory response in older adults and lead to 
variations in the baseline and infection-induced levels of several inflammatory biomarkers, such as 
procalcitonin, C-reactive protein, and leukocytosis, among others (24,25). 

A model was developed to predict procalcitonin levels on postoperative day 3 and to explore 
plausible explanatory variables for these levels. As previously mentioned, age can influence 
procalcitonin levels, and surgical approach has also been shown to affect them, as well as the trauma 
associated with open surgery may elevate procalcitonin levels. Finally, the variable of interest— 
anastomotic leak—was also included in the model. The variables age, laparoscopic approach and 
anastomotic leak were statistically significant. Notably, laparoscopic surgery was inversely 
associated with procalcitonin levels, consistent with prior studies suggesting that minimally invasive 
approaches lead to reduced surgical trauma and inflammatory response (4).Also, the variables 
neoadjuvant therapy, Charlson comorbidity index, and rectal tumor location were included in the 
model, but they were not statistically significant. 

 
More recently, combined markers such as C-reactive protein, procalcitonin, and leukocyte count 
have been evaluated to improve predictive performance. Additionally, clinical variables like ASA 
classification status and comorbidities have been integrated into predictive models. These 
approaches may offer enhanced diagnostic accuracy, particularly in older adults with colorectal 
cancer, by accounting for the unique physiological and clinical characteristics of this population 
(26,27). 

 
This study has several notable strengths. To our knowledge, it is the only study evaluating the 
performance of procalcitonin as a diagnostic marker for anastomotic leaks in older adults. Although 
we did not conduct an a priori sample size calculation, we performed a post-hoc power analysis, 
which demonstrated a power greater than 80% with a significance level of 0.05. The missing data 
was minimal (less than 5%), except for albumin, which was only a descriptive variable. However, this 
study also has several limitations. First, a major limitation is the lack of a definitive gold standard for 
diagnosing anastomotic leaks. It is possible that under-diagnosis of anastomotic leak occurred in our 



study due to asymptomatic or mildly symptomatic leaks that did not warrant further investigation. 
Second, this study was conducted at a single center with a selected patient sample, which may limit 
the generalizability of the findings. Third, incorporation bias is present, as the treating surgeons 
were aware of the procalcitonin levels (the result of the index test), which could have influenced 
clinical decision-making. Lastly, we did not have baseline procalcitonin levels, which could provide 
critical context, as elevated levels might indicate pre-existing inflammatory conditions 
(inflammaging) or malignancies. 

 
Future studies should explore additional biomarkers or integrate procalcitonin with clinical 
parameters to enhance diagnostic accuracy in this population. They should also measure baseline 
procalcitonin levels preoperatively and evaluate their correlation with postoperative levels. 

 
Conclusion 

 
Our study indicates that procalcitonin levels on postoperative day 3 are a poor diagnostic marker 
for identifying anastomotic leaks in older adults with colorectal cancer, with an improvement in 
performance for Grade C anastomotic leak subgroup. Surgeons should be cautious using 
procalcitonin for the early detection of anastomotic leak in this patient population. Further research 
is needed to better define the role of procalcitonin in predicting anastomotic leaks in older adults. 
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Figure 1. Flowchart selection process. 

 
Figure 2. ROC curve of procalcitonin levels on postoperative day 3. 



Figure 3.Fagan’s nomogram with cut-off de 0.61 ng/ml of procalcitonin levels on postoperative day 
3. 

 
Table 1. Demographic and clinical characteristics based on the presence or absence of an 
anastomotic leak. 
 N (%) No anastomotic 

leak(n=312) 
Anastomotic leak 
(n=26) 

p value 

Age(median)(IQR) 
(years) 

72.00 (69.00 – 78.00) 72.00 (69.00 - 78.00) 76.50 (71.25 - 79.00) 0.096* 

Sex    0.065 
Female 182 (53.8) 173 (55.4) 9 (34.6)  

Male 156 (46.2) 139 (44.6) 17 (65.4)  

Body mass index 
(median)(IQR) 
(kg/m2) 

25.05(22.40 – 27.50) 25.15 (22.65 - 27.52) 23.30 (21.40 - 25.97) 0.081* 

ASA    0.022 
I 0 (0.0) 0 (0.0) 0 (0.0)  

II 131 (38.8) 127 (40.7) 4 (15.4)  

III 203 (60.1) 182 (58.3) 21 (80.8)  

IV 4 (1.2) 3 (1.0) 1 (3.8)  

Co-morbidity     

Arterial hypertension 206 (60.9) 194 (62.2) 12 (46.2) 0.162 
Diabetes mellitus 53 (17.7) 49 (15.7) 4 (15.4) 1.000 
Chronic obstructive 19 (5.6) 18 (5.8) 1 (3.8) 1.000 
pulmonary disease     

Chronic kidney 10 (3.0) 8 (2.6) 2 (7.7) 0.379 
disease     

Cardiovascular 37 (10.9) 34 (10.9) 3 (11.5) 1.000 
disease     

Charlson comorbidity 
index 
(median)(IQR)(points) 

5.00 (4.00 – 6.00) 5.00 (4.00 - 6.00] 5.00 (5.00 - 6.00) 0.913* 

Albumin 
(median)(IQR)(mg/dL) 

3.89 (3.42 – 4.20) 3.89 (3.46 - 4.20) 3.75 (3.22 - 4.35) 0.606* 

Tumor location    0.028 
Right-sided 132 (39.1) 123 (39.4) 9 (34.6)  

Left-sided 16 (4.7) 15 (4.8) 1 (3.8)  

Transverse 9 (2.7) 8 (2.6) 1 (3.8)  

Sigmoid 94 (27.8) 92 (29.5) 2 (7.7)  

Rectum 87 (25.7) 74 (23.7) 13 (50.0)  

Defunctioning    0.015 
ileostomy     

No 265 (78.4) 250 (80.1) 15 (57.7)  

Yes 73 (21.6) 62 (19.9) 11 (42.3)  

Neoadjuvant    0.043 
No 296 (87.6) 277 (88.8) 19 (73.1)  

Yes 42 (12.4) 35 (11.2) 7 (26.9)  

Stage    0.958 
I 66 (19.5) 61 (19.6) 5 (19.2)  

II 140 (41.4) 128 (41.0) 12 (46.2)  

III 119 (35.2) 111 (35.6) 8 (30.8)  

IV 13 (3.8) 12 (3.8) 1 (3.8)  



Lymphovascular 
invasion 

No 
Yes 

 
 

197 (58.3) 
141 (41.7) 

 
 

181 (58.0) 
131 (42.0) 

 
 

16 (61.5) 
10 (38.5) 

0.886 

Perineural invasion 
No 
Yes 

 
293 (86.7) 
45 (13.3) 

 
267 (85.6) 
45 (14.4) 

 
26 (100.0) 
0 (0.0) 

0.075 

Resection margin 
R0 
R+ 

335 (99.1) 
3 (0.9) 

310 (99.4) 
2 (0.6) 

25 (96.2) 
1 (3.8) 

0.558 

Approach 
Open 
Laparoscopic 

 
9 (2.7) 
329 (97.3) 

 
7 (2.2) 
305 (97.8) 

 
2 (7.7) 
24 (92.3) 

0.306 

Transfusion 
No 
Yes 

 
309 (91.4) 
29 (8.6) 

 
286 (91.7) 
26 (8.3) 

 
23 (88.5) 
3 (11.5) 

0.844 

Intraoperative 
bleeding 
(median)(IQR)(ml) 

30.00 (15.00 – 100.0) 30.00 (15.00 - 100.00) 50.00 (20.00 - 115.00) 0.232 

p values were obtained using the chi-squared test. 
*p values were obtained using the Mann–Whitney test. 
Bold values indicate statistically significant p values (p < 0.05) 

 

 
Table 2. Surgical outcomes based on the presence or absence of an anastomotic leak. 
 N (%) No anastomotic 

leak(n=312) 
Anastomotic leak 
(n=26) 

p value 

Procalcitonin  on 
postoperative day  3 
(median)(IQR)(ng/ml) 

0.40 (0.17 – 0.99) 0.36 (0.17 - 0.92) 0.90 (0.38 - 1.78) 0.002* 

Hospital stay 
(median)(IQR)(days) 

4.00 (3.00 – 6.00) 4.00 (3.00 - 5.00) 15.00 (5.25 - 19.50) <0.001* 

Major complication (Clavien- 
Dindo ≥ III) 

No 
Yes 

 
 

305 (90.2) 
33 (9.8) 

 
 

298 (95.5) 
14 (4.5) 

 
 

7 (26.9) 
19 (73.1) 

<0.001 

Mortality 
No 
Yes 

 
332 (98.2) 
6 (1.8) 

 
309 (99.0) 
3 (1.0) 

 
23 (88.5) 
3 ( 11.5) 

0.002 

p values were obtained using the Chi-squared test 
*p values were obtained using the Mann–Whitney test. 
Bold values indicate statistically significant p values (p < 0.05) 

 
 

Table 3. Linear regression model to predict procalcitonin levels on postoperative day 3. 
Variables in the model Regression coefficient β standard error p-value 

Intercept, β0 1.394 0.234 <0.001 
Mean Age, β1 0.012 0.005 0.027 

Anastomotic leak, β2 0.457 0.121 <0.001 

Laparoscopic approach, β3 -0.947 0.198 <0.001 

Neoadjuvant therapy, β4 0.133 0.112 0.234 



Charlson comorbidity index, β5 0.020 0.024 0.402 

Rectal tumor, β6 -0.147 0.086 0.087 

Bold values indicate statistically significant p values (p < 0.05) 
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Table 1. Demographic and clinical characteristics based on the presence or absence of an 
anastomotic leak. 
 N (%) No anastomotic 

leak(n=312) 
Anastomotic leak 
(n=26) 

p value 

Age(median)(IQR) 
(years) 

72.00 (69.00 – 78.00) 72.00 (69.00 - 78.00) 76.50 (71.25 - 79.00) 0.096* 

Sex    0.065 
Female 182 (53.8) 173 (55.4) 9 (34.6)  

Male 156 (46.2) 139 (44.6) 17 (65.4)  

Body mass index 
(median)(IQR) 
(kg/m2) 

25.05(22.40 – 27.50) 25.15 (22.65 - 27.52) 23.30 (21.40 - 25.97) 0.081* 

ASA    0.022 
I 0 (0.0) 0 (0.0) 0 (0.0)  

II 131 (38.8) 127 (40.7) 4 (15.4)  

III 203 (60.1) 182 (58.3) 21 (80.8)  

IV 4 (1.2) 3 (1.0) 1 (3.8)  

Co-morbidity     

Arterial hypertension 206 (60.9) 194 (62.2) 12 (46.2) 0.162 
Diabetes mellitus 53 (17.7) 49 (15.7) 4 (15.4) 1.000 
Chronic obstructive 19 (5.6) 18 (5.8) 1 (3.8) 1.000 
pulmonary disease     

Chronic kidney 10 (3.0) 8 (2.6) 2 (7.7) 0.379 
disease     

Cardiovascular 37 (10.9) 34 (10.9) 3 (11.5) 1.000 
disease     

Charlson comorbidity 
index 
(median)(IQR)(points) 

5.00 (4.00 – 6.00) 5.00 (4.00 - 6.00] 5.00 (5.00 - 6.00) 0.913* 

Albumin 
(median)(IQR)(mg/dL) 

3.89 (3.42 – 4.20) 3.89 (3.46 - 4.20) 3.75 (3.22 - 4.35) 0.606* 

Tumor location    0.028 
Right-sided 132 (39.1) 123 (39.4) 9 (34.6)  

Left-sided 16 (4.7) 15 (4.8) 1 (3.8)  

Transverse 9 (2.7) 8 (2.6) 1 (3.8)  

Sigmoid 94 (27.8) 92 (29.5) 2 (7.7)  

Rectum 87 (25.7) 74 (23.7) 13 (50.0)  

Defunctioning    0.015 
ileostomy     

 No 265 (78.4) 250 (80.1) 15 (57.7)  

 Yes 73 (21.6) 62 (19.9) 11 (42.3)  

Neoadjuvant    0.043 
No 296 (87.6) 277 (88.8) 19 (73.1)  

Yes 42 (12.4) 35 (11.2) 7 (26.9)  

Stage    0.958 
I 66 (19.5) 61 (19.6) 5 (19.2)  

II 140 (41.4) 128 (41.0) 12 (46.2)  

III 119 (35.2) 111 (35.6) 8 (30.8)  

IV 13 (3.8) 12 (3.8) 1 (3.8)  

Lymphovascular 
invasion 

No 

 
 

197 (58.3) 

 
 

181 (58.0) 

 
 

16 (61.5) 

0.886 
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Yes 141 (41.7) 131 (42.0) 10 (38.5)  

Perineural invasion 
No 
Yes 

 
293 (86.7) 
45 (13.3) 

 
267 (85.6) 
45 (14.4) 

 
26 (100.0) 
0 (0.0) 

0.075 

Resection margin 
R0 
R+ 

335 (99.1) 
3 (0.9) 

310 (99.4) 
2 (0.6) 

25 (96.2) 
1 (3.8) 

0.558 

Approach 
Open 
Laparoscopic 

 
9 (2.7) 
329 (97.3) 

 
7 (2.2) 
305 (97.8) 

 
2 (7.7) 
24 (92.3) 

0.306 

Transfusion 
No 
Yes 

 
309 (91.4) 
29 (8.6) 

 
286 (91.7) 
26 (8.3) 

 
23 (88.5) 
3 (11.5) 

0.844 

Intraoperative 
bleeding 
(median)(IQR)(ml) 

30.00 (15.00 – 100.0) 30.00 (15.00 - 100.00) 50.00 (20.00 - 115.00) 0.232 

p values were obtained using the chi-squared test. 
*p values were obtained using the Mann–Whitney test. 
Bold values indicate statistically significant p values (p < 0.05) 
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Table 2. Surgical outcomes based on the presence or absence of an anastomotic leak. 
 N (%) No anastomotic 

leak(n=312) 
Anastomotic leak 
(n=26) 

p value 

Procalcitonin  on 
postoperative day  3 
(median)(IQR)(ng/ml) 

0.40 (0.17 – 0.99) 0.36 (0.17 - 0.92) 0.90 (0.38 - 1.78) 0.002* 

Hospital stay 
(median)(IQR)(days) 

4.00 (3.00 – 6.00) 4.00 (3.00 - 5.00) 15.00 (5.25 - 19.50) <0.001* 

Major complication (Clavien- 
Dindo ≥ III) 

No 
Yes 

 
 

305 (90.2) 
33 (9.8) 

 
 

298 (95.5) 
14 (4.5) 

 
 

7 (26.9) 
19 (73.1) 

<0.001 

Mortality 
No 
Yes 

 
332 (98.2) 
6 (1.8) 

 
309 (99.0) 
3 (1.0) 

 
23 (88.5) 
3 ( 11.5) 

0.002 

p values were obtained using the Chi-squared test 
*p values were obtained using the Mann–Whitney test. 
Bold values indicate statistically significant p values (p < 0.05) 
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Table 3. Linear regression model to predict procalcitonin levels on postoperative day 3. 
Variables in the model Regression coefficient β standard error p-value 

Intercept, β0 1.394 0.234 <0.001 

Mean Age, β1 0.012 0.005 0.027 

Anastomotic leak, β2 0.457 0.121 <0.001 

Laparoscopic approach, β3 -0.947 0.198 <0.001 

Neoadjuvant therapy, β4 0.133 0.112 0.234 

Charlson comorbidity index, β5 0.020 0.024 0.402 
Rectal tumor, β6 -0.147 0.086 0.087 

Bold values indicate statistically significant p values (p < 0.05) 
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Two-Sentence Article Summary 

 

 To evaluate the diagnostic performance of procalcitonin on postoperative day 3 for 
detecting anastomotic leaks in older adults with colorectal cancer.

 The importance of this is that surgeons should be cautious when using procalcitonin for the 
early detection of anastomotic leak in this patient population.
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