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Predictive value of pre-operative blood markers in 
patients undergoing open and laparoscopic curative 
resection for colorectal cancer
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ABSTRACT
Introduction: Individual risk prediction tools for post-operative morbidity assessments are increasingly be-
coming prominent. Blood markers obtained from peripheral blood are an essential part of the systemic 
inflammatory response and are good indicators of complications. The study aimed to cross-compare the 
ratio-based pre-operative laboratory parameters to predict post-operative complications (POCs) in patients 
with curative surgery for colorectal cancer.

Materials and Methods: This retrospective cohort and single-center study evaluated the data of 323 col-
orectal cancer patients who underwent curative surgery between January 2007 and November 2019 in a ter-
tiary hospital in Istanbul, Turkey. A receiver operating characteristic (ROC) curve was generated to evaluate 
the ability of laboratory values to predict clinically relevant POCs. The area under the curve was computed to 
compare the predictive power of the neutrophil-lymphocyte ratio (NLR), lymphocyte-monocyte ratio (LMR), 
platelet-lymphocyte ratio (PLR), and CRP-albumin ratio (CAR). Then, the cutoff points were selected as the 
stratifying values for all four indexes.

Results: Complications developed in 109 (33.7%) of the patients postoperatively. Patients with POC had 
higher Charlson comorbidity index (CCI) scores and higher intra-operative bleeding. Length of hospital stay 
was also increased in the POC group. ROC curve analysis revealed that NLR was significantly effective in 
predicting POC, while LMR, PLR, and CAR were ineffective. According to multivariate analysis, CCI score ≥3, 
higher IOP-Bleeding, length of stay, and NLR ≥3.00 were independent risk factors influencing the POC.

Conclusion: Pre-operative NLR was predictive for POI. LMR, PLR, and CAR did not have any prediction for 
POC. In addition, CCI score, IOP-Bleeding, length of post-operative stay, and pre-operative NLR≥ 3.00 were 
found to be independent risk factors that influence the occurrence of POC.
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Introduction

Post-operative complications (POCs) occur in up to one-
third of patients undergoing colorectal procedures.[1] This 
condition is associated with decreased long-term survival, 

prolonged hospital stay, and delayed adjuvant chemo-
therapy.[2] Early diagnosis and treatment of POCs are im-
portant for improved clinical outcomes.[3] Accordingly, 
easily accessible, inexpensive, more sensitive, and spe-
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cific laboratory parameters are needed to predict the risk 
of complications in patients undergoing cancer surgery.

Systemic inflammation has been implicated in cancer 
development and progression. Several lines of evidence 
suggest that inflammation status correlates with clinical 
outcome, and the previous studies have mainly focused 
on prognosis.[4] Inflammation-based laboratory param-
eters, such as the C-reactive protein, platelet, monocyte, 
and neutrophil-to-lymphocyte ratio (NLR), are useful for 
predicting the prognosis of patients with CRC and various 
other types of cancer.[5-7]

This study aimed to examine whether a set of pre-opera-
tive rate-based inflammatory biomarkers predicts the risk 
of POCs. If so, these parameters could help identify pa-
tients at increased risk for complication, thereby optimiz-
ing the patients’ conditions and procedures.

Materials and Methods

Patients

The study involved a total of 323 patients who underwent cu-
rative surgery for colorectal cancer between January 1, 2007, 
and November 30, 2019, in the Gastroenterological Surgery 
Department of Kosuyolu High Specialty Training and Re-
search Hospital was retrospectively reviewed. The inclusion 
criteria were patients with histologically proven colorectal 
cancer and underwent an elective surgical procedure for cu-
rative purposes. Exclusion criteria were as follows: Patients 
who received chemotherapy in the past 4 weeks, emer-
gency surgery or palliative resection, laparoscopic surgery, 
and hematologic disorders with no accessible records were 
excluded from the study. All patients received prophylac-
tic intravenous antibiotics 1st generation cephalosporin 
or ciprofloxacin (in case of allergy) before skin incision re-
peated every 4 h. Antibiotics were administered only during 
surgery, and it was not continued postoperatively.

Surgical complications were defined in accordance with the 
Clavien-Dindo classification.[8] POC data were carried out 
by our surgeons from the day of surgery until hospital dis-
charge. Post-discharge follow-up included emergency de-
partment, outpatient clinic, or readmissions to our surgery 
department. The patients were duly divided into groups: 
POC presence and POC absence. The date for the past fol-
low-up visit of patients was taken as December 31, 2019.

The Clinical Research Ethics Committee approved the study 
of our institution (Ethical Committee No: 2019.7150-266).

Data

Patients’ demographic and clinicopathological data were 
recorded. Pre-operative variables were age, gender, Body 
Mass Index (BMI) and Charlson Comorbidity Index (CCI) 
score, localization, neoadjuvant therapy, BMI, and the ra-
tios calculated from the blood sample. Pre-operative mea-
surements of total blood counts were performed within 
the past 3 days before surgery. The NLR was calculated 
by dividing the absolute number of neutrophils by the ab-
solute number of lymphocytes in the venous blood. Simi-
larly, the lymphocyte-monocyte ratio (LMR); dividing the 
absolute number of lymphocytes by the absolute number 
of monocytes, the platelet-lymphocyte ratio (PLR); divid-
ing the absolute number of platelet by the absolute num-
ber of lymphocytes, and CRP-albumin ratio (CAR); CRP-
value by albumin level.

Intra-operative and post-operative variables were in-
tra-operative bleeding, operation time, pT stage, nodal 
metastasis, pM stage, laparoscopy, and length of hospital 
stay (LOS).

Statistical Analysis

The software IBM® SPSS® (Statistical Package for the 
Social Sciences) version 23 (IBM Corp. Armonk, NY, USA) 
was used for statistical analysis. Qualitative data were 
presented as frequency and percentage. The distribution 
of numerical data was performed using the Kolmogorov–
Smirnov test with the non-normal distribution results. 
These distributions were reported as median (Interquar-
tile Range) and the Mann–Whitney U test was used to 
compare groups. Pearson’s Chi-square test was used 
for the analysis of qualitative variables, and p<0.05 was 
considered significant. The reliability of NLR, LMR, PLR, 
and CAR calculated with pre-operative data in predict-
ing POC was examined with Receiver Operating Charac-
teristic (ROC) curves. The best POC prediction ability of 
ratios with cutoff values was determined by ROC. In the 
Chi-square test, the significant variables affecting POC 
with the only elevated ratio (NLR ≥3.00) were evaluated 
by multivariate logistic regression analysis, and indepen-
dent risk factors were determined.

Results

Patients’ pre-operative, intra-operative, and post-opera-
tive data are presented in Table 1. POCs developed in 109 
(33.7%) of the patients.
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Table 1. Patient’s demographic. clinical. and histopathological characteristics

Variables    Postoperative
     Complication

   No    Yes  p

  n (214)  66.3%  n (109)  33.7%

Preoperative
Age. years. median (IQR)  63 (52-70)    63 (55-72)  0.248
Gender
 Male 122  57.0%  68  62.4% 0.789
 Female 92  43.0%  41  37.6%
Body Mass Index (kg/m2).  27.5 (24.5-30.9)    27.3 (24.6-30.8)  0.997
median (IQR)
Charlson Comorbidity score
  0-2 102  47.7%  36  33.0% 0.012
 ≥ 3 112  52.3%  73  67.0% 
Localisation
 Colon 142  66.4%  71  65.1% 0.976
 Rectum 72  33.6%  38  34.9% 
Neoadjuvant
 No 171  79.9%  82  75.2% 0.497
 Yes 43  20.1%  27  24.8% 
Neutrophil-lymphocyte ratio.  2.93 (2.08-4.10)    3.24 (2.09-4.40)  0.371
median (IQR)  
Lymphocyte-monocyte ratio.  3.05 (2.00-4.24)    2.67 (2.00-4.00)  0.597 
median (IQR)
Platelet-lymphocyte ratio.  160.87 (123.64-253.85)    197.14 (127.83-269.41)  0.149
median (IQR)
CRP-Albumin ratio.  1.29 (0.82-4.00)    1.56 (0.85-2.98)  0.741
median (IQR)
Intraoperative/postoperative  
IOP-Bleeding (mL).  80 (40-150)    140 /70-200)  <0.001
median (IQR)
Operation time (min.).  220 (170-260)    230 (170-260)  0.568
median (IQR)
pT stage
 pT1-pT2 49  22.9%  15  13.8% 0.905
 pT3-pT4 165  77.1%  94  86.2% 
Nodal metastasis. 
 No 132  61.7%  48  44.0% 0.440
 Yes 82  38.3%  61  56.0% 
pM stage
 No 187  87.4%  91  83.5% 0.195
 Yes 27  12.6%  18  16.5% 
Laparoscopic 
 No 166  77.6%  87  79.8% 0.643
 Yes 48  22.4%  22  20.2% 
Length of postoperative  8 (7-12)    11 (8-16)  <0.001
stay. median (IQR) 

IQR: Interquartile Range. IOP: Intra Operative. CRP: C Reactive Protein.



Patients with POC had higher CCI scores (p=0.012) and 
higher intra-operative bleeding (<0.001). LOS was also 
increased in the POI group (11 days vs. 8 days p<0.001). 
Other variables were statistically insignificant between 
patients with and without POC, when the relationship be-
tween the preoperatively calculated ratios and POC was 
evaluated by ROC analysis (Fig. 1). Comparison of the ra-
tios with each other revealed that only NLR was the ability 
to predict the POC (Table 2).

The relationship of the variables according to the cutoff 
values of the predictive NLR determined by the ROC is 
presented in Table 3. The patients were divided into two 
groups: The low NLR group (n=158) and the high NLR 
group (n=165) using the cutoff value of 3.00. Patients with 
high NLR had higher POC rates than the low NLR group 
(39.9% vs. 28.9%, respectively. P=0.038). Patients who re-

ceived neoadjuvant therapy and rectum localization had 
higher NLR (p<0.001 vs. p=0.004, respectively).

Elevated pre-operative NLR score and variables affecting 
POC in Table 1 were included in multivariate analysis. Ac-
cordingly, CCI score, IOP-Bleeding, length of post-opera-
tive stay, and pre-operative NLR ≥3.00 were found to be 
independent risk factors that influence the occurrence of 
POC (Table 4).

Discussion

In this study, we investigated the significance of the pre-
operative NLR as a marker for predicting POCs in patients 
with CRC who undergo potentially curative surgery. In 
addition, the effect of open and laparoscopic surgery on 
POCs was not observed in this study.

This parameter may be simple, routinely available, and 
clinically useful in identifying patients at high risk of de-
veloping complications.

Numerous studies show a close relationship between 
inflammation and cancer.[9] Past decade, the systemic 
inflammatory response markers were clinically useful to 
identify patients at high risk of tumor progression in a 
variety of common solid tumors such as gastrointestinal 
cancer. There are studies conducted with various biomark-
ers to identify prognosis and predict potential relapse of 
colorectal cancer.[10] Peripheral inflammatory markers, 
including different white blood cells and acute-phase pro-
teins, have been reported to correlate with various types 
of malignancies.[5,11] A combined analysis of these param-
eters could be applied widely in the clinic to reflect the 
combined information of these two processes. The most 
repeatedly validated approach is the NLR. Other validated 
examples are the PLR and the LMR score. Furthermore, a 
similar approach, CAR, has been recently validated.[12]

High NLR values indicate high neutrophil or low lympho-
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Figure 1. NLR, LMR, PLR, and CAR analysis with ROC 
curve in predicting POC.

Table 2. Assessment of the reliability of NLR, LMR, PLR, and CAR in predicting postoperative complication with 
ROC curves and comparison between the ratios

	 	 AUC	 95%	CI	 Cutoff	 Sensitivity%	 Specificity%	 Youden	Index	 p

NLR 0.572 0.508-0.635 3.00 54.0 53.6 0.076 0.030
LMR 0.468 0.403-0.532 3.00 49.0 48.8 -0.022 0.326
PLR 0.554 0.488-0.620 168.08 53.0 52.8 0.058 0.102
CAR 0.552 0.486-0.617 1.38 53.5 52.8 0.063 0.118

AUC: Area Under Curve; CI: Confidence Interval.
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Table 3. Relationship between preoperative NLR with cutoff-values and demographic and clinicopathological 
features

Variables	 	 NLR<	3.00	 	 	 NLR≥	3.00	 	 p
   (n=158) (48.9%)   (n=165) (51.1%)

Preoperative
Age. years. median (IQR)  63 (53-70)   63 (53-73)  0.803
Gender. n (%)
 Male 106  58.9% 84  58.7% 0.979
 Female 74  41.1% 59  41.3% 
Body Mass Index (kg/m2). median (IQR)  27.7 (24.6-31.2)   27.3(24.2-30.7)  0.546
Charlson Comorbidity Index 
 0-2 77  42.8% 61  42.7% 0.973
 ≥ 3 103  57.2% 82  57.3% 
Localisation
 Colon 131  72.8% 82  57.3% 0.004
 Rectum 49  27.2% 61  42.7% 
Neoadjuvant
 No 154  85.6% 99  69.2% <0.001
 Yes 26  14.4% 44  30.8% 
Intraoperative/postoperative   
IOP-Bleeding (mL). median (IQR)  90 (48-173)   100 (50-180)  0.350
Operation time (min.). median (IQR)  230 (178-270)   220 (170-250)  0.114
pT stage
 pT1-pT2 34  18.9% 30  21.0% 0.640
 pT3-pT4 146  81.1% 113  79.0% 
Nodal metastasis. n (%)
 No 92  51.1% 88  61.5% 0.061
 Yes 88  48.9% 55  38.5% 
pM stage
 No 150  83.3% 128  89.5% 0.111
 Yes 30  16.7% 15  10.5% 
 Laparoscopic
 No 135  75.0% 118  82.5% 0.103
 Yes 45  25% 25  17.5% 
Complication
 No 128  71.1% 86  60.1% 0.038
 Yes 52  28.9% 57  39.9% 
Length of postoperative stay. median (IQR)  8 (7-14)   8 (7-14)  0.519

Table 4. Multivariate Logistic Regression Analysis for elevated preoperative NLR Score 

   POC

Variables OR (95% CI)  p

CCI score ≥3 1.576 (0.950-2.613)  0.048
IOP-Bleeding 1.077 (0.1001-1.005)  <0.001
Length of postoperative stay 1.058 (1.023-1.095)  0.001
NLR ≥ 3.00 1.675 (1.027-2.730)  0.039

OR: Odds Ratio. CCI: Charlson Comorbidity Index. IOP: Intraoperative. POC: Postoperative Complication.



cyte counts. Both components are markers of systemic 
inflammatory response and lead to a reduced immune re-
sponse with a predisposition to bacterial infections.[13] The 
complication relationship with NLR has been examined in 
various articles. Cook et al.[14] reported that post-operative 
NLR predicts complications following colorectal surgery. 
In the study of Vulliamy et al.,[15] a correlation was found 
between post-operative NLR values and complications in 
esophageal cancer. Mohri et al.[16] emphasized that NLR 
independently predicted the POCs after gastrectomy. Sim-
ilarly, in our study, there was a significant relationship be-
tween pre-operative NLR and POC (p=0.039).

According to Kawada et al.[17] reported that intra-oper-
ative bleeding of 100 ml or more was associated with 
anastomotic leakage. Similarly, in our study, it was ob-
served that bleeding of 100 ml or more was associated 
with POCs.

The previous studies have shown that open surgery, in-
creased comorbidity, long operation time, and POCs are 
involved in a prolonged LOS.[18] In our study, CCI was 
associated with POCs reflecting high comorbidity, while 
surgery time and surgical procedures (open/laparoscopy) 
did not reflect POCs. However, those with POCs had a sig-
nificantly prolonged LOS.

There are some limitations associated with this study. 
First, we evaluated a relatively small number of patients, 
and the study design was retrospective. Second, we did 
not examine the patients’ underlying diseases affecting 
the serum level, such as liver cirrhosis and chronic renal 
failure. Third, the optimum cutoff value for the pre-opera-
tive ratio is unknown, although we set it in this study us-
ing the ROC analysis.

Conclusion

Our study demonstrated that the NLR is closely associated 
with POC in patients who underwent curative surgery for 
colorectal cancer. NLR is easily obtained from the widely 
available findings of routine blood tests and may thus be 
useful in the clinical setting.

Disclosures

Ethichs Committee Approval: The Clinical Research 
Ethics Committee approved the study of our institution 
(Ethical Committee No: 2019.7150-266).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – A.S.S., S.G., O.U., 
M.D.; Design – A.S.S., S.G., O.U., İ.E.S.; Supervision – 
A.S.S., S.G., B.Ş., E.P.; Materials – A.S.S., O.U., B.Ş., İ.E.S.; 
Data collection and/or processing – A.S.S., B.Ş., İ.E.S., 
E.P.; Analysis and/ or interpretation – A.S.S., S.G., E.P., 
M.D.; Literature search – A.S.S., O.U., İ.E.S., B.Ş.; Writ-
ing – A.S.S., S.G., E.P., M.D.; Critical review – A.S.S., O.U., 
B.Ş., İ.E.S.

References
1. Tevis SE, Kennedy GD. Postoperative Complications: 

Looking forward to a safer future. Clin Colon Rectal Surg 
2016;29:246–52. [CrossRef]

2. Artinyan A, Orcutt ST, Anaya DA, Richardson P, Chen GJ, 
Berger DH. Infectious postoperative complications decrease 
long-term survival in patients undergoing curative surgery 
for colorectal cancer: A study of 12,075 patients. Ann Surg 
2015;261:497–505. [CrossRef]

3. Adamina M, Steffen T, Tarantino I, Beutner U, Schmied BM, 
Warschkow R. Meta-analysis of the predictive value of C-
reactive protein for infectious complications in abdominal 
surgery. Br J Surg 2015;102:590–8. [CrossRef]

4. Choi ES, Kim HS, Han I. Elevated preoperative systemic in-
flammatory markers predict poor outcome in localized soft 
tissue sarcoma. Ann Surg Oncol 2014;21:778–85. [CrossRef]

5. Templeton AJ, Ace O, McNamara MG, Al-Mubarak M, Ver-
a-Badillo FE, Hermanns T, et al. Prognostic role of platelet 
to lymphocyte ratio in solid tumors: A systematic review 
and meta-analysis. Cancer Epidemiol Biomarkers Prev 
2014;23:1204–12. [CrossRef]

6. Shibutani M, Maeda K, Nagahara H, Iseki Y, Ikeya T, Hirakawa 
K. Prognostic significance of the preoperative lymphocyte-
to-monocyte ratio in patients with colorectal cancer. Oncol 
Lett 2017;13:1000–6. [CrossRef]

7. Tan D, Fu Y, Tong W, Li F. Prognostic significance of lympho-
cyte to monocyte ratio in colorectal cancer: A meta-analysis. 
Int J Surg 2018;55:128–38. [CrossRef]

8. Dindo D, Demartines N, Clavien PA. Classification of sur-
gical complications: A new proposal with evaluation in a 
cohort of 6336 patients and results of a survey. Ann Surg 
2004;240:205–13. [CrossRef]

9. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related in-
flammation. Nature 2008;454:436–44. [CrossRef]

10. Buyruk AM, Kazaz SN, Oztop I, Semiz HS, Oflazoglu U, Somali 
I. Nötrofil/lenfosit oranı (NLR), trombosit/lenfosit oranı (PLR) 
ve ortalama trombosit hacmi’nin (MPV) erken evre kolorek-
tal adenokarsinomlu hastaların prognozunda inflamatuar 
biomarker olarak kullanımı. UHOD - Uluslararasi Hematol 
Derg 2017;27:220–8. 

11. Dolan RD, McSorley ST, Park JH, Watt DG, Roxburgh CS, Hor-
gan PG, et al. The prognostic value of systemic inflammation 
in patients undergoing surgery for colon cancer: Compari-
son of composite ratios and cumulative scores. Br J Cancer 

174 Laparosc Endosc Surg Sci

https://doi.org/10.1055/s-0036-1584501
https://doi.org/10.1097/SLA.0000000000000854
https://doi.org/10.1002/bjs.9756
https://doi.org/10.1245/s10434-013-3418-3
https://doi.org/10.1158/1055-9965.EPI-14-0146
https://doi.org/10.3892/ol.2016.5487
https://doi.org/10.1016/j.ijsu.2018.05.030
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1038/nature07205


2018;119:40–51. [CrossRef]

12. Dolan RD, Lim J, McSorley ST, Horgan PG, McMillan DC. The 
role of the systemic inflammatory response in predicting 
outcomes in patients with operable cancer: Systematic re-
view and meta-analysis. Sci Rep 2017;7:1–31. [CrossRef]

13. Leliefeld PH, Koenderman L, Pillay J. How neutrophils shape 
adaptive immune responses. Front Immunol 2015;6:471.

14. Cook EJ, Walsh SR, Farooq N, Alberts JC, Justin TA, Keel-
ing NJ. Postoperative neutrophil-lymphocyte ratio pre-
dicts complications following colorectal surgery. Int J Surg 
2007;5:27–30. [CrossRef]

15. Vulliamy P, McCluney S, Mukherjee S, Ashby L, Amalesh T. 
Postoperative elevation of the neutrophil: lymphocyte ra-

tio predicts complications following esophageal resection. 
World J Surg 2016;40:1397–403. [CrossRef]

16. Mohri Y, Tanaka K, Toiyama Y, Ohi M, Yasuda H, Inoue Y, et 
al. Impact of preoperative neutrophil to lymphocyte ratio and 
postoperative infectious complications on survival after cu-
rative gastrectomy for gastric cancer: a single institutional 
cohort study. Medicine (Baltimore) 2016;95:e3125. [CrossRef]

17. Kawada K, Hasegawa S, Hida K, Hirai K, Okoshi K, Nomura A, 
et al. Risk factors for anastomotic leakage after laparoscopic 
low anterior resection with DST anastomosis. Surg Endosc 
2014;28:2988–95. [CrossRef]

18. Lobato LF de C, Ferreira PCA, Wick EC, Kiran RP, Remzi FH, Kal-
ady MF, et al. Risk factors for prolonged length of stay after 
colorectal surgery. J Coloproctology 2013;33:22–7. [CrossRef]

175Blood markers for colorectal cancer

https://doi.org/10.1038/s41416-018-0095-9
https://doi.org/10.1038/s41598-017-16955-5
https://doi.org/10.3389/fimmu.2015.00471
https://doi.org/10.1016/j.ijsu.2006.05.013
https://doi.org/10.1007/s00268-016-3427-z
https://doi.org/10.1097/MD.0000000000003125
https://doi.org/10.1007/s00464-014-3564-0
https://doi.org/10.1016/j.jcol.2013.02.001



