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PREAMBULE  

Dans les cancers colorectaux, étant la pathologie tumorale digestive la plus fréquente, nous savons 

que l'inflammation, pouvant être évaluée par le score pronostique modifié de Glasgow ou le score 

d'inflammation systémique, est liée au pronostic et à l'apparition d'infections postopératoires. 

Cette étude visait à comprendre la relation entre l'inflammation préopératoire et le pronostic du 

cancer colorectal et à déterminer si l'impact de l'inflammation sur le pronostic du cancer était lié à un 

risque accru d'infection postopératoire ou était indépendant de celui-ci. 

Pour cela, les patients ayant subi une chirurgie pour cancer colorectal entre novembre 2011 et avril 

2014 ont été inclus dans une base de données prospective (IMACORS). La protéine C réactive 

préopératoire a été recueillie pour chaque patient. Les patients ont été suivis selon les directives 

nationales françaises. Les caractéristiques cliniques ont été comparées en fonction de la CRP en 

utilisant les tests Chi-carré et Mann-Whitney. La survie globale (SG) et la survie sans récidive (SSR) 

ont été comparées par les courbes de Kaplan Meier, puis une régression logistique a été appliquée 

pour effectuer une analyse multivariée des prédicteurs de la SG et de la SSR. 

Au total, 254 patients ont été inclus. L'âge médian était de 68 ans. Le suivi médian était de 41,8 mois. 

La médiane de la CRP préopératoire était de 5 mg / L. La CRP préopératoire était significativement 

associée au statut N. La CRP était significativement plus élevée chez les patients atteints de cancer du 

côlon et chez les patients qui n'ont pas reçu de traitement néoadjuvant. L'analyse multivariée a 

révélé que la CRP préopératoire est un facteur pronostique indépendant de la SG et de la SSR. 

On peut donc conclure que l'inflammation préopératoire mesurée par la CRP est indépendamment 

liée à la survie globale et sans récidive du cancer colorectal. Ainsi, à stade tumoral similaire et à 

complications postopératoires similaires, la survie est directement influencée par l’inflammation 

préopératoire. Par conséquent, l’amélioration du pronostic des patients atteints de cancers 

colorectaux pourrait passer par des actions anti-inflammatoires. Toutes les mesures visant la 

réduction de la réponse inflammatoire (corticoïdes, statines, AINS, protocole ERAS…) sont donc des 

perspectives qui méritent d’être évaluées.  
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ABREVIATIONS 

- CRP : protéine C réactive 

- DFS : disease free survival, SSR : survie sans récidive 

- GPS : Score pronostic de Glasgow 

- HR : Hazard Ratio 

- IQR : interquartile 

- mGPS : Score pronostic de Glasgow modifié 

- OS : overall survival, SG : survie globale 

- SIS : score d’inflammation systémique 

- Statut TNM (tumor, noodes, metastasis) : statut tumoral, ganglionnaire et métastatique 
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INTRODUCTION 

Colorectal cancer represents 20% of all cancers and is the most frequent digestive malignancy. It is 

the fourth cause of cancer-related death in the world ¹. Its 5-year overall survival in case of non-

metastatic disease is about 60% and 55% for colon and rectal cancer, respectively².  

It is well established that inflammation is related to the onset of several cancers³, ⁴. For example, 

there is a link between Helicobacter pylori infection and gastric cancer⁵, as well as between the 

chronic inflammatory response induced by asbestos and the onset of mesothelioma⁶. Inflammation 

is also related to the prognosis of cancer ⁷,-¹⁰. Namely, recent studies have shown that inflammatory 

activity is related to the risk of developing colorectal cancer and to its prognosis although the 

mechanistic is not clearly elucidated ¹¹,-¹³.  

Several authors have shown that inflammation is also related to the onset of postoperative 

infections¹⁴,-¹⁶. Moreover, the onset of postoperative complications has an impact in cancer prognosis 

itself17-18. The mechanisms of these interactions are yet to be fully understood but it has been shown 

inflammation leads to an impaired immune response that could explain both a less effective 

response of the host to the neoplasm and an increased susceptibility to postoperative infections¹⁹, ²⁰. 

Inflammatory activity can be detected and measured in several ways: higher levels of C-reactive 

protein, decreased neutrophil-to-lymphocyte or lymphocyte-to-monocyte ratio in peripheral blood 

and decreased albuminemia; but also using composite scores including clinical and biologic data, as 

the modified Glasgow Prognostic score (mGPS) and the systemic inflammation score (SIS)²¹-²⁶. All of 

them have been found to predict the onset of postoperative infections and correlate with a worse 

cancer prognosis. 

Thus, preoperative inflammation is related to colorectal cancer prognosis and to the onset of 

postoperative infections. But the last is also related to cancer prognosis itself. Is this an independent 

relationship and each factor has its own impact on prognosis or any of them is only an indirect 

measure of the other one? The aim of this study was to understand the relationship between 

preoperative inflammation and the prognosis of colorectal cancer, and specifically to elucidate 

whether the impact of inflammation on cancer prognosis was related to an increased risk of surgical 

infection or independent of it. 

 

  



 

17 
 

MATERIALS AND METHODS 

 

Population 

 

From November 2011 to April 2014, patients who underwent elective colorectal cancer surgery with 

anastomosis in the Departments of Digestive Surgery of the University Hospitals of Dijon and the 

“Georges-François Leclerc Anticancer Center” in Dijon were included in a prospective database 

(IMACORS: Inflammatory MArkers after COloRectal Surgery²⁷). Among patients included in the 

database, those satisfying the inclusion criteria were selected.  

 

Inclusion and exclusion criteria 

 

Patients were eligible for the study if they met all the following criteria: age 18 years or older, an 

elective colorectal resection for cancer, preoperative values of CRP and albuminemia available. All 

patients had a standard preoperative cancer staging work-up including a thoraco-abdominal CT scan. 

Patients with a previous ongoing infection or operated on in an emergency setting, those with double 

cancer or with suspected peritoneal carcinomatosis were excluded. Before inclusion, written 

informed consent was obtained from all patients. The study was approved by the regional ethics 

committee CPP Est 1. 

 

Recorded data 

 

The patients’ clinical characteristics (including sex, age and comorbidities), results of preoperative 

blood tests and pathology findings (primary tumor site, neoadjuvant treatment, site of metastases, 

presence of microvascular invasion at pathology, American Joint Committee on Cancer (AJCC) and 

Union for International Cancer Control (UICC) TNM stage following its 8th edition²⁸) were collected 

from medical reports.   

Patients were followed up according to the French national guidelines in digestive surgical oncology 

(Thésaurus National de Cancérologie Digestive TNCD). Data regarding cancer survival and status were 

obtained from medical records; queries were sent to the family physician or a contact made by 

phone with the patient and his/her family whenever necessary. 

Overall survival (OS) was defined as the time from surgery to death from any cause or censored at 

the date of the last follow-up. Disease-free survival (DFS) was defined as the time from surgery to 

recurrence or progression of cancer or censored at the date of the last follow-up. A cut-off of 
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preoperative CRP of 5 mg/L was chosen for the analysis of its prognostic ability as it was the value 

considered as normal by our laboratory. 

 

Statistical analysis 

 

Demographic values were described using either medians or means, followed respectively by the 

interquartile range (IQR) or standard deviation (SD), according to the distribution, or percentages, 

when appropriate.  

Clinical characteristics at baseline were compared according to CRP using Chi-squared and Mann-

Whitney test. 

OS and DFS were analyzed according to the Kaplan-Meier method and log-rank test were used to 

compare survival curves according to clinical characteristics and CRP value. Hazard ratio was 

computed using Cox model. 

Finally, the Cox proportional hazards regression model was applied to perform univariate and 

multivariate analyses of predictors of OS and DFS, separately. We applied a backward manual 

procedure after including in the model all variables significantly associated with OS and DFS in 

bivariate analysis. Statistical analyzes were performed with SAS 9.4 (Cary, NC, USA), p-values < 0.05 

were considered as significant 
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RESULTS 

 

Patients’ characteristics 

 

After checking the inclusion and exclusion criteria from the IMACORS cohort 254 patients were 

included (155 men and 99 women). The mean age was 68 years old (range: 23-92 years old). The 

main characteristics of patients and pathologic findings are presented in Table 1. 

 

C-reactive protein levels in the cohort 

 

The overall median (IQR) preoperative CRP was 5 mg/L (IQR: 3-15 mg/L). The maximum preoperative 

CRP was 129 mg/L.  CRP values according to the localization of the tumor, neoadjuvant treatment, 

staging and pathology findings are shown in Table 2. Preoperative CRP was significantly associated 

with N status. CRP was significantly higher among patients with colonic cancer as compared to rectal 

cancer, and those who did not receive a neoadjuvant treatment. 

 

Predictors of survival 

 

The mean OS and DFS of the entire cohort were 51.2 months and 44.3 months, respectively. The 

mean of follow-up was 41.8 months. At 60 months of follow-up, the DFS was 56%. The Kaplan-Meier 

curves of survival according to the preoperative values of CRP are shown in Figure 1.  

OS and DFS in relation with patient’s characteristics are summarized in Table 3. In the univariate 

analysis, TNM status and anastomotic leakage affected OS (HR=1.6 [1.2-22], p=0.006 for T status; 

HR=1.4 [1-2], p=0.07 for N status; HR=4 [2.3-7.1], p<0.0001 for M status; and HR=2.2 [1.2-4.3], 

p=0.01 for anastomotic leakage), but only TNM status affected DFS. For both, OS and DFS, 

preoperative CRP was a predictive factor (HR= 2.4 [1.3-4.1], p=0.002 and HR=1.8 [1.2-2.8], p=0.004, 

respectively). After adjusting with the Cox model on the potentially confounding factors, the 

multivariate analysis yielded preoperative CRP and the presence of synchronous metastatic disease 

as the only two independent predictors of OS and DFS. Regarding preoperative CRP, HR=2.3 [1.3-4.3], 

p=0.006 for OS and HR=1.8 [1.2-2.9], p=0.01 for DFS. Neoadjuvant treatment was an independent 

predictor of DFS but not of OS (HR=1.8 [1.1-3.1], p=0.03 for the DFS).  
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DISCUSSION 

 

Our results confirm that preoperative inflammation measured by CRP is independently related with 

overall and disease-free survival after colorectal cancer surgery and show that this relationship is 

independent of the onset of postoperative complications. This excludes the hypothesis that the 

negative effect of preoperative inflammation is exerted through an increase in the frequency of 

intra-abdominal infection and its subsequent impact in cancer prognosis¹⁴-¹⁸,²⁹. Inflammation is also 

related to the tumor staging. Thus, at equal tumor stages and with similar postoperative 

complications, survival is directly influenced by preoperative inflammation.  

We found significantly higher CRP levels in more advanced diseases. This was the case for all the T, N 

and M status. This is consistent with several previous studies showing the relationship between 

inflammatory activity and colorectal cancer prognosis²⁶, ³⁰. Amazingly, CRP levels were higher in 

colon cancer as compared to rectal cancer. This can probably be explained by the fact that 

neoadjuvant treatment was related itself with lower levels of CRP and administered currently only in 

rectal cancer patients. The benefit of neoadjuvant therapy on the inflammatory response may reflect 

tumor downsizing but raises also the hypothesis of a direct anti-inflammatory effect.  

It has been shown that the onset of anastomotic leakage increases the risk of local recurrence in 

colorectal cancer and that postoperative infections negatively affect cancer survival¹⁷,³¹. This could be 

explained by the inflammatory storm induced by intra-abdominal infection. By this way, circulating 

cancer cells mobilized in the perioperative period could jeopardize the host immune response more 

easily and affect survival. In fact the negative prognostic impact of postoperative infection has been 

shown in several malignancies³². However, some authors have argued that an increased 

postoperative inflammatory response had no impact on cancer prognosis³⁰.   

Elevated preoperative values of CRP in cancer patient may be related to other causes than the 

neoplasm-induced immune response. For example, obesity carries an increased inflammatory activity 

(measured by increased production of CRP and leptin and decreased adiponectin), associated with 

insulin resistance and thus a higher risk of infection and cancer survivall²⁶,³³,³⁴. Seemingly, patients 

with cancer have frequently hypoalbuminemia resulting from a compound of anorexia, malnutrition 

and systemic inflammation. Hypoalbuminemia is a predictor of postoperative morbidity in colorectal 

cancers but also of cancer survival³⁵. Consistently, the benefit of preoperative immunonutrition on 

the risk of postoperative infections in gastrointestinal cancers has well been established. And one of 

the main physiologic effects of immunonutrition is its anti-inflammatory effect³⁶-³⁸. Also, 

preoperative corticosteroids have shown a beneficial effect on postoperative morbidity. 

Corticosteroids significantly reduced preoperative CRP but also the risk of infection³⁹,⁴⁰. A similar 
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potential effect has been suggested for other drugs carrying an anti-inflammatory effect, such as 

NSAIDs⁴¹ and statins. In our results, we observed that patients having undergone neoadjuvant 

therapy, namely patients with rectal cancer, had lower levels of CRP. It would be interesting to assess 

whether all these perioperative therapies modulating the inflammatory response (e.g. 

immunonutrition, NSAID, corticosteroids, enhanced recovery protocols⁴², etc) in order to decrease 

postoperative complications also carry a direct positive impact on cancer prognosis. 

This was a prospective study and no patient was lost for the follow-up in the entire cohort. However, 

our study has some limits and does not provide an answer to several questions. Our database was 

conceived to evaluate inflammatory markers as early predictors of postoperative infection. Thus, 

some factors having an influence on cancer survival may have not been included in our analysis. 

Moreover, our study was centered on preoperative CRP as a single measure of the inflammatory 

activity because it is considered an accurate marker of inflammation and currently used in the clinics. 

But it can give us only a partial view about inflammation. Other authors prefer the use of a composite 

score including CRP, albuminemia or ratios between different populations of white-blood cells²⁶. 

Inflammation is a complex physiologic process with many mediators and cytokines involved. 

Exploring the molecular and cellular mechanisms of the relationship between systemic inflammation, 

impaired immune response, increased risk of surgical infection and decreased cancer survival was 

beyond the scope of this work. Actually, we realize pro-inflammatory factors have a negative impact 

in the outcomes of colorectal cancer and anti-inflammatory factors have a protective effect. 

However, inflammatory response is physiologic and starts the healing process. Until what limit 

should it be suppressed? Further studies are warranted to assess the impact of perioperative 

therapies modulating the inflammatory response on the onset of surgical complications and cancer 

prognosis. 

We conclude that preoperative inflammation is an independent prognostic factor of colorectal 

cancer overall and disease-free survival. This effect is not mediated by the inflammation-induced 

increase in postoperative morbidity and its impact on cancer outcomes. Thus, any action directed to 

control preoperative inflammation would be likely to improve both, the postoperative course and 

colorectal cancer prognosis. 
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CONCLUSIONS 
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ANNEXES 

  
Figure 1. Overall survival (a) and disease-free survival (b) according to preoperative CRP. The 
adjustment of HR was made for stage, neoadjuvant treatment and the onset of anastomotic 
leakage 

 
a) 

 

b) 

  

133 129 119 111 108 102 86 64 47 23 8

121 108 98 85 81 75 68 46 29 18 4

0 20 40 60

delai

0.0

0.2

0.4

0.6

0.8

1.0

S
u
rv

iv
a
l 
P

ro
b
a
b
ili

ty

0

1

10CRP_5

Product-Limit Survival Estimates
With Number of Subjects at Risk

133 129 119 111 108 102 86 64 47 23 8

121 108 98 85 81 75 68 46 29 18 4

0 20 40 60

delai

0.0

0.2

0.4

0.6

0.8

1.0

S
u
rv

iv
a
l 
P

ro
b
a
b
ili

ty

0

1

10CRP_5

+ Censored

Product-Limit Survival Estimates
With Number of Subjects at Risk

133 129 119 111 108 102 86 64 47 23 8

121 108 98 85 81 75 68 46 29 18 4

0 20 40 60

delai

0.0

0.2

0.4

0.6

0.8

1.0

S
u
rv

iv
a
l 
P

ro
b
a
b
ili

ty

0

1

10CRP_5

Product-Limit Survival Estimates
With Number of Subjects at Risk

133 129 119 111 108 102 86 64 47 23 8

121 108 98 85 81 75 68 46 29 18 4

0 20 40 60

delai

0.0

0.2

0.4

0.6

0.8

1.0

S
u
rv

iv
a
l 
P

ro
b
a
b
ili

ty

0

1

10CRP_5

+ Censored

Product-Limit Survival Estimates
With Number of Subjects at Risk

<5 >5 

>5 <5 



 

28 
 

Table 1. Characteristics of patients and tumors 

 

Characteristics     Effective Percentages 

      N=254 % 

Sex 
Male   155 61 

Female   99 39 

Age 

<65 ans   94 37 

65-74 ans 
 

72 28 

>=75 ans 
 

88 35 

Localisation 
Colon   189 74 

Rectum   65 26 

Neoadjuvant 
treatment 

no 
 

187 74 

yes 
 

67 26 

  Chemotherapy 57 22 

  Radiotherapy 47 19 

Preoperative 
metastases 

no   221 87 

yes 
 

33 13 

  Hepatic 27 11 

  Pulmonary 8 3 

  Carcinomatosis 8 1 
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Table 2. Preoperative CRP levels according to site of cancer, neoadjuvant treatment and pathology 
findings.  

Characteristics   Preoperative CRP p-value* 

    Median (IQR)   

Localisation 
Colon 7 (3-19) 

0,0001 
Rectum 3 (3-7) 

Age <70 years old 4 (3-12) 0,04 
  >70 years old 6 (3-27) 

Sexe Man 5 (3-14) 0,3 
  Woman 5 (3-18) 

Neoadjuvant treatment No 7 (9-17) 0,0004 
  Yes 3 (3-8) 

Chemotherapy No 6 (3-18) 0,001 
  Yes 3 (3-9) 

Radiotherapy No 6 (3-18) 0,0002 
  Yes 3 (3-6) 

Preoperative metastasis No 5 (3-14) 0,5 

 
Yes 6 (3-20) 

Hepatic No 5 (3-14) 0,9 

 
Yes 5 (3-19) 

Pulmonary No 5 (3-15) 0,1 

 
Yes 12 (3-67) 

Carcinomatosis No 5 (3-15) 0,7 
  Yes 22 (3-42) 

T 

T0 3 (3-3) 

<0,0001 
T1 3 (3-6) 
T2 4 (3-10) 
T3 7 (3-16) 
T4 15 (5-40) 

N 
N0 3 (3-11) 

0,0003 N1 6 (3-17) 
N2 10 (4-37) 

Stage 

0 3 (3-3) 

<0,0001 

1 3 (3-7) 
2a 6 (3-14) 
2b 21 (9-37) 
2c 12 (3-21) 
3a 4 (3-10) 
3b 9 (3-21) 
3c 25 (7-54) 
4a 5 (3-13) 
4b 4 (3-42) 

Microvascular invasion 
Absence 4 (3-12) 

0,007 
Presence 8 (3-34) 

Anastomotic leakage 
No 5 (3-15) 

0,8 
Yes 5 (3-13) 

 

*Mann-Whitney test 
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Table 3. Univariate and Multivariate Analyzes of Factors Influencing Recurrence-Free Survival and 
Overall Survival. 

 
  

  
Univariate HR 

(95%IC) P-value 
Multivariate HR 

(95%IC) P-value 

Preoperative CRP 
OS 2,4 (1,3-4,1)  0,002 2,3 (1,3-4,3)  0,006 

DFS 1,8 (1,2-2,8)  0,004 1,8 (1,2-2,9)  0,01 

Neoadjuvant treatment 
OS 1,6 (0,9-2,7)  0,1 NS NS 

DFS 1,7 (1,1-2,6)  0,01 1,8 (1,1-3,1)  0,03 

T 
OS 1,6 (1,2-2,2)  0,006 NS  0,09 

DFS 1,4 (1,1-1,8)  0,008 NS  0,4 

N 
OS 1,4 (1-2)  0,07 NS  NS 

DFS 1,9 (1,2-2)  0,001 NS  NS 

Preoperative metastases 
OS 4 (2,3-7,1)  <0,0001 3,3 (1,7-6,4)  0,0007 

DFS 3,9 (2,5-6,2)  <0,0001 2,6 (1,5-4,6)  0,0003 

Microvascular invasion 
OS 1,3 (0,7-2,3)  0,4 NS NS 

DFS 1,5 (0,9-2,2)  0,08 NS NS 

Anastomotic leakage 
OS 2,2 (1,2-4,3)  0,01 1,7 (0,9-3,4)  0,1 

DFS 1,5 (0,8-2,6)  0,2 NS NS 

Localisation (rectum vs 
colon) 

OS 1.15  0.6 NS  NS 

DFS 1.48  0.06 NS NS 
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RESUME : 
 
CONTEXTE: DANS LES CANCERS COLORECTAUX, NOUS SAVONS QUE L'INFLAMMATION, POUVANT ETRE EVALUEE PAR LE 

SCORE PRONOSTIQUE MODIFIE DE GLASGOW OU LE SCORE D'INFLAMMATION SYSTEMIQUE, EST LIEE AU PRONOSTIC ET 

A L'APPARITION D'INFECTIONS POSTOPERATOIRES. 
 
OBJECTIF: CETTE ETUDE VISAIT A COMPRENDRE LA RELATION ENTRE L'INFLAMMATION PREOPERATOIRE ET LE 

PRONOSTIC DU CANCER COLORECTAL ET A DETERMINER SI L'IMPACT DE L'INFLAMMATION SUR LE PRONOSTIC DU 

CANCER ETAIT LIE A UN RISQUE ACCRU D'INFECTION POSTOPERATOIRE OU ETAIT INDEPENDANT DE CELUI-CI. 
 
METHODES: LES PATIENTS AYANT SUBI UNE CHIRURGIE POUR CANCER COLORECTAL ENTRE NOVEMBRE 2011 ET AVRIL 

2014 ONT ETE INCLUS DANS UNE BASE DE DONNEES PROSPECTIVE (IMACORS). LA PROTEINE C REACTIVE 

PREOPERATOIRE A ETE RECUEILLIE POUR CHAQUE PATIENT. LES PATIENTS ONT ETE SUIVIS SELON LES DIRECTIVES 

NATIONALES FRANÇAISES. LES CARACTERISTIQUES CLINIQUES ONT ETE COMPAREES EN FONCTION DE LA CRP EN 

UTILISANT LES TESTS CHI-CARRE ET MANN-WHITNEY. LA SURVIE GLOBALE (SG) ET LA SURVIE SANS RECIDIVE (SSR) 

ONT ETE COMPAREES PAR LES COURBES DE KAPLAN MEIER, PUIS UNE REGRESSION LOGISTIQUE A ETE APPLIQUEE POUR 

EFFECTUER UNE ANALYSE MULTIVARIEE DES PREDICTEURS DE LA SG ET DE LA SSR. 
 
RESULTATS: 254 PATIENTS ONT ETE INCLUS. L'AGE MEDIAN ETAIT DE 68 ANS. LE SUIVI MEDIAN ETAIT DE 41,8 MOIS. 
LA MEDIANE DE LA CRP PREOPERATOIRE ETAIT DE 5 MG / L. LA CRP PREOPERATOIRE ETAIT SIGNIFICATIVEMENT 

ASSOCIEE AU STATUT N. LA CRP ETAIT SIGNIFICATIVEMENT PLUS ELEVEE CHEZ LES PATIENTS ATTEINTS DE CANCER DU 

COLON ET CHEZ LES PATIENTS QUI N'ONT PAS REÇU DE TRAITEMENT NEOADJUVANT. L'ANALYSE MULTIVARIEE A REVELE 

QUE LA CRP PREOPERATOIRE EST UN FACTEUR PRONOSTIQUE INDEPENDANT DE LA SG ET DE LA SSR (HR = 2,34 

(1,26-4,31), P = 0,006 ET HR = 1,83 (1,15-2,90) P = 0,01, RESPECTIVEMENT). 
 
CONCLUSION: L'INFLAMMATION PREOPERATOIRE MESUREE PAR LA CRP EST INDEPENDAMMENT LIEE A LA SURVIE 

GLOBALE ET SANS RECIDIVE DU CANCER COLORECTAL. 
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