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Abstract

AIM: To assess the impact of bacterial infections on cancer-specific survival in patients with colorectal cancer. 

METHODS: This was a retrospective cohort study of colorectal cancer patients treated at the A.C. Camargo Cancer Center between January 2006 and April 2010. The presence of bacterial infection during cancer treatment, or up to one year after, was confirmed by laboratory tests or by the physician. Infections of the urinary, respiratory or digestive tracts, bloodstream, skin or surgical site were defined by testing within a single laboratory. Criteria for exclusion from the study were: chronically immunosuppressed patients; transplant patients (due to chronic immunosuppression); human immunodeficiency virus carriers; chronic use of corticosteroids or other immunosuppressive drugs; patients with autoimmune disease or primary immunodeficiency; known viral or parasitic infections. Patients with infections that did not require hospitalization were not included in the study because of the difficulty of collecting and tracking data related to infectious processes. In addition, patients hospitalized for pulmonary thromboembolism, stroke, acute myocardial infarction, uncontrolled diabetes, malignant hypercalcemia or other serious non-infectious complications not directly related to infection were also excluded. Survival curves were plotted using the Kaplan-Meier method, and log-rank tests (univariate analysis) and a Cox test assuming a proportional hazards model (multivariate analysis) were performed to examine associations between clinical history and characteristics of infection with cancer-specific survival. 

RESULTS: One-hundred and six patients with colorectal cancer were divided into two groups based on the presence or absence of bacterial infection. Patient ages ranged from 23 to 91 years, with a median of 55 years. The majority of patients were male (57/106, 53.77%) with stage Ⅲ colorectal cancer (45/106, 44.11%). A total of 86 bacteriologic events were recorded. Results indicate that the presence and number of infections during or after the end of treatment were associated with poorer-cancer specific survivals (P = 0.02). Elevated neutrophil counts were also associated with poorer cancer-specific survival (P = 0.02). Analysis of patient age revealed that patients > 65 years of age had a poorer cancer-specific survival (P = 0.04). A multivariate analysis demonstrated that infection was an independent predictor of poor survival (HR = 2.62, 95%CI: 1.26-5.45; P = 0.01) along with advanced clinical staging (HR = 2.63, 95%CI: 1.08-6.39; P = 0.03). 

CONCLUSION: Infection and high neutrophil counts are associated with a poorer cancer-specific survival in colorectal cancer patients. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

Chronic infections contributed to approximately 2 million of the 12.7 million new cases of cancer in 2008[1]. Furthermore, infections are associated with a higher rate of cancer mortality, such as with the human papillomavirus in cervical cancer and with Helicobacter pylori (H. pylori) in stomach cancer. Inflammation, one of the principal components of chronic infections, was first linked to cancer by Rudolf Virchow in 1863, a link that has been supported by further understanding of inflammatory mechanisms in malignant tissue[2]. However, beneficial effects of inflammation have been implicated, as well. Busch et al had treated cancer patients with bacterial extracts of Streptococcus pyogenes, presuming that the resultant high fever would lead to the production of exotoxins, which can function as superantigens and trigger polyclonal expansion of T-cells[3]. There is evidence that tumor infiltration by T-lymphocytes is associated with a better prognosis, though the composition and architecture of the cellular infiltrate may influence the clinical outcome[4]. 

Since the first reports of bacteria use in cancer treatments in the 19th century, therapeutic effects of bacterial infections have been observed in neoplasias[5]. The capacity of these pathogens to overcome tumor-induced immune tolerance has led to the development of a variety of immunotherapies, including the use of viruses and bacterial vectors, such as Bacillus Calmette-Guérin, Salmonella, Listeria monocytogenes and Streptococcus[6]. Despite the evidence that bacterial infections can contribute to the resolution of neoplasms, the mechanisms involved remain unclear, and nothing is known about their influence on cancer-specific survivals. Therefore, the purpose of this study was to examine the impact of bacterial infections on cancer survival in a cohort of colorectal cancer patients. In addition, the number of infections and neutrophil counts were assessed with respect to cancer-specific survival.

MATERIALS AND METHODS
Patients and study design
Two cohorts of colorectal cancer patients treated at the A.C. Camargo Cancer Center between January 2006 and April 2010 were retrospectively examined. All cases of infection occurring within this period, as registered in the data bank of the Hospital Infection Control Service, were included. Controls were identified from a chart survey of cancer patients that were hospitalized for other non-infectious reasons, such as surgery, chemotherapy and deep venous thrombosis, among others. This study was approved by the local ethics committee.

Inclusion criteria

All patients with colorectal cancer identified using the International Disease Code designations C18 (colon) and C20 (rectum) that had been hospitalized for cancer treatment (chemotherapy, radiotherapy or surgery) or for treatment of concomitant complications up to one year after the end of cancer-specific treatment were included in the study. Patients with bacterial infections suspected from elevated white cell count and fever, confirmed by isolation of a bacterial agent, or determined by the physician or health care team based on symptoms, signs and lab results (elevated C-reactive protein or pro-calcitonin) were assigned to the infected group. Results from bacteriological analysis were searched for any biological material collected (blood, urine, sputum, liquor, etc.). The control group consisted of patients hospitalized for cancer-specific treatment, without any history or evidence of infection and negative bacteriological test results.

Exclusion criteria

The following were criteria for exclusion: chronically immunosuppressed patients, such as transplant patients (due to the use of corticosteroids or cyclosporine); human immunodeficiency virus carriers; use of any immunosuppressive drug on a chronic basis; diagnosed autoimmune disease or primary immune deficiency; known viral or parasitic infection. Patients with an infection but treated in the ambulatory setting were also excluded due to the difficulties with collection and tracking of corresponding details. Patients hospitalized for pulmonary thromboembolism, stroke, acute myocardial infarction, uncontrolled diabetes, malignant hypercalcemia or other serious non-infectious complications not directly related to infection were also excluded.

Statistical analysis

Microsoft Excel 2007 and R software (R Development Core Team 2011; www.r-project.org) were used for all analyses. Cancer-specific survival was defined as the time between cancer diagnosis and death by cancer. Patients dying from other causes or lost to follow-up were censored for analyses. Survival curves were plotted using the Kaplan-Meier method. Log-rank tests were used to compare survival according to the variables of interest. All variables that achieved a P ≤ 0.2 in univariate analyses were included for a multivariate analysis using a Cox test assuming a proportional hazards model. The variables were removed from the analysis in descending order according to the descriptive level, until all remaining variables were significant (indicated by a P < 0.05). The supposition of proportional hazard was verified using graphs of ln[s (t)], where s indicates estimated survival, and t represents time. The association between infection and neutrophilia was determined by a 2 test. 

RESULTS

Patient characteristics

One-hundred and six patients were included in the analyses and divided into infected (n = 58) and control (n = 48) groups (Table 1). Patient ages ranged from 23 to 91 years, with a median of 55 years. The majority of patients were male (57/106, 53.77%) with stage Ⅲ disease (45/106, 44.11%). A total of 86 bacteriologic events were recorded (Table 2). 

Colorectal cancer and infection

The median follow-up for colorectal cancer patients was 31.5 mo. The risk of death significantly increased with the presence and number of infections (P = 0.02) (Figure 1A and B). The risk of death was also higher in patients who developed neutrophilia (P = 0.02) (Figure 1C). Moreover, neutrophilia was associated with the number of infections (P = 0.01), developing in 26.51% (22/83) of patients with only one infection and in 55.56% (15/27) of those with two or more infections. As these patients in general had infections in more than one place, the sites were evaluated separately. The most common infection sites were surgical wounds, the urinary tract, and abdominal cavity. There was no difference in survival with respect to the location of the infection. Survival time was also analyzed according to disease stage. As expected, patients with more advanced stages (Ⅲ, Ⅳ) had a worse survival compared to those with an earlier stage (Ⅰ, Ⅱ) cancer. Moreover, advanced tumor stages (T3, T4) were associated with a shorter colorectal cancer survival (P = 0.05).

Results of a multivariate analysis indicated that variable treatment did not influence survival time of colorectal cancer patients. However, presence of infection and cancer staging were identified as independent prognostic factors for colorectal cancer (P < 0.05) (Table 3). The risk of death in patients was almost three-fold higher in patients with bacterial infections or advanced cancer stages (Ⅲ, Ⅳ).

Age and cancer-specific survival 

Finally, overall survival was analyzed according to patient age to account for a possible bias in the results due to immunosenescence. Immunosenescence is an age-related dysfunction of the immune system in which there is a decline in the efficiency of vaccines and reduced immune protection[7]. Colorectal cancer patients older than 65 years had a poorer cancer-specific survival compared to patients younger than 65 years (P = 0.04) (Figure 1D). 

DISCUSSION

The present study demonstrates that the occurrence of infection during or after the end of treatment is associated with a poorer colorectal cancer survival. These results corroborate findings from previous animal studies, such as the tumor tolerance-directed, rather than antitumor-directed, adaptive immune response induced by H. pylori[8]. However, Bohman et al[9] presented a retrospective review of 18 glioblastoma patients from a single institution with postoperative infections over a 10-year period. These patients did not differ from an age- and treatment-matched group of 51 glioblastoma patients, though other prognostic factors, such as Karnofsky Performance Scale status and type of chemotherapy, were not considered. Thus, although targeted immunotherapy may provide antitumoral effects, simple infection does not appear to do so.

Another finding of the current study is that individuals with two or more infections had poorer cancer-specific survival. Although there are no reports from experimental animal models testing this hypothesis, we can speculate that individuals that develop more than one infection have an already disturbed immune system. On the other hand, a greater number of infections could also result in the release of a larger amount of inflammatory mediators that may favor tumor growth and progression. 

We initially anticipated a higher frequency of neutropenia in our patients, but conversely, observed neutrophilia, which was associated with a poorer cancer-specific survival. Mueller and Fusenig showed that inflammatory cells, mainly neutrophils, contribute to angiogenesis and promote tumor growth; thus, patients with neutrophilia had a poorer survival[10]. Although the literature suggests a protective role of neutrophils in cancer, tumor-associated neutrophils have been found to foster malignancy in certain situations, through the liberation of growth stimulating signals, proteases that degrade the matrix, and mediators of angiogenesis[11,12].

The results of the present study also demonstrate that increasing age impacts colorectal cancer survival. Indeed, Akbar and Henson reported that senescence in human T-cells may limit long-term specific immune responses[13]. In this way, persistent viruses may induce senescence in specific T-cell populations stimulated to repeatedly proliferate over the patient’s lifetime, evidenced by immunosenescence acceleration via restriction of the T-cell repertoire induced by cytomegalovirus infection[7].

In conclusion, this study demonstrates that rather that producing a protective effect, infection is an independent predictor of poor colorectal cancer survival. Therefore, the follow-up of colorectal cancer patients should include infection-directed therapies.
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Background

An important question remains among physicians regarding the influence of infection in cancer-specific survival. There is some evidence that infections exert antitumoral effects, whereas other studies have indicated a poorer prognosis for cancer mortality in relation to infection.
Research frontiers

There is evidence that bacterial infections can contribute to resolution of neoplasms, but the mechanisms involved are still unclear, and nothing is known about their influence on cancer-specific survival. The purpose of this study was to examine the impact of bacterial infections on colorectal cancer survival.
Innovations and breakthroughs

Although many physicians believe that infection can improve cancer-specific survival through immune system activation, the results of this study on colorectal cancer patients indicate that infection has a negative impact. 

Applications

This study documents the influence of bacterial infection during the treatment course for colorectal cancer. As the results indicate a poorer prognosis, special attention is necessary for those patients who develop infection during chemotherapy treatment. 
Terminology

Immunosenescence is an age-related gradual deterioration of the immune system. Cancer-specific survival is defined as the time between cancer diagnosis and death by cancer.

Peer review

The authors of this study analyzed cancer-specific survival with regard to bacterial infections among patients receiving treatment for colorectal cancer. The results indicate that bacterial infections reduce survival, and should therefore be promptly and effectively managed in these patients.
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FIGURE LEGENDS

Figure 1  Cancer specific survival. Curves were calculated by Kaplan-Meier method and compared log-rank test. A: Cancer specific survival according to the occurrence of infection in colorectal cancer patients. The red line corresponds to patients who had at least one infection and the black line to those who did not have any infection; B: Cancer specific survival in colorectal cancer patients, according to the number of infections. The red line refers to patients who had one infection only, the green line to those who had two or more infections and the black line to patients who did not have any infection; C: Cancer specific survival in colorectal cancer patients according to the presence or absence of neutrophilia. The red line refers to those patients who did not develop neutrophilia, the green line corresponds to those who developed neutrophilia and the black line refers to patients from the control group; D: Cancer specific survival according to age for colorectal cancer. The black line corresponds to the patients under 65 years and red line corresponds to the patients with age equal or greater than 65 years.
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Table 1  Clinical features and their association with the occurrence of infection  n (%)


�
Infection�
 Total�
P value�
�
�
No�
Yes�
�
�
�
Gender�
�
�
�
�
�
   F�
26 (54)�
23 (40)�
49 (46.23)�
0.1358�
�
   M�
22 (46)�
35 (60)�
57 (53.77)�
�
�
Age�
�
�
�
�
�
   < 65�
36 (80)�
37 (65)�
73 (71.57)�
0.0935�
�
   ≥ 65�
  9 (20)�
20 (35)�
29 (28.43)�
�
�
Stage�
�
�
�
�
�
   Ⅰ�
2 (4)�
  7 (12)�
9 (8.65)�
0.2875�
�
   Ⅱ�
12 (25)�
12 (21)�
24 (23.00)�
�
�
   Ⅲ�
24 (50)�
21 (38)�
45 (44.11)�
�
�
   Ⅳ�
10 (21)�
16 (29)�
26 (24.24)�
�
�
Treatment�
�
�
�
�
�
   Adjuvant�
27 (69)�
24 (48)�
51 (48.11)�
0.0528�
�
   Adjuvant +    neoadjuvant�
  9 (23)�
13 (26)�
22 (20.75)�
�
�
   Surgery�
3 (8)�
13 (26)�
16 (15.10)�
�
�
   Others�
-�
-�
17 (16.04)�
�
�
Metastasis�
�
�
�
�
�
   Não�
32 (71)�
44 (76)�
76 (73.78)�
0.5866�
�
   Sim�
13 (29)�
14 (24)�
27 (26.22)�
�
�
T stage�
�
�
�
�
�
   1 + 2�
  6 (14)�
11 (20)�
17(17.70)�
0.4385�
�
   3 + 4�
36 (86)�
43 (80)�
79 (82.30)�
�
�
Lymph node involvement�
�
�
�
�
   0�
17 (41)�
21 (38)�
38 (39.17)�
0.6928�
�
   1 + 2�
24 (59)�
35 (62)�
59 (60.83)�
�
�
In some cases the total number did not reach 106 because the data was not available on medical records.





Table 2  Etiological agents of bacterial infections


Bacteria (etiological agents)�
Classification �
Diagnosis of Colorectal Cancer�
�
Staphylococcus aureus (S. aureus)�
Gram-positive  �
15�
�
Escherichia coli�
Gram-negative�
11�
�
Pseudomonas aeruginosa (P. aeruginosa)�
Gram-negative�
10�
�
Staphylococcus epidermidis�
Gram-positive  �
  6�
�
Enterobacter cloacae�
Gram-negative�
  7�
�
Klebsiella pneumoniae�
Gram-negative�
  6�
�
Serratia marcescens�
Gram-negative�
  1�
�
Enterobacter aerogenes�
Gram-negative�
  4�
�
Proteus mirabilis�
Gram-negative�
  1�
�
Acinetobacter baumannii�
Gram-negative�
  3�
�
Coagulase negative Staphylococcus�
Gram-negative�
  3�
�
Enterococcus faecalis�
Gram-positive  �
  1�
�
E. faecium�
Gram-positive  �
  2�
�
Citrobacter freundii�
Gram-negative�
  2�
�
Enterobacter cloacae + P. aeruginosa�
Gram-negative�
  1�
�
Staphylococcus lugdunensis�
Gram-positive  �
  2�
�
Klebsiella pneumoniae +�
Gram-negative�
  1�
�
Escherichia coli�
�
�
�
S. aureus + Klebsiela�
Gram-positive and�
  1�
�
�
Gram-negative�
�
�
Pseudomonas aeruginosa + S. aureus�
Gram-positive and�
  1�
�
�
Gram-negative�
�
�
Citrobacter amalonaticus�
Gram-negative�
  1�
�
Enterococcus avium�
Gram-positive  �
  1�
�
Serratia odorifera�
Gram-negative�
  1�
�
Klebsiella pneumoniae + Pseudomonas aeruginosa�
Gram-negative�
  1�
�
P. aeruginosa + Klebsiella pneumoniae�
Gram-negative�
  1�
�
Staphylococcus saprophyticus�
Gram-positive  �
  1�
�
Staphylococcus sp�
Gram-positive  �
  1�
�
Streptococcus viridans�
Gram-positive  �
  1�
�
�
Total �
86�
�






Table 3  Multivariate analysis for cancer-specific survival in colorectal cancer


Variabel�
Category�
HR�
95%CI�
P value�
�
Infecion�
no�
1�
-�
�
�
�
yes�
2.62�
1.26-5.45�
0.01�
�
Stage�
Ⅰ + Ⅱ�
1�
-�
�
�
�
Ⅲ + Ⅳ�
2.63�
1.08-6.39�
0.03�
�
Variables included in multivariate analysis were treatment, staging and infection. Multivariate analysis employed Cox test assuming a proportional hazards model.
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