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Resumo

Influéncia do sindrome metabdlico e de mediadores inflamatoérios

nos resultados da cirurgia do cancro colorretal

Objetivo: Avaliar a relacao entre sindrome metabdlico (SM) e gordura visceral nos resultados cirurgicos

do cancro colorretal (CCR) e avaliar a influéncia de biomarcadores em prever as complicacdes cirurgicas.

Métodos: Foram desenvolvidos dois estudos: a) retrospetivo - doentes operados por CCR no Hospital
de Braga entre janeiro de 2007 e dezembro de 2009, quantificacdo da gordura visceral e recolha de
dados para analise de sobrevida; b) prospetivo - doentes operados por CCR entre agosto de 2015 e
agosto de 2016, com avaliacdo clinica e analitica pré-operatdria e pds-operatdria seriada até dois anos

de seguimento e recolha de amostra da lesao tumoral para estudo imunohistoguimico.

Resultados: No estudo retrospetivo (n=199), a taxa de sobrevida global aos 5 anos foi de 60%; nao
foram encontradas diferencas estatisticamente significativas na sobrevida de doentes com diferentes
quantidades de gordura visceral. No estudo prospetivo (n=134), 26.9% dos doentes desenvolveram
complicacdes (15.7% minorvs 11.2% majon e 1.5% faleceram nos primeiros 30 dias apos a cirurgia, nao
tendo sido encontrada nenhuma associacao estatisticamente significativa entre SM e os resultados
cirurgicos. Verificou-se um aumento significativo da concentracdo de PCR no D1 e D3 pés-operatério e
aumento do racio PCR/albumina no D3 pés-operatério nos doentes com infecao do local cirtrgico (AUC
0.639, 0.729 e 0.736, respetivamente). A analise de regressao logistica multivariavel mostrou que estes
biomarcadores sdo preditores independentes da infecao do local cirtrgico (OR 7.355, 7.605 e 8.337,
respetivamente). Foi encontrada uma associacdo significativa entre os valores de VEGF sérico e a

expressao tumoral do VEGF-R3 (p < 0.001), com um tamanho do efeito estimado alto (n = 0.35).

Conclusao: A gordura visceral pode influenciar as complicacdes pds-operatorias, a deiscéncia da
anastomose e o risco de re-operacao nos doentes operados por CCR. O SM nao parece influenciar os
resultados cirurgicos. O valor da PCR no D1 e D3 pds-operatorio e o racio PCR/albumina no D3
identificam doentes com baixo risco de infecdo do local cirtrgico, o que podera permitir o uso destes
marcadores inflamatdrios como uma ferramenta de prognostico e de alta precoce. A correlacao
encontrada entre o VEGF sérico e o VEGF-R3 tumoral abre novos horizontes na investigacao acerca do

potencial uso deste biomarcador na selecdo do tratamento e prognéstico dos doentes com CCR.

Palavras chave: cancro colorretal, cirurgia, obesidade, sindrome metabdlico



Abstract

Influence of metabolic syndrome and inflammatory markers

in the outcomes of colorectal cancer surgery

Aim: Evaluate the relationship between metabolic syndrome (MetS) and visceral fat (VF) on colorectal

cancer surgery (CRC) outcomes and the influence of biomarkers in predicting surgical complications.

Methods: Two studies were developed: a) retrospective - patients submitted to curative CRC surgery at
Hospital de Braga between January 2007 and December 2009, VF quantification and data collection for
survival analysis; b) prospective - patients submitted to CRC surgery at Hospital de Braga between August
2015 and August 2016, with clinical and analytical evaluation before and after until reached two years of

follow-up and selection of an histological specimen for immunohistochemistry.

Results: In the retrospective study (n=199), the 5-year overall survival rate was 60%; no significant
differences of survival between patients with different amounts of VF were found. In the prospective study
(n=134), 26.9% of patients developed complications (15.7% minor vs 11.2% major) and 1.5% died at the
first 30 days after surgery. Statistical analysis didn't reveal any association between MetS and surgical
outcomes. Higher CRP concentrations on POD1 and POD3 and CRP to albumin ratio on POD3 were
found in patients with surgical site infections (AUC 0.639, 0.729 and 0.736, respectively). Multivariable
logistic regression analysis showed that those biomarkers were independent predictors of surgical site
infections (OR 7.355, 7.605 and 8.337, respectively). Regarding VEGF, results showed significant
association of serum values of VEGF with VEGF-R3 expression (p < 0.001), with a high estimated effect
size (n = 0.35).

Conclusion: VF may influence postoperative complications, anastomotic leakage and re-operation on
colorectal cancer patients. MetS doesn’t appear to influence surgical outcomes. The value of CRP on
POD 1 and 3 and CRP to albumin ratio on postoperative day 3 can positively identify patients at low risk
of surgical site infection, which may allow those inflammatory markers to be used as a prognostic tool
for early discharge criteria. The correlation between serum VEGF and tumoral VEGF-R3 open up new
horizons in terms of investigating its role as a potential biomarker for the selection of CRC treatment and

for prognostic information.

Key-words: colorectal cancer, metabolic syndrome, obesity, surgery
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Chapter 1: Introduction

Colorectal cancer (CRC) is a common disease that surgeons have to deal on a daily basis. When a patient
is newly diagnosed with CRC, that first question he/she usually ask is whether or not they will be “OK”,

and that is, of course, very difficult to answer.

Prognosis is currently based on preoperative staging of the disease and pathology of surgical specimens
but these are used for groups and do not accurately predict individual survival and relapse rates. There

other factors contributing to outcomes of CRC patients that are yet unexplored.

On an empiric basis, there is an established idea that obese and diabetic patients have worst outcomes
than thinner, healthier patients, especially when it comes to post-surgical morbidity and mortality: when
an obese patient undergoes surgery a complication is immediately anticipated; but when a more fit and
healthy patients’ surgery complicates, we ask ourselves why this happened. However, when we look at
data from studies, neither obesity nor metabolic syndrome are clearly defined as risk factors for

complications or worst outcomes after CRC surgery.

A common discussion point among surgeons is the prognostic value of c-reactive protein (CRP) and
leucocytes on the first days following surgery: when CRP or leucocytes have high values sometimes it is
interpreted as “normal”, attributing the rise to the surgical insult, but on other circumstances the patient
is thought to have an infectious complication or anastomotic leak. The ability to use inflammatory
biomarkers to predict complications would be highly useful but at the time this work was developed the

results that had been published were not concordant.

Due to an evolving need for individual outcome prediction, and the other aforementioned reasons, we
developed this research work with the purpose of determining if metabolic syndrome and inflammatory

markers have the ability to predict outcomes after CRC surgery.

1.1. Epidemiology

1.1.1. Colorectal cancer

In 2018, CRC was the third most frequently diagnosed cancer in the world, with 1,849,518 new cases

diagnosed (10.2% of all cancer cases diagnosed), standing just behind lung and breast cancer (with 11.6%



each).(1) Of notice, however, is the fact that projections suggest that annual incidence of CRC will

increase by 72%, reaching 3,093,241 new cases in 2040.(1)

In Portugal, data from 2010 showed that CRC is the second most diagnosed of all cancers both in men

and women (17.2% and 14.5% respectively), following prostate and breast cancer, respectively.(2)

1.1.2. Obesity

Obesity is currently defined as an elevated body mass index (BMI), which typically occurs as a
consequence of excess of adipose tissue. According to the World Health Organization (WHO), in 2016,
39% of adults aged more than 18 years in the world had excess of weight (BMI =225kg/m?) and 13% were
obese (BMI =30kg/m?).(3) Similarly to other developed countries, obesity in Portugal affects a
considerable part of the population and data from 2016 shows that 63.8% of the population at adult age

has excess of weight, of which 26.2% are obese.(4)

1.1.3. Metabolic syndrome

Kylin, in 1920, was the first to define metabolic syndrome (MetS), in order to demonstrate the association
of hypertension, hyperglycemia, and gout.(5) Meanwhile, the syndrome was several times renamed as
“syndrome X”, “the deadly quartet” and “insulin resistance syndrome”.(6) Currently, many different
definitions have been proposed by several institutions, but they all converge on the same basic

components: hypertension, dyslipidemia, insulin resistance and central obesity.

In 1998, WHO published their definition of MetS.(7) In 2001, the National Cholesterol Education Program
— Third Adult Treatment Panel (NCEP-ATPIII) published new criteria for the diagnosis of MetS that included
the waist circumference instead of BMI, as an indicator of obesity.(8) In 2005, the American Heart
Association (AHA) and the National Heart, Lung, and Blood Institute (NHLBI) updated the NCEP-ATPIII
criteria, in order to include the current use of medication for hypertension, triglycerides and high-density
lipoprotein (HDL)-cholesterol as positive criteria.(9) In the same year, the International Diabetes
Federation (IDF) published another definition for MetS that includes central obesity as a mandatory criteria
associated with other two of four criteria (raised triglycerides or specific treatment for this lipid

abnormality, reduced HDL-cholesterol or specific treatment for this lipid abnormality, raised blood



pressure or treatment of previously diagnosed hypertension, raised fasting plasma glucose or previously

diagnosed type 2 diabetes).(10)

With the aim of standardizing the MetS definition, five groups (IDF, AHA, NHLBI, World Heart Federation,
International Atherosclerosis Society and International Association for the Study of Obesity) released a
joint statement in 2009 regarding the harmonization of the criteria. One of the main improvements
resulting from that effort is that the criteria used for abdominal obesity (waist circumference) required

refinement with regard to country-specific and population-specific definitions.(11)

The reported prevalence of MetS varies depending on the definition used, age, sex, socioeconomic status,
and the ethnic background of study cohorts.(12) In Portugal, the PORMETS study, that included non-
institutionalized Portuguese adults selected from primary health care centers’ lists from February 2007
to July 2009, estimated that the prevalence of MetS was 36.5% using the NCEP-ATPIII criteria and 49.6%
using the IDF criteria.(13) In Europe, a recent study that included 10 European countries quantified the
prevalence of MetS according to NCEP-ATPIII criteria in 24.3%.(14) In the United States of America, data
from the National Health and Nutrition Examination Survey stated that the prevalence of MetS in 2007-

2012 according to NCEP-ATPIII criteria raised from 25.3% to 34.2% in the past two decades.(15)

1.2. Obesity and Cancer

Since 2003, obesity has been firmly established as a risk factor for different types of cancer, such as
esophageal, pancreatic, colorectal, breast (postmenopausal), endometrium and kidney cancer, leading
to an increased mortality rate.(16-19) The American Society of Clinical Oncology reported that obesity is
quickly overtaking tobacco as the leading preventable risk factor. Cancer patients with obesity have higher
probabilities of cancer mortality, worse prognosis after cancer diagnosis and higher risk of second

malignancies and comorbidities.(20)

Adipose tissue deposits in two compartments in the body: subcutaneous and visceral. Visceral fat (VF) is
more active metabolically than subcutaneous fat, has multiple endocrine, metabolic and immunological
functions and has been shown to be central to the pathogenesis of the MetS.(21) The pathways by which
visceral obesity promotes cancer development are: inflammation and adipokines, insulin resistance and

insulin-like growth factor (IGF) axis and obesity related hypoxia.(22)



1.2.1. Obesity and cancer development

1.2.1.1. Inflammation and adipokines

The relationship between inflammation and cancer is an accepted paradigm.(22) Chronic inflammation
influences the proliferation of tumor cells, angiogenesis, the risk of metastases and the response to
cancer therapy.(23) Obesity is recognized as a cause of chronic subclinical inflammation that can promote
cancer development. However, the influence of obesity in cancer incidence differs accordingly to the
distribution of fat into visceral and subcutaneous compartments; in fact, evidence suggests that obesity

and cancer are mediated by visceral rather than generalized body fat.(24)

The adipose tissue is now recognized as a complex and dynamic endocrine organ with an intricate role
in whole body homeostasis rather than an inert tissue for energy storage.(24) The adipocyte secretes
adipokines like leptin and adiponectin. In an obese patient, the production on adipokines is dysregulated
with increased levels of leptin and decreased levels of adiponectin.(25) Leptin seems to be capable of
promoting tumor growth by endorsing angiogenesis through vascular endothelial growth factor (VEGF)
signaling and hypoxia inducible factor 1 alpha stabilization.(26) VEGF production is higher in omental fat
than in fat located at any other site in the body.(27) In contrast, adiponectin presents anti-inflammatory
proprieties and acts as a negative regulator of angiogenesis directly into tumor cells by reducing cellular

proliferation and inducing endothelial apoptosis.(28)

The adipose tissue, particularly the VF tissue, also produces inflammatory cytokines such as tumor
necrosis factor alpha (TNFa), transforming growth factor beta (TGF[3), interleukin 6 (IL-6) and interleukin
1 beta (IL-1pB) (all known as proinflammatory cytokines).(29-31) The release of these cytokines attracts
inflammatory cells (including monocytes and macrophages) which, in turn, secrete inflammatory

cytokines themselves and contribute, amongst others, to the development of insulin resistance.(25)

Insulin resistance and activation of the IGF axis is thought to be an important link between visceral
adiposity and carcinogenesis, principally by the pro-tumorigenic properties of insulin and IGF.(22) A
chronic caloric excess desensitizes tissues to the effects of insulin determining insulin resistance. In turn,
Insulin resistance leads to hyperglycemia and a compensatory release of insulin by pancreas, in order to
restore glucose level (hyperinsulinemia).(32) Insulin is a potent growth factor of both normal and tumor

cells directly through insulin receptor and indirectly through increase in hepatic production of IGF.(32)



1.2.2. Obesity and Colorectal cancer

The relation between obesity and CRC incidence has been intensely studied. However, the results of this
relation depend of the criteria used to defined obesity. With respect to BMI, the increase of this index was
associated with an increased incidence of CRC. A bkg/m? BMI increase was related to an increased risk
of CRC development (relative risk (RR) range from 1.12 to 1.24).(19, 33) In studies where waist
circumference was used, the RR of CRC ranged from 1.39 to 2.56. However, the cut-off value for which
waist circumference increases the risk of CRC is yet to be defined.(22) Several studies analyzed the
differences of the impact of waist circumference and BMI as predictors of CRC and concluded that waist
circumference is a stronger predictor of CRC risk than BMI.(34-36) One review of the literature concluded
that higher adiposity was associated with an increase of colon cancer-related mortality and a decrease of
disease free survival (DFS) of colon cancer in women and rectal cancer in men. This study emphasizes
that the percentage of fat tissue or waist circumference are better indicators of adiposity than the BMI.(37)
This may suggests that the VF, rather than general adiposity, that is involved in the carcinogenesis of

CRC.(22)

Visceral obesity was associated with higher risk of colorectal carcinoma.(38, 39) Besides the risk of CRC,
VF has also been associated, in some studies, with a significant increase of surgical complications when
compared to VF-free patients (40-42) and as a better complication predictor than BMI.(43, 44) However,
a recent paper suggested that VF has no influence on surgical complications in patients with rectal and
sigmoid cancer.(45) VF significantly predicted DFS in patients with resectable CRC (46) and increased
the likelihood of a poor prognosis in CRC patients receiving adjuvant chemotherapy.(47) Of notice is the
fact that visceral obesity has a controversial influence in clinical response to anti-VEGF therapy in CRC.(48,

49)

1.3. Metabolic Syndrome and Colorectal Cancer

There is strong evidence of CRC risk related to MetS. A meta-analysis from 2013 that included 11,462
cancer patients, showed that MetS was associated with an increased risk of CRC in both men and
women.(50) An epidemiologic study from South Korea that included a total of 22,809,722 individuals
concluded that the hazard ratio (HR) for the development of CRC in individuals with MetS (IDF criteria)

was 1.10, after multivariate analysis adjusted for age, sex, smoking status, alcohol consumption and



regular physical exercise. The risk for the development of CRC also increased with the number of MetS
components involved (high fasting glucose, central obesity, high blood pressure, high triglycerides levels
and low HDL cholesterol levels). A subgroup analysis by gender shows that the risk is significantly higher
in men than in women (HR 1.41, 95% confidence interval (Cl) 1.37-1.44 and HR 1.23, 95% Cl 1.20-
1.27, respectively).(51) The physiopathology behind the relationship between MetS and risk of CRC is not
yet fully understood. It has been suggested that the mechanism that connects MetS and CRC is related

with abdominal obesity and insulin resistance, as discussed before.(19, 33, 52-54)

Unlike obesity, the MetS has been less studied as risk factor for CRC patients’ outcomes. With respect to
30-days overall morbidity, a recent study shows that in a multivariate analysis MetS remained significantly
associated with renal complications, wound dehiscence and infection and unplanned readmissions, but
not with overall morbidity, cardiac and septic complications, nor prolonged length of stay for laparoscopic
procedures.(55) Another recent study concluded that MetS does not increase the risk of postoperative
outcomes following laparoscopic colectomy.(56) MetS has been, however, associated with a significant
increase of tumor recurrence.(57, 58) In what concerns mortality rates, there are several studies(53, 57,
59, 60) and a meta-analysis (50) showing that the presence of MetS has been associated with an increase
in mortality rate of CRC patients. However, other studies did not find the same association between MetS
and CRC survival.(61-63) One of the latter studies concluded that MetS had no apparent effect on cancer
outcomes (overall survival (OS) and recurrence-free rates), probably because of the combined adverse
effects of elevated glucose/diabetes mellitus and hypertension and the protective effect of dyslipidemia

in patients with nonmetastatic disease.(61)

There are multiple theories that try to explain the negative impact that MetS has on prognosis of CRC
patients. First of all, patients with MetS could have overt tissue inflammation and excessive systemic
inflammatory response. The insulin-resistance state characteristic of MetS alters the metabolism of
adipose tissue leading to an increase in serum levels of adipokines (including IL-6 and TNF-at). These, in
turn, aggravate tissue inflammation, and reduce levels of protective adipokine (adiponectin). In these
patients with MetS, there are also higher levels of other proinflammatory cytokines (CRP, fibrinogen, and
plasminogen activator inhibitor-1).(9, 64) Secondly, MetS is correlated with an impaired microvascular
circulation which could cause poor tissue healing and increase the risk of wound complication and
anastomotic leakage.(64) Finally, patients with MetS could have a malfunction of polymorphonuclear

neutrophils, in particular at the aggregation, adhesion and degranulation levels. This anomaly could be



related to low level of leukotriene B4 in these patients, because this leukotriene has a potent chemotactic

and chemokinetic activity for polymorphonuclear neutrophils.(64, 65)

1.4. Prognostic Biomarkers in Colorectal Cancer

1.4.1. Biomarkers

There is an increasing interest in the research of prognostic biomarkers in CRC because they may help

improve clinical or therapeutic management of CRC.(66)

1.4.1.1. VEGF

The lymphatic system is involved in the transportation of extravasated protein-rich fluid and cells back
into blood circulation.(67, 68) The formation of new lymphatic vessels (lymphangiogenesis) occurs in
both normal developing tissues as well as in pathological processes such as inflammation, wound
healing, lymphedema and cancer.(68) Lymphangiogenesis may be involved in the earlier stage of CRC

development.(66)

VEGF is the most widely studied pro-angiogenic factor.(69) There are three vascular endothelial growth
factor receptors (VEGFR) identified, each one having a different participation in angiogenesis and
lymphangiogenesis: VEGFR-1 and VEGFR-2 mediate angiogenesis, whereas VEGFR-3 is involved mainly
in lymphangiogenesis.(68) The number and diameter of lymphatic vessels is increased in peritumoral
tissues, providing a larger contact area and facilitating tumor cell metastasis.(66) The principal ligands of
VEGFR-3 and, therefore, the principal inducers of new lymphatic vessels, are VEGF-C and VEGF-D.(66,
68) Tumoral lymphangiogenesis, measured by lymphatic microvessel density, is significantly associated
with tumoral lymphatic vessel invasion, lymph node metastasis and adverse outcomes of CRC.(66, 70,

71)

The fast growth of the tumor demands nutrients and oxygen that, in turn, trigger tumor cells to produce
VEGF, which consequently leads to the formation of new blood vessels and may facilitate the metastatic
spread of tumor cells.(72-74) In addition, it appears that VEGF also has autocrine functions, acting as a

survival factor for tumor cells, protecting them from stresses, such as hypoxia, chemotherapy and



radiotherapy.(72) Of relevance in the context of this Thesis, is the fact that circulating levels of VEGF are

increased in obese patients, namely in visceral obese patients.(73, 75, 76)

The best way to determinate VEGF level remains unknown. This biomarker can be measured in tumor
tissue by immunohistochemistry, reverse transcription with polymerase chain reaction (rtPCR) or in the
plasma by enzyme-linked immunosorbent assay (ELISA).(77) In tumoral tissue it can be evaluated through
the expression of different forms of VEGF (VEGF-A, VEGF-B, VEGF-C and VEGF-D) and VEGF receptor
(VEGFR-1, VEGFR-2 and VEGFR-3).(78) In serum, VEGF and the soluble form of VEGFR-2 (sVEGFR-2) can
also be measured.(77) The relationship between the circulating and tissue concentration of VEGF remains

unclear.(69)

1.4.1.2. C-reactive protein

The production of CRP belongs to a nonspecific acute phase response to most forms of infection, tissue
damage, inflammation and cancer.(79) During the acute phase response, cytokines, predominantly IL-6,
are released from pathological site and trigger the liver to produce CRP.(79, 80) CRP has an affinity to
phosphocholine, which is inaccessible in normal human cells. However, in damage human cells, bacteria,
fungi and parasites, CRP, as part of the innate host defense, recognizes phosphocholine and activates
the classical complement pathway.(80) This activation enhances phagocytosis by macrophages, thus
acting as an early defense against infection.(81) CRP is a reliable, but non-specific, marker of acute
inflammation and has been investigated as an early indicator of infectious complications following

abdominal surgery.(82)

1.4.1.3. Procalcitonin

Procalcitonin (PCT) is an inactive pro-peptide that serves as the precursor for calcitonin in C-cells of the
thyroid.(83) In addition to its endocrine role, patients with sepsis activate an alternative pathway in
response to proinflammatory mediators (IL-13, TNF-a, and IL-6). This increases the concentration of PCT
by multiple non-thyroidal tissue like white blood cells, spleen, kidney, pancreas, colon, adipocytes and

the brain.(83-85)

The presence of bacterial endotoxins stimulates synthesis of PCT that is rapidly released into the

circulation after 3-4 hours and peaks after 8-24 hours.(86) Following surgery, PCT concentrations are

10



commonly elevated by transient bacterial contamination or bacterial translocation during the operation or
preparation of intestinal anastomoses.(79) It has also been observed that patients with an abnormal
postoperative course more frequently have increased PCT levels than patients with a normal postoperative

course. PCT seems to be a more specific marker of septic complications than CRP.(79)

1.4.1.4. Albumin

Human serum albumin, the most abundant protein in plasma, is a macromolecule that acts as the main
determinant of plasma oncotic pressure and controls fluid distribution between body compartments.(87)
Tumors have the ability to trap the larger plasma proteins and use their degradation products for
proliferation. The accumulation of albumin in tumors is not only explained by the enhanced permeability
of the vascular system, but also by the absence of a lymphatic system in the tumor that impairs lymphatic

drainage.(88) Thus, albumin levels might be of relevance in the context of CRC.

1.5. Outcomes after CRC surgery

1.5.1. 30-days morbimortality

Infection control measures and the use of preoperative antibiotic prophylaxis immediately before the
surgery contributed to the reduction of postoperative complications in surgery. However, a quarter of the
patients submitted to a CRC surgery may actually develop postoperative complications.(89, 90) Infectious
complications remain a major clinical problem in CRC surgery, contributing to a significant postoperative
morbimortality, prolonged hospital stay and additional costs.(91) Despite the importance of early
diagnosis of infectious complications in order to initiate treatment as soon as possible, their diagnosis is
usually misleading, delaying its resolution. Therefore, there is an increasing necessity for early sensitive

and specific markers for postoperative infections.(91, 92)

Several biomarkers of infection (e.g. white blood cells (WBC) count, CRP and PCT) have proven to be
useful in the diagnosis of infection in different clinical settings, as well as in the assessment of the
response to antibiotic therapy.(91) In the setting of early diagnose of postoperative infectious
complications, there is no consensus regarding the diagnostic accuracy of each one.(84, 93) After

surgery, those markers are elevated in all patients and this process is mostly influenced by the extent of
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surgical trauma (surgical procedure and approach), as well as individual variability.(94) The determination
of an universal cut-off point is impractical because it would imply estimation of a threshold for each
postoperative day, surgical procedure, and surgical approach.(94) Therefore, a novel CRP measurement
is being validated to identify postoperative infectious complications in patients undergoing colorectal
surgery. It consists of comparing the value of the inflammatory marker on the day on which a complication

was suspected with the value recorded on the second postoperative day.(95)

Recently, and especially since 2014 when this work begun, interest in the negative predictive values
(NPV) of these inflammatory biomarkers has been increasing.(92, 93, 96, 97) This statistic value allows
the identification of patients with very low probability of postoperative complications, facilitating early

discharge after colorectal surgery.

1.5.2. Relapse and survival

Individually, preoperative hemoglobin, CRP and albumin can predict outcomes following the diagnosis of
CRC.(98, 99) The combination of several inflammatory markers like the Glasgow Prognostic Score (GPS),
modified GPS and neutrophil-to-lymphocyte ratio have also been suggested to predict survival.(100)
Lymphocyte-CRP ratio is a new score that has showed to be an independent prognostic factor for both

DFS and 0S.(101)

It has also been established that overexpression of VEGF and VEGFR in CRC tissue indicates poor
prognosis,(78, 102-104) predicts early relapse (105) and increases the risk of distant
metastastization.(104) Following surgery, VEGF levels tend to decrease, but if VEGF levels after surgery

remain elevated, this may indicate significant residual disease, even without macroscopic evidence.(106)

1.6 Aims

Considering the incidence of obesity and MetS and the increasing incidence of CRC in the population, we
have decided to evaluate the consequences of the presence of MetS and the VF of those patients in the
outcomes of the patients submitted to CRC surgery. We also intend to evaluate the ability of inflammatory

markers in predicting disease outcomes after CRC surgery.
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The research project herein presented intends to:

1. Evaluate the impact of VF on 30-days morbidity, tumor features and 5-year survival on patients
undergoing CRC surgery with curative intent (retrospective work).

2. Explore the relationship between the concentration of serum VEGF and tumor VEGF-R expression
in patients with CRC (prospective work).

3. Determine the influence of MetS in the outcomes of CRC 30-days after surgery and in DFS and
OS (prospective work).

4, Estimate the relationship between different inflammatory biomarkers and early infectious

complications of colorectal surgery (prospective work).
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Chapter 2: Research Project and Technical Considerations
2.1. Retrospective work

2.1.1. Inclusion and exclusion criteria

All patients submitted to a curative CRC surgery at Hospital de Braga during 3 consecutive years (between

January 2007 and December 2009) were included.

The exclusion criteria were: emergency surgery, evidence of metastatic disease at presentation (Dukes

D) and CT scans unavailable for analysis.

2.1.2. Data collection

Detailed information was obtained from the clinical records, which included demographic information,
length of hospital stay, complications at 30-days (Clavien-Dindo morbimortality classification), reoperation
or readmission at 30-days, anastomotic leak and pathological reports. Anastomotic leak was defined as
an abscess or air near the anastomotic site that was diagnosed based on endoscopic and radiologic
findings together with clinical symptoms and signs, such as a change in drainage color or signs of
peritonitis that required reoperation or antibiotic treatment (e.g., in patients with colorectal anastomotic

leak submitted to anterior resection with protective ileostomy and no sign of sepsis).

Patient follow-up was analyzed during 5 years or until death or the last contact date. Tumor recurrence,

place of recurrence and date of recurrence were recorded.

2.1.3. Fat quantification at CT-scan

A single cross-sectional scan at the level of the umbilicus was selected for fat quantification. A scientific
image-analysis program, /mage, was used for subcutaneous and VF area measure
(http://imagej.nih.gov/ij). Subcutaneous fat was defined as fat that is superficial to the abdominal wall
musculature, whereas VF is deep in the muscular wall and includes the mesenteric, subperitoneal and

retroperitoneal parts.
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2.2. Prospective work

2.2.1. Inclusion and exclusion criteria

All patients submitted to elective CRC surgery at Hospital de Braga between August of 2015 and August
of 2016 were included.

Exclusion criteria were: evidence of metastasis before or during surgery, removal of other organs due to
tumor invasion identified during surgery, synchronous tumors or history of other malignant tumors within
5 years of diagnosis, history of familial adenomatous polyposis or hereditary non-polyposis colorectal

carcinoma.

2.1.2. Data collection

The patients included were evaluated in eight different moments: pre-operative consult, day before
surgery, surgery, hospitalization period, 30 days after surgery, six months after surgery, one year after

surgery and two years after surgery.
For every moment of evaluation, the data collected were:

e Pre-operative consult: confirmation of inclusion and exclusion criteria, registration of patient’s
age, gender, history of arterial hypertension, diabetes mellitus, dyslipidemia and usual medication
(with special concern for hypertension, diabetes, high triglycerides and low HDL cholesterol
specific treatments).

e Day before surgery: registration of anthropometric data (height, weight, bioimpedance, waist
circumference, hip circumference) and collection of blood samples (WBC, total proteins, albumin,
aspartate transaminase (AST), alanine transaminase (ALT), HDL, low-density lipoprotein (LDL),
triglycerides, glucose, PCT). A second blood sample tube was retrieved for subsequent VEGF
analysis.

e At surgery: registration of the surgery performed and surgery complications. After surgery, a
Pathologist collected a tumor sample for immunohistochemistry analysis of VEGF-R.

e Hospitalization period: registration of information related in-hospital complications and mortality
and collection of blood samples on postoperative days 1 (for WBC count, CRP and PCT) and 3
(for WBC count, CRP, PCT and albumin).
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e 30 days after surgery: registration of anthropometric data (weight, bioimpedance, waist
circumference, hip circumference), collection of information related to the pathology report and
30-days complications and mortality.

e Six months, one year and two years after surgery: registration of anthropometric data (weight,
bioimpedance, waist circumference, hip circumference) and collection of information related to

adjuvant treatments, tumor recurrence and mortality.

2.1.3. Metabolic syndrome definition

In our work we used three definitions of MetS: ATPIII, AHA and IDF. In 2009, the joint definition of MetS
by the IDF, AHA, NHLBI, World Heart Federation, International Atherosclerosis Society and International
Association for the Study of Obesity was published. It is similar to the previous AHA definition except for
waist circumference that is now categorized using population- and country-specific definitions. For the

European population included in our study, those criteria remained the same.

2.1.4. Tumor VEGF determination

2.1.4.1 Immunohistochemistry

One representative histological specimen of each case was selected, at the deepest invaded area of the
CRC lesion, by the same Pathologist for immunohistochemistry. Immunohistochemical staining was
performed on the samples with a thickness of 2.5um, which were cut using the Thermo - MicroM
HM355S with a simultaneous water bath at 56°C for flattening out and drying tissue sections (Medite
TFB45). After the water bath, the cut samples were placed on specific slides for a period of 20 minutes
at 60°C in the Memmert Model 100-800. For the removal of paraffin, BondTM Dewax Solution (Catalog
number AR9222, Leica Biosystems, Wetzlar, Germany) was used followed by VEGF-R protocol for Mouse
Monoclonal Antibody VEGFR-3 (dilution 1:50; clone KLT9; Product code NCL-L-VEGFR-3, Leica
Biosystems). The antibody was diluted with Novocastra TM IHC Diluent (Product Code RE7133, Leica
Biosystems). All sections were incubated with primary antibody incubation for 60 minutes at 25°C.
Staining was performed using the BOND - MAX Automated from Leica following the manufacturer’s
procedures. It was used with the following products: BondTM Wash Solution 10X Concentrate (Catolog

number AR9590, Leica Biosystems), BondTM Epitope Retrival solution 1 (Catolog number AR 9961, Leica
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Biosystems) and BondTM Polymer Refine Detection (Catolog number DS9800, Leica Biosystems). Then,
the slides were washed in distilled water. Afterwards, the slides were dehydrated in an ascending series
of alcohols (70%, 96%, and 100%) and made diaphanous with xylene, and finally mounted with Entellan

glue.

2.1.4.2 Microscopic assessment of VEGF-R3 expression

VEGF-R3 staining was graded according to the intensity and extent of staining of the endothelium of the
vessels as previously published.(107) The scale included four grades: O = absent, 1 = weak/very limited
moderate staining, 2 = moderate widespread/strong localized staining and 3 = strong widespread.

Grading was assessed under x100 magnification for all of the sections taken.

2.1.5. Serum VEGF determination

For the determination of serum VEGF levels, blood samples were collected from the day before surgery.
Serum samples were obtained by centrifugation at 3,000 revolutions per minute for 10 minutes and were
stored at -80°C until use. Serum levels of VEGF were determined using a commercially available sandwich
enzyme immunoassay kit (Human VEGF ELISA kit; Catalog number KHGO111, KHGO112, Life
Technologies, Carlsbad, CA, USA). Samples were prepared and tested in duplicate according to the

manufacturer’s instructions. The reported detection limit is <5 pg/mlL.
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Chapter 3: Experimental Work

3.1. Influence of Visceral Fat in the Outcomes of Colorectal Cancer. Goulart A

et al. Dig Surg. (2019)
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Abstract

Aim: To determine the relationship of visceral fat (VF) with
the surgical outcome of the patients with colorectal cancer
(CRC) submitted to curative surgery. Methods: Retrospec-
tive analysis of all patients submitted to CRC surgery during
3 years with a minimum of 5 years of follow-up. We assessed
the length of hospital stay, complications, pathologic re-
ports, surgical re-interventions and hospital re-admissions,
relapses, survival time and disease-free time. VF was calcu-
lated based on patients’ pre-operative CT-scan. The patients
were divided into quartiles according to the VF area. Linear
regression models and logistic regression models were used
to establish a relationship between VF and all data collected.
Results: The study included 199 patients (129 with colon
cancer [CC] and 70 with rectal cancer). The average area of
VF was 115.7 cm?. Patients with CRC revealed a direct rela-
tionship between VF and postoperative complications (p =
0.043), anastomotic leakage (p =0.009) and re-operation (p =
0.005). The subgroup of patients with CC had an inverse as-

sociation between VF and lymph nodes harvested (p =
0.027). Survival analyses did not reveal significant differenc-
es. Conclusion: VF has an influence on postoperative com-
plications, anastomotic leakage and re-operation. A nega-
tive influence of VF on lymph nodes harvested was observed
on CC patients. ©2018 5. Karger AG, Basel

Introduction

Colorectal cancer (CRC) is the third most common
cancer in men (746,000 cases, 10.0% of the total) and the
second in women (614,000 cases, 9.2% of the total) world-
wide [1]. Obesity is a global health growing problem. Ac-
cording to the World Health Organization, 39% of adults
aged 18 years and over were overweight in 2014, and 13%
were obese [2]. In Portugal, like most developed countries,
the prevalence of overweight is more than 50% [3, 4].

Although body mass index has been used as one of the
most reliable anthropometric indices of obesity because of
itssimplicityand objectivity, itdoes not reflectbody adipose
tissue accumulation, especially intra-abdominal or visceral
fat (VF) tissue, and is not always consistent with VF area [5].
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Waist circumference has been suggested to be a better
marker for central obesity and is easier to obtain from pa-
tients. However, in some studies, it was proven to be insuf-
ficient to distinguish between subcutaneous and visceral fat
[6]. Asingleslice areais sufficient to measure theabdominal
fat [7]. Different levels are described in literature, but VF
and subcutaneous fat quantification can be easily measured
by single slice CT-scan going through the umbilicus [8].

Gastrointestinal surgeons know that the amount of fat
can greatly influence the technical difficulty during ab-
dominal surgery [9]. The increase of VF has been associ-
ated with a significant increase of surgical wound infec-
tion, anastomotic leak, re-interventions and an increase
in post-operative hospital stay when compared to VF free
patients [10-13]. However, other studies did not agree
with this influence of VF [14]. The influence of VF on
survival also remains unclear.

The main propose of this study is to evaluate the im-
pact of VF on 30-days morbidity, tumor features and
5-year survival on patients undergoing CRC surgery with
curative intent.

Material and Methods

Study Design and Selection of Patients

A retrospective study that included all patients submitted to a
curative CRC surgery at Hospital de Braga during 3 consecutive
years (between January 2007 and December 2009) was conducted.
Of the 355 patients reviewed, 45 patients were excluded because
they were operated in an emergency setting and 27 patients were
excluded because they had a metastatic disease at presentation
(Dukes D). Of the remaining 283 patients, 84 were excluded be-
cause they had CT scans from outside hospitals and images were
not available for analysis (Fig. 1).

Data Collection

Detailed information was obtained from the clinical records,
which included demographic information, length of hospital stay,
complications at 30-days (Clavien-Dindo Classification), re-oper-
ation or readmission at 30-days, anastomotic leakage and patho-
logical reports. Anastomotic leakage was defined as an abscess or
air near the anastomotic site that was diagnosed based on endo-
scopic and radiologic findings together with clinical symptoms
and signs such as a change in drainage color or signs of peritonitis
that required re-operation or antibiotic treatment (e.g., in patients
with colorectal anastomotic leak submitted to anterior resection
with protective ileostomy and no sign of sepsis).

Patient follow-up was conducted during 5 years or until death
or the last contact date. Tumor recurrence, place of recurrence and
date of recurrence were recorded.

A single cross-sectional scan at the level of the umbilicus was
selected for fat quantification. A scientific image-analysis pro-
gramme, ImageJ, was used for subcutaneous and VF area measure
(http://imagej.nih.gov/ij). Subcutaneous fat was defined as fat that
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355 patients submitted to a
curative CRC surgery

Excluded:

45 emergency surgery

« 27 metastatic (Dukes D)

* 84 lack of pre-operative CT-scan

199 patients included

Fig. 1. Flowchart of the patients included in the study.

is superficial to the abdominal wall musculature, whereas VF is
deep in the muscular wall and includes the mesenteric, subperito-
neal and retroperitoneal parts (Fig. 2). For statistical analysis, VF
area was divided into 4 quartiles.

Data Analysis

Descriptive statistics are presented as absolute (n) and rela-
tive (%) frequencies for categorical variables, and mean (M) and
SD for quantitative variables. The chi-square test was used to iden-
tify associations between dichotomous outcomes, and oneway
analysis of variance was used to compare continuous variables.
The Kaplan-Meier model with log-rank test was used to assess the
impact of different characteristics on survival. A value of p < 0.05
was considered significant. All statistical analysis was performed
with the IBM SPSS Statistics 20 (SPSS Inc., Chicago, IL, USA).

Ethical Issues and Informed Consent

This retrospective study is based on recorded data study. In-
formed consent was not able to be obtained from every patient, but
this study design and use of data for the purpose intended was ap-
proved by the Ethic Committee of Hospital de Braga. The authors
made sure to safeguard the anonymity and confidentiality of all the
participants.

Results

The study included 199 patients with CRC with an av-
erage age of 68 years, of whom 124 (62.3%) were male.
There were 129 patients with colon cancer (CC) and 70
with rectal cancer (RC). The clinicopathological charac-
teristics of the patients are presented in Table 1.

Statistical analysis was performed for CRC patients
group (n = 199) and for sub-groups of CC patients (n =
129) and RC patients (n = 70; Table 2).

The CCR group of patients presents significant dif-
ferences in terms of 30-days morbidity (p = 0.043),

Goulart/Malheiro/Rios/Sousa/Ledao
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Fig. 2. Visceral fat (VF) quantification at
Image] programme. a CT-scan. b Total fat
measure (262 cm?). ¢ VF measure (61 cm?).
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Table 1. Clinicopathological characteristics of patients

Variables CRC @6 RC
Number of patients 199 129 70
Age, years 68.2+11.0 69.4+11.2 68.4+10.8
Gender, male, % 62.3 66.7 54.3
ASA, %
ASA 1 111 13.2 7:1
ASAI 60.3 55.0 70.0
ASATII 251 29.5 17.1
ASA TV 1.0 0.8 1.4
Missing 2.5 1.6 4.3
Laparoscopic surgery, % 3.5 4.7 1.4
Dukes classification, %
Dukes A 19:1 16.3 24.3
Dukes B 40.7 45.7 314
Dukes C 40.2 38.0 44.3
Lymph nodes
Positive, n 1+£2.6 1+£2.5 1+£3.0
Harvest, n 11+8.1 11+7.8 11+8.7
>12 lymph nodes harvested, % 37.7 39.7 33.8
Adjuvant QT, % 57.3 51.9 67.1
Post-operative hospital stay, days 10.0£11.0 9.8+10.8 10.3+11.4
30-days morbidity, % 25.1 24.0 271
Minor morbidity 15.1 14.7 15.7
Major morbidity 10.1 9.3 11.4
Anastomotic leak, % 7.5 7.0 8.6
Wound infection, % 17.6 16.3 20.0
30-days re-operation, % 7.0 7.0 7.1
30-days re-admission, % 4.0 3.9 43
5-years relapse, % 26.8 24.0 31.9
5-years mortality, % 38.2 372 40.0
Overall survival, years 5.242.6 5.242.6 5.3+2.5
Disease free survival, years 4.6+3.0 4.6+3.0 4.6+2.9
Total fat area, cm? 303.6+119.3 291.7£114.8 325.6%125.0
Visceral fat area, cm? 115.7+63.3 113.2+61.7 120.2+66.4

CRC, colorectal cancer; CC, colon cancer; RC, rectal cancer; ASA, American Society of Anesthesiologists

Score.

anastomotic leak (p = 0.009) and re-operation (p =
0.005). Despite not being statistically significant, the
patients with more VF area present a long post-opera-
tive hospital stay, and more wound infections.
Pathologic variables (Dukes stage and lymph nodes)
were not statistically different between the quartiles of
VF area.

The analyses of the CC sub-group revealed significant
differences in terms of anastomotic leak (p = 0.008) and
re-operation (p = 0.008), like the in the CRC group. How-
ever, this sub-group also presented with significant dif-
ferences on the number of lymph nodes harvested (p =
0.027) and the percentage of patients with at least 12
lymph nodes harvested (p = 0.003).

4 Dig Surg
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The RC sub-group presents no statistically different
outcomes.

In terms of survival analysis, the Kaplan-Meier curves
demonstrate that patients on the first and fourth quartiles
have a slight better overall survival (Fig. 3) and disease-
free survival (Fig. 4), although this difference is not sig-
nificant (log-rank p = 0.768 and p = 0.704, respectively).

Discussion

The influence of VF on outcomes in patients who were
submitted to curative CRC surgery remains controversial.
One of the reasons that explain part of this disagreement

Goulart/Malheiro/Rios/Sousa/Ledo
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Table 2. Surgical and oncologic outcomes of CRC, CC, RC patients according to visceral fat area distribution into quartiles

CRC (quartiles) CC (quartiles) RC (quartiles)
Ist 2nd  3rd  4th  pvalue Ist  2nd 3rd  4th  pvalue Ist 2nd  3rd  4th p value

Patients, n 50 50 50 49 33 35 34 27 17 15 16 22
Age, years 66.1 698 709 693 0.155 67.2 699 71.7 68.7 0.409 64.0 69.6 69.2  69.9 0.327
ASA, % 0.241 0.497 0.108

ASA1 5.2 3.6 2.1 0.5 4.7 5.5 24 0.8 6.0 0 1.5 0

ASATI 144 149 16.0 16.5 134 134 157 13.4 164 179 164 224

ASATII 5.2 6.2 6.7 7.7 6.3 7.9 8.7 7.1 3.0 3.0 3.0 9.0

ASA TV 0.5 0 0.5 0 0.8 0 0 0 0 0 1.5 0
Postoperative hospital

stay, mean, days 822 8.68 9.88 13.2  0.100 8.9 7.7 104 13.0  0.261 7.0 109 87 135 0.323
Dukes classification, % 0.507 0.733 0.795

Dukes A 35 6.0 5.0 4.5 39 5.4 3.9 3.1 2:9 7.1 7.1 7.1

Dukes B 121 10.6 10.6 7:5 13.2 132 124 7.0 10.0 57, 71 8.6

Dukes C 9.5 8.5 9.5 126 8.5 85 10.1 10.9 114 8.6 86 157
Lymph nodes

Positive, n 1 1 2 1 0.790 1 1 1 1 0998 1 2 2 1 0.586

Harvest, n 13 11 9 11 0.166 15 10 10 10 0.027 10 12 9 12 0.750

212 lymph nodes

harvested, % 13.6 8.9 6.8 84 0.091 17.5 7.9 7.1 7.1 0.003 6.2 10.8 6.2 10.8 0.322

30-days morbidity, % 39 5.0 7.5 9.0 0.043 3.9 39 8.5 7.8  0.071 29 7.1 i 11.4 0.347

Minor morbidity, % 2.5 3.5 4.0 50 0.537 3.1 3.1 4.7 39 0.79 1.4 4.3 2.9 7.1 0.495

Major morbidity, % 1.0 1.5 3.5 40 0.115 0.8 0.8 3.9 3.9  0.067 14 29 29 43 0.875
Anastomotic leak, % 0.0 1:1 2.8 4.5 0.009 0.0 0.0 3.1 3.9 0.008 0.0 4.0 2.0 6.0 0.455
Wound infection, % 2.5 4.0 5.5 55 0315 2.3 23 6.2 54 0.115 2.9 7.1 4.3 5.7 0.485
30-days reoperation, % 0.0 0.5 2.5 4.0 0.005 0.0 0.0 3.1 3.9  0.008 0.0 14 1.4 4.3 0.435
30-days re-admission, % 1.5 2.0 0.5 0.0 0.162 1.6 1.6 0.8 0.0 0.592 1.4 2i9 0.0 0.0 0.187
5-years relapse, % 87 7.2 8.2 57 0.575 4.8 5.6 8.0 56  0.622 7.2 10.1 8.7 5.8 0.271

CRC, colorectal cancer; CC, colon cancer; RC, rectal cancer; ASA, American Society of Anesthesiologists Score.

may be the different definitions of VF used in the articles
published: VF area or volume [11, 14-17], ratio between
VF and subcutaneous fat area [10], ratio between VF and
total fat area [12] and ratio between VF and body surface
area [9]. In addition, the same definition, like for example
VF area, has different cut-off points in different papers
[18]. There is a necessity to determine the cut-off point of
VF that defines obese patients in order to be able to com-
pare results from different studies. In this paper, we used
quartiles because we think that in our population the divi-
sion of patients into quartiles may be more accurate.
Literature suggests that obese patients have a bigger
risk of overall postoperative complications, surgical site
infection, anastomotic leakage and colostomy complica-
tions [19-22]. A nationwide analysis from Sweden con-
cluded that obese patients have increased post-operative
complication rates [6]. A recent meta-analysis that aimed
to determine the impact of visceral obesity on laparoscop-
ic CRC surgery concluded that visceral obesity is associ-
ated with increased surgical difficulty and post-operative

Visceral Fat and Colorectal Cancer

morbidity [18]. However, a recent paper suggested that
VF has no influence on intraoperative difficulties, post-
operative complications, and postoperative recovery in
patients with sigmoid colon or RC [14].

In our study, VF had influence on 30-days morbidity,
anastomotic leak and re-operation rates on CRC patients
with statistically significant differences. Patients with more
VF area appear to have more wound infections and longer
hospital stay; however, our results were not statistically sig-
nificant. These results corroborated most of the literature
already published that propose that CRC patients with
higher VF are prone to have more complications.

However, the most relevant oncologic result of our
data is that CC patients with higher VF have significant
differences on the number of lymph nodes harvested and
the percentage of patients with at least 12 lymph nodes
harvested (accurate tumor staging). Current guidelines,
like NCCN, for CC treatment suggest that a minimum of
12 lymph nodes need to be examined to establish N stage
[23]. Those guidelines recommend that less than 12
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lymph nodes retrieved constitute the high-risk factors for
recurrence and adjuvant chemotherapy is beneficial to
those patients [23]. Some papers concluded that the num-
ber of nodes harvested from patients with higher VF was
significantly smaller [14, 17, 21] and others did not agree
with this conclusion [10, 12]. This difference of lymph
nodes harvested that we found on CC patients can have 2
explanations: VF increases surgical difficulty presenting
as a problem for the surgeon to perform an accurate on-
cologic dissection and fat tissue adhering to the mesen-
tery and makes the identification of the lymph nodes dif-
ficult for the pathologist [18].

The RC sub-group analysis did not retrieve any statis-
tical differences. One of the explanations can be the low-
er number of patients included (70 patients).

The influence of VF on survival remains controversial.
One recent review of the literature that analyzes the influ-
ence of VF and cancer survival encountered 6 papers of
CRC patients, and only 4 of these papers related VF to
survival [24]. Another review concluded that the increase
in adiposity was associated with an increase of CC-related
mortality and decreased the disease-free survival of CCin
women and RC in men [25]. Other papers suggested that
increased VF was a significant predictor of worst disease-
free survival in patients with resectable CRC [10] and re-
duced overall survival in CRC patients receiving adjuvant
chemotherapy [16]. In contrast, other works demonstrat-
ed that patients with higher VF tended to have better
overall-survival that non-visceral obesity patients [12]
and a meta-analyses concluded that there was insufficient
evidence to prove the presence of a strong link between
adiposity and survival [26]. Emerging literature reports
the “obesity paradox” in cancer, which suggests that can-
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cer survival is U-shaped and that extremes of weight may
have better survival [27, 28]. Our results, although not
statistically significant, show that patients on the first and
fourth quartiles have a slight better overall survival and
disease-free survival. We cannot explain why this hap-
pened, but maybe reflected some of the disagreement that
exists around this.

The main limitations of this study include its retro-
spective design, which bears the issue of incomplete data
and potential selection bias, and higher number of lapa-
rotomy, which does not reflect the current percentage of
laparoscopy approach in CRC surgery.

Conclusion

The results suggest that VF increased likelihood of
morbidity, anastomotic leakage and re-operations on
CRC patients and lower number of lymph nodes harvest
on the sub-group of CC patients.

The influence of VF in the number of lymph nodes
harvested on CC patients are particularly interesting and
should be verified in prospective trials with a larger set of
patients. If the following studies support this difference in
lymph nodes harvest, perhaps the most experienced sur-
geon and pathologist need to be called to deliver the best
treatment to those patients.
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Purpose: Despite plasma biomarkers offering a number of advantages over tissue-based markers, the relationship
between serum vascular endothelial growth factor (VEGF) and VEGF receptor (VEGF-R) tumor expression in colorectal
cancer (CRC]) is still unclear. This study was designed to establish the relationship between the concentration of serum
VEGF and tumor VEGF-R expression in patients with CRC.

Methods: A prospective study of consecutive patients undergoing elective colorectal surgery during 1 year. Preoperative
VEGF was determined by enzyme-linked immunosorbent assay and VEGF-R3 by immunochemistry.

Results: The initial sample included 134 patients with CRC diagnosis. Results showed significant association of serum
values of VEGF with VEGF-R3 expression (P < 0.001), even in the presence of confounders (sex, age, body mass index,

tumor location, and surgical approach). The estimated effect size was high (n* = 0.35).
Conclusion: Serum VEGF has a significant correlation with tumoral VEGF-R3 expression in CRC.

[Ann Surg Treat Res 2019;97(1):15-20]

Key Words: Colorectal neoplasms, Vascular endothelial growth factors, Enzyme-linked immunosorbent assay,

Immunohistochemistry

INTRODUCTION

Vascular endothelial growth factor (VEGF) is the most widely
studied angiogenic factor, being considered crucial for tumor
angiogenesis [1]. VEGF presents itself as a signal protein that
stimulates the growth of new blood vessels and it is thought to
facilitate the metastatic spread of tumor cells [1,2]. The pathway
for signal transduction of VEGF is composed of 5 glycoproteins
belonging to the VEGF family including VEGF-A, VEGF-B,
VEGF-C, VEGF-D, and placental growth factor, 3 receptors; VEGF
receptor-1 (FTL-1), VEGF-R2 (FLK-1/KDR), and VEGF-R3 (FLT-
4), and 2 coreceptors (NRP-1, NRP-2) [2]. The three VEGF-Rs
participate differently in angiogenesis and lymphangiogenenis:

VEGF-R1 and VEGF-R2 mediate angiogenesis, and VEGF-R3 is
mostly involved in lymphangiogenesis [2]. The main inducers
of new lymphatic vessels are the principal ligands of VEGF-R3
[2]. In addition to the role in tumor growth, it appears that
VEGF also has autocrine functions, acting as a survival factor
for tumor cells, protecting them from stresses such as hypoxia,
chemotherapy (CT) and radiotherapy (RT) [3]. Exogenous VEGF
could attenuate the effect of RT, so combining RT with VEGF
inhibitor could be more effective than RT alone [4,5]. A recent
review that explores the benefit of adding target therapy to
neoadjuvant chemotherapy in locally advanced rectal cancer
leaves several open questions in conclusion, such as that patient
selection should be based on potential predictive biomarkers
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of response, such as free VEGF, in order to define a subgroup
of patients who are more likely to benefit from this form of
therapy [6].

VEGF can be measured in the tumor tissue by immuno-
histochemistry or reverse transcription polymerase chain
reaction or in the plasma by enzyme-linked immunosorbent
assay (ELISA) method [7]. Detection of serum VEGF has
been investigated as a potential serum diagnostic marker for
malignant disease, and was found to increase concentrations
of free VEGF in various types of cancer, including those of
gastrointestinal etiology [8.9]. However, the relationship
between the pattern of production of VEGF protein in tumor
tissues and its concentration in the circulation remains unclear
[10.11].

Plasma biomarkers offer a number of advantages over tissue-
based markers. The potential of serum concentration of VEGF
being representative of tumor VEGF opens new pathways for
further investigation, preoperative prognostic information and
treatment response. The absence of papers designed to verify
this relationship lead us to design a study with the intention of
clarifying the relationship between the concentration of serum
VEGF and tumor VEGF-R expression in patients with CRC.

METHODS

Study oversight and patient inclusion
Between August 2015 and August 2016 all patients with

a confirmed diagnosis of colorectal adenocarcinoma who
underwent elective surgery at our institution were enrolled.
Patients who presented evidence of metastasis before or at
surgery, necessity of removal of other organs due to tumor
invasion, synchronous tumors or history of other malignant
tumors within 5 years, history of familial adenomatous
polyposis and hereditary nonpolyposis colorectal carcinoma
were excluded. We also excluded patients who did not do
preoperative assessment, did not have preoperative blood
samples collected, malignant polyp excised but without tumor
in the colectomy specimen, pathologic completed response
after neoadjuvant CT — ypT0, or adenocarcinoma in situ and
mucinous adenocarcinoma.

Written informed consent was obtained from all participant
patients. This study was approved by the Ethics Committee for
Health of Hospital de Braga (authorization number 60/2017).

Data collection
At 1 day before surgery, the same nurse performed an

anthropometric evaluation of the patients that included body
weight and height and obtained a sample for the evaluation of
serum VEGF. A biopsy representative of each tumor was taken
from Department of Pathology.

29

Immunohistochemistry
One representative histological specimen of each case at the

deepest invaded area of the CRC lesion was selected by same
pathologist for immunohistochemistry. Immunohistochemical
staining was performed on the samples with a thickness of
2.5 um, which were cut using the Thermo — MicroM HM355S
with a simultaneous water bath at 56C for flattening out and
drying tissue sections (Medite TFB45). After the water bath,
the cut samples were placed on specific slides for a period
of 20 minutes at 60C in the Memmert Model 100-800. For
the removal of paraffin, BondTM Dewax Solution (Catalog
number AR9222, Leica Biosystems, Wetzlar, Germany) was
used followed by VEGF-R protocol for Mouse Monoclonal
Antibody VEGFR-3 (dilution 1:50; clone KLT9; Product code
NCL-L-VEGFR-3, Leica Biosystems). The antibody was diluted
with Novocastra TM THC Diluent (Product Code RE7133, Leica
Biosystems). All sections were incubated with primary antibody
incubation for 60 minutes at 25C. Staining was performed
using the BOND - MAX Automated from Leica following the
manufacturer's procedures. It was used with the following
products: BondTM Wash Solution 10X Concentrate (Catolog
number AR9590, Leica Biosystems), BondTM Epitope Retrival
solution 1 (Catolog number AR 9961, Leica Biosystems) and
BondTM Polymer Refine Detection (Catolog number DS9800,
Leica Biosystems).

Then the slides were washed in distilled water. Afterwards,
the slides were dehydrated in an ascending series of alcohols
(70%, 96%, and 100%) and made diaphanous with xylene, and
finally mounted with Entellan glue.

Microscopic assessment of VEGF-R3 expression
VEGF-R3 staining was graded according to the intensity

and extent of staining of the endothelium of the vessels as
previously published [12]. The scale presenting hence is the
following: 0 = absent (Fig. 14), 1 = weak/very limited moderate
staining (Fig. 1B), 2 = moderate widespread/strong localized
staining (Fig. 1C) and 3 = strong widespread (Fig. 1D). This
was assessed under X100 magnification for all of the sections
taken.

Serum VEGF determination
For determination of serum VEGF levels, blood samples were

collected from the day before surgery. Serum samples were
obtained by centrifugation at 3,000 revolutions per minute for
10 minutes and were stored at -80°C until use. Serum levels
of VEGF were determined using a commercially available
sandwich enzyme immunoassay kit (Human VEGF ELISA
kit; Catalog number KHGO111, KHGO112, Life Technologies,
Carlsbad, CA, USA). Samples were prepared and tested in
duplicate according to the manufacturer's instructions. The
reported detection limit is <5 pg/mL.
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Fig. 1. Immunohistochemical

@ ||

staining for VEGF-R3 in malignant
colorectal endothelium. (A)
Absent expression of VEGF-R3
in CRC (x100). (B) Weak/very
limited moderate staining of
VEGF-R3 (x100). (C) Moderate

‘ : widespread/strong localized
N staining of VEGF-R3 (x100). (D)
Strong widespread staining of
VEGF-R3 (x100). VEGF, vascular
endothelial growth factor; VEGF-
R3, VEGF receptor 3; CRC, color-
ectal cancer.
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Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics

ver. 24.0 (IBM Co., Armonk, NY, USA). Descriptive statistics
were presented as means (M) and standard deviations (SD)
for quantitative variables; categorical variables we computed
frequencies (n) and percentages (%). Normality was checked
with Shapiro-Wilks test assuming normality for P > 0.05.
Levene test was used for assessing the homogeneity of
variances, making this assumption when P > 0.05. One-way
analyses of variance (ANOVA) was used to compare serum
values of VEGF. Spearman correlation was used to measure
the association between these variables. Confounders were
controlled by conducting an analyses of covariance (ANCOVA).
Effect size was measured with eta’ ("), considering low effect ()’
= 0.01), moderate effect (4’ = 0.06) and high effect (y* = 0.14).
Significant results were considered for P < 0.05.

RESULTS

Study population and baseline characteristics
The initial sample included 134 patients with CRC diagnoses.

From these, 60 patients (44.8%) were excluded for the following
reasons: no preoperative assessment (26; 19.4%), lack of
preoperative blood samples (19; 14.2%), pathologic completed
response after neoadjuvant CT - ypTO0 (5; 3.7%), malignant polyp
excised but without tumor in the colectomy specimen (4; 3.0%),
adenocarcinoma in situ (4; 3.0%), mucinous adenocarcinoma
(1; 0.7%), and lack of sample (1; 0.7%). The final sample was
composed of a total of 74 patients with CRC diagnoses, 47

Table 1. Patient and tumor characteristics

Characteristic Value

Age (yr) 68.34 + 12.69
Sex

Male 47 (63.5)

Female 27 (36.5)
Location

Rectum 18 (24.3)

Colon 56 (75.7)
Surgical approach

Laparotomy 38 (51.4)

Laparoscopy 33 (44.6)

Conversion from laparoscopy 3 (4.1)
Body mass index (kg/m’) 26.97 + 4.08
T classification (TNM)

Ti 5(6.8)

T2 21 (28.4)

T3 44 (59.5)

T4 4(5.4)
N classification (TNM)

NO 51 (68.9)

N+ 23 (31.1)
Dukes stage

Dukes A 20 (27.0)

Dukes B 31 (41.9)

Dukes C 23.:(31.1)

Values are presented as mean + standard deviation or number
(%).
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Table 2. ANOVA comparison for serum VEGF and tumoral VEGF-R3 expression

Apeors Weak/very limited Moderated Strone widespread
e b) moderated widespread/strong g(n - 6)p ANOVA
= (n = 49) localized (n = 13) B
Serum VEGF concentration 36.29 +£12.55 49.68 + 18.96 65.35 + 36.21 126.39 £ 77.31 P <0.001
n’'=0.34

Values are presented as mean =+ standard deviation.

ANOVA, analysis of variance; VEGF, vascular endothelial growth factor; VEGF-R3, VEGF receptor 3.

300

250

200

150

100 A

Serum VEGF concentration (pg/mL)
[9)]
o

. 4+ 0

Absent ~ Weak/very Moderated Strong

o

limited  widespread/ widespread
moderated strong
localized

VEGF-R3 expression

Fig. 2. Serum values of VEGF distribution by immuno-
chemistry VEGF-R3 expression. VEGF, vascular endothelial
growth factor; VEGF-R3, VEGF receptor 3; CRC, colorectal
cancer.

males (63.5%) and 27 females (36.5%) with a mean age of 68
years. Other patient and pathologic characteristics are described
in Table 1.

Analytic results
After checking for normality and variances homogeneity,

ANOVA results showed overall significant differences (P < 0.01,
1’ = 034). Tukey multiple comparisons test showed significant
differences regarding the comparison of strong widespread
staining (mean = SD, 12639 =+ 7731) with all other categories:
moderated widespread/strong localized (mean + SD, 6535 +
36.21), weak/very limited moderated (mean + SD, 49.68 +
1896), and absent (mean + SD, 36.29 + 12.55) (Table 2, Fig. 2).
Spearman correlation showed significant association between
these variables (p = 0348, P = 0.002).

An ANCOVA analysis intending to control for the confounders:
age, sex, body mass index, tumor location, surgical approach,
TNM, and Dukes classification was performed. Results showed
significant association of serum values of VEGF with VEGF-R3
expression (P < 0.01), even in the presence of all referred
confounders. Effect size estimate was n* = 035 (Table 3).

31

Table 3. ANCOVA analysis of covariance for serum values
of VEGF by VEGF-R3 expression adjusted for age, sex, body
mass index, location, surgical approach, T classification, N
classification, and Dukes classification

Variable P-value n
VEGF-R3 expression <0.001 0.35
Age 0.315 0.02
Sex 0.197 0.03
Body mass index 0.280 0.02
Location 0.747 0.02
Surgical approach 0.809 0.01
T classification (TNM) 0.218 0.02
N classification (TNM) 0.260 0.02
Dukes classification 0.185 0.03

ANCOVA, analysis of covariance; VEGF, vascular endothelial
growth factor; VEGF-R3, VEGF receptor 3.

DISCUSSION

The relationship between VEFG and CRC outcomes is
controversial. Some studies showed that VEGF has no
significant prognostic value in CRC [13], but many others have
demonstrated an association between overexpression of VEGF
and poor CRC outcomes: the overexpression of VEGF and
VEGF-R in CRC tissue indicates poor prognosis [4,14,15], predicts
early relapse [16], and preoperative VEGF serum concentration
predicts poor disease-specific survival and disease-free
survival in colon cancer patients [17]. When comparing
patients who had metastatic tumors compared with patients
who had nonmetastatic tumors, it was found that VEGF
expression was higher in the first group [18-20]. Takahashi et
al. [21] demonstrated that VEGF expression levels in patients
with lymph node negative CRC was significantly associated
with time to recurrence, and Cascinu et al. [22] verified the
association between positive VEGF tumor status with a
significant reduction in the 5-year disease-free survival rate.
Some studies have shown that VEGF is also a useful prognostic
marker, by significantly correlating with angio-lymphatic
invasion, lymph node status, and depth of invasion, although it
is not an independent prognostic factor [10].

Regardless of serum VEGF collected before the surgery
theoretically presenting many advantages over tumoral VEGF,
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only a few studies evaluated the prognostic impact of VEGF
serum levels in patients with CRC. The Danish Colorectal
Cancer Study Group conducted a large study which suggested
a biologically relevant role for serum VEGF concentrations in
patients with CRC, after having found that high preoperative
VEGF concentrations were associated with a reduced overall
survival [23-25]. In the same way, Nakayama et al. [26] reported
on elevated circulating levels of VEGF in patients with CRC who
had more advanced disease and in patients who experienced
tumor recurrence.

Probably one of the reasons for serum VEGF being used
as prognostic marker in only a few papers is related to the
absence of studies designed with the purpose of clarifying
the relationship between serum and tumoral VEGF. Our work
showed a strong association (P < 0.001, nz = 0.34) between
preoperative serum VEGF and VEGF-R3 tumor expression even
after controlling for potential confounders. This association
could be explained by previous studies that show that VEGF
is expressed in a wide variety of human tissues, particularly
high quantity in tumors, and that, in vitro, many tumor cell
lines secrete VEGF [17]. Thus, it seems logical that patients with

tumor cells with a higher expression of VEGF-R present higher
levels of serum VEGF in comparison with tumors with lesser
VEGF-R expression.

These results open up new horizons in terms of investigation
as a potential biomarker in selection of treatment and prog-
nostic information. In the near future, it may be possible to
implement a patient selection strategy to effectively identify
those patients who are most likely to benefit from neoadjuvant
treatment with VEGF inhibitors based on this confirmed
relationship between serum and tumoral VEGF expression.
However, due to limitation of sample size, our work needs to
be considered as a pilot study. Further studies with a larger
sample need to be developed in order to confirm these results.
Moreover, our study only focuses on the relationship between
serum VEGF and tumor VEGF-R expression, so the prognostic
significance of serum VEGF still requires further investigation.
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Abstract

Purpose: Different biomarkers are useful in diagnosing infections. The aim of this work was to clarify the
relation between different inflammatory biomarkers (white blood cell [WBC] count, C-reactive protein [CRP],
procalcitonin [PCT], and C-reactive protein-to-albumin ratio [CAR]) and early infectious complications after
colorectal surgery.

Methods: This prospective single-center cohort study included 130 patients undergoing elective colorectal surgery.
The WBC count, CRP, and PCT were measured at post-operative day one (POD1) and POD3 and albumin on POD3.
Results: Patients with surgical site infections (SSI) exhibited significantly higher CRP concentrations on POD1
and CRP and CAR on POD3 than did patients without SSI. According to receiver operating characteristic
analysis, the CRP concentration on POD1 and the CRP and CAR on POD3 showed the highest area under the
curve (AUC) for predicting SSI (AUC 0.639, 0.736, and 0.729, respectively). Multivariable logistic regression
analysis showed that CRP on POD1 and CRP and CAR on POD3 were independent predictors of SSI (odds ratio
7.355, 7.605, and 8.337, respectively).

Conclusions: The CRP concentration on POl and CRP and CAR on POD3 can positively identify patients at
low risk of SSI. They can be used as a prognostic tool to predict an uneventful post-operative period and
therefore have been incorporate into our discharge criteria after elective colorectal resection, improving clinical
decision-making.

Keywords: colorectal cancer; C-reactive protein; C-reactive protein-to-albumin ratio; surgical site infection

RECENT ADVANCES in colorectal cancer surgery technique  useful in the diagnosis of infection in different clinical settings
and peri-operative care had little impact in the overall as well as in the assessment of its response to antibiotic therapy
complication rate, which remains at about 30% [1]. In- [2-4]. Also, a low serum albumin concentration is associated
fectious complications remain a major clinical problem in  with post-operative complications [5, 6].

colorectal surgery, contributing to significant post-operative In the presence of inflammation, the liver synthesizes an
morbidity, prolonged hospital stay, additional cost, and acute-phase reactant called CRP, which can be found in the
more deaths [2]. blood as a result of stimulation by interleukin-6 and tumor

Despite the importance of early diagnosis of infections in  necrosis factor-alfa [7]. It probably plays an important role in
order to initiate the treatment as soon as possible, their diagnosis ~ innate immunity by assisting complement binding to foreign
usually is difficult, delaying their resolution. Therefore, there is and damaged cells and enhancing phagocytosis by macro-
a clear necessity for early sensitive and specific markers for phages, thus acting as an early defense against infection [8].
post-operative infections [2]. Several biomarkers of infection, Production of CRP is part of a nonspecific acute-phase re-
namely white blood cell (WBC) count and C-reactive protein  sponse to most forms of infection, tissue damage, inflam-
(CRP) and procalcitonin (PCT) concentrations, have proved mation, and malignant disease [7].

lDeparlments of General Surgery and *Clinical Pathology, Hospital de Braga, Braga, Portugal.
“Life and Health Science Research Institute (ICVS), School of Medicine, University of Minho, Braga, Portugal.
3Clinical Pathology, Hospital de Braga, Braga, Portugal.
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Also, PCT is the inactive 116-amino-acid pro-peptide of
the hormone calcitonin. Patients with sepsis or less severe
bacterial and fungal infectiond show an increase in the con-
centration of PCT [9]. The concentration is a valuable marker
for inflammation, and the central role of PCT as an early and
reliable diagnostic and prognostic tool in contexts such as
infection and sepsis and both infectious and non-infectious
systemic inflammatory response syndrome (SIRS) has been
demonstrated [9].

An early decrease in the post-operative serum albumin
concentration is associated with adverse clinical outcomes
and results from surgical insult [10]. The greater capillary
leakage of albumin is one of the characteristics of SIRS,
leading to a low plasma albumin concentration in patients
undergoing major abdominal surgery [11].

The WBC count, CRP, and PCT have been studied by
several authors as early predictors of infectious complications.
However, there still is no consensus regarding the diagnostic
accuracy of each one for early detection of complications in
patients undergoing colorectal surgery [3,9,12,13]. However,
the CRP-to-albumin ratio (CAR) has received almost no
studies to determine its diagnostic accuracy for post-operative
complications in patients undergoing colorectal surgery [5].
The aim of this work was to clarify the relation between dif-
ferent inflammatory biomarkers (WBC, CRP, PCT, and CAR)
and early infectious complications of colorectal surgery.

Patients and Methods
Study design and selection of participants

This study was approved by the local ethics committee. It
was a prospective single-center cohort study that included all
patients with colorectal adenocarcinoma who underwent
elective surgery in our institution from August 2015 to Au-
gust 2016. Exclusion criteria were evidence of metastasis
before or at surgery, synchronous tumors, and absence of
colorectal adenocarcinoma in the surgical specimen.

Data collection

The range of data collected included baseline characteristics
such as age and sex, co-morbidities such as arterial hyper-
tension and dyslipidemia, and type of surgery (laparoscopy vs
laparotomy). The laboratory data collected were WBC count,
CRP (mg/L), and PCT (ng/mL) on post-operative day (POD) 1
and POD3 and albumin (g/dL) on POD 3.

All post-operative infectious complications were recorded
according to the Surgical Site Infection (SSIs) Guidelines and
were classified as superficial incisional (involves only skin
and subcutaneous tissue of the incision), deep incisional
(involves deep soft tissues of the incision such as fascial and
muscle layers), and organ/space (involves any part of the
body deeper than the fascial/muscle layers that is opened or
manipulated during the operative procedure). In this study,
SSIs were all confirmed by the same attending physician. The
follow-up period was 30 days after surgery.

Data analysis

Statistical analysis was performed using the 2016 Statis-
tical Package for the Social Science Program (SPSS) version
24 (IBM Corporation, Armonk, NY). Descriptive statistics
are presented as frequencies (n) and percentages (%) for
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categorical variables and as means (M) and standard devia-
tions (SD) for quantitative variables, after checking to see if
the asymmetry coefficient fell inside the [-2; 2] interval.
Univariable analysis between laboratory data and SSI were
performed with the independent-sample #-test.

Receiving operator characteristic (ROC) curves were built
in order to assess the sensitivity and specificity of the bio-
markers WBC count, CRP, and PCT one and three days after
surgery. The CAR was calculated three days after surgery.
Precision was calculated as the area under the curve (AUC)
(null hypothesis—HO0—was AUC=0.5). We also calculated
the positive and negative predictive values for the significant
early biomarkers.

Finally, adjusted odds ratios (ORs) were determined for the
significant early biomarkers using adjusted unconditional lo-
gistic regression. The confounders tested were sex, age, arterial
hypertension, type II diabetes mellitus, dyslipidemia, and sur-
gical approach. Significant results were considered as p <0.05.

This work has been reported in line with the STROCSS
criteria [14].

Results
Study population and baseline characteristics

From August 2015 to August 2016, a total of 138 patients
were enrolled, and eight patients were excluded, four because
of high-grade dysplasia and one each for serrated adenoma,
lipoma, metastasis at surgery, and adenocarcinoma of the
appendix. There were 81 men (62.3%) and 49 women with a
mean age of 67.83 years (SD 13.07) and a median age of 68.5

TABLE 1. PATIENT, TUMOR CHARACTERISTICS,
AND TREATMENT COMPLICATIONS

Variable N (%)
Arterial hypertension 74 (56.9)
Type II diabetes mellitus 35 (26.9)
Dyslipidemia 53 (40.8)
Location of the tumor
Colon 97 (74.6)
Rectum 33 (25.4)
If rectum, neoadjuvant treatment 14 (42.4)
Surgical approach
Laparoscopy 59 (45.4)
Converted laparoscopy 8(6.2)
Laparotomy 63 (48.5)
30-day complication grade (Clavien Dindo)
None 95 (73.1)
I 8(6.2)
I 13 (10.0)
Ila 3( 2.3)
IIIb 7(54)
IVa 1(0.8)
IVb 2( 1.5)
\Y% 1 (0.8
Anastomotic leak® 10 ( 8.3)
Dukes stage
Not classifiable (Tis or yTO0) 6 ( 4.5)
A 41 (31.5)
B 43 (33.1)
C 40 (30.8)

*Anastomotic leak occurred in 10 of 121 patients with anastomoses.
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TABLE 2. STATISTICAL RESULTS COMPARING LABORATORY VARIABLES WITH SURGICAL SITE INFECTION
Percent of patients
evaluated SSI (mean) No SSI (mean) p
Post-operative day 1
White blood cells (cells/mm?) 100 10.6 10.7 0.823
C-reactive protein (mg/L) 100 101.7 775 0.024
Procalcitonin (ng/mL) 93 2.2 1.6 0.545
Post-operative day 3
White blood cells (cells/mm?) 96 9.3 9.2 0.983
C-reactive protein (mg/L) 96 177.9 106.9 0.000
Procalcitonin (ng/mL) 96 2.6 1.7 0.407
Albumin (g/dL) 96 2.6 2.9 0.063
C-reactive protein-to-albumin ratio 96 74.8 38.8 0.000

years (range 34-91 years). The rest of the baseline charac-
teristics, surgery and treatment performed, and pathologic
characteristics of the tumor are summarized in Table 1. There
were 26 patients (20.0%) who had detectable SSIs. Of these,
12 patients (9.2% of the total series) had superficial incisional
SSI, 1 (0.8%) had deep incisional SSI, and 13 (10.0%) had
organ/space SSI.

Predictive clinical features

To assess the utility of clinical features for the early as-
sessment of SSIs, analysis of the WBC count, CRP concen-
tration (mg/L), and PCT concentration (ng/mL) was made on
PODs 1 and 3, whereas the concentration of albumin (g/dL)
was measured only on POD 3 (Table 2). On PODI, patients
with SSI exhibited significantly higher CRP concentrations
than did those without SSI (p <0.05). On POD3, patients with
SSI exhibited higher CRP concentrations and CAR values
than did those in the non-SSI group (p <0.05). There were no
statistically significant differences between the two groups in
WBC count or PCT on PODs 1 and 3. The surgical approach
(laparoscopy vs. laparotomy) was associated with a statistical
difference in the development of SSI (p=0.035) and ex-
hibited differences in the laboratory values of the inflam-
matory markers (Table 3).

To compare each marker and to determine the optimum
cut-off for SSI diagnosis, ROC analysis was performed. On
POD1, CRP was the most reliable predictor of SSI (cut-off
value 73 mg/L; AUC 0.639). On POD3, the CAR was a sig-
nificant predictor of SSI (cut-off value 43; AUC 0.736) as
was CRP (cut-off value 123 mg/L; AUC 0.729) (Fig. 1).

The optimum cut-off and the corresponding sensitivity,
specificity, and positive and negative predictive values are
summarized in Table 4.

Risk and predictive factors for SSI after colorectal
cancer surgery

Adjusted logistic regressions showed significant results for
CRP on PODI and CRP and CAR on POD3 for the risk of
infection. For CRP on POD1, our proposed cut-off value was
associated with a risk 7.355 times higher for patients with SSI
(odds ratio [OR] 7.355; 95% confidence interval [CI] 12.076—
26.066; p=0.002). For CRP on POD3, our proposed cut-off
was associated with a risk 7.605 times higher for patients with
SSI (OR 7.605; 95% CI 2.313-25.007; p=0.001). For CAR,
our proposed cut-off showed a risk 8.337 times higher for
patients with SSI (OR 8.337; 95% CI 2.202-20.168;
p=0.001) (Table 5).

Discussion

After colorectal cancer surgery, the most significant source
of morbidity and delay of discharge is infectious complica-
tions. Through the use of newer biochemical markers (CPR
and PCT), it may be possible to predict accurately a group of
patients at higher risk of poor outcome because of infections
[8] and, at the same time, help to identify patients for safe
early discharge [7].

For many surgeons, the early identification of SSI is still a
challenge. In the period after elective colorectal surgery, SSI
can lead to prolonged hospital stays, increased morbidity and

TABLE 3. STATISTICAL RESULTS COMPARING LABORATORY VARIABLES WITH SURGICAL APPROACH

Percent of patients Laparotomy Laparoscopy
evaluated (mean) (mean) p

Post-operative day 1

White blood cells (cells/mm3) 100 10.9 10.4 0.327

C-reactive protein (mg/L) 100 102.5 56.7 0.000

Procalcitonin (ng/mL) 93 3.0 0.2 0.001
Post-operative day 3

White blood cells (cells/mm®) 96 8.7 9.9 0.489

C-reactive protein (mg/L) 96 145.7 94.2 0.002

Procalcitonin (ng/mL) 96 2.9 0.6 0.022

Albumin (g/dL) 96 2.6 3.1 0.000

C-reactive protein-to-albumin ratio 96 59.2 31.2 0.000
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to-albumin ratio (CAR) on POD3.

mortality rates, and higher medical costs [5]. Despite the
combined evaluation of clinical, laboratory, and radiologic
findings, early diagnosis of SSI cannot be made reliably by
any known individual feature or even by experienced clinical
judgment [9].

When most studies try to find a predictive factor for in-
fection, few have attempted to identify predictors of an un-
eventful post-operative course in terms of infection. But such
information can be valuable in developing algorithms for
discharge. This study demonstrated an increase in CRP on
PODI1 and in CRP and CAR on POD3 with significant dif-
ferences between patients with and without complications.
The ROC curve analysis showed that the CRP concentration
on POD1 and CRP and CAR on POD3 predict the develop-
ment of post-operative infectious complications. In adjusted
logistic regressions, both CRP on POD1 and CRP and CAR
on POD3 were identified as independent predictors of SSI.

Our study shows that using a cut-off value for CRP of
73 mg/L on PODI may have sensitivity and specificity ade-
quate to be used for clinical decision making, but the most

TABLE 4. SENSITIVITY, SPECIFICITY, NEGATIVE PREDICTIVE
VALUE (NPV), PosITiVE PREDICTIVE VALUE (PPV),
AND OpTiIMUM CuUT-OFF OF EACH MARKER BASED
oN ROC CurvE

Sensitivity Specificity PPV NPV

Receiver operating characteristics curves of C-reactive protein (CRP) on POD1 and CRP and C-reactive protein-

important finding is that, in our population, CRP <73 mg/L on
POD1 predicted an uncomplicated course in 91.5% of pa-
tients. Although most studies agree that CRP on POl is
influenced by surgical insult [2,8,15] and its post-operative
peak occurs at 48 hours after surgery [2], the lack of increase
in the CRP concentration on the first post-operative day is a
predictor of a complication-free post-operative period.

At POD3, most studies suggest that CRP is a predictor of
infectious complications [2, 7,15]. In our study, as on POD1,
CRP at a cut-off 123 mg/L on POD3 had a high negative
predictive value (91.2%).

Similarly, we studied CAR, which is based on circulating
concentrations of two acute-phase proteins, CRP and albu-
min, which are associated with inflammation caused by sur-
gical insult. In this way, we concluded that almost all patients
with CAR <43 on POD3 will not develop an SSI (negative
predictive value 90.7%).

The research on CAR is still in development. Ge et al. [5]
found that patients with CAR >2.2 on POD3 should be
monitored intensively for early detection of post-operative

TABLE 5. ADJUSTED LOGISTIC REGRESSIONS (ADJUSTED
FOR CONFOUNDERS SEX, AGE, ARTERIAL HYPERTENSION,
TypPE II DIABETES MELLITUS, DYSLIPIDEMIA,

AND SURGICAL APPROACH)

Cut-off (%) (%) (%) (%) Adjusted OR 95% CI p
CRP PODI 73 81.8 95.1 340 91.5 CRP PODI 7.355 2.076-26.066 0.002
CRP POD3 123 77.3 70.3 43.6 91.2 CRP POD3 7.605 2.313-25.007 0.001
CAR POD3 43 713 66.2 40.5 90.7 CAR POD3 8.337 2.202-20.168 0.001

CAR=C-reactive protein-to-albumin ratio; CRP=C-reactive
protein; POD = post-operative day.

CI=confidence interval; OR=o0dds ratio; POD = post-operative
day.
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complications. Shibutani et al. [16] found pre-operative CAR
to be a useful prognostic marker in patients with colorectal
cancer undergoing potentially curative surgery. In patients
with sepsis, Ranzani et al. [17] reported that residual in-
flammation at ICU discharge, as assessed by CAR, was an
independent risk factor for a poor outcome.

Elevated WBC count is a nonspecific inflammatory marker
and one of the SIRS criteria. Therefore, it is not surprising
that the count had a poor diagnostic performance for infection
in patients in the intensive care unit and post-operatively [15].
However, some studies have reported a late increase in WBC
counts in patients with infectious complications of colorectal
surgery, correlating with the clinical diagnosis of complica-
tions [15]. We could have missed this late increase, as we
assessed inflammatory markers only on PODs 1 and 3. Fur-
thermore, in our study, PCT failed as a predictor of early post-
operative infection on both PODs 1 and 3. We could not
find a correlation between SSI and the PCT concentration.
Silvestre et al. [2] recently described finding that in critically
ill surgical patients, an increase in PCT did not predict
complications.

Our results show that the surgical approach influences the
development of SSI and the mean values of inflammatory
markers are different statistically according to the approach
by laparoscopy or laparotomy. However, the clinical rele-
vance of these findings cannot be assessed from these data
because our study was not designed to evaluate the influence
of the surgical approach on SSI and inflammatory markers.
The study design did not assign patients to the laparotomy or
laparoscopy groups at baseline. Therefore, these groups are
not equally distributed, for example in terms of patients’ age,
and cannot be compared.

Finally, there are important limitations we should make note
of. First, with an observational design and moderate sample
size, this study requires validation in large-scale prospective
multi-center trials. Second, because of the small sample, we
combined patients with organ/space SSIs with those with in-
cisional SSIs and analyzed them as one group. Although there
are significant differences in CRP on POD1 and CRP and CAR
on POD3 in patients with and without SSI, further studies are
necessary to investigate the usefulness of those markers.

In conclusion, CRP on PO1 and CRP and CAR on POD3
can identify patients at low risk of SSI. Our study suggests
that they can be used as a prognostic tool to forecast an
uneventful post-operative period. They have been incorpo-
rate into our fast-track discharge criteria after elective colo-
rectal resection, improving clinical decision-making.
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Aims: Determine the influence of metabolic syndrome and its different components in the outcomes of
colorectal cancer surgery at 30 days.

Materials and methods: Prospective study that included all patients submitted to elective colorectal
cancer surgery between August 2015 and August 2016 at Hospital de Braga. Clinical and laboratory
parameters evaluated pre-operatively were: central obesity, blood pressure, fasting glucose, triglycerides
levels and HDL cholesterol levels. Any complications during the first 30-days after surgery were recorded
(readmission, reintervention, anastomotic dehiscence, morbimortality).

Results: One hundred and thirty-four patients were included. Metabolic syndrome was diagnostic in
40.7% of patients with the ATPIII definition, 67.5% with the AHA definition and 67.0% with the IDF
definition. At 30 days after colorectal cancer surgery, 73.1% patients don’t have any complication, 15.7%
have minor complications (grade I/II of Clavien-Dindo classification), 11.1% have major complications
(grade I11/1V/V of Clavien-Dindo classification) and 1.5% have died from surgical complications (grade V of
Clavien-Dindo classification). The statistic analysis didn’t reveal any association between MS, or it’s
different components, and surgical outcomes.

Conclusion: This study seems to indicate that metabolic syndrome don’t have any influence in surgical

outcomes of colorectal cancer surgery.

© 2017 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The terms “metabolic syndrome” (MS) stand for a cluster of
interrelated risk factors of metabolic origin that have been proved
to predict a higher risk of atherosclerotic cardiovascular disease as
well as type 2 diabetes mellitus expressing, this way, its clinical
importance. With a prevalence of approximately 24,6-30.9% in
Europe [1] the development of this syndrome appears to be
directly related to abdominal obesity and insulin resistance [2].

Since its initial description (approximately 80 years ago) [1]
many different definitions have been proposed by several
institutions, but they all agree on the same basic components,
namely hypertension, dyslipidemia, insulin resistance and central
obesity.

* Corresponding author at: General Surgery, Hospital of Braga, 4701-965 Braga,
Portugal.
E-mail address: andre.b.goulart@gmail.com (A. Goulart).
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1871-4021/© 2017 Diabetes India. Published by Elsevier Ltd. All rights reserved.

The most popular definitions are those from National Choles-
terol Education Program — Third Adult Treatment Panel (NCEP-
ATPIII), or just ATPIII, from 2001 [3], the International Diabetes
Federation (IDF), from 2005 [4], and, finally, the American Heart
Association/National Heart Lung and Blood Institute (AHA/NHLBI),
from also 2005 [2].

Besides the cardiovascular consequences of the metabolic
syndrome, in several cohort studies and meta-analyses, this entity
has been proven to increase cancer risk in general [5,6] with major
effects on the gastrointestinal tract, namely increasing the risk of
non-neoplastic gastrointestinal disorders, precursor lesions and
CRC itself [7]. This relationship between metabolic syndrome and
the risk of colorectal cancer is at the moment supported by a large
number of studies [1,8,9], and this linkage is mainly explained by
abdominal obesity and insulin resistance with a multifactorial
mechanism of carcinogenesis involving the action of adipokines,
inflammatory cytokines, adiponectin, leptin, IGF-1 and others [1].

Colorectal cancer represents an important health issue, as being
the third most common cancer in men and the second in women
worldwide (10.0% and 9.2% of the total, respectively) [10]. These

Please cite this article in press as: A. Goulart, et al., The influence of metabolic syndrome in the outcomes of colorectal cancer patients, Diab Met
Syndr: Clin Res Rev (2017), http://dx.doi.org/10.1016/j.dsx.2017.07.007

41



G Model
DSX 809 No. of Pages 5

2 A. Goulart et al./Diabetes & Metabolic Syndrome: Clinical Research & Reviews xxx (2017) XxX—xXX

numbers seem to be rising dramatically worldwide due to
urbanization, aging, diet changes and lifestyle [11].

At least one study of our knowledge has already proved the
deleterious influence of MS on CRC prognosis, with significantly
shorter survival and higher recurrence and liver metastasizing
rates, implying that MS is an important prognostic factor for CRC
[12]. Moreover, this deleterious influence was also proved for the
outcomes of CRC surgery at 30days, showing a higher rate of
postoperative complications and a longer hospital stay in patients
classified with the AHA/NHLBI definition of MS. Also in this study
from 2009, high blood pressure and high triglyceride levels were as
well considered important risk factors for severe complications
after CRC surgery, but only the presence of the cluster of metabolic
abnormalities that constitute MS was proven to be an independent
variable in the multivariate analysis, and not each individual
component [13].

Concerning the influence of obesity in surgery outcomes, WC
proved to be an independent risk factor for the development of
parastomal hernia after permanent colostomy [14]. Another study
published in 2013 proved that waist-hip-ration (as a measure of
central obesity) had a significant influence in negative outcomes
after CRC surgery, namely reoperation, medical complications,
intraoperative complications and conversion to open approach,
being this prediction effect superior to the one verified when
measuring BMI and or WC|[15]. Obesity was also associated with an
increase in anastomotic leakage after rectal cancer resection [16].

Furthermore, a study concerning the financial implications of
CRC surgery in obese patients has detected a significant increase in
hospital expenses due to a higher rate of severe complications. The
major contributors for these costs were wards stay, operations, and
intensive care units [17].

The aim of this study is to determine the influence of MS and
different components of MS (high fasting glucose, central obesity,
high blood pressure, high triglycerides levels and low HDL
cholesterol levels) in the outcomes of CRC surgery at 30days
(reintervention, readmission, dehiscence and morbimortality).

2. Methods
2.1. Study oversight and patients inclusion

This study included all the patients with a confirmed diagnosis
of colorectal adenocarcinoma who underwent elective surgery at
Hospital de Braga during August 2015 till August 2016. Patients
who presented evidence of metastasis before or at surgery,
necessity of removal of other organs due to tumor invasion,
synchronous tumors or history of other malignant tumors within 5
years, history of familial adenomatous polyposis and hereditary
non-polyposis colorectal carcinoma were excluded.

2.2. Data collection

At the first moment of evaluation, during pre-operative
consultation, data were collected concerning patient’s age, gender,
history of arterial hypertension, diabetes mellitus, dyslipidemia,
prior neoplasms, usual medication (with special concern for
hypertension, diabetes, high triglycerides and low HDL cholesterol
specific treatments) and family history of neoplasms. On the day
prior to their admission to the hospital for surgery, the patients
were requested to present themselves at Clinical Academic Center
at Hospital de Braga for an anthropometric evaluation, carried out,
all times, by the same nurse, which included height, weight and
waist circumference measurement, as well as collection of blood
samples for evaluation of fasting glucose, HDL cholesterol and
triglycerides levels. During a period of 30 days following surgery,
data about complications were collected and registered, namely

morbimortality, readmission, reintervention and anastomotic
dehiscence. Morbimortality was posteriorly classified according
to Clavien-Dindo’s classification [18].

2.3. Statistical analysis

Statistical analysis was performed using SPSS - Statistical
Package for the Social Science Program, version 23.

Descriptive statistics are presented as absolute frequencies (n)
and relative (%) for categorical variables, and mean (M) and
standard deviation (SD), or median (Mdn) and interquartile ranges,
for quantitative variables, depending on whether or not symmetry
of the distributions was ensured. The chi-square test was used to
identify associations between dichotomous outcomes (morbimor-
tality, dehiscence, reintervention and readmission) and the
independent variables. When the maximum assumed 20% of cells
with the expected frequency of less than 5 was exceeded, Fisher's
test (2 x 2 tables) was used. The Mann-Whitney test was used to
compare the outcome measured on an ordinal scale (Morbimor-
tality according to Clavien-Dindo classification) with the indepen-
dent variables. Finally, logistic regressions were used to measure
the risk of the independent variables on the dichotomous
outcomes. The significance level for rejection of Ho was 5%
(p<0.05).

2.4. Ethical issues

The present study was approved by the Ethic Committee of
Hospital de Braga. The investigators made sure to safeguard the
anonymity and confidentiality of all the participants. A written
informed consent was obtained from each patient.

3. Results

The present study included a sample of 134 patients with CRC
diagnoses, with a mean age of 67.91 years old, 82 males and 52
females. 46 (40.7% in 113) of these patients were diagnoses with
MS according to the ATPIII definition, 79 (67.5% in 117) according to
the AHA definition and 71 (67.0% in 106) according to the IDF
definition. These data are shown in Table 1. We were not able to
collect the necessary information for these diagnoses in some of
the patients (ND in the table), most often by absence of the patient
from the appointments with the nurse for measurement of
anthropometric parameters and blood samples collection.

Table 1
Sample characterization; ND = No data.
Statistics
Age M (SD) 67.91 (12.94)
Gender n (%)
M 82 (61.2%)
F 52 (38.8%)
MS n (%)
ATPIII Definition n=113
No 67 (59.3%)
Yes 46 (40.7%)
ND 21
AHA Definition n=117
No 38 (32.5%)
Yes 79 (67.5%)
ND 17
IDF Definition n=106
No 35 (33.0%)
Yes 71 (67.0%)
ND 28
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Thirty days after CRC surgery, 98 patients (73.1%) did not suffer
from any complication. 11 patients were readmitted to the hospital,
10 patients suffered anastomotic dehiscence and 10 patients were
again submitted to surgery. With a total morbimortality percent-
age of 26.9%, only 2 deaths were registered during this period.
Complications distribution according to Clavien-Dindo Classifica-
tion and the previous data about 30 days after surgery outcomes
are shown in Table 2.

After applying chi-square tests, the results suggest no evidence
of association between any of the MS definition diagnosis (or their
different components) and the surgical outcomes studied, except
for low HDL cholesterol levels by ATPIIl definition (HDL -
c<40mg/dL in men or <50 mg/dL in women) as a predictor of
morbimortality at 30 days, (p=0.037) (Table 3).

Logistic regression was computed in order to calculate Odds
ratio (OR) for the risk of having morbimortality having low HDL

cholesterol (by ATPIII definition) as a predictor.

The risk of morbimortality for patients with low HDL
cholesterol is 2.42 times increased when compared with patients
with high HDL cholesterol (95% Cl=[1.04, 5.62]). This result was

Table 2
Sample surgical outcomes.

n (%) statistically significant for p=0.039 (Table 4).
RESdIission 11 (83%) As . preforrping Maqn—Whitney .Test . for ordingl optcomes
Dehisteiica 10 (7.5%) (Morbimortality according to Clavien-Dindo Classification) we
Reintervention 10 (7.5%) were able to also stablish a statistically significant result, which
Morbimortality 36 (26.9%) states that patients with low HDL-cholesterol (by ATPIII definition)
Clavien-Dindo Classif.
No complications 98 (73.1%)
Grade | 8 (6.0%
Grade II 13( (9.77)5) Table 4
Logistic Model; In this case: Yes=HDL - C<40mg/dL in men or <50 mg/dL in
Grade Illa 3(2.2%) 3 i
Grade 1lIb 6 (4.5%) women and No=HDL - C>40 mg/dL in men or >50 mg/dL in women.
Grade IVa 1 (0.7%) OR 95% Cl p-value
Grade IVb 3(2.2%)
Grade V 2 (1.5%) Low HDL cholesterol
Length of Hospital Stay Mdn (IQR) 5.00 (3.00) No 1 1 1
Yes 242 (1.04-5.62) p=0.039
Table 3
Chi square tests results. relation between dichotomous outcomes and independent variables.
Readmission Reintervention Dehiscence Morbimortality
No Yes p No Yes p No Yes p No Yes p value
value value value
MS ATPIII Definition 43 (93.5%) 3(6.5%) 0.456 42 (91.3%) 4(8.7%) 0361 40 3 (7%) 0.854 34 12 0.790
(93.0%) (73.9%)  (26.1%)
Central Obesity (ATPIII Definition) 44 (91.7%) 4(8.3%) 0.787 45 (93.8%) 3(6.3%) 0462 44 3(6.4%) 0.861 40 8 (16.7%) 0.056
(93.6%) (83.3%)
High Triglycerides level (ATPII Definition) 42 (91.3) 4 (8.7%) 0.870 45 (97.8%) 1(2.2%) 0120 41 1(2.4%) 0.088 33 13 0.883
(97.6%) (71.7%)  (28.3%)
Low HDL Cholesterol level (ATPIII 53 (89.8%) 6 0.797 54 (90.0%) 6 0.164 49 6 0.297 38 22 037
Definition) (10.2%) (10.0%) (89.1%)  (10.9%) (63.3%)  (36.7%)
High Blood Pressure (ATPIIl Definition) ~ 82 (91.1%) 8 (8.9%) 0.463 82 (911%) 8(8.9%) 0.185 77 8(9.4%) 0204 62 28 0.106
(90.6%) (68.9%)  (31.1%)
High Fasting Glucose (ATPIIl Definition) 44 (91.7%) 4 (8.3%) 0.787 45 (93.8%) 3 (6.3%) 0462 44 3(6.4%) 0.861 40 8 (16.7%) 0.056
(93.6%) (83.3%)
MS AHA Definition 73 (92.4%) 6(7.6%) 0.595 75(94.9%) 4(5.1%) 0963 70 4(54%) 0529 63 16 0.054
(94.6%) (79.7%)  (20.3%)
Central Obesity (AHA Definition) 44 (91.7%) 4(8.3%) 0.787 45(93.8%) 3 (6.3%) 0.462 44 3(6.4%) 0.861 40 8 (16.7%) 0.056
(93.6%) (83.3%)
High Triglycerides level (AHA Definition) 42 (91.3%) 4 (8.7%) 0.870 45 (97.8%) 1(2.2%) 0120 41 1(24%) 0.088 33 13 0.883
(97.6%) (71.7%)  (28.3%)
Low HDL Cholesterol level (AHA 85(90.4%) 9(9.6%) 0.595 87 (91.6%) 8 (8.4%) 0.095 80 8(9.1%) 0.095 68 27 0.319
Definition) (90.9%) (71.6%)  (28.4%)
High Blood Pressure (AHA Definition) 105 9(7.9%) 0771 106 9(7.8%) 0232 99 9(83%) 0246 86 29 0.380
(92.1%) (92.2%) (91.7%) (74.8%)  (25.2%)
High Fasting Glucose (AHA Definition) 52 (89.7%) 6 0.686 54 (93.1%) 4(69%) 0922 50 3(5.7%) 0381 44 14 0.425
(10.3%) (94.3%) (75.9%)  (24.1%)
MS IDF Definition 64 (90.1%) 7(9.9%) 0.831 66 (93.0%) 5(7.0%) 0.108 60 5(7.7%) 0.363 54 17 0.411
(92.3%) (76.1%)  (26.9%)
Central Obesity (IDF Definition) 75 (90.4%) 8(9.6%) 0.764 78 (94.0%) 5(6.0%) 0.200 71 6(7.8%) 0159 65 18 0.088
(92.2%) (783%)  (21.7%)
High Triglycerides level (IDF Definition) 42 (91.3%) 4 (8.7%) 0.870 45 (97.8%) 1(2.2%) 0.120 41 1(2.4%) 0.088 33 13 0.883
(97.6%) (71.7%)  (28.3%)
HDL Cholesterol level (IDF Definition) 85(90.4%) 9(9.6%) 0.595 87 (91.6%) 8(8.4%) 0.095 80 8(9.1%) 0323 68 27 0.319
(90.9%) (71.6%)  (28.4%)
High Blood Pressure (IDF Definition) 105 9(7.9%) 0.771 106 9(7.8%) 0.232 99 9(8.3%) 0.246 86 29 0.380
(92.1%) (92.2%) (91.7%) (74.8%) (25.2%)
High Fasting Glucose (IDF Definition) 52(89.7%) 6 0.686 54 (93.1%) 4(6.9%) 0.922 50 3(5.7%) 0381 44 14 0.425
(10.3%) (94.3%) (75.9%)  (241%)
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Table 5

Mann-Whitney Test Results. Relation between ordinal outcome (Morbimortality according to Clavien-Dindo classification) and Independent Variables.

Man- Whitney Test

Morbimortality According to Clavien-dindo Classification

Mdn (IQR)
No Yes p value U Z

MS ATPIII Definition 0(1) 0(1) 0.777 1503.00 —-0.283
Central Obesity (ATPIII Definition) 0(2) 0(0) 0.091 1251.50 —-1.691
High Triglycerides level (ATPIII Definition) 0(1) 0(1) 0.880 1680.00 -0.151
Low HDL Cholesterol level (ATPIII Definition) 0(0) 0(2) .033 1400.50 -2.129
High Blood Pressure (ATPIII Definition) 0(0) 0(1) 0.133 15670.50 -1.504
High Fasting Glucose (ATPIII Definition) 0(2) 0(0) 0.091 1251.50 —-1.691
MS AHA Definition 0(2) 0(0) 0.067 1260.00 -1.830
Central Obesity (AHA Definition) 0(2) 0(0) 0.091 1251.50 ~1.691
High Triglycerides level (AHA Definition) 0(1) 0 (1) 0.880 1680.00 —-0.151
Low HDL Cholesterol level (AHA Definition) 0(0) 0(2) 0.239 1312.00 0.239

High Blood Pressure (AHA Definition) 0(2) 0(1) 0.398 881.00 —-0.845
High Fasting Glucose (AHA Definition) 0(1) 0(1) 0.452 1685.50 -0.752
MS IDF Definition 0(1) 0(1) 0.538 1171.50 —-0.616
Central Obesity (IDF Definition) 0(2) 0(0) 0.137 918.50 ~1.488
High Triglycerides level (IDF Definition) 0(1) 0(1) 0.880 1680.00 -0.151
HDL Cholesterol level (IDF Definition) 0(0) 0(2) 0.239 1312.00 -1.177
High Blood Pressure (IDF Definition) 0(2) 0 (1) 0.398 881.00 —-0.845
High Fasting Glucose (IDF Definition) 0(1) 0(1) 0.452 1685.50 -0.752

present higher grades of complications, according to Clavien-Dion
classification (Mdn=0; IQR=2; p=0.033), (Table 5).

4. Discussion

It is well known nowadays that MS is a risk factor for the
development of CRC, as proven, between many others, by a large
cohort study from 2006 [9] or by a recent meta-analysis (reporting
17 studies) from 2013 [8] being the pathophysiological mechanism
pointed has responsible mostly related to insulin resistance and
abdominal obesity [1]. This fact may perhaps explain the high
incidence of MS (in all its definitions) in our sample (constituted
only by CRC diagnosed patients) in comparison, for example, with a
report that included 1433 inhabitants of Porto city (Portugal). In
this study, the investigators obtained an estimated prevalence of
MS of 24.0% with the ATPIII criteria, 37.2% with the AHA criteria
and, 41.9% with the IDF criteria [19], in contrast with our results of
40.7%, 67.5% and 67.0%, respectively.

On the other hand, the relationship between MS and CRC
surgical outcomes, recurrence and survival has been a source of
disagreement with discording studies being published over the
time.

For instance, a study from 2010 showed that the presence of
metabolic syndrome was associated with a significant increase of
hepatic metastasis and tumor recurrence [12]. In the same year
another prospective study from Thailand peremptorily concluded
that MS was an independent rick factor for postoperative
complications and longer hospital stay in CRC patients submitted
to surgery, with a 30days follow-up [13]. On the other hand, in
2013, a retrospective cohort investigation concluded that MS had
no influence on recurrence and overall survival of CRC patients,
perhaps explained by the combined effects of elevated blood
glucose and hypertension and the protective effect of dyslipidemia,
has proven in the same study [20]. Moreover, two survival analysis
from 2016 were able to, again, prove a deleterious effect of MS. On
one of them, a prospective study involving 1318 CRC patients, it
was proved that MS, specially hyperglycemia, were robust
predictors of CRC mortality [21]. On the other one, from October
2016, patients were divided into 4 categories (defined by the
presence of MS and/or obesity) and, as a result, the group with MS

and obesity combined obtained a worse survival, overall and CRC
related [22].

The pointed mechanism for this interaction might be explain by
several theories: first, the insulin-resistant state present in MS
influences an abnormal metabolism in adipocytes (especially
visceral fat adipocytes) with subsequent increase in levels of
Interleukin-6 and tumor necrosis factor-a (both pro-inflammato-
ry) and low levels of adiponectin (protective adipokine) leading to
an excessive systemic inflammatory response. Secondly, MS has
been correlated with a situation of impaired microvascular
circulation, which may cause diminished perfusion and poor
tissue healing. And finally, alterations in polymorphonuclear cells
has been noticed in patients with MS, which might be caused by
the low levels of Leukotriene B4, essential in these cells function,
leading this way to alterations in innate immune defense [13].

In our study there was no statistically significant influence of
any of the MS definitions or it’s components on the studied
outcomes (no p value <0.05), and the only finding that proves
influence of HDL-cholesterol (by ATPIII definition) with 30 days
morbimortality and with Clavien-Dindo Classification Grade
appears to us a statistical finding instead of a valuable finding
concerning the context.

5. Conclusion

This study seems to indicate that there is no apparent
association between MS, in its different definitions and compo-
nents, and CRC surgical outcomes (reintervention, readmission,
dehiscence and morbimortality) at 30 days.

While a deeper understanding of this relationship could lead to
a better clinical management, data remains inconclusive. The
question of whether or not a better control of metabolic status
could improve CRC patients’ prognosis waits for further studies
with larger sample sizes and longer follow-up timings.
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Chapter 4: General Discussion
4.1. Metabolic Syndrome

Empirically, surgeons believe that obese patients and patients with comorbidities, such as arterial
hypertension and diabetes, have an increased risk of postoperative complications and worst outcomes
than normal weight and no comorbidities patients. Despite MetS being a well-known risk factor for CRC
development, (50, 51), the literature is controversial regarding the influence in short term outcomes (30-
days complications, anastomotic leak, reinterventions and readmissions)(55, 56) and long term outcomes

(recurrence and survival).(53, 57-63)

The MetS is an association of obesity and comorbidities and its prevalence in the Portuguese population
was estimated as 36.5% using the NCEP-ATPIIl criteria and 49.6% using the IDF criteria (PORMETS
study).(13) A quarter of the patients submitted to a colorectal surgery actually may develop postoperative
complications.(89, 90) Given the prevalence of MetS and the outcome of complication being common,
herein we tried to clarify the influence of MetS in the CRC short term outcomes. We analyzed the MetS in

the different definitions as a whole and the different components individually.

Our study included 134 patients submitted to a CRC surgery between August 2015 and August 2016.
MetS diagnosis occurred in 40.7% of these patients according to the NCEP-ATPIII definition, 67.5%
according to the AHA definition and 67.0% according to the IDF definition. Those numbers are higher
than the PORMETS study, probably because our sample included patients with the diagnosis of CRC and
the PORMETS study included adults from primary health care centers lists.

The incidence of postoperative complications in our study was 26.9%, with 8.3% rate of readmissions,
7.5% of reinterventions and 7.5% of anastomotic leak. The statistical analysis revealed no evidence of
association between any of the MetS definition diagnosis (or their different components) with
postoperative complication rates. We found that low HDL cholesterol levels using NCEP-ATPIII definition
was a predictor of 30-days complication as a dichotomous and ordinal variable (p= 0.037 and p = 0.033,
respectively). Despite its statistical significance, as an isolated finding it probably doesn’t reflect clinical
significance and, therefore, we conclude that MetS does not lead to impaired postoperative outcome

following CRC surgery.

One of the reasons for the obesity criteria in MetS not being significantly correlated to postoperative

outcomes may be the fact that central obesity is not equal to VF (the most active fat in metabolic terms).
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Importantly, waist circumference was proven to be insufficient to distinguish between subcutaneous and

VF.(108)

During a mean period of 28.3 months follow-up, our study registered 12 relapses and 16 deaths in 130
patients. The Kaplan-Meier analysis for DFS was not statistically significant for any of the MetS definitions
(NCEP-ATPIII definition had p=0.180; AHA definition had p=0.335; IDF definition had p=0.811). In terms
of OS, the Kaplan-Meier analysis did not reveal any statistically significant differences for any of the
criteria of MetS definition (NCEP-ATPIII definition had p=0.908; AHA definition had p=0.062; IDF definition
had p=0.461). Performing the same statistical analysis for each of the components of MetS in the different
definitions, we have reached the same results. For those reasons, we concluded that MetS and its different
components were not a prognostic factor for DFS or OS in patients submitted to a curative CRC surgery.
However, our results, despite been prospectively collected, are based in a small sample size with a rare
outcome (relapse or death), and for those reasons they need to be validated in a larger sample size

prospective study.

4.1.1 Visceral Fat

Like previously stated, VF is more metabolically active than subcutaneous fat and has been shown to be
central to the pathogenesis of the MetS.(21) The increase of VF has been associated, in some studies,
with a significant increase of surgical wound infection, anastomotic leak, reintervention rates and an
increase in postoperative hospital stay when compared to low VF patients.(40, 46, 109, 110) However,
other studies did not reach the same conclusions and do not agree with the influence of VF on CRC

outcomes.(111)

In order to clarify this relationship between VF and CRC outcomes (post-operative complications, oncologic
results and survival), we developed a retrospective study that included 199 patients with CRC submitted
to surgery with curative intent that were followed for a minimum of 5 years. The lack of consensus in the
definition of VF is one of the limitations of the studies that use this variable. In our study, patients were
divided into quartiles of VF area; however, other authors use VF volume,(112) ratio between VF and
subcutaneous fat area,(46) ratio between VF and total fat area (109) and ratio between VF and body

surface area.(113)
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In our study, VF had a negative influence in 30-days morbidity (p=0.043), anastomotic leak (p=0.009)
and re-operation rates (p=0.005) on CRC patients. In sub-group analysis (colon vs rectal cancer), patients
with higher VF submitted to surgery with colon cancer had fewer lymph nodes harvested compared with
patients with less VF (p=0.027); moreover, the percentage of patients with at least 12 lymph nodes
harvested was also smaller in higher VF patients (p=0.003). In terms of DFS and OS, our results showed
that patients on the first and fourth quartiles had a trend for a slight better survival than the patients in
the middle quartiles, but the differences encountered were not significant in terms of statistical analysis

(log-rank p=0.768 for OS and p=0.704 for DFS).

Collecting at least 12 lymph nodes (accurate tumor staging) is crucial because it can determine the need
of adjuvant chemotherapy (less than 12 lymph nodes identified is a risk factor taken in consideration at
multidisciplinary oncology meetings). Our results revealed that patients with higher VF have fewer lymph
nodes retrieved. Indeed, VF increases surgical difficulty, presenting as a problem for the surgeon to
perform an accurate oncologic dissection near the origin of the vessels (D3 dissection); in addition, the
amount of fat tissue in the mesentery makes the identification of the lymph nodes difficult for the

pathologist. This hypothesis was already described in a previous study.(42)

4.2. Biomarkers

4.2.1. Inflammatory markers

About 30% of patients develop complications after CRC surgery.(114) The most significant source of
morbidity is attributable to infectious complications that contribute to a significant increase of

hospitalization costs, prolonged hospital stay and post-operative morbimortality.(91)

A prompt diagnosis of infectious complication has been found to improve surgical outcomes.(115) An
easy, cheap and standardized method for early identification of the patients that will develop
complications is the ambition of every surgeon as it would allow a quick identification of those high-risk
patients and early initiation of treatment in the hope of decreasing the morbidity associated with delayed
diagnosis. Several biomarkers of infection such as WBC, CRP, PCT and albumin are the most studied

predictors of infection after CRC surgery.
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Elevated WBC count is a nonspecific inflammatory marker and one of the systemic inflammatory
response syndrome (SIRS) criteria. Individually, the WBC count has a low sensitivity, specificity and
positive predictive value (PPV), having a lower contribution to the early detection of inflammatory

complications.(116)

CRP plays a major role in innate immunity by assisting complement binding foreign and damaged cells,
and enhancing phagocytosis by macrophages, thus acting as an early defense against infection. With only
19 hours of halflife, CRP is a valuable marker of systemic inflammatory secondary response to the
surgical procedure or even a marker of complications, tending to normalize rapidly with the patient’s

recovery.(117)

In the setting of a bacterial infection, cytokines and lipopolysaccharide stimulate neutrophils and cells in
the lungs, liver, intestine, and brain to produce PCT. Viral infections do not have the same influence in
rising PCT concentration like bacterial infections. This particularity, in theory, makes this biomarker

superior to others in predicting a bacterial infection.(118)

Albumin is the most abundant protein in humans (55-60% of protein in human plasma). Albumin is
exclusively produced by the liver and about two thirds of the total body albumin pool is in the extravascular
space. The serum albumin concentration depends basically on three factors: synthesis, distribution, and
degradation. In the presence of any kind of traumatic event (like a surgery), an albumin concentration
drop is observed in the first hours because of three events: 1) decrease of hepatic albumin synthesis in
favor of production of acute phase molecules by the liver (CRP, fibrinogen and macroglobin); 2) increase
of basal energy expenditure, which can consume up to 20% of the body proteins within ten days; 3)
increase in the capillary leak that transfers the albumin from plasma to the third space. This increase in
capillary leak is the most important mechanism for the decrease of plasma albumin concentration after

a surgery.(119, 120).

At the time of development of this research work, most published studies attempted to find positive
predictive factors for infection. The opposite, the identification of the patients that will not complicate
remained less investigated, particularly when it came to suggesting a cut-off point for selecting patients

to securely discharge.

With respect to predicting infection, the studies were controversial regarding the best marker. As expected,
WBC was not a reliable predictor of septic complications, especially in the first few postoperative

days.(121-123) CRP showed mix results, with some authors concluding that this marker presents
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insufficient value to predict infectious complications,(121) while in other studies it showed a good
predictive value (81, 122) and was even concluded that is would be better than PCT.(124, 125) PCT is a
more consensual marker to predict infections, generally more accurate than CRP, but with different cut-
off points.(84, 123, 126) However, the value of PCT as a predictor of infections was not demonstrated in

all studies.(91)

In our work, CRP at post-operative day (POD) 1 and 3 and the CRP to albumin ratio (CAR) at POD 3 were
the most accurate predictors of infection. The optimum cut-off point determined by the receiver operating
characteristic (ROC) curve was 73mg/L for CRP at POD 1, 123mg/L for CRP at POD 3 and 43 for CRP
to albumin ratio (CAR) at POD 3. Their sensitivity and PPV were low (sensitivity of 55.1, 70.3 and 66.2;
PPV of 34.0, 43.6 and 40.5, respectively) but the NPV was high (91.5, 91.2 and 90.7, respectively). This
high NPV makes these markers of particular interest in predicting an uncomplicated postoperative course,
in more than 90% of the patients. Both PCT and WBC failed as predictors of early postoperative infection
on POD 1 and 3.

Recently many studies and meta-analysis have been published to validate the importance of the NPV of
different inflammatory markers. In 2016, Giaccaglia published the results of the multicentric PREDICTS
study that revealed a good NPV of CRP and PCT for anastomotic leakage at POD 3 and 5.(96) Facy (2017)
concluded that CRP <100mg/L at POD 4 can be safely discharged regardless of the surgical approach
(laparoscopy or laparotomy).(127) Dominguez-Comesafia (2018) reach a NPV of 100% for PCT at POD 1
and 3 and for CRP at POD 3.(92) A meta-analysis concluded that a laboratory value of CRP less than
159mg/L at POD 3 has a very high NPV (90%) of infectious complications.(97) A more recent meta-
analysis concluded that PCT is a useful negative test for anastomotic leakage following elective colorectal

surgery (NPV 90-100%) but is unable to accurately predict an anastomotic leakage (PPV 34%).(128)

Inflammatory markers, like the WBC, CRP and PCT, increase with the surgical insult regardless of the
presence of an infectious complication and are not specific of any complication. Those findings reflect
the controversy in attempting to define a cut-off point to predict septic complications. However, as seen
in recent papers, a NPV is more consensual and is more important in clinical practice. In the era of
laparoscopy, the majority of the patients submitted to a CRC surgery will not develop a complication,
tolerate oral food and have their pain controlled with oral analgesics in the first postoperative day. Those
patients with low levels of inflammatory markers (such as CRP or CAR that were tested in our work)

can be safely discharged earlier, which can allow for a reduction of costs, an increase in patient
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satisfaction and can, probably, reduce the development of infectious complications associated with

prolonged hospitalization.

4.2.2. Vascular Endothelial Growth Factor

Increased tumoral expression of VEGF is associated with poor prognosis in several obesity-related
cancers.(73, 78) The relationship between VEFG and CRC outcomes is controversial. While some studies
showed that VEGF has no significant prognostic value in CRC,(129) others have demonstrated an
association between overexpression of VEGF and poor CRC outcomes: overexpression of VEGF and VEGFR
in CRC tissue may indicate poor prognosis,(78, 102, 103) and predict early relapse,(105) while
preoperative VEGF serum concentration may predict poor disease-specific survival and DFS in colon

cancer patients.(106)

One of the treatment options for metastatic CRC is the combination of bevacizumab (anti-VEGF therapy)
with conventional chemotherapy.(130) Decreased efficacy in obese patients has been reported and has
been speculated to be associated with increased levels of VEGF (and other proangiogenic factors)
produced by visceral adipose tissue.(73) However, the potential for VEGF levels to be a predictive or
prognostic biomarker for anti-VEGF therapy is not clear. The majority of studies failed to demonstrate the
benefit for anti-VEGF therapy,(131-133) but others have showed that VEGF expression can be prognostic
for anti-VEGF treatment outcomes in metastatic CRC.(77) In the neoadjuvant setting, the results of a
meta-analysis concluded that, based on phase |/IlI studies, adding bevacizumab to conventional
neoadjuvant treatment may increase pathological complete response but also increases the incidence of
severe adverse events.(82) This work also leaves several open questions in its discussion , like the fact
that patient selection should be based on potential predictive response biomarkers, such as free-VEGF,

in order to define a subgroup of patients, who would most likely benefit from this form of therapy.(82)

Plasma biomarkers offer a number of advantages over tissue-based markers. The potential of serum
concentration of VEGF being representative of tumor VEGF expression opens new pathways for further
investigation, preoperative prognostic information and treatment response. At the time of the development
of our work, the absence of studies designed to verify this relationship led us to design a study with the
intention of clarifying the relationship between the concentration of serum VEGF and tumor VEGF-R

expression in patients with CRC.
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The work started with 134 patients submitted to CRC surgery, and 74 of those patients were included.
Serum VEGF concentration were determined by ELISA and tumor VEGF-R3 expression was graded
according to the intensity and extent of staining of the endothelium of the vessels as absent, weak/very
limited moderate staining, moderate widespread/strong localized staining and strong widespread
staining. A strong association was found between serum VEGF and tumoral VEGF-R3 expression (p

<0.001; n>=0.34), even after controlling for potential confounders (p <0.001; nz=0.35).

VEGF is expressed in a wide variety of human tissues, being particularly high but not exclusive of
tumors.(106) For this reason, even patients whose tumors didn't stain for VEGF-R3 presented low levels
of serum VEGF (36.29pg/mL). In turn, serum VEGF progressively increased as higher intensity of the
staining for VEGF-R3 (49.68pg/mL in weak/very limited moderate staining, 65.35pg/mL in moderate

widespread/strong localized staining; 126.39pg/mL in strong widespread staining).

The ability to predict tumor expression of VEGF by collecting a blood sample from the patient may open
new horizons in terms of identifying a potential biomarker that can help in selection of treatment and
determining prognosis. Based on the relationship between serum and tumoral VEGF expression
established in this work, it may be possible, in the near future, to implement a patient selection strategy
that effectively identifies those patients who are most likely to benefit from neoadjuvant treatment with

VEGF inhibitors.
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Chapter b: Conclusions

MetS is a complex cluster of conditions and diseases, each of those having different influences on the
prognosis of patients affected by CRC. This may explain the controversy we found in the literature and
also why our results did not reveal any influence in terms of short-term outcomes and prognosis in patients
submitted to a curative CRC surgery. Even when we analyzed obesity separately from the other risk
factors, we did not obtain statistically significant results. One of the reasons for this may be related with
the use of waist circumference for classification of obesity in all of the MetS definitions. It is known that
patients with the same waist circumference can have different proportions of visceral and subcutaneous
fat and also that VF is more active than subcutaneous fat. When we looked at VF, we found a negative
influence in surgical and oncologic outcomes. In our opinion, the most important influence is related to
the number of lymph nodes harvested: in an obese patient, especially with higher VF, harvest of lymph
nodes is demanding, in terms of surgical skills. This highlights the need for patients to be operated by

experienced surgical teams in order to achieve the best possible results.

Pursuing predictors of outcomes is of high importance in the context of developing surgical protocols.
With our work, we defined the cut-off for CRP and CAR to predict an uneventful postoperative period. We
find the ability to early identify the majority of patients who will not develop a complication more important
than trying to predict what patients will have morbidity. In the context of hospital admission, surgeons
want to discharge patients that will not complicate as quickly as possible and focus on close monitoring
of the rest in order to rapidly intervene in case a complication develops. Predictors of complications are
not specific because they can identify whose patients will develop a complication but fail to precisely
define the type of complication that will occur. For example, high PCT can predict an anastomotic leak
but can also indicate a risk of wound infection or pneumonia. Currently, we do not have different cut-offs
or predictors for each complication. This is another reason why we believe that predictors of uneventful

postoperative period are more useful in clinical practice.

With our work, we were able to demonstrate the relationship between serum and tumor VEGF. The ability
to predict the tumoral concentration of a marker based on its serum concentration can be the base to

further investigations.
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Chapter 6: Future Perspective

We believe that, in the setting of CRC surgery, the NPV of the inflammatory markers is more relevant to
clinical practice than the PPV. The next step would be to verify if adopting a cut-off point of inflammatory
markers to the discharge criteria represents a significant reduction in admission time, in costs and an

increase in patient satisfaction.

In this work, we were able to prove the relationship between serum and tumor VEGF. The implications of
this relationship, such as predicting the pathology of the tumors (high serum VEGF concentration implies
high tumor grade or nodal metastasis?), disease outcome (worst DFS or 0S?) and benefit of adding anti-
VEGF to neoadjuvant treatment (patients with higher serum VEGF concentration benefit of adding anti-

VEGF drugs?) remain to be studied.
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