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Abstract

Introduction—Large epidemiological studies have demonstrated the link between metabolic 

syndrome and cancer development, including colorectal cancer. However, the influence of 

metabolic syndrome on disease progression is less well studied, particularly in the post-surgical 

setting. This study investigates the effect of metabolic syndrome on colorectal cancer recurrence 

(all-site and liver-specific) after curative surgery for Stage I-III disease.

Materials and Methods—Consecutive patients who underwent curative resection for Stage I-III 

colorectal cancer in a single UK centre were prospectively recruited. Disease-free and overall 

survival with metabolic syndrome as a factor, were determined using the Kaplan-Meier technique. 

Hazard ratios for all-site and liver-specific recurrence were determined using univariable and 

multivariable Cox-regression models.

Results—1006 patients were recruited and followed up for a median of 50 months (IQR 30-67). 

177 patients (17.6%) met the criteria for metabolic syndrome. 245 patients (25.4%) developed 

recurrence, 161 (16.0%) of these had liver recurrence. The presence of metabolic syndrome was 

associated with a reduction in disease-free survival from 69 to 58 months (p<0.001) and overall 

survival from 74 to 61 months (p<0.001). Metabolic syndrome was an independent predictor of 

all-site (HR 1.76; p<0.001) and liver-specific (HR 1.74; p=0.01) recurrence.

Conclusion—Metabolic syndrome is a predictor of all-site and liver-specific recurrence after 

primary resection for stage I-III colorectal cancer.
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1 Introduction

Colorectal cancer (CRC) has a huge global footprint, with 1.8 million new cases annually, 

accounting for over 10% of all cancer incidence and making it the third most frequently 

diagnosed cancer overall [1, 2]. Despite stabilisation in incidence and mortality in high-

income countries, rapid rises are seen in low-income and transitioning countries, meaning 

that global incidence is set to eclipse 2.2 million by 2030 [3]. In terms of mortality, CRC 

ranks second among all cancers, with over 800 000 deaths per year across the world, largely 

attributable to metastatic disease [2]. For patients with stage I-III disease, surgical treatment 

offers relatively high cure rates, with recurrence at 5 years ranging from 5% (stage I) to 33% 

(stage III) [4]. Distant recurrence is twice as common as local recurrence, with the liver 

being the most common secondary site [5]. Therefore, it is important to identify novel 

modifiable risk factors, in order to better stratify patients for adjuvant therapy and/ or 

intensification of follow up after primary resection, as well as introducing primary 

intervention that may reduce the risk of recurrence.

Metabolic syndrome (MetS) describes a pro-inflammatory state associated with insulin 

resistance and obesity [6, 7]. The harmonised definition is of a constellation of interrelated 

risk factors for cardiovascular disease and type-2 diabetes, including hypertension, 

dyslipidaemia (raised triglyceride (TG) and lowered high-density lipoprotein cholesterol 

(HDL-C)), raised fasting glucose, and central obesity [8]. From a liver perspective, it has 

been shown that non-alcoholic fatty liver disease, encompassing hepatic steatosis and non-

alcoholic steatohepatitis (NASH), is a hepatic manifestation of MetS [9–11].

MetS has been linked with the development of several cancers, including CRC [12–14]. Two 

large epidemiological studies with over 35 000 patients, focused our attention on the link 

between MetS and CRC mortality, particularly in men [15, 16]. The mechanisms for this 

were proposed to be insulin resistance (increased bioavailability of insulin-like growth 

factor-1 (IGF-1)), aromatase activity, adipokine production, angiogenesis, glucose 

utilisation, and oxidative stress [12, 17]. In terms of prognosis, obesity, as a single metabolic 

parameter, has been repeatedly shown to predict poorer outcomes, in terms of overall 

survival (OS) in men and women, and disease-free survival (DFS) in men, in large scale 

studies of Stage II and III CRC [18, 19]. Furthermore, our previous work highlights the 

increased risk of recurrent colorectal liver metastases following curative liver resection in 

patients with liver steatosis [20]. However, the direct implication of MetS, as a combined 

phenotype of dysregulated metabolic parameters, on CRC disease progression, has not been 

studied in detail, particularly in patients having curative bowel resection. To this end, we 

investigated the relationship between MetS and CRC recurrence in the liver and at other 

sites, after primary resection for stage I-III disease. We hypothesised that the presence of 

MetS was associated with an increased recurrence rate after curative surgery. The specific 

aims of this study were to: (i) assess the influence of MetS on post-operative disease-free 
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(DFS) and overall (OS) survival and; (ii) ascertain whether MetS is a predictor of all-site and 

liver-specific disease recurrence in the post-operative setting.

2 Methods

Between 2010 and 2017, consecutive patients with stage I–III CRC who were treated 

surgically with curative intent were enrolled. Ethical approval was obtained through the UK 

National Research Ethics Service and all patients were prospectively recruited as part of an 

ongoing UK National Institute of Health Research Clinical Research Network study 

(UKCRN ID 6067; NCT03309722). Exclusion criteria included evidence of a hereditary 

tumour, or the presence of multiple tumours. No patients were excluded based upon age, 

BMI or American Society of Anaesthesia (ASA) grade. Other results and further details 

from this ongoing study have been previously reported [21–26]. Study oversight activities 

and monitoring were performed at an independent clinical research organisation. 

Pathological verification of diagnosis and staging was in accordance with the Association of 

Coloproctology of Great Britain and Ireland guidelines [27]. Participants were followed up 

until 31st December 2019.

A database of electronically stored, prospectively collected anonymised data was compiled 

for statistical analysis. Surgical procedures were carried out at University Hospital 

Southampton NHS Trust, UK. All patients were discussed in the CRC multidisciplinary 

meeting prior to surgery to confirm resectability and operative approach (laparoscopic, open, 

trans-anal), based on disease characteristics, local expertise, and available resources. Patients 

were not offered or withheld (neo)adjuvant therapy based on metabolic parameters. Data 

collected included: patient demographics, metabolic parameters (see below), clinical 

parameters (e.g. pathological stage and tumour markers) and follow up information 

(recurrence and/ or death).

At baseline (immediately before the primary resection), all participants donated a fasting 

early morning blood sample for analysis. Plasma glucose, TGs and HDL-C were measured 

utilising the routine laboratory techniques of the host institution. Height and body weight 

were measured without shoes and outer clothing at time of first appointment. Blood pressure 

(BP) was measured using a digital monitor. Detailed medical history relating to diabetes and 

dyslipidaemias was obtained at diagnosis.

Criteria used to determine MetS in this study were any three of the following: BMI 

>30kg/m2 (as an index of central obesity); fasting TG ≥1.7mmol/L (or drug treatment for 

elevated TG), HDL-C <1.0 mmol/L (men) or <1.3 mmol/L (women; or drug treatment for 

reduced HDL-C); systolic BP ≥130 mmHg, diastolic BP ≥85 mmHg (or antihypertensive 

drug treatment in a patient with a history of hypertension); fasting glucose ≥5.6 mmol/L (or 

drug treatment of elevated glucose).

Participants were followed up post-treatment with 6-monthly serum carcinoembryonic 

antigen (CEA) for three years, two CT scans (chest, abdomen and pelvis) in the first three 

years, and colonoscopy at 1-year and 5-years, as per national guidelines [28]. DFS was 
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defined as the period of time from index procedure to first radiological evidence of disease 

relapse. OS was the duration from index procedure to death.

Statistical analysis was performed using IBM SPSS Statistics (version 26) and Stata (version 

16). Tests for normality were performed using Kolmogorov–Smirnov and Shapiro–Wilk 

tests. The association with recurrence was assessed using Cox-regression in univariable and 

multivariable analysis. Hazard ratios (HRs) for disease recurrence were obtained with 95% 

confidence intervals. Survival analysis was conducted using the Kaplan-Meier method with 

p-values obtained by log rank tests. Seeing as the proportion of patients with disease 

recurrence or death did not reach 50% in the study period, median values for DFS and OS 

could not be calculated and mean values are shown instead. All values are listed to 3 decimal 

places unless otherwise stated.

3 Results

3.1 Demographics

One thousand and six patients who underwent curative resection for stage I-III CRC were 

included. The median age was 72.4 years (range 25 to 93), 56.7% were ≥ 70 years and 59% 

were male. The distribution of primary tumours between right colon (proximal to splenic 

flexure), left colon (splenic flexure, descending and sigmoid colon) and rectum was 36.6%, 

28.6% and 34.8%, respectively (Supplementary Table 1a). The types of operative procedure 

and their frequencies are shown in Supplementary Table 1b, with 62% of procedures 

performed laparoscopically. One quarter of the entire cohort (25.4%) developed distant 

recurrence during the follow-up period, with 67.5% in the liver (n=161), 20.3% in the lung 

(n=53) and 12.2% at other sites (n=31). Of the patients with liver metastases, 77 were 

operable (45% of all liver metastases). Median follow up was 50 months (IQR 30-67 

months).

With respect to metabolic parameters: 25.5% of the entire cohort had BMI >30kg/m2, 42.8% 

had fasting TG ≥1.7mmol/L (or drug treatment for elevated TG), 49.6% had fasting HDL-C 

<1.0 mmol/L (men) or <1.3 mmol/L (women) (or drug treatment for reduced HDL-C), 

60.3% had systolic BP ≥130 mmHg and/or diastolic BP ≥85 mmHg (or antihypertensive 

drug treatment), 36.7% had fasting glucose ≥5.6 mmol/L (or drug treatment for diabetes 

mellitus (DM) and overall, 17.6% met criteria for MetS (Table 1). Pathological staging 

(TNM 7th edition) gave overall frequencies of T- and N-stages as follows: T1 (8%), T2 (18 

%), T3 (53%), T4 (20%), N0 (61%), N1 (27%) and N2 (12%).

3.2 Disease-free and overall survival with metabolic syndrome as a factor

The first question was whether MetS influenced DFS and OS following curative surgery for 

stage I-III CRC. DFS for the entire cohort was 68.6 [95% CI 66.2-71.0] months. For the 

subgroup with MetS, DFS was 57.7 [51.4-64.1] months, which was significantly lower than 

the subgroup without MetS, where DFS was 70.8 [68.3-73.4] months (p<0.001, log rank 

test). OS was 71.5 [69.3-73.6] months for the entire cohort, and 61.1 [55.5-66.6] months and 

73.7 [71.4-76.0] months in the MetS and non-MetS subgroups, respectively (p<0.001, log 
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rank test). Kaplan-Meier curves are shown in Figure 1 with descriptive statistics shown in 

Supplementary Table 2.

3.3 Univariable analysis of metabolic and clinical variables associated with disease 
recurrence (entire cohort)

To demonstrate the individual associations between metabolic/ clinical variables and all-site 

recurrence, univariable analysis was conducted. Of the metabolic parameters, BMI 

>30kg/m2 (HR 1.70) TG (HR 1.30), HDL-C (HR 1.31), DM (HR 1.50) and MetS (HR 1.34) 

were significantly associated with all-site recurrence (Table 2), whereas BP (HR 1.09) was 

not. Of the clinical parameters, T-stage (T3 and T4), N-stage, LN ratio, EMVI, tumour 

perforation, R1 resection, serum CEA, NLR ≥4 and left-sided tumours were all significantly 

associated with all-site recurrence, with HRs ranging from 1.42 (left colonic tumours) to 

10.2 (T4 tumours). Neoadjuvant chemotherapy and histological grade were not.

3.4 Multivariable analysis of metabolic and clinical variables associated with disease 
recurrence (entire cohort)

Multivariable analysis was then undertaken to assess the relative contributions of metabolic 

and clinical variables on all-site recurrence. Cox regression modelling showed that BMI 

>30kg/m2 (HR 1.38), DM (HR 1.41) and MetS (HR 1.77) were independently associated 

with all-site recurrence, with MetS demonstrating a greater hazard ratio than its constituent 

variables. TG, HDL-C and BP were not significantly associated with all-site recurrence in 

this model (Table 2). Similarly, T-stage (T3 and T4), N-stage, LN ratio, EMVI, R1 resection, 

serum CEA, NLR ≥4 and left-sided tumours were all independently associated with all-site 

recurrence, with HRs ranging from 1.46 (left colonic tumours) to 4.77 (T4 tumours). 

Tumour perforation, neoadjuvant chemotherapy and histological grade were not.

3.5 Multivariable analysis of metabolic and clinical variables associated with liver 
recurrence

Having identified MetS as a predictor of all-site recurrence, its association with liver-specific 

recurrence was examined by multivariable analysis. MetS was independently associated with 

liver recurrence (HR 1.66), as was serum CEA ≥50 (HR 3.28), NLR ≥4 (HR 1.67) and LN 

ratio ≥0.05 (HR 2.19). The association between R1 resection and liver recurrence failed to 

reach significance (HR 1.93; p=0.056). Age >70 years (HR 1.04) and neoadjuvant 

chemotherapy (HR 1.15) were not significantly linked with liver recurrence in this model 

(Table 3).

4 Discussion

This study was designed to evaluate the effect of MetS on all-site and liver-specific 

recurrence following primary resection in 1006 stage I-III CRC patients. The key findings 

were that: (i) DFS and OS were significantly reduced in patients with MetS and; (ii) MetS 

was an independent predictor of all-site and liver-specific recurrence.

Our study is in keeping with the general consensus that MetS has a negative influence on 

CRC progression. Shen et al. studied a Chinese cohort of 503 patients with all stages of 
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CRC, including 13% with Stage IV disease, and demonstrated a significant reduction in OS 

(63.0 to 48.0 months) and DFS (20.5 to 12.0 months) in patients with MetS [29]. 

Interestingly, subgroup analysis showed that MetS was an independent risk factor for 

recurrence in colonic but not rectal cancer, and for liver-specific recurrence in both colon 

and rectal cancers. This discrepancy may be attributed to a modest sample size and inclusion 

of Stage IV patients. In addition, it is unclear whether their use of the term “recurrence” 

refers to local recurrence or metastatic recurrence. We purposefully chose not to distinguish 

between colonic and rectal cancers because our focus was on distant recurrence, which is far 

less skewed towards either colonic or rectal primaries than local recurrence [30, 31].

Another similar study by You et al. described a Chinese cohort of 1069 patients with non-

metastatic CRC, followed up for a median of 60 months [32]. Despite geographical and 

ethnic differences, the prevalence of MetS was similar to our cohort, at 20.7%. Rather 

surprisingly, patients with MetS were shown to have reduced DFS but no difference in OS. 

This is inconsistent with our data and data from the FIESTA study of CRC patients who had 

radical surgery, which demonstrated a marked reduction in OS (51 vs 170 months) in 

patients with MetS compared to those without [33]. We suspect that although MetS 

influences cancer-specific mortality, OS in this subgroup is also likely to be determined by 

diabetes and cardiovascular-related diseases, which are innately linked with MetS. Other 

factors that may explain decreased OS in patients with metabolic dysfunction include 

delayed diagnosis, aggressiveness of the disease and a lessened response to treatment [34]. 

Moreover, a 2013 meta-analysis clearly supports the link between MetS and decreased 

survival in CRC patients [35].

Vargas and colleagues made some inroads into the molecular basis for the link between 

MetS and CRC prognosis [36]. Using tissue from a training cohort of 80 post-surgical Stage 

II patients (later validated in a similar cohort), they identified six MetS-related genes, the 

overexpression of which, stratified patients for poorer DFS: apolipoprotein A-II (APOA2), 

apolipoprotein C1 (APOC1), apolipoprotein C2 (APOC2), apolipoprotein D (APOD), ATP-

Binding Cassette Sub-Family A Member 1 (ABCA1), and leptin receptor(LEPR). 

Interestingly, both APOC1 and APOD are associated with hepatic steatosis [37, 38]. This 

may explain our previously reported findings regarding increased risk of metastatic CRC 

recurrence in patients with fatty liver [20].

Before drawing conclusions from these data, certain limitations must be pointed out. First of 

all, despite being a relatively large study conducted on an ethnically diverse population, it 

will not adequately represent all ethnic groups. Furthermore, the management of CRC 

(including national screening programmes, surgical technique, (neo)adjuvant treatment and 

follow up) varies across the globe and outcomes will be influenced by this. Similarly, the 

threshold for and intensity of treatment of MetS and its constituent disorders will also vary 

between regions. Lastly, this study focussed on the impact of pre-operative MetS on CRC 

recurrence. An assessment of how surgery alters metabolic variables, and the relationship 

between post-treatment MetS and disease recurrence was not directly examined, but could 

form the basis of future studies.
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Conclusion

MetS is an independent predictor of all-site and liver-specific recurrence after primary 

resection of Stage I-III CRC, with associated reduction in DFS and OS. Our findings support 

the consideration of metabolic parameters in multidisciplinary decision making, as part of 

ongoing efforts to personalise treatment in patients with CRC.
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Figure 1. The effect of MetS on DFS and OS following curative resection.
Kaplan-Meir curves for the effect of MetS on (A) DFS and (B) OS following curative 

primary colorectal resection. Number at risk provided in tables. Log rank test used to derive 

p values.
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Table 1
Description of the cohort with respect to demographic, metabolic and clinical variables.

Variable Recurrence (n=245) No Recurrence (n=761) Entire cohort (n=1006)

Age <70 years 115 (47%) 320 (42%) 436 (43%)

≥70 years 130 (53%) 440 (58%) 570 (57%)

BMI <30 165 (67%) 584 (77%) 749 (74%)

≥30 80 (33%) 177 (23%) 257 (26%)

TG score No 129 (53%) 446 (59%) 575 (57%)

Yes 116 (47%) 315 (41%) 431 (43%)

HDL-C score No 121(49%) 386 (51%) 507 (50%)

Yes 124 (51%) 375 (49%) 499 (50%)

BP score No 97 (40%) 302 (40%) 399 (40%)

Yes 148(60%) 459 (60%) 607 (60%)

DM score No 139 (57%) 498 (65%) 637 (63%)

Yes 106 (43%) 263 (35%) 369 (37%)

Metabolic syndrome No 186 (76%) 643 (84%) 829 (82%)

Yes 59 (24%) 118 (16%) 177 (18%)

T-Stage 1 4 (2%) 80 (10%) 84 (8%)

2 25 (10%) 158 (21%) 183 (18%)

3 133 (54%) 404 (53%) 537 (53%)

4 83 (34%) 119 (16%) 202 (20%)

N-Stage 0 91 (37%) 522 (68%) 613 (61%)

1 95(39%) 173 (23%) 268 (27%)

2 59 (24%) 66 (9%) 125 (12%)

LN Ratio <0.05 109 (44%) 551 (73%) 660 (66%)

≥0.05 136 (56%) 210 (27%) 344 (34%)

EMVI No 112 (46%) 569 (75%) 681 (68%)

Yes 133 (45%) 192 (25%) 325 (32%)

Tumour perforation No 229 (93%) 734 (96%) 963 (96%)

Yes 16 (7%) 27 (4%) 43 (4%)

Neoadjuvant Chemotherapy No 201 (82%) 667 (88%) 868 (86%)

Yes 44 (18%) 94 (12%) 138 (14%)

Resection Margin R0 224 (91%) 739 (97%) 963 (96%)

R1 21 (9%) 22 (3%) 43 (4%)

Serum CEA <50 219 (90%) 735 (97%) 954 (95%)

≥50 26 (10%) 26 (3%) 52 (5%)

NLR <4 145 (59%) 534 (70%) 679 (67%)

≥4 100 (41%) 227 (30%) 327 (33%)

Differentiation Poor 21 (9%) 84 (11%) 105 (10%)

Moderate 36 (15%) 73 (10%) 109 (11%)
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Variable Recurrence (n=245) No Recurrence (n=761) Entire cohort (n=1006)

Wellmoderate 188 (76%) 604 (79%) 792 (79%)

Tumour Site Right 73 (30%) 295 (39%) 368 (37%)

Left 81 (33%) 207 (27%) 288 (29%)

Rectum 91 (37%) 259 (34%) 350 (35%)

LN ratio – proportion of resected lymph nodes which contained tumour; EMVI – extramural vascular invasion; NLR – neutrophil to lymphocyte 
ratio from pre-operative blood sample.
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Table 3
Results of multivariable analysis of MetS (adjusted for clinical variables) for liver 
recurrence after primary colorectal resection. T-stage was treated as stratum effect 
modifier with p <0.001 across strata.

Variable P value Adjusted HR 95% CI

Lower Upper

MetS 0.019 1.657 1.085 2.532

Serum CEA ≥50 0.001 3.284 1.660 6.499

NLR ≥4 0.008 1.670 1.143 2.438

LN ratio ≥0.05 <0.001 2.190 1.498 3.203

Resection margin (R1) 0.056 1.927 0.983 3.780

Age >70 0.838 1.040 0.717 1.508

Neoadjuvant chemotherapy 0.583 1.152 0.695 1.908
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