
nutrients

Article

Impact of Preoperative Total Proteins and Glycated
Hemoglobin on Recurrences after Early Colorectal Cancer

María-José Castro 1 , José-María Jiménez 1,* , María López 1 , María-José Cao 1, Jair Santos-Torres 2,
Alberto López 3, Ana Moreno 1,4 and Jaime Ruiz-Tovar 5

����������
�������

Citation: Castro, M.-J.; Jiménez,

J.-M.; López, M.; Cao, M.-J.;

Santos-Torres, J.; López, A.; Moreno,

A.; Ruiz-Tovar, J. Impact of

Preoperative Total Proteins and

Glycated Hemoglobin on Recurrences

after Early Colorectal Cancer.

Nutrients 2021, 13, 711. https://

doi.org/10.3390/nu13020711

Received: 24 January 2021

Accepted: 22 February 2021

Published: 23 February 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Faculty of Nursing, University of Valladolid, 47005 Valladolid, Spain; mariajose.castro@uva.es (M.-J.C.);
maria.lopez.vallecillo@uva.es (M.L.); mjcao@enf.uva.es (M.-J.C.); ajumor@yahoo.es (A.M.)

2 Department of Surgery, Dr Sulaiman AlHabib Hospital, Alkhobar 34423, Saudi Arabia; jairsantost@yahoo.es
3 Department of Surgery, Hospital de Mieres, 33611 Mieres, Asturias, Spain; albertolopezd@hotmail.com
4 Department of Surgery, Hospital Severo Ochoa, 28911 Leganés, Madrid, Spain
5 Department of Surgery, Rey Juan Carlos University, 28933 Móstoles, Madrid, Spain; jruiztovar@gmail.com
* Correspondence: josejimenez@enf.uva.es; Tel.: +34-983-183025

Abstract: Background: The outcome of colorectal cancer is mostly based on TNM classification.
There are several factors determining that patients with the same tumoral stage present different
outcomes. The nutritional status has been related to the immunological response and may affect the
oncologic results. The purpose of this study was to determine if preoperative nutritional parameters
may predict the oncologic outcome in patients with early colorectal cancer. Methods: A prospective
observational study of patients undergoing elective surgery for colorectal cancer was performed with
stage I. Preoperative nutritional assessment included glycemic and lipid profiles, total proteins, and
albumin levels. These parameters were correlated with tumoral recurrence during a follow-up of at
least 24 months. Results: During the period of study, 744 patients were operated on and 228 (30.6%)
followed the inclusion criteria for this study. Recurrence rate was 5.7% (13 patients). Patients with
hypoproteinemia showed a 7.8-fold greater risk of recurrence during the first 24 months after surgery
[OR 7.8 (CI95% 1.3–48), p = 0.012]. Patients with glycated hemoglobin levels (HbA1c) > 6.2% showed
a 2.3 increased risk of recurrence [OR 2.3 (CI95% 1.1–4.7; p = 0.01]. Conclusions: Preoperative values
of total proteins and HbA1c correlate with the recurrence rate in early colorectal cancer.
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1. Introduction

Colorectal cancer (CRC) represents 10–15% of all new cases of neoplastic disease
arising every year in developed countries. In USA, 150,000 new cases are diagnosed yearly,
estimating that nearly one third will die from this in the next 5 years, despite having
undergone a resective surgery with curative aims [1]. Global mortality is calculated to be
around 31.7 and 24.7 per 100,000 inhabitants/year in males and females, respectively. Thus,
CRC represents one of the main sociosanitary problems in the actual society [2].

Around 15% of the CRC cases will present distant metastases at the time of diagnosis,
and 50% of the patients with locally advanced disease will develop metachronous metas-
tases, leading to mortality in less than two years of follow-up, despite adequate surgical
and adjuvant treatment [3].

The outcome of CRC is determined by diverse pathologic, clinic, and biological factors.
Among them, the tumoral stage (TNM classification) has shown to be the most accurate
factor to determine the prognosis of the patients with CRC [4]. Early stages (Stage 1) are
associated with better prognosis, with a 5-year survival rate close to 90% [4].

However, there are several factors determining that patients with the same tumoral
stage present different outcomes. Among them, the preoperative nutritional status has been
associated with the long-term oncologic prognosis, in terms of recurrence of mortality [5].
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Malnutrition has been widely associated with early postoperative complications, such
as leakage and surgical-site infections. Altogether, it affects the immunological response
and may impair the oncologic results [6].

The aim of this study was determine if preoperative nutritional parameters may
predict the oncologic outcome in patients with early colorectal cancer.

2. Materials and Methods

A prospective observational study was conducted between January 2013 and January
2015, including patients diagnosed of early colorectal cancer (stage I) and operated with
curative aims. Patients with immunological disorders and with criteria of malnutrition
were excluded. Malnutrition was defined following the ESPEN criteria (weight loss >
10–15% of total body weight during the last 6 months, BMI < 18.5 kg/m2, albumin levels <
3 g/dL without liver or renal causes) [7]. Undernourished patients were evaluated referred
to the Endocrinology Department to start nutritional supplementation for 14 days before
surgery. These patients were excluded from analysis, as nutritional supplementation may
represent a bias in the results. Patients died due to postoperative complications were also
excluded.

The follow-up scheme consisted of visits to the Outpatient Clinic every 3 months
during the first 2 years. Then, there were visits every 6 months until 5 years of follow-up.
During these visits, the patients underwent physical examination. In addition, blood simple
were obtained at all the visits, assessing hemogram, biochemical parameters, and tumoral
markers. Thorax-abdomen-pelvic CT scan was conducted every 6 months and colonoscopy
every year during the follow-up period. The follow-up was initially performed by the
colorectal surgeon. In cases of suspicion of the recurrence of disease, the patients were
evaluated by the Oncology Multidisciplinary Committee, composed of surgeons, medical
and radiotherapeutic oncologists, radiologists, endoscopists, and pathologists, in order to
determine the most appropriate treatment for the patients at any time.

Preoperative blood sample was obtained 14 days before surgery after a minimal
fasting period of 8 hours. Antidiabetic or hypolipemiant drugs were not stopped before
undergoing this blood sample.

Analyzed variables included the preoperative glycemic profile (fasting glucose and
glycated hemoglobin (A1c)), lipid profile (total cholesterol, HDL-cholesterol, LDL-colesterol
and triglycerids), total proteins, and albumin levels. Postoperative complications, recur-
rence, and mortality rates for the first 2 years of follow-up were recorded.

Statistical analysis was performed with SPSS 22.0 software. Means were compared
with the Student´s t-test (Mann–Whitney test in nonparametric variables). The Kaplan–
Meier method was used for the survival and recurrence analysis. The prognostic ability of
the biochemical parameters was evaluated by a receiver operator characteristic curve. The
area under the curve (AUC) was given with 95% CI, and the cutoff point was calculated
maximizing the sensitivity in accordance with the Youden index. Recurrence rate was
calculated using Kaplan–Meier curves for the determined cut-off points. A p-value < 0.05
was considered to be statistically significant.

3. Results

During the period of study, 744 patients were operated for CRC, but only 228 (30.6%)
followed the inclusion criteria for this study (stage I) and did not present exclusion criteria.
There were 139 (61%) males and 89 (39%) females, with a mean age of 69.8 ± 11.4 years.
Comorbidities included Diabetes Mellitus 28.9% (n = 66), Hypertension 46.5% (n = 106),
dyslipidemia 29.8% (n = 68), cardiopathy 19.3% (n = 44), and chronic obstructive pulmonary
disease 1.7% (n = 4). Sixty patients with diabetes mellitus were under treatment with oral
antidiabetic drugs and 6 under insulin therapy (Table 1).
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Table 1. Patients’characteristics.

Disease-Free
(n = 215)

Recurrence
(n = 13)

Age, mean (SD) 69.8 (11.4) 69.7 (11.1) 10.7 (13.8)
Males/females, n(%) 139/89 (61/39) 131/84 (60.9/39.1) 8/5 (61.5/38.5)

Diabetes mellitus, n(%) 66 (28.9) 62 (28.8) 4 (30.8)
Hypertension, n(%) 106 (46.5) 100 (46.5) 6 (46.2)
Dyslipidemia, n(%) 68 (29.8) 64 (29.8) 4 (30.8)
Cardiopathy, n(%) 44 (19.3) 41 (19.1) 3 (23.1)

COPD, n(%) 4 (1.7) 4 (1.9) 0
COPD: Chronic obstructive pulmonary disease.

The surgical procedures are described in Table 2. All of the procedures were initially
laparoscopically performed, with a conversion rate of 4.4% (10 patients). Curative resection
was performed in all the cases.

Table 2. Surgical techniques.

Surgical Technique Disease-Free
(n = 215)

Recurrence
(n = 13)

Left colectomy, n(%) 39.5 (89) 41.4% 5 (38.5%)
Right colectomy, n(%) 25.5 (58) 27% 4 (30.8%)
Low anterior resection of

rectum, n(%) 24.2 (54) 25.1% 4 (30.8%)

Miles procedure, n(%) 8.7 (19) 8.8% 0
Total colectomy, n(%) 2.1 (5) 2.3% 0

Postoperative complications are summarized in Table 3. Ten patients (4.4%) required
another operation, including all the patients presenting anastomotic leak and one intraop-
erative bleeding. Median hospital stay was five days (range 4–56 days).

Table 3. Postoperative complications.

Disease-Free
(n = 215)

Recurrence
(n = 13)

Incisional SSI, n(%) 14 (6.1) 12 (5.6) 2 (15.4)
Organ-space SSI, n(%) 6 (2.6) 5 (2.3) 1 (7.7)

Postoperative bleeding, n(%) 4 (1.8) 4 (1.9) 0
Anastomotic leak, n(%) 9 (3.9) 7 (3.3) 2 (15.4)

3.1. Histological Examination

All the specimens were adenocarcinomas. Mean tumoral size was 1.7 ± 2.4 cm and
the mean number of resected lymph nodes was 10.1 ± 3.9, all of them without metastases
(N0). Local stage was T1 in 105 patients (46.1%) and T2 in 123 (53.9%).

3.2. Follow-Up

A minimal follow-up of 24 months was established, a median of 34 months (range
24–59 months). Recurrence rate was 5.7% (13 patients), including nine liver metastases,
three lung metastases and one case with metastases in multiple locations. Tumoral staging
was T2N0 in all the cases presenting recurrences. Mortality during the first two years
postoperatively appeared in only two patients (0.88%).

3.3. Correlation between Analytical Parameters and Recurrence

Preoperative nutritional, glycemic, and lipid profile data are shown in Table 4.
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Table 4. Preoperative nutritional, glycemic, and lipid profile.

Variable Disease-Free
(n = 215)

Recurrence
(n = 13) p-Value

Glucose (mg/dL) 106.9 + 21.22 128.1 + 24.3 0.085
Glycated hemoglobin (%) 6.0 ± 0.31 6.8 + 0.6 0.009
Albumin (g/dL) 4.23 ± 0.23 4.03 + 0.58 0.378
Total proteíns (g/dL) 6.8 ± 2.8 6.1 + 6.4 0.023
Triglycerids (mg/dL) 104.93 ± 13.74 109.9 + 18.5 0.582
Total cholesterol (mg/dL) 173.01 ± 14.03 175.5 + 21.3 0.634
HDL cholesterol (mg/dL) 48.01 ± 11.52 46.9 + 14.2 0.512
LDL cholesterol (mg/dL) 118.62 ± 12.33 121.1 + 16.8 0.585

3.4. Total Proteins

Mean total protein values within the patients presenting recurrence were 6 ± 0.3 g/dL
versus 6.8 ± 0.6 g/dL in disease-free patients (mean difference 0.8 g/dL (CI95% (0.09–1.33);
p = 0.023). A cut-off point was established at 6.2 g/dL (OR 7.8 (CI95% (1.3-48); p = 0.012) for
protein values below 6.2 g/dL. Recurrence rate was 16.7% and 22.2% at one and two years
of follow-up, respectively, in those patients with protein values below 6.2 g/dL, whereas
the recurrence rate was 0.6% at one and two years after surgery, when protein levels
overcome 6.2 g/dL. Patients with total protein levels > 6.2g/dL have an increased risk for
presenting tumoral recurrences after 24 months of follow-up (RR 35.9; CI95% (12.8–94.6;
p < 0.001) (Table 5 and Figure 1).

Table 5. Distribution of patients with recurrence depending on total protein levels two years after
surgery.

n = 228 Total Proteins > 6.2g/dL Total Proteins < 6.2g/dL

Recurrence 1 12
Disease free 173 42
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Figure 1. Kaplan–Meier curve between preoperative total protein levels and recurrence after
24 months of follow-up.

3.5. Glycated Hemoglobin (A1c)

Mean A1c values within the patients presenting recurrence was 6.8 ± 2.8% versus
6.1 ± 6.4 in disease-free patients (mean difference 0.7% (CI95% (0.2–1.5%); p = 0.009). A
cut-off point was established at 6.2% (OR 2.3 (CI95% (1.1–4.7); p = 0.01). Recurrence rate
was 31.7% at one and two years of follow-up, respectively, in those patients with A1c levels
over 6.2%, whereas there were no recurrences at one and two years after surgery, when
A1c levels were below 6.2%. Patients with A1c values >6.2% have an increased risk for
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presenting tumoral recurrences after 24 months of follow-up (RR 62.9; CI95% (24.6–133.9);
p < 0.001) (Table 6 and Figure 2).

Table 6. Distribution of patients with recurrence depending on A1c levels two years after surgery.

n = 228 A1c > 6.2% A1c < 6.2%

Recurrence 13 0
Disease free 28 187
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Fasting glucose levels within patients presenting recurrence tends to be higher than in
disease-free patients (128.1 ± 24.3 mg/dL vs. 106.9 ± 21.2 mg/dL; p = 0.09).

Significant correlations between the rest of the nutritional parameters and a glycemic
profile with a recurrence rate could not be observed.

4. Discussion

Nutritional status has been associated with the oncologic outcome in diverse neo-
plasms. These are mostly related to the immunologic and inflammatory response. The
ability of tumoral cells for local invasion and development of distal metastases depend
on the intrinsic features of neoplastic cells and the adjacent environment [8]. The altered
phenotype of tumoral cells together with the tissue destruction they cause stimulate the
inflammatory response in the adjacent parenchyma. This inflammatory reaction implies a
great expenditure of energy and leads to the development of a systemic catabolic status to
increase the availability of glucose and other energetic precursors [9].

Malnutrition is often a consequence of the constitutional syndrome associated with
malignant neoplasms. Thus, patients present malnutrition in any degree quite frequently
at the time of diagnosis. Therefore, a nutritional evaluation is mandatory before setting
the indication for surgical treatment and nutritional optimization is recommended prior to
the operation [10]. There is increasing evidence that malnutrition is associated with lower
survival rates in diverse neoplasms [11–13]. Despite most studies including all tumoral
stages in their survival analysis, it has been also demonstrated that malnutrition hinders
the oncologic outcome even in early stages of gastrointestinal tumors [14].

Serum proteins are an indirect marker of the nutritional status of the patients. Their
determination is easy and widely available in routine clinical practice. Albumin is the main
component of serum proteins, and it is considered a prognostic indicator for major surgery
and oncologic outcome after diverse neoplasms [15–17]. Low albumin levels in oncologic
disease might be secondary to the intense systemic inflammatory response syndrome,
which requires an increased synthesis of acute-phase proteins, reducing the synthesis of
other proteins, such as albumin. When this process lasts for a long period of time, this leads
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to a protein depletion in all of the organisms, which reduces the immunologic resistance
and contributes to early death [17].

In the present study, we observed a correlation between preoperative total protein
levels below 6.2 g/dL and disease recurrence. Curiously, we established a cut-off point
at a protein level within the normal range. However, it has been widely demonstrated
that preoperative normo-nourished patients can develop undernutrition during the post-
operative course, secondary to the inflammatory response to the surgical damage and a
delay in the reintroduction of oral nutrition [18]. Therefore, the actual recommendations of
perioperative care within Enhanced Recovery After Surgery protocols consider an eventual
indication of preoperative oral supplementation in normo-nourished patients undergoing
colorectal surgery, in order to reduce postoperative complications and a certain degree of
immunologic deficiency associated with the postoperative decrease of serum proteins [19].

In our study, we also observed that patients with preoperative A1c levels over 6.2%
present a 2.3 times higher risk of tumoral recurrence 24 months after surgery. Despite
the fact that we failed to demonstrate significantly different levels in fasting glucosa, the
patients with recurrence tend to show more elevated glucosa levels. In conclusion, diabetic
patients are more prone to show tumoral recurrence of early colorectal cancer.

Type 2 diabetes is characterized by an insulin resistence and hiperinsulinemia. Diverse
in vitro and in vivo studies have shown that insulin and Insulin-like Growth Factor (IGF-1)
have mitogenic effects on colorectal cancer cells, stimulating cell proliferation and inhibit-
ing apoptosis [20–22]. In addition, epidemiological studies have determined a positive
association between insulin and C peptide with an increased risk of colorectal cancer [23].
Moreover, the hyperglycemia itself also promotes carcinogenesis, as glycolysis is an es-
sential step for the energetic metabolism of the tumor, generating oxidative stress [24–26].
Several cohort studies have correlated elevated serum glucosa levels with an increased risk
of developing different neoplasms [27–29].

Though this is the first study reporting associations between A1c and oncologic
outcome in patients with early colorectal cancer, hyperglycemia and the diagnosis of
diabetes mellitus have been involved with a certain immunosupression status, which may
favor a tumoral progression [28]. In addition, uncontrolled hyperglycemia is a risk factor
for surgical complications, mostly infectious ones. The development of complications has
also been related with a progression of the disease. Consequently, it seems to be advisable
to optimize the control of diabetes preoperatively, but also to establish strict control after
surgery [30,31].

One of the main limitations of the present study is the small number of relapses, which
makes the interpretation and extrapolation of the results difficult. Additional studies and
multiple centers and with greater sample size are necessary to confirm our results.

5. Conclusions

Total protein levels below 6.2 g/dL and A1c values over 6.2% are associated with
increased recurrence risk in early colorectal cancer. Further studies must evaluate if
a preoperative optimization of these parameters would have a positive impact on the
oncologic outcome.

Author Contributions: Conceptualization, M.-J.C. (María-José Castro), J.-M.J. and J.R.-T.; methodol-
ogy, J.-M.J. and J.R.-T.; research validation and supervision J.R.-T.; resources, M.L., M.-J.C. (María-José
Cao); data curation, M.-J.C. (María-José Castro), J.-M.J. and J.R.-T.; writing—original draft prepara-
tion, M.-J.C. (María-José Castro), J.-M.J., M.L., M.-J.C. (María-José Cao), J.S.-T., A.L., A.M., and J.R.-T.;
writing—review and editing, M.-J.C. (María-José Castro), J.-M.J., M.L., M.-J.C. (María-José Cao), J.S.-
T., A.L., A.M., and J.R.-T.; visualization, M.-J.C. (María-José Castro), J.-M.J., M.L., M.-J.C. (María-José
Cao), J.S.-T., A.L., A.M., and J.R.-T. All authors have contributed to the project development. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Nutrients 2021, 13, 711 7 of 8

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the University of Valladolid Institutional Review Board
and the Ethics Committee of the Faculty of Nursing (I.D: 2019/JRT28).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Siegel, R.; Desantis, C.; Jemal, A. Colorectal cancer statistics, 2014. CA Cancer J. Clin. 2014, 64, 104–117. [CrossRef] [PubMed]
2. Martínez-Garcia, C.; Peris-Bonet, R.; Sanchez-Perez, M. Epidemiología descriptiva del cáncer en España. In Libro Blanco de

Oncología en España; FESEO Ergon: Madrid, Spain, 2002.
3. Gil-Bazo, I.; Páramo, J.A.; García-Foncillas, J. New prognostic and predictive factors in advanced colorectal cancer. Med. Clin.

2006, 126, 541–548. [CrossRef] [PubMed]
4. Dekker, E.; Tanis, P.J.; Vleugels, J.L.A.; Kasi, P.M.; Wallace, M.B. Colorectal cancer. Lancet 2019, 394, 1467–1480. [CrossRef]
5. Sun, L.C.; Chu, K.S.; Cheng, S.C.; Lu, C.Y.; Kuo, C.H.; Hsieh, J.S.; Shih, Y.L.; Chang, S.J.; Wang, J.Y. Preoperative serum

carcinoembryonic antigen, albumin and age are supplementary to UICC staging systems in predicting survival for colorectal
cancer patients undergoing surgical treatment. BMC Cancer 2009, 9, 288. [CrossRef] [PubMed]

6. Muscaritoli, M.; Arends, J.; Aapro, M. From guidelines to clinical practice: A roadmap for oncologists for nutrition therapy for
cancer patients. Ther. Adv. Med. Oncol. 2019, 11, 1758835919880084. [CrossRef]

7. Mueller, C.; Compher, C.; Ellen, D.M. American Society for Parenteral and Enteral Nutrition (ASPEN) Board of Directors ASPEN
clinical guidelines: Nutrition screening, assessment, and intervention in adults. JPEN J. Parenter. Enteral. Nutr. 2011, 35, 16–24.
[CrossRef]

8. Benson, A.B., 3rd; Schrag, D.; Somerfield, M.R.; Cohen, A.M.; Figueredo, A.T.; Flynn, P.J.; Krzyzanowska, M.K.; Maroun, J.;
McAllister, P.; Van Cutsem, E.; et al. American Society of Clinical Oncology recommendations on adjuvant chemotherapy for
stage II colon cancer. J. Clin. Oncol. 2004, 22, 3408–3419. [CrossRef]

9. McMillan, D.C.; Canna, K.; McArdle, C.S. Systemic inflammatory response predicts survival following curative resection of
colorectal cancer. Br. J. Surg. 2003, 90, 215–219. [CrossRef]

10. Reece, L.; Hogan, S.; Allman-Farinelli, M.; Carey, S. Oral nutrition interventions in patients undergoing gastrointestinal surgery
for cancer: A systematic literature review. Support. Care Cancer 2020, 28, 5673–5691. [CrossRef]

11. Ho, S.Y.; Guo, H.R.; Chen, H.H.; Peng, C.J. Nutritional predictors of survival in terminally ill cancer patients. J. Formos Med. Assoc.
2003, 102, 544–550.

12. Dewys, W.D.; Begg, C.; Lavin, P.T.; Band, P.R.; Bennett, J.M.; Bertino, J.R.; Cohen, M.H.; Douglass, H.O., Jr.; Engstrom, P.F.; Ezdinli,
E.Z.; et al. Prognostic effect of weight loss prior to chemotherapy in cancer patients. Eastern Cooperative Oncology Group. Am. J.
Med. 1980, 69, 491–497. [CrossRef]

13. Gupta, D.; Lis, C.G. Pretreatment serum albumin as a predictor of cancer survival: A systematic review of the epidemiological
literature. Nutr. J. 2010, 9, 69. [CrossRef]

14. Jankowski, M.; Las-Jankowska, M.; Sousak, M.; Zegarski, W. Contemporary enteral and parenteral nutrition before surgery for
gastrointestinal cancers: A literature review. World J. Surg. Oncol. 2018, 16, 94. [CrossRef]

15. Delmore, G. Assessment of nutritional status in cancer patients: Widely neglected? Support. Care Cancer 1997, 5, 376–380.
[CrossRef] [PubMed]

16. McMillan, D.C.; Watson, W.S.; O’Gorman, P.; Preston, T.; Scott, H.R.; McArdle, C.S. Albumin concentrations are primarily
determined by the body cell mass and the systemic inflammatory response in cancer patients with weight loss. Nutr. Cancer 2001,
39, 210–213. [CrossRef]

17. Siddiqui, A.; Heinzerling, J.; Livingston, E.H.; Huerta, S. Predictors of early mortality in veteran patients with pancreatic cancer.
Am. J. Surg. 2007, 194, 362–366. [CrossRef]

18. Williams, D.G.A.; Ohnuma, T.; Krishnamoorthy, V.; Raghunathan, K.; Sulo, S.; Cassady, B.A.; Hegazi, R.; Wischmeyer, P.E. Impact
of early postoperative oral nutritional supplement utilization on clinical outcomes in colorectal surgery. Perioper Med. 2020, 9, 29.
[CrossRef]

19. Gustafsson, U.O.; Scott, M.J.; Hubner, M.; Nygren, J.; Demartines, N.; Francis, N.; Rockall, T.A.; Young-Fadok, T.M.; Hill, A.G.;
Soop, M.; et al. Guidelines for Perioperative Care in Elective Colorectal Surgery: Enhanced Recovery After Surgery (ERAS(®))
Society Recommendations: 2018. World J. Surg. 2019, 43, 659–695. [CrossRef]

20. Leitner, J.W.; Kline, T.; Carel, K.; Goalstone, M.; Draznin, B. Hyperinsulinemia potentiates activation of p21Ras by growth factors.
Endocrinology 1997, 138, 2211–2214. [CrossRef] [PubMed]

21. Corpet, D.E.; Jacquinet, C.; Peiffer, G.; Taché, S. Insulin injections promote the growth of aberrant crypt foci in the colon of rats.
Nutr. Cancer 1997, 27, 316–320. [CrossRef] [PubMed]

22. Koohestani, N.; Tran, T.T.; Lee, W.; Wolever, T.M.; Bruce, W.R. Insulin resistance and promotion of aberrant crypt foci in the
colons of rats on a high-fat diet. Nutr. Cancer 1997, 29, 69–76. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21220
http://www.ncbi.nlm.nih.gov/pubmed/24639052
http://doi.org/10.1157/13087141
http://www.ncbi.nlm.nih.gov/pubmed/16756907
http://doi.org/10.1016/S0140-6736(19)32319-0
http://doi.org/10.1186/1471-2407-9-288
http://www.ncbi.nlm.nih.gov/pubmed/19691850
http://doi.org/10.1177/1758835919880084
http://doi.org/10.1177/0148607110389335
http://doi.org/10.1200/JCO.2004.05.063
http://doi.org/10.1002/bjs.4038
http://doi.org/10.1007/s00520-020-05673-w
http://doi.org/10.1016/S0149-2918(05)80001-3
http://doi.org/10.1186/1475-2891-9-69
http://doi.org/10.1186/s12957-018-1393-7
http://doi.org/10.1007/s005200050095
http://www.ncbi.nlm.nih.gov/pubmed/9322349
http://doi.org/10.1207/S15327914nc392_8
http://doi.org/10.1016/j.amjsurg.2007.02.007
http://doi.org/10.1186/s13741-020-00160-6
http://doi.org/10.1007/s00268-018-4844-y
http://doi.org/10.1210/endo.138.5.5240
http://www.ncbi.nlm.nih.gov/pubmed/9112423
http://doi.org/10.1080/01635589709514543
http://www.ncbi.nlm.nih.gov/pubmed/9101563
http://doi.org/10.1080/01635589709514604
http://www.ncbi.nlm.nih.gov/pubmed/9383787


Nutrients 2021, 13, 711 8 of 8

23. Kaaks, R.; Toniolo, P.; Akhmedkhanov, A.; Lukanova, A.; Biessy, C.; Dechaud, H.; Rinaldi, S.; Zeleniuch-Jacquotte, A.; Shore, R.E.;
Riboli, E. Serum C-peptide, insulin-like growth factor (IGF)-I, IGF-binding proteins, and colorectal cancer risk in women. J. Natl.
Cancer Inst. 2000, 92, 1592–1600. [CrossRef]

24. Airley, R.E.; Mobasheri, A. Hypoxic regulation of glucose transport, anaerobic metabolism and angiogenesis in cancer: Novel
pathways and targets for anticancer therapeutics. Chemotherapy 2007, 53, 233–256. [CrossRef] [PubMed]

25. Moreno-Sánchez, R.; Rodríguez-Enríquez, S.; Marín-Hernández, A.; Saavedra, E. Energy metabolism in tumor cells. Febs. J. 2007,
274, 1393–1418. [CrossRef] [PubMed]

26. Schulze, P.C.; Yoshioka, J.; Takahashi, T.; He, Z.; King, G.L.; Lee, R.T. Hyperglycemia promotes oxidative stress through inhibition
of thioredoxin function by thioredoxin-interacting protein. J. Biol. Chem. 2004, 279, 30369–30374. [CrossRef]

27. Seow, A.; Yuan, J.M.; Koh, W.P.; Lee, H.P.; Yu, M.C. Diabetes mellitus and risk of colorectal cancer in the Singapore Chinese Health
Study. J. Natl. Cancer Inst. 2006, 98, 135–138. [CrossRef]

28. Jee, S.H.; Ohrr, H.; Sull, J.W.; Yun, J.E.; Ji, M.; Samet, J.M. Fasting serum glucose level and cancer risk in Korean men and women.
JAMA 2005, 293, 194–202. [CrossRef]

29. Stocks, T.; Rapp, K.; Bjørge, T.; Manjer, J.; Ulmer, H.; Selmer, R.; Lukanova, A.; Johansen, D.; Concin, H.; Tretli, S.; et al. Blood
glucose and risk of incident and fatal cancer in the metabolic syndrome and cancer project (me-can): Analysis of six prospective
cohorts. PLoS Med. 2009, 6, e1000201. [CrossRef]

30. Hensley, B.J.; Cooney, R.N.; Hellenthal, N.J.; Aquina, C.T.; Noyes, K.; Monson, J.R.; Kelly, K.N.; Fleming, F.J. Readmissions After
Colectomy: The Upstate New York Surgical Quality Initiative Experience. Dis. Colon. Rectum. 2016, 59, 419–425. [CrossRef]

31. Gamboa, A.C.; Lee, R.M.; Turgeon, M.K.; Varlamos, C.; Regenbogen, S.E.; Hrebinko, K.A.; Holder-Murray, J.; Wiseman, J.T.; Ejaz,
A.; Feng, M.P.; et al. Impact of Postoperative Complications on Oncologic Outcomes After Rectal Cancer Surgery: An Analysis of
the US Rectal Cancer Consortium. Ann. Surg. Oncol. 2020. [CrossRef]

http://doi.org/10.1093/jnci/92.19.1592
http://doi.org/10.1159/000104457
http://www.ncbi.nlm.nih.gov/pubmed/17595539
http://doi.org/10.1111/j.1742-4658.2007.05686.x
http://www.ncbi.nlm.nih.gov/pubmed/17302740
http://doi.org/10.1074/jbc.M400549200
http://doi.org/10.1093/jnci/djj015
http://doi.org/10.1001/jama.293.2.194
http://doi.org/10.1371/journal.pmed.1000201
http://doi.org/10.1097/DCR.0000000000000566
http://doi.org/10.1245/s10434-020-08976-8

	Introduction 
	Materials and Methods 
	Results 
	Histological Examination 
	Follow-Up 
	Correlation between Analytical Parameters and Recurrence 
	Total Proteins 
	Glycated Hemoglobin (A1c) 

	Discussion 
	Conclusions 
	References

