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Abstract

:

Chronic inflammation is demonstrated to play a direct role in carcinogenesis. Our exploratory study aimed to assess the potential added value of two inflammation biomarkers, chitotriosidase and neopterin, in follow-up evaluation of patients with colorectal cancer (CRC). An observational exploratory study was conducted. Patients with CRC and matched controls (1:1, age, sex, and living environment) were evaluated. The patients with CRC (CRC group) and controls were assessed at baseline (before surgical intervention for patients with CRC). Patients with CRC were also evaluated at 1-year follow-up. Significantly more patients with blood group A (54.5% vs. 25.0%) and smokers (50.0% vs. 22.7%) were in the CRC group. The serum values of chitotriosidase and neopterin were higher in CRC patients than in controls, but only neopterin reached the conventional level of statistical significance (p-value = 0.015). The circulating chitotriosidase and neopterin values decreased significantly at 1-year follow-up (p-value < 0.0001). Patients with higher N- and M-stage showed statistically significant higher levels of chitotriosidase and neopterin at baseline and 1-year follow-up (p-values < 0.03). Circulating chitotriosidase levels also showed statistically significant differences regarding baseline and 1-year follow-up on patients with CRC and different differentiation grades (p-values < 0.02). The circulating levels of neopterin significantly decreased at 1-year follow-up, indicating its potential as a prognostic marker. The circulating values of chitotriosidase and neopterin exhibit significant differences in patients with than without recurrences. Our results support further evaluation of chitotriosidase and neopterin as prognostic markers in patients with CRC.
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1. Introduction


Colorectal cancer (CRC) is the third most common type of cancer worldwide, 3rd most common in men, and 2nd most in women [1]. Colorectal cancer was responsible in 2020 for 12.7% of all new cancer diagnoses in 27 European Countries and 12.4% of all deaths due to cancer [1].



Tumor development and tumor progression are associated with chronic inflammation, impaired immunity, and cellular activation [2,3]. Moreover, in a mutual and continuous exchange of information, tumor cells are exposed to microenvironment transformation [4]. The presence of lymphocyte cells is noticed at the microscopic level, with tumor-associated macrophage cells as a significant component of tumor infiltrates [5]. Tumor-associated macrophage cells are involved in tumor progression by stimulating angiogenesis, tumor proliferation, invasion, and metastasis [6]. Colonization of the gut with proinflammatory bacterial strains, interpreted as dysbiosis, promotes chronic inflammation. Furthermore, the interaction between the intestinal microbiome and the immune system acts as aggressive elements on the gut mucosa, thus increasing the risk of dysplasia and consecutive carcinogenesis [7,8,9].



Neopterin is a direct product of the immune system activation, stimulated by the T-cell’s release of interferon-γ, which also induces indoleamine 2,3-dioxygenase, an enzyme involved in the catabolism of tryptophan to kynurenine [10]. Neopterin is the oxidized form of 7,8-dihydroneopterin, a catabolite of the purine nucleotide guanosine triphosphate—GPT [11]. The effects of neopterin are not yet fully elucidated. Still, studies indicated a link between neopterin and oxidative stress, with the formation of reactive oxygen species [12] known to play an essential role in the initiation, proliferation, and development of cancer cells by maintaining their survival [13]. The serum values of neopterin showed limited performance as a marker for CRC compared to CEA (CarcinoEmbryonic Antigen), TPA (tissue plasminogen activator), and CA 19/9 (cancer antigen 19-9) [14]. However, patients with CRC showed significantly elevated neopterin levels (median = 20.2 nmol/L, IQR = [14.2 to 27.2], where IQR is the interquartile range) than controls (median = 19.6 nmol/L, IQR = [15.4 to 24.2]; p-value < 0.001) [15]. Furthermore, Zuo et al. [16] reported that subjects with elevated serum neopterin levels are at higher risk of developing colorectal cancer (hazard ratio = 1.09, 95% CI = [1.03 to 1.16], p = 0.007; value adjusted for age, sex, body mass index, smoking status, and renal function).



Chitotriosidase, an enzyme produced by polymorphonuclear neutrophils and mature macrophages in their late differentiation state [17], is encoded by the CHIT1 gene on chromosome 1q32.1 [18]. It is a well-conserved enzyme that catalyzes the hydrolysis of chitin and chitin-like substrates [19], aiding the destruction of chitotriose-walled pathogens and, thus, promoting innate immunity [20]. The enzyme is closely related to macrophage and neutrophilic activation. Chitotriosidase serum levels had higher values in patients with critical limb ischemia [21], diabetes mellitus [22], lysosomal storage disorders [23], overweight and obesity in children [24], breast or prostate cancer [20], and pulmonary diseases [25,26]. Patients with CRC had higher levels of chitinase (median = 21.13 ng/μL, IQR = (17.35–26.16)) than healthy controls (median = 17.21 ng/μL, IQR = (15.39–21.27); p < 0.0001) [27]. Furthermore, metastasis was associated with higher chitinase levels in colorectal cancer patients. Kawada et al. [28] reported significantly (p-value < 0.05) higher plasma levels of CHI3L1 (chitinase 3-like 1), another member of the family of chitinases, in patients with CRC (n = 31) than in controls (n = 12), the higher values being associated with TNM (T = tumor, N = nodes, and M = metastases) stage III/IV [28].



We hypothesize that circulating levels of chitotriosidase and neopterin, as biomarkers of inflammation, might change in patients with colorectal cancer after surgery, followed by oncological treatment or not. The objectives of the current study were to assess: (i) the variability of circulating chitotriosidase and neopterin in patients with CRC as compared to controls; (ii) the changes of circulating values of chitotriosidase and neopterin after standard treatment in patients with CRC; (iii) the association of chitotriosidase and neopterin plasma levels with current CRC markers.




2. Materials and Methods


The study was conducted according to the ethical principles of the Declaration of Helsinki. All patients signed informed written consent at inclusion in the study after an appropriate presentation of study objectives and highlighting the volunteer participation and the right to withdraw without consequences upon the medical care.



2.1. Study Design


An exploratory observational study was conducted at Third Surgical Clinic, “Prof. Dr. Octavian Fodor” Regional Institute of Gastroenterology and Hepatology Cluj-Napoca, Romania. Two groups of subjects were evaluated: the CRC group, which included patients with a diagnosis of CRC based on a colonoscopy with a positive adenocarcinoma diagnosis at biopsy, and the control group (C group), which included matched (1:1) CRC-free subjects (Figure 1). The stage of CRC was established according to contrast-enhanced Computer Tomography (CT) scan, Contrast Enhanced Ultrasound (CEUS), or Magnetic Resonance Imaging (MRI) [29].




2.2. Demographic and Clinical Characteristics


Age, sex, location, and lifestyle (smoking status and alcohol consumption) data were collected as demographic variables. Data regarding body mass index (BMI) and blood type, known risk factors for CRC [30,31], were used to characterize the subjects included in the study.




2.3. Measurement of Circulating Biomarkers


Peripheral venous blood samples were collected from participants at the inclusion, and the circulating markers were dosed (Figure 1). Blood samples were centrifuged within less than 45 min from the collection to obtain 1.5 mL of serum, which was later frozen and stored at −80 °C. The biochemical dosages of the inflammation markers (chitotriosidase and neopterin) took place using the Human Neopterin ELISA kit Fine Test® (EH3413, Wuhan Fine Biotech Co., Wuhan, China) and Human CHIT1 (Chitotriosidase-1) ELISA kit Elabscience® (E-EL-H5620, Elabscience Biotechnology Inc, Houston, TX, USA), according to the manufacturer’s instructions.



To quantify C-Reactive Protein (CRP), particles with a polystyrene core and a hydrophilic shell are employed to connect anti-CRP antibodies covalently. A diluted test sample solution is combined with latex particles coated with monoclonal anti-CRP antibodies from mice. The CRP present in the test sample will combine with latex particles to produce an antigen-antibody complex. Light scattering, determined by a nephelometric technique after six minutes, is proportional to the sample’s analyte concentration. A blank subtraction is executed automatically, and the CRP concentrations are calculated using a calibration curve. Signal data reduction is conducted using a logit-log function for the stored calibration curve. For quantitative CRP determination, these experiments were done using a Behring Nephelometer.



The concentration of CarcinoEmbryonic Antigen (CEA) was measured using a semi-quantitative fluorescence approach. Establishing a CEA Standard Curve CEA antigen samples of varying concentrations were sequentially added and treated with tagged primary antibodies and fluorescence-labeled secondary antibodies. The microfluidic device was spun in a horizontal centrifuge for 150 s at 2500 rpm. Simultaneously, fluorescence pictures were captured using a microscope with an exposure period of 3.5 s. ImageJ software was used to build a standard curve between the concentration of CEA and the matching fluorescence intensity from the fluorescence pictures. Bovine serum albumin (BSA) blocked bead–antibody complexes, labeled primary antibodies, and fluorescence-labeled secondary antibodies were introduced to the microfluidic centrifuge system and incubated at room temperature for 2 h. Then, clinical blood samples obtained from healthy and cancer patients were then put into the centrifuge chip and spun for 2.5 min at 2500 rpm. After acquiring fluorescence pictures using a fluorescence microscope and processing them with the ImageJ program, the standard concentration curve was used to calculate the experimental CEA concentrations.



Measurements of CRP (C-Reactive Protein) and CEA (CarcinoEmbryonic Antigen) were made with COBAS PRO C 503/E801 (Roche Diagnostics International Ltd., Rotkreuz, Switzerland).



Circulating markers of patients with CRC were measured at the 1-year follow-up visit. Furthermore, the events that occurred between the surgery and the 1-year follow-up were collected: adjuvant chemotherapy/radiation/biological treatment, tumor recurrence, newly diagnosed metastasis, and vital status (dead/alive).




2.4. Statistical Methods


Qualitative raw data were reported as numbers and ratios or percentages, and the differences between groups were tested with the Chi-squared or Fisher’s exact test according to expected frequencies. The distribution of quantitative data was tested with the Shapiro-Wilk test and reported as mean (standard deviation) whenever p-value > 0.05, or median IQR (interquartile range, defined as [Q1 to Q3], where Q1 is the value of the first quartile and Q3 is the value of the third quartile). The differences between groups (CRC group vs. C group) on quantitative data were tested with a Student t-test for data that proved to follow the normal distribution; otherwise, the Mann-Whitney test was used. The Kruskal-Wallis test was used to compare more than two sub-groups at once (e.g., T-stage, G grade, etc.) followed by post-hoc analysis whenever statistical significance was observed and more than three subjects per sub-group were encountered. Wilcoxon matched pairs test was applied to compare the baseline with follow-up quantitative data in the CRC group.



The exploratory statistical analysis was run with the TIBCO Statistica program (v. 13.5, StatSoft Inc, Tusla, OK, USA) at a significance level of 5%.





3. Results


Fifty-nine patients with CRC were eligible, and 44 patients were evaluated. Fifteen patients were lost from postoperative follow-up and thus were excluded from the study.



3.1. Colorectal Cancer Group vs. Control Group


Forty-four patients with CRC and an equal number of cancer-free subjects aged between 31 and 86 years were evaluated.



Most evaluated subjects were men (29, 65.9%), and a small number of participants were from rural areas (16 subjects, 36.4%) in each group. The groups were similar regarding age, declared alcohol consumption, and body mass index (BMI) (Table 1). The colorectal cancer group contains significantly more smokers and patients with blood type AII (Table 1).



Twenty-two subjects in the CRC group were smokers, out of which 5 (5/22) were light smokers, 8 (8/22) were moderate smokers, and 9 (9/22) were heavy smokers. Ten subjects in the C group were smokers: 1 (1/10) light smoker, 3 (3/10) moderate smokers, and 6 (6/10) heavy smokers. No significant association was observed between smoking status (light, moderate, or heavy smokers) and the groups (Fisher’s exact test: p-value = 0.6495).



The values of CRP and neopterin were significantly higher in the CRC group than in the C group (Table 2 and Figure 2).



The circulating value of chitotriosidase and neopterin showed no significant differences when smokers were compared with non-smokers, neither in the CRC group (Mann-Whitney test: p-value = 0.9626 for chitotriosidase and 0.6221 for neopterin) nor in C group (Mann-Whitney test: p-value = 0.9219 for chitotriosidase and 0.2686 for neopterin).




3.2. Patients with Colorectal Cancer: Pre- and Postoperative Comparison


Most tumors in the colorectal cancer group were moderately differentiated grade G2 and metastasis-free (Table 3).



A total of two patients from the colorectal cancer group (T4 stage) died after discharge during the postoperative follow-up. Therefore, the number of patients in the follow-up comparison was 42.



The values of CEA significantly reduced at follow-up in patients without recurrent metastasis (Table 4). The serum values of CRP at 1-year follow-up were not statistically significant different from the baseline (Table 4).



Thirty-two out of forty-two patients (76.2%) received adjuvant chemotherapy. Twenty-five patients received neoadjuvant radiotherapy (56.8%), 28 received chemotherapy (63.6%), and six patients (13.9%) received biological treatment. The hospitalization stays ranged from 6 to 24 days (median = 9, IQR = [7 to 11]). Tumor recurrence was observed in 8 patients (19%), and metastasis in evolution was observed in 10 patients (23.8%).



The values of chitotriosidase and neopterin decreased significantly at follow-up (Figure 3). The circulating values of neopterin remain significantly reduced at 1-year follow-up after excluding extreme values (Wilcoxon matched pairs test: p-value < 0.0001).



Neopterin proved to be sensitive in distinguishing between tumor stages at baseline, N-stage, and M-stage, both baseline and follow-up (Table 5). Similar differences were also observed for chitotriosidase; this marker was also significantly associated with the differentiation grade (Table 5).



The variation of chitotriosidase and neopterin and significant differences within sub-groups are illustrated in Figure 4 and Figure 5.



No statistically significant differences were observed when baseline values were compared with 1-year follow-up values neither for chitotriosidase nor for neopterin in patients with and without neoadjuvant radiotherapy (Mann-Whitney tests: p-values > 0.18) or chemotherapy (Mann-Whitney tests: p-values > 0.28). Patients with biological neoadjuvant therapy exhibit, at the baseline measurements, significantly higher values of chitotriosidase (with 6.7 ng/mL [6.5 to 7.5], n = 6 vs. without 2.5 ng/mL [1.3 to 3.6], n = 37, Mann-Whitney test: p-value = 0.0002) and neopterin (with 9.6 ng/mL [9.5 to 9.6], n = 6 vs. without 2.6 ng/mL [2.2 to 7.8], n = 37, Mann-Whitney test: p-value = 0.0001) than those without biological neoadjuvant therapy.



Patients with tumor recurrence at 1-year follow-up showed statistically significant elevated follow-up chitotriosidase values (with 4.3 ng/mL [4.1 to 4.7], n = 8 vs. without 1.8 ng/mL [0.9 to 4], n = 34; Mann-Whitney test: p-value = 0.0282) and neopterin (with 3.1 ng/mL [2.3 to 6.2], n = 8 vs. without 1.6 ng/mL [1.3 to 2], n = 34, Mann-Whitney test: p-value = 0.0003) than those without recurrence.



A monotonic association has been identified between circulating values of chitotriosidase and CEA at the 1-year follow-up, with a value of 0.30 for Spearman’s correlation coefficient (ρ) (p-value = 0.0496). The association between the two at baseline reached a tendency to statistical significance (ρ = 0.27, p-value = 0.0780).





4. Discussion


Our study showed increased circulating levels of chitotriosidase and neopterin in patients with colorectal cancer compared to cancer-free subjects. Still, the difference reached statistical significance only for neopterin. Chitotriosidase and neopterin showed high and proportional levels in patients with CRC with advanced stages and with the presence of metastasis. At the 1-year follow-up, a statistically significant decrease in neopterin circulating levels was observed, indicating its potential as a prognostic marker.



4.1. Patients with Colorectal Cancer versus Controls


The subjects included in our study were between 31 and 86 years old, with a higher preponderance of men (65.9%) as already reported in the scientific literature [32]. The median age of patients with CRC in our study was 63 years. Studies have shown an increasing trend in incidence towards young ages, between 20 and 40 years, compared to previous reports [33,34], probably due to the screening programs.



In our sample, half of the patients in the CRC group were smokers, almost twice that in the control group (Table 1). The association between smoking and CRC is already known, with a statistically significant pool relative risk of 1.18 (IQR = 1.11 to 1.25) reported by Botteriet al. [35]. Smoking was associated with a poor prognosis in colorectal cancer (pooled estimated relative risk of cancer mortality equal to 1.25, IQR = 1.14 to 1.37) [35]. Quitting smoking improves CRC-specific survival (HR ≥ 10 years = 0.76; 95% CI = [0.67 to 0.85], HR is the hazard ratio) [36].



Obesity and a sedentary lifestyle are associated with the onset of colorectal cancer [37]. In our CRC group, more than half of the patients were obese and had A blood type followed by 0 blood type (Table 1). Similar results were previously published in the scientific literature, with CRC reported more frequently among subjects with A blood type [38], similar to gastric cancer [39].



The value of C-reactive protein was higher in the CRC group than in the control group (p-value < 0.0001), a result similar to what Holm et al. reported [40]. The patients with CRC had higher neopterin and chitotriosidase levels than the controls, but only neopterin reached the significance threshold (Figure 2). Elevated levels of circulating neopterin in patients with CRC compared to controls were previously reported [11,41]. The neopterin circulating levels in our study look higher (Table 2, Figure 2) than the values reported by Hacisevki et al. [41] (CRC group: 4.20 ± 0.68 ng/mL, n = 40 vs. control group: 1.57 ± 0.13 ng/mL, n = 25 in the controls). Circulating chitotriosidase shows similar values in CRC patients than controls (Table 2, Figure 2). Opposite to our results, Song et al. [42] reported higher chitinase values in patients with CRC than in controls in the Chinese population. The characteristics of the evaluated population could explain the differences. In Romania, at least one lipid abnormality is reported as 67.1%, and the prevalence of low HDL-cholesterol is 47.8% (95%CI = [46.3 to 49.2%]) [42]. High neopterin circulating levels have been reported as associated with low HDL-cholesterol levels (high-density lipoprotein) [43].



In our study, circulating values of chitotriosidase and neopterin proved similar in smokers and non-smokers regardless of the group (CRC or C group). As previously reported, smoking is not a confounder [21,22]. In neoplastic patients, the inflammation effect induced by exposure to nicotine could be masked by tumor-associated chronic inflammation.




4.2. Changes of Evaluate Biomarkers at 1-Year Follow-Up in Patients with Colorectal Cancer


Chitotriosidase and neopterin circulating values decreased at 1-year follow-up (p-value < 0.002, Figure 3), showing the effect of tumor removal on these markers. The decreased levels of these biomarkers could also be explained by the systemic treatment (76.2% of the patients have undergone adjuvant chemotherapy and one patient, radiotherapy), which, combined with surgery, is expected to improve the survival rates. However, 19% of our patients with CRC exhibited tumor recurrence, and 23.8% had metastases (mainly liver, peritoneal, or bone). Li et al. [18] reported on the Chinese population based on SNP analysis that variants rs61745299 and rs35920428 in the CHIT1 gene that encode enzyme chitotriosidase are associated with the risk of CRC.



The circulating values of CEA and CRP are associated with TNM stages, differentiation grade, presence of metastasis, and complications (Table 4). The changes in CEA and CRP circulating values 1 year after surgery (Table 4) suggest a decrease in tumor burden after surgery [44]. Similarly, circulating values of chitotriosidase and neopterin were significantly altered in association with tumor status at baseline and 1-year follow-up (Table 5, Figure 4 and Figure 5). Until now, studies have focused only on the difference between specific gene mutations and tumor status [45]. Thus, the results of our study shed light on possible, more cost-effective, and faster ways to predict the evolution of the tumor in patients with colorectal cancer.



Our results show that the postoperative trend of circulating chitotriosidase levels follows the carcinoembryonic antigen in a statistically significant monotonic moderate but statistically significant association. This result suggests the possible usefulness of this biomarker in evaluating disease progression, with increased levels compared to baseline in the presence of recurrence or metastasis. Moreover, this association implies that chitotriosidase could be used as a substitute biomarker in CEA non-secreting adenocarcinomas.




4.3. Study Limitations and Further Research


Several limitations of our study must be listed. The main limitations are related to the applied study design, which takes the causality analysis out of the discussion. In our study, the higher percentage of smokers in the CRC group compared to the control group is reflected in the inflammatory status of patients with CRC and the levels of evaluated biomarkers. So, the circulating levels of chitotriosidase and neopterin could not be solely attributed to colorectal cancer, similar to other tumor markers used in daily healthcare practice. However, the changes in the dynamic of the circulating levels of chitotriosidase and neopterin (pre- and post-surgery) support the possible use of these serum markers in the postoperative follow-up of patients with colorectal cancer. Furthermore, the number of evaluated patients is small, and the number of patients lost from observation is higher than expected and estimated. The overlap of our study with the COVID-19 pandemic, which limited access of patients with neoplasms to hospitals, could explain the high percentage of patients lost from follow-up. According to these limitations, the generalizability of the results is not possible. However, considering lipid profile and therapeutic schemas, our results support an extensive evaluation of chitotriosidase and neopterin circulating values as pre- and post-surgery markers. More comprehensive and controlled studies are needed to appropriately link the assessment of these biomarkers with patients’ and tumors’ characteristics. Furthermore, evaluating tissue chitotriosidase and neopterin levels could bring more insights into the effectiveness of these markers in assessing patients with colorectal cancer.





5. Conclusions


Our study showed the value of circulating chitotriosidase and neopterin levels in distinguishing T-, N-, and M-stage before surgical treatment, with higher performances of chitotriosidase regarding differentiation grade. We observed an association between tumor recurrence or metastasis and high levels of circulating neopterin and chitotriosidase, with a counterbalance of significantly lower levels in patients with good evolution after surgery. The postoperative trend of circulating chitotriosidase levels follows the carcinoembryonic antigen in a statistically significant monotonic moderate but statistically significant association. This association supports further evaluation of chitotriosidase as a substitute biomarker in CEA non-secreting adenocarcinomas.
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Conflicts of Interest


The authors declare no conflict of interest.




References


	



European Cancer Information System. Colorectal Cancer Burden in EU-27 [Online]. Available online: https://ecis.jrc.ec.europa.eu/ (accessed on 27 January 2023).

	



Balkwill, F.; Mantovani, A. Inflammation and cancer: Back to Virchow? Lancet 2001, 357, 539–545. [Google Scholar] [CrossRef]

	



Zhang, F.; Qiao, S. Research progress on the relationship between inflammation and colorectal cancer. Ann. Gastroent. Surg. 2022, 6, 204–211. [Google Scholar] [CrossRef] [PubMed]

	



Cătană, C.S.; Pichler, M.; Giannelli, G.; Mader, R.M.; Berindan-Neagoe, I. Non-coding RNAs, the Trojan horse in two-way communication between tumor and stroma in colorectal and hepatocellular carcinoma. Oncotarget 2017, 8, 29519–29534. [Google Scholar] [CrossRef] [PubMed]

	



Balkwill, F.; Coussens, L.M. Cancer: An inflammatory link. Nature 2004, 431, 405–406. [Google Scholar] [CrossRef]

	



Siveen, K.S.; Kuttan, G. Role of macrophages in tumour progression. Immunol. Lett. 2009, 123, 97–102. [Google Scholar] [CrossRef]

	



Kelly, D.; Yang, L.; Pei, Z. Gut Microbiota, Fusobacteria, and Colorectal Cancer. Diseases 2018, 6, 109. [Google Scholar] [CrossRef] [PubMed]

	



Alhinai, E.A.; Walton, G.E.; Commane, D.M. The Role of the Gut Microbiota in Colorectal Cancer Causation. Int. J. Mol. Sci. 2019, 20, 5295. [Google Scholar] [CrossRef]

	



Tuomisto, A.E.; Mäkinen, M.J.; Väyrynen, J.P. Systemic inflammation in colorectal cancer: Underlying factors, effects, and prognostic significance. World J. Gastroenterol. 2019, 25, 4383–4404. [Google Scholar] [CrossRef]

	



Ünüvar, S.; Erge, D.; Kılıçarslan, B.; Gözükara, B.; Çatal, F.; Girgin, G.; Baydar, T. Neopterin Levels and Indoleamine 2,3-Dioxygenase Activity as Biomarkers of Immune System Activation and Childhood Allergic Diseases. Ann. Lab. Med. 2019, 39, 284–290. [Google Scholar] [CrossRef]

	



Gieseg, S.P.; Baxter-Parker, G.; Lindsay, A. Neopterin, Inflammation, and Oxidative Stress: What Could We Be Missing? Antioxidants 2018, 7, 80. [Google Scholar] [CrossRef] [PubMed]

	



Girgin, G.; Sabuncuoglu, S.; Ünal, A.Z.; Baydar, T. Assessment of Antioxidant and Cytotoxic Activity of Known Antioxidants Compared to Neopterin. Proceedings 2017, 1, 1071. [Google Scholar] [CrossRef]

	



Kunter, I.; Najjar, M.; Subasi, Y.; Zabib, N.; Sahin, G. The Effects of Neopterin on the Viability and Motility of Different HCC Cell Lines. Proceedings 2018, 2, 1581. [Google Scholar] [CrossRef]

	



Putzki, H.; Aschern, F.; Henkel, E.; Heymann, H. Neopterin: A tumor marker in colorectal carcinoma? Dis. Colon Rectum 1987, 30, 879–883. [Google Scholar] [CrossRef] [PubMed]

	



Aleksandrova, K.; Chuang, S.C.; Boeing, H.; Zuo, H.; Tell, G.S.; Pischon, T.; Jenab, M.; Bueno-de-Mesquita, B.; Vollset, S.E.; Midttun, Ø.; et al. A prospective study of the immune system activation biomarker neopterin and colorectal cancer risk. J. Natl. Cancer Inst. 2015, 107, djv010. [Google Scholar] [CrossRef]

	



Zuo, H.; Tell, G.S.; Vollset, S.E.; Ueland, P.M.; Nygård, O.; Midttun, Ø.; Meyer, K.; Ulvik, A.; Eussen, S.J. Interferon-γ-induced inflammatory markers and the risk of cancer: The Hordaland Health Study. Cancer 2014, 120, 3370–3377. [Google Scholar] [CrossRef] [PubMed]

	



Van Eijk, M.; van Roomen, C.P.A.A.; Renkema, G.H.; Bussink, A.P.; Andrews, L.; Blommaart, E.F.C.; Sugar, A.; Verhoeven, A.J.; Boot, R.G.; Aerts, J.M. Characterization of human phagocyte-derived chitotriosidase, a component of innate immunity. Int. Immunol. 2005, 17, 1505–1512. [Google Scholar] [CrossRef]

	



Li, F.F.; Yan, P.; Zhao, Z.X.; Liu, Z.; Song, D.W.; Zhao, X.W.; Wang, X.S.; Wang, G.Y.; Liu, S.L. Polymorphisms in the CHIT1 gene: Associations with colorectal cancer. Oncotarget 2016, 7, 39572–39581. [Google Scholar] [CrossRef]

	



Renkema, G.H.; Boot, R.G.; Muijsers, A.O.; Donker-Koopman, W.E.; Aerts, J.M. Purification and characterization of human chitotriosidase, a novel member of the chitinase family of proteins. J. Biol. Chem. 1995, 270, 2198–2202. [Google Scholar] [CrossRef]

	



Thein, M.S.; Kohli, A.; Ram, R.; Ingaramo, M.C.; Jain, A.; Fedarko, N.S. Chitotriosidase, a marker of innate immunity, is elevated in patients with primary breast cancer. Cancer Biomark. 2017, 19, 383–391. [Google Scholar] [CrossRef] [PubMed]

	



Ciocan, R.A.; Drugan, C.; Gherman, C.D.; Cătană, C.S.; Ciocan, A.; Drugan, T.C.; Bolboacă, S.D. Evaluation of Chitotriosidase as a Marker of Inflammatory Status in Critical Limb Ischemia. Ann. Clin. Lab. Sci. 2017, 47, 713–719. [Google Scholar]

	



Cutaș, A.; Drugan, C.; Roman, G.; Rusu, A.; Cătană, C.S.; Achimaș-Cadariu, A.; Drugan, T. Evaluation of Chitotriosidase and Neopterin as Biomarkers of Microvascular Complications in Patients with Type 1 Diabetes Mellitus. Diagnostics 2021, 11, 263. [Google Scholar] [CrossRef] [PubMed]

	



Guo, Y.; He, W.; Boer, A.M.; Wevers, R.A.; de Bruijn, A.M.; Groener, J.E.; Hollak, C.E.; Aerts, J.M.; Galjaard, H.; van Diggelen, O.P. Elevated plasma chitotriosidase activity in various lysosomal storage disorders. J. Inherit. Metab. Dis. 1995, 18, 717–722. [Google Scholar] [CrossRef]

	



Țaranu, I.; Iancu, M.; Lazea, C.; Alkhzouz, C.; Răcătăianu, N.; Cătană, C.S.; Mirea, A.M.; Miclea, D.; Bolboacă, S.D.; Drugan, C. Evaluation of Circulating Chitotriosidase Activity in Children with Obesity. J. Clin. Med. 2022, 11, 3634. [Google Scholar] [CrossRef]

	



Bargagli, E.; Margollicci, M.; Nikiforakis, N.; Luddi, A.; Perrone, A.; Grosso, S.; Rottoli, P. Chitotriosidase activity in the serum of patients with sarcoidosis and pulmonary tuberculosis. Respiration 2007, 74, 548–552. [Google Scholar] [CrossRef]

	



Bennett, D.; Cameli, P.; Lanzarone, N.; Carobene, L.; Bianchi, N.; Fui, A.; Rizzi, L.; Bergantini, L.; Cillis, G.; d’Alessandro, M.; et al. Chitotriosidase: A biomarker of activity and severity in patients with sarcoidosis. Respir. Res. 2020, 21, 6. [Google Scholar] [CrossRef]

	



Song, Z.; Chen, E.; Qian, J.; Xu, J.; Cao, G.; Zhou, W.; Wang, F.; Chen, M.; Xu, D.; Wang, X.; et al. Serum chitinase activity prognosticates metastasis of colorectal cancer. BMC Cancer 2019, 19, 629. [Google Scholar] [CrossRef] [PubMed]

	



Kawada, M.; Seno, H.; Kanda, K.; Nakanishi, Y.; Akitake, R.; Komekado, H.; Kawada, K.; Sakai, Y.; Mizoguchi, E.; Chiba, T. Chitinase 3-like 1 promotes macrophage recruitment and angiogenesis in colorectal cancer. Oncogene 2012, 31, 3111–3123. [Google Scholar] [CrossRef]

	



Hari, D.M.; Leung, A.M.; Lee, J.H.; Sim, M.S.; Vuong, B.; Chiu, C.G.; Bilchik, A.J. AJCC Cancer Staging Manual 7th edition criteria for colon cancer: Do the complex modifications improve prognostic assessment? J. Am. Coll. Surg. 2013, 217, 181–910. [Google Scholar] [CrossRef]

	



Thygesen, L.C.; Grønbaek, M.; Johansen, C.; Fuchs, C.S.; Willett, W.C.; Giovannucci, E. Prospective weight change and colon cancer risk in male US health professionals. Int. J. Cancer 2008, 123, 1160–1165. [Google Scholar] [CrossRef] [PubMed]

	



Khalili, H.; Wolpin, B.M.; Huang, E.S.; Giovannucci, E.L.; Kraft, P.; Fuchs, C.S.; Chan, A.T. ABO blood group and risk of colorectal cancer. Cancer Epidemiol. Biomark. Prev. 2011, 5, 1017–1020. [Google Scholar] [CrossRef]

	



Global Cancer Observatory: Cancer Today. Lyon, France: International Agency for Research on Cancer. Available online: https://gco.iarc.fr/today (accessed on 28 May 2021).

	



SEER*Stat Database: Incidence—SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov 2015 Sub (1973-2013 Varying)—Linked to County Attributes—Total U.S., 1969–2014 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, Surveillance Systems Branch [Internet]; Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) [published November 2015]. Available online: https://seer.cancer.gov/data-software/documentation/seerstat/nov2015/ (accessed on 28 May 2022).

	



Arnold, M.; Sierra, M.S.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global patterns and trends in colorectal cancer incidence and mortality. Gut 2017, 66, 683–691. [Google Scholar] [CrossRef]

	



Botteri, E.; Iodice, S.; Bagnardi, V.; Raimondi, S.; Lowenfels, A.B.; Maisonneuve, P. Smoking and colorectal cancer: A meta-analysis. JAMA 2008, 300, 2765–2778. [Google Scholar] [CrossRef]

	



Ordóñez-Mena, J.M.; Walter, V.; Schöttker, B.; Jenab, M.; O’Doherty, M.G.; Kee, F.; Bueno-de-Mesquita, B.; Peeters, P.H.M.; Stricker, B.H.; Ruiter, R.; et al. Consortium on Health and Ageing: Network of Cohorts in Europe and the United States (CHANCES). Impact of prediagnostic smoking and smoking cessation on colorectal cancer prognosis: A meta-analysis of individual patient data from cohorts within the CHANCES consortium. Ann. Oncol. 2018, 29, 472–483. [Google Scholar] [CrossRef]

	



Lewandowska, A.; Rudzki, G.; Lewandowski, T.; Stryjkowska-Góra, A.; Rudzki, S. Risk Factors for the Diagnosis of Colorectal Cancer. Cancer Control 2022, 29, 10732748211056692. [Google Scholar] [CrossRef] [PubMed]

	



Kahramanca, S.; Anuk, T.; Yıldırım, A.C.; Kaya, O. Blood Group Characteristics in Colorectal Cancers. Turk. J. Color. Dis. 2018, 28, 76–79. [Google Scholar] [CrossRef]

	



Huang, J.Y.; Wang, R.; Gao, Y.T.; Yuan, J.M. ABO blood type and the risk of cancer—Findings from the Shanghai Cohort Study. PLoS ONE 2017, 12, e0184295. [Google Scholar] [CrossRef]

	



Holm, M.; Saraswat, M.; Joenväärä, S.; Ristimäki, A.; Haglund, C.; Renkonen, R. Colorectal cancer patients with different C-reactive protein levels and 5-year survival times can be differentiated with quantitative serum proteomics. PLoS ONE 2018, 13, e0195354. [Google Scholar] [CrossRef]

	



Hacisevki, A.; Baba, B.; Aslan, S.; Ozkan, Y. Neopterin: A Possible Biomarker in Gastrointestinal Cancer. J. Fac. Pharm. Ankara 2018, 42, 32–41. [Google Scholar] [CrossRef]

	



Popa, S.; Mota, M.; Popa, A.; Mota, E.; Timar, R.; Serafinceanu, C.; Cheta, D.; Graur, M.; Hancu, N. Prevalence of dyslipidemia and its association with cardiometabolic factors and kidney function in the adult Romanian population: The PREDATORR study. Diabetes Metab. Syndr. 2019, 13, 596–602. [Google Scholar] [CrossRef] [PubMed]

	



Chuang, S.C.; Boeing, H.; Vollset, S.E.; Midttun, Ø.; Ueland, P.M.; Bueno-de-Mesquita, B.; Lajous, M.; Fagherazzi, G.; Boutron-Ruault, M.C.; Kaaks, R.; et al. Cellular immune activity biomarker neopterin is associated hyperlipidemia: Results from a large population-based study. Immun. Ageing 2016, 13, 5. [Google Scholar] [CrossRef]

	



Duffy, M.J. Carcinoembryonic antigen as a marker for colorectal cancer: Is it clinically useful? Clin. Chem. 2001, 47, 624–630. [Google Scholar] [CrossRef] [PubMed]

	



Ogunwobi, O.O.; Mahmood, F.; Akingboye, A. Biomarkers in Colorectal Cancer: Current Research and Future Prospects. Int. J. Mol. Sci. 2020, 21, 5311. [Google Scholar] [CrossRef] [PubMed]








[image: Biomedicines 11 00894 g001 550] 





Figure 1. Flowchart of study design. CRP—C-Reactive Protein; CEA—CarcinoEmbryonic Antigen. 






Figure 1. Flowchart of study design. CRP—C-Reactive Protein; CEA—CarcinoEmbryonic Antigen.



[image: Biomedicines 11 00894 g001]







[image: Biomedicines 11 00894 g002 550] 





Figure 2. Chitotriosidase and neopterin by groups (CRC = colorectal cancer; C = control). The × in the box indicates the mean value, the line in the box corresponds to the value of the median, the lower and upper bound of the box corresponds to the value of the first (lower) and third (upper) quartile, and the whiskers correspond to the values of minimum and maximum. 
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Figure 3. Chitotriosidase and neopterin: postoperative changes on patients with CRC. The × in the box indicates the mean value, the line in the box corresponds to the value of the median, the lower and upper bound of the box corresponds to the value of the first (lower) and third (upper) quartile, and the whisker corresponds to the values of minimum and maximum. The extreme values are shown as “o”. 
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Figure 4. Baseline vs. 1-year follow-up chitotriosidase and neopterin differences according to (a) and (b) T-stage; (c) and (d) N-stage; (e) and (f) M-stage. The × in the box indicates the mean value, the line in the box corresponds to the value of the median, the lower and upper bound of the box corresponds to the value of the first (lower) and third (upper) quartile, and the whisker corresponds to the values of minimum and maximum. The extreme values are shown as “o”. The differences between baseline and follow were tested with Wilcoxon matched pairs test. 
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Figure 5. Baseline vs. follow-up chitotriosidase and neopterin differences according to (a) and (b) differentiation grade (G-grade); (c) and (d) presence or absence of complications. The × in the box indicates the mean value, the line in the box corresponds to the value of the median, the lower and upper bound of the box corresponds to the value of the first (lower) and third (upper) quartile, and the whisker corresponds to the values of minimum and maximum. The extreme values are shown as “o”. The differences between baseline and follow were tested with Wilcoxon matched pairs test. 
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Table 1. Demographic and clinical characteristics by groups.
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	All (n = 88)
	CRC Group (n = 44)
	C Group (n = 44)
	p-Value





	Age, years a
	63 (10.6)
	63.4 (11)
	62.5 (10.3)
	0.6982



	Smoking, yes b
	32 (36.4)
	22 (50)
	10 (22.7)
	0.0078



	Alcohol, yes b
	22 (25)
	13 (29.5)
	9 (20.5)
	0.3248



	BMI, kg/m2 c
	25 [23.8 to 28]
	26 [22 to 29]
	25 [24 to 26.3]
	0.5259



	BMI class a
	
	
	
	0.7549



	Normal

Overweight

Obese
	35 (39.8)

6 (6.8)

47 (53.4)
	17 (38.6)

4 (9.1)

23 (52.3)
	18 (40.9)

2 (4.5)

24 (54.5)
	



	Blood type b
	
	
	
	0.0123



	0

A

B

AB
	29 (33)

35 (39.8)

13 (14.8)

11 (12.5)
	14 (31.8)

24 (54.5)

3 (6.8)

3 (6.8)
	15 (34.1)

11 (25.0)

10 (22.7)

8 (18.2)
	







a results are expressed as mean (standard deviation), comparisons between groups by Student t-test; b results are expressed as no. (%); Chi-squared test or Fisher exact test (stat. = n.a., where n.a. = not available); c median [Q1 to Q3], where Q is the quartile; comparisons between groups by Mann-Whitney test.
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Table 2. Values of circulating markers according to the groups.
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	Marker
	CRC Group (n = 44)
	C Group (n = 44)
	p-Value





	CRP, mg/dL
	1.3 [0.48 to 4.43]
	0.39 [0.2 to 0.7]
	<0.0001



	Chitotriosidase, ng/mL
	2.9 [1.6 to 4.7]
	2.3 [0.7 to 4.3]
	0.1299



	Neopterin, ng/mL
	5.2 [2.3 to 8.3]
	2.4 [2 to 5.3]
	0.0150







Data are reported as median [Q1 to Q3], where Q is the quartile. CRC stands for colorectal cancer p-values are from the Mann-Whitney test.
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Table 3. Distribution of stage, differentiation grade, and complications in patients with CRC at the inclusion in the study.
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	Characteristic
	n (%)
	Characteristic
	n (%)





	T stage
	
	M stage
	



	T1/T2

T3

T4
	10 (22.7)

29 (65.9)

5 (11.4)
	M0

M1
	35 (79.5)

9 (20.5)



	N stage
	
	G grade
	



	N0

N1

N2
	15 (34.1)

18 (40.9)

11 (25)
	G1

G2

G3
	17 (38.6)

20 (45.5)

7 (15.9)



	Complications, yes a
	31 (70.5)
	
	







n = number of patients, % = percentage; a the most common complication was wound suppuration (6/31), followed by bleeding, prolonged ileus, acute urinary retention, or seroma, each occurring in 3/31 patients.
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Table 4. Variation of CEA and CRP pre- (baseline) and postoperative (1-year follow-up) and between sub-groups.
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Characteristic

	
CEA, ng/mL

	
CRP, mg/dL




	
Baseline

	
1-y Follow-Up

	
p-Value c

	
Baseline

	
1-y Follow-Up

	
p-Value c






	
T-stage

	

	

	

	

	

	




	
T1T2, n = 10

T3, n = 29

T4, n = 3

p-value a

	
5.4 [3.7 to 10.8]

5.2 [2.7 to 6.7]

8.4 [8.2 to 8.6]

0.0147 *

	
3.7 [2.2 to 4]

2.9 [1.7 to 5.6]

12 [11.7 to 35.7]

0.0553

	
0.6465

0.1059

	
1.4 [0.6 to 3.8]

1.2 [0.4 to 3.2]

2 [1.2 to 2.7]

0.5603

	
3.5 [0.9 to 5.7]

0.9 [0.4 to 2.2]

1.2 [1.1 to 2.1]

0.2122

	
0.4413

0.1494




	
N-stage

	

	

	

	

	

	




	
N0, n = 15

N1, n = 17

N2, n = 10

p-value a

	
5 [3.6 to 6.9]

5.6 [2.2 to 7.9]

5.7 [3.1 to 7.4]

0.7163

	
3.2 [2.1 to 4.1]

3.4 [1.8 to 5.8]

3.4 [1.8 to 11.6]

0.9890

	
0.2013

0.9588

0.9594

	
1.2 [0.4 to 4.7]

1 [0.5 to 2.5]

2.2 [0.7 to 12]

0.4440

	
1 [0.5 to 5.1]

0.9 [0.5 to 2.9]

0.8 [0.5 to 2.1]

0.6889

	
0.7299

0.8203

0.3329




	
M-stage

	

	

	

	

	

	




	
M0, n = 35

M1, n = 7

p-value b

	
5.6 [2.7 to 7.3]

5.2 [4 to 11.2]

0.0943

	
2.9 [1.8 to 4.1]

18 [9 to 25]

0.0098

	
0.0340

0.0630

	
1.2 [0.5 to 3.3]

1.2 [0.7 to 3.7]

0.5904

	
0.9 [0.4 to 3]

1.5 [0.8 to 4.1]

0.2877

	
0.2959

0.7532




	
Metastasis

	

	

	
n.a.

	

	

	
n.a.




	
Liver, n = 5

Others, n = 2

	
5 [3 to 8.4]

16.5 [10.8 to 22.1]

	
5.8 [4.2 to 12]

16.9 [11.3 to 22.4]

	

	
1.2 [1 to 1.4]

3 [2 to 3.9]

	
1.5 [1 to 2.9]

1 [0.8 to 1.3]

	




	
G grade

	

	

	

	

	

	




	
G1, n = 17

G2, n = 18

G3, n = 7

p-value a

	
5.6 [2.7 to 7]

5.5 [2.7 to 7.4]

5.2 [3.4 to 9.9]

0.7331

	
2 [1.6 to 4.2]

3.7 [2.1 to 8.6]

5.8 [2.4 to 17.1]

0.2081

	
0.0929

0.9826

0.8658

	
1.2 [0.3 to 3.4]

2 [0.6 to 3.8]

1.2 [1.1 to 2.1]

0.6443

	
0.9 [0.3 to 1]

1.7 [0.5 to 3.2]

1.5 [0.9 to 2.3]

0.3367

	
0.3088

0.5701

0.6121




	
Complications

	

	

	

	

	

	




	
Yes, n = 28

No, n = 13

p-value b

	
5.6 [3.4 to 7.1]

3.8 [2.4 to 7.4]

0.3679

	
2.9 [1.8 to 5.6]

3.9 [2.2 to 9.6]

0.4793

	
0.1648

0.9165

	
2 [0.5 to 4.9]

1 [0.5 to 1.2]

0.1728

	
0.9 [0.4 to 3]

1.6 [1 to 3]

0.0970

	
0.0912

0.1730








CEA = carcinoembryonic antigen; CRP = C-reactive protein; a Kruskal-Wallis test; b Mann-Whitney test; * Mann-Whitney test T3 vs. T3: z-stat = −2.82, p-value = 0.0048; c Wilcoxon matched pairs test; 1-y = 1-year; n.a. = not applicable.
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Table 5. Variation of chitotriosidase and neopterin according to different sub-groups.
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Characteristics

	
Chitotriosidase (ng/mL)

	
Neopterin (ng/mL)




	
Baseline

	
Follow-Up

	
Baseline

	
Follow-Up






	
T-stage

	

	

	

	




	
T1/T2, n = 10

T3, n = 29

T4, n = 3

p-value a

	
2.1 [1 to 3.4]

2.6 [1.6 to 4.6]

4 [3.5 to 5.9]

0.0209 1a

	
3.3 [1.6 to 4.3]

2 [1 to 4.1]

4.2 [2.7 to 4.3]

0.8331

	
2.8 [2 to 5.6]

5.1 [2.3 to 8.2]

8.8 [5.7 to 9.4]

0.0219 1b

	
1.6 [1.3 to 2.1]

1.7 [1.4 to 2.1]

4 [3.1 to 6.1]

0.0609




	
N-stage

	

	

	

	




	
N0, n = 15

N1, n = 17

N2, n = 10

p-value a

	
1.3 [0.9 to 2]

3 [2.4 to 4]

5 [3 to 6]

0.0005 2a, 2d

	
1.3 [0.6 to 3.3]

2.6 [1.2 to 4.2]

4.4 [3.1 to 4.7]

0.0249 2b, 2e, 2h

	
2.1 [1.9 to 2.3]

5.6 [2.6 to 7.9]

8.5 [7.9 to 9.3]

<0.0001 2f, 2i

	
1.3 [1.2 to 1.4]

1.7 [1.6 to 2.3]

2.1 [1.9 to 3.2]

0.0001 2c,2g




	
M-stage

	

	

	

	




	
M0, n = 35

M1, n = 7

p-value b

	
2.4 [1.3 to 3.4]

6.6 [6.3 to 7.3]

<0.0001

	
1.5 [0.9 to 4]

5.3 [4.7 to 5.6]

<0.0001

	
2.6 [2.2 to 6.7]

9.6 [9.2 to 9.6]

<0.0001

	
1.6 [1.3 to 2]

4.9 [2.9 to 6.8]

0.0003




	
Metastasis

	

	

	

	




	
Liver

Others

	
6.6 [6.1 to 7.7]

6.7 [6.6 to 6.8]

	
4.7 [4.7 to 5.5]

5.5 [5.4 to 5.5]

	
9.6 [9.4 to 9.7]

9.3 [9.2 to 9.4]

	
5.5 [3.5 to 8.1]

3.5 [2.7 to 4.2]




	
G grade

	

	

	

	




	
G1, n = 17

G2, n = 18

G3, n = 7

p-value a

	
2.4 [1.2 to 3.2]

2.4 [1.4 to 4.3]

5 [4.3 to 6.3]

0.0136 3a

	
1.4 [1 to 2.6]

3.3 [0.9 to 4.3]

4.7 [3.7 to 5]

0.0101 3b, 3c

	
2.5 [2.1 to 7.8]

4.9 [2.4 to 7.2]

8.1 [5.1 to 8.9]

0.2628

	
1.5 [1.3 to 1.7]

1.9 [1.6 to 2.3]

2.3 [1.7 to 3.9]

0.0680




	
Complications

	

	

	

	




	
Yes, n = 29

No, n = 13

p-value b

	
2.5 [1.2 to 3.8]

3.4 [2.3 to 4.6]

0.3544

	
2 [1 to 4.3]

4 [1.4 to 4.7]

0.2313

	
5.1 [2.3 to 7.9]

4.8 [2.3 to 8.2]

0.8169

	
1.7 [1.4 to 2]

2.1 [1.3 to 2.9]

0.6243








Stat. = statistics of the test; a Kruskal-Wallis test; 1a T1T2 vs. T4 (p-values = 0.0183); 1b T1T2 vs. T4 (p-values = 0.0187); b Mann-Whitney test; 2a N0 vs. N1: z-stat = −2.91, p-value = 0.0036; 2b N0 vs. N1: −4.07 (p-value = 0.00005); 2c N0 vs. N1: −3.81 (p-value = 0.0001); 2d N0 vs. N2: −3.37 (p-value = 0.0007); 2e N0 vs. N2: −2.47 (p-value = 0.0136); 2f N0 vs. N2: −3.74 (p-value = 0.0002); 2g N0 vs. N2: −3.36 (p-value = 0.0008); 2h N1 vs. N2: −2.08 (p-value = 0.0372); 2i N1 vs. N2: −2.13 (p-value = 0.0328); 3a G1 vs. G3: −3.24, (p-value = 0.0012); 3b G1 vs. G3: −3.18 (p-value = 0.0015); 3c G2 vs. G3: −2.03 (p-value = 0.0426).
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