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Vitamin D status has been shown to be positively correlated with the morbidity and prognosis of colorectal cancer (CRC) patients. However, the prognostic effect of vitamin D status on patients with stage II and III CRC, especially Asian patients, remains unclear. A total of 728 patients (523 in the primary cohort and 205 in the validation cohort) who were diagnosed with stage II-III CRC between January 2011 and December 2015 were enrolled. Their serum 25-hydroxyvitamin D3 [25(OH)D] levels were tested. Kaplan-Meier curves and Cox regression analyses were carried out. Subgroup analyses were conducted according to tumor location. In the primary cohort, the serum 25(OH)D level was positively correlated with the overall survival (OS) of all CRC patients (p= 0.016) and stage III patients (p= 0.009), while no correlation was found between 25(OH)D level and the prognosis of patients with stage II CRC. Moreover, 25(OH)D level was an independent prognostic factor for the OS of all patients with CRC [HR 0.541, 95% CI 0.334–0.875, p=0.012] and those with stage III CRC (HR 0.563, 95% CI 0.319–0.993, p=0.047). Subgroup analysis indicated that only in the left-sided subgroup, stage III CRC patients with high 25(OH)D levels had better OS than those with low 25(OH)D levels (HR 0.474, 95% CI 0.230–0.978, p=0.043). In the validation cohort, serum 25(OH)D levels were verified to have prognostic value for patients with stage III CRC (HR 0.220, 95% CI 0.080–0.602, p=0.003), and low 25(OH)D levels indicated worse OS for left-sided stage III CRC patients (HR 0.233, 95% CI 0.075–0.727, p=.012). In conclusion, vitamin D status is positively correlated with the survival of CRC patients, especially those with left-sided stage III CRC.
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Introduction

Vitamin D is a fat-soluble steroid hormone precursor that can be obtained from food and is synthesized by the skin through sunlight and ultraviolet radiation. The main form of stored vitamin D in the human body is 25-hydroxyvitamin D3 [25(OH)D]. In the human body, vitamin D3 and vitamin D2 bind to vitamin D-binding protein in plasma and are transported to the liver. These proteins are hydroxylated into vitamin D (25-OH), namely, 25-hydroxyvitamin D (25 (OH) D), a metabolite that can be detected in the blood. As the main form of stored vitamin D in the body, serum 25(OH)D can be tested to determine total vitamin D status. An epidemiological survey showed that vitamin D nutritional status is unsatisfactory in Asian populations, indicating a high proportion of patients with vitamin D deficiency (1–5).

Colorectal cancer (CRC) is the third most common cancer and has the second highest mortality rate worldwide, imposing an increasingly heavy burden on patients (6). Increasing evidence indicates a positive correlation between vitamin D status in the human body and the morbidity of CRC (7, 8). A meta-analysis of 52 trials with a total of 75,454 participants showed through well-grounded statistics that vitamin D supplementation significantly reduced the risk of cancer mortality (HR 0.84, 95% CI 0.74–0.95) by 16% (9).

In a pilot retrospective study, higher 25(OH)D levels were associated with improved overall survival (OS) in CRC patients (10–12), and vitamin D deficiency was very common in patients with stage IV colorectal cancer who received first-line chemotherapy (13). However, vitamin D status has been less studied in Asian populations. The effect of vitamin D status on the survival and recurrence of patients with stage II and III CRC, especially Asian patients, is unknown. Therefore, stage II and III CRC patients from Fudan University Shanghai Cancer Center (FUSCC) were evaluated to study the relationship between serum 25(OH)D levels and patient prognosis, and subgroup analysis based on tumor location was performed.



Methods


Study Population

This study retrospectively enrolled two independent cohorts of consecutive patients during different time periods from FUSCC. The primary cohort comprised patients admitted from January 2011 to December 2013 to define a cut-off value of 25(OH)D and its prognostic value. The validation cohort comprised patients admitted from January 2014 to December 2015 to verify the cut-off value and to confirm the prognostic efficacy of 25(OH)D for stage III disease.

In both cohorts, the inclusion criteria were as follows: age between 18 and 80 years; pathologically confirmed colorectal adenocarcinoma, mucinous adenocarcinoma, or signet-ring cell carcinoma classified as stage II–III according to the 8th edition of the AJCC/UICC TNM staging system; and radical resection of the primary tumor. The exclusion criteria were also the same for both cohorts and were as follows: had emergency surgery because of an acute intestinal obstruction, bleeding or perforation; had evidence of distant metastases; received neoadjuvant therapy; had a history of other malignancies; and did not have available tissue specimens or follow-up data. This study was approved by the Institutional Review Board of FUSCC. All patients provided written informed consent. Patient demographic and clinicopathological variables were retrieved from the FUSCC database. In the primary cohort, we analyzed stage II and III patients, while only stage III patients were analyzed for subsequent research purposes.

The patients were followed up regularly according to CSCO guidelines for CRC. This study analyzed prognosis, overall survival (OS) and relapse-free survival (RFS). The survival data were provided by the Clinical Statistics Center of FUSCC, relying on the hospital medical records follow-up platform or contact with patients by phone or email. Patients who were alive at the last follow-up were censored for the analysis.



Serum 25(OH)D Assessment

Serum was extracted from the latest blood samples collected from patients before surgery using standard sampling tubes. Electrochemiluminescence binding assays were carried out using Elecsys and Cobase (REF 05894913 190) immunoassay analyzers for 25(OH)D concentration measurements. All samples were tested in the FUSCC clinical laboratory. The patients in the primary and validation cohorts were tested separately and independently. Controls for the various concentration ranges were run individually according to the instructions.



Statistical Analysis

Categorical variables were compared using the two-sided Pearson χ2 test or Fisher’s exact test as appropriate. The serum 25(OH)D level was analyzed as a continuous variable and compared using a t test or the Wilcoxon rank test as appropriate. Summary statistics on time-to-event variables were calculated according to the Kaplan-Meier method and compared by the log-rank test. Proportional hazards assumption is stated for valid estimates from Cox proportional hazards models in Figure S2. Cox regression was used for univariate and multivariate analyses with hazard ratios (HRs) and 95% confidence intervals (CIs). All analyses were performed using IBM SPSS Statistics software, version 23 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism, version 8 (La Jolla, CA, USA). All P values were two-sided and considered significant when <0.05.




Results


Baseline Characteristics

In this study, the primary cohort consecutively enrolled 523 stage II–III CRC patients, including 244 (46.7%) stage II patients and 279 (53.3%) stage III patients, and the validation cohort consecutively enrolled 205 stage III CRC patients. The flow diagram of the cohort selection process is shown in Figure 1. The median age of the patients in the primary and validation cohorts was 61 years old (primary: range, 20–90, IQR, 52, 68; validation: range, 28–88, IQR, 52, 67). By December 2017, the median follow-up time in the primary cohort was 64.7 months (range, 4.4–102.8; IQR, 55.5, 79.2). By December 2019, the median follow-up time in the validation cohort was 53.0 months (range, 5.5–67.5; IQR, 46.3, 57.7). In the primary cohort, 74 (14.1%) patients suffered from recurrence (local recurrence or distant metastases), and 81 (15.5%) patients died, including 27 (5.2%) deaths without evidence of recurrence, while the 3-year OS rate was 91.7%, the 5-year OS rate was 85.7%, the 3-year RFS rate was 79.5%, and the 5-year RFS rate was 75.4%. In the validation cohort, 27 (12.6%) patients suffered from recurrence, and 48 (22.4%) patients died, including 11 (5.1%) without recurrence. The 3-year OS rate was 87.6%, the 5-year OS rate was 79.4%, the 3-year RFS rate was 73.8%, and the 5-year RFS rate was 70.8%. The baseline demographics and clinicopathologic characteristics of both cohorts are shown in Table 1.




Figure 1 | Flow diagram of the primary cohort and the validation cohort selection process. The inclusion and exclusion criteria have been described. The pathologic stage was redetermined according to the 8th edition of the AJCC/UICC TNM staging system.




Table 1 | Baseline characteristics of patients with colorectal cancer (CRC) by serum 25(OH)D level.





25(OH)D Distribution

Since there is no consensus on the cut-off value for 25(OH)D according to references (10, 13–15), 25(OH)D ≥75 nmol/L was defined as an adequate level, ≥50 nmol/L and <75 nmol/L as a deficiency, and <50 nmol/L was defined as a lack of vitamin D. Using this standard, 58.5% of the study population had a shortage of vitamin D (<50 nmol/L), 30.4% showed a deficiency of vitamin D (<75 nmol/L), and only 11.1% had adequate vitamin D levels (≥75 nmol/L).

In our research on CRC prognosis, the median level of serum 25(OH)D in the primary cohort was used as the cut-off point. The median serum 25(OH)D was 47.50 nmol/L (range, 10.24 to 137.45 nmol/L). The distribution of serum 25(OH)D levels in both cohorts roughly conformed to the normal distribution (Figure 2). The patients’ demographic and clinicopathological variables are shown in Table 1. The serum 25(OH)D levels in female patients were significantly lower than those in male patients (median, 39.16 vs. 46.92 nmol/L, respectively; p = 0.009; Table 1). Patients with right-sided tumors showed significantly lower levels of 25(OH)D than those with left-sided tumors (median, 38.63 vs 46.20 nmol/L, respectively; p = 0.036; Table 1). According to previous studies (16), the level of 25(OH)D fluctuates with every season, among which winter and spring have relatively low levels, and autumn has the highest level (Primary cohort: p= 0.003; Validation cohort: p= 0.011) (Supplementary Figure S1), based on monthly comparisons of collected blood samples.




Figure 2 | Distribution of serum 25(OH)D levels in both cohorts. (A) Distribution of serum 25(OH)D levels in the primary cohort (N = 523). (B) Distribution of serum 25(OH)D levels in the validation cohort (N = 205). (C) Distribution of serum 25(OH)D levels across different years of collected samples. (D) Distribution of serum 25(OH)D levels across different stages.





Serum 25(OH)D as a Prognostic Biomarker for Stage III CRC

In the whole primary cohort, serum 25(OH)D level was a significant prognostic biomarker for OS (p=0.017, Figure 3A) but not for RFS (p=0.732, Figure 3B). For stage III disease, the serum 25(OH)D level was positively correlated with OS (p=0.011, Figure 3E) but not RFS (p=0.550, Figure 3F). However, for stage II disease, there were no significant associations with OS (p=0.358, Figure 3C) or RFS (p=0.639, Figure 3D). In the validation cohort, the prognostic value of serum 25(OH)D for stage III disease was verified. Serum 25(OH)D level was also a significant prognostic biomarker for OS (p=0.003, Figure 3G) but not for RFS (p=0.791, Figure 3H).




Figure 3 | Serum 25(OH)D as a prognostic biomarker in both cohorts. Overall survival (A) and relapse-free survival (B) curves according to serum 25(OH)D levels among patients with CRC in the primary cohort. Overall survival (C) and relapse-free survival (D) curves according to serum 25(OH)D levels among patients with stage II CRC in the primary cohort. Overall survival (E) and relapse-free survival (F) curves according to serum 25(OH)D levels among patients with stage III CRC in the primary cohort. Overall survival (G) and relapse-free survival (H) curves according to serum 25(OH)D levels among patients with CRC in the validation cohort.





Serum 25(OH)D as an Independent Prognostic Factor for OS in Stage III CRC

Next, Cox regression analysis was carried out for OS in both cohorts. In the whole primary cohort, univariate analysis showed that OS was associated with serum 25(OH)D level, age, histological type, N stage, number of lymph nodes examined and adjuvant chemotherapy (p<0.05). All these factors were included in the multivariate analysis, but only serum 25(OH)D level, age (HR 1.947, 95% CI 1.179–3.215, p=0.009), N stage (HR 2.261, 95% CI 1.659–3.081, p<0.001), number of lymph nodes examined (HR 2.537, 95% CI 1.367–4.707, p=0.003) and adjuvant chemotherapy (HR 0.485, 95% CI 0.285–0.825, p=0.008) were identified as independent factors (Table 2).


Table 2 | Multivariate Cox regression analysis for overall survival of CRC in primary cohort.



For stage III disease, univariate analysis showed that OS was associated with serum 25(OH)D level, age, histological type, primary site, N stage, adjuvant chemotherapy and perineural invasion (p<0.05). These factors were included in the multivariate analysis, but only serum 25(OH)D level (HR 0.563, 95% CI 0.319–0.993, p=0.047), age (HR 1.997, 95% CI 1.126–3.542, p=0.018), N stage (HR 1.900, 95% CI 1.098–3.286, p=0.022), adjuvant chemotherapy (HR 0.471, 95% CI 0.245–0.906, p=0.024) and perineural invasion (HR 0.795, 95% CI 0.424–1.493, p=0.043) were identified as independent factors (Table 3). Serum 25(OH)D levels were not prognostic factors for OS in stage II disease (HR 0.659, 95% CI 0.271–1.603, p=0.358) (Table S1).


Table 3 | Multivariate Cox regression analysis for overall survival of stage III CRC in both cohorts.



In the validation cohort, it was confirmed that serum 25(OH)D level was an independent factor for OS. Univariate analysis showed that OS was associated with serum 25(OH)D level, primary site, T stage, N stage, venous invasion, CEA level and adjuvant chemotherapy (p<0.05). These factors were included in the multivariate analysis, but only serum 25(OH)D level (HR 0.220, 95% CI 0.080–0.602, p=0.003), T stage (HR 2.252, 95% CI 1.059–4.792, p=0.009), N stage (HR 4.064, 95% CI 1.784–9.261, p=0.001), and adjuvant chemotherapy (HR 0.309, 95% CI 0.133–0.720, p=0.007) were identified as independent factors (Table 3).



Subgroup Analysis of Serum 25(OH)D as a Prognostic Biomarker

Due to the large differences in biological characteristics and clinical characteristics between patients with right- and left-sided CRC (17–19), a subgroup analysis was carried out according to tumor location for stage III disease. In the primary cohort, for left-sided CRC, the serum 25(OH)D level was positively correlated with OS (p=0.020, Figure 4A). Using Cox regression analysis, univariate analysis showed that OS was associated with serum 25(OH)D level, age and adjuvant chemotherapy (p<0.05). These factors were included in the multivariate analysis, but only serum 25(OH)D level (HR 0.474, 95% CI 0.230–0.978, p=0.043) and adjuvant chemotherapy (HR 0.341, 95% CI 0.151–0.774, p=0.010) were identified as independent factors (Figure 4A, Table 4). For right-sided CRC, there was no significant association between serum 25(OH)D level and OS (p=0.392, Table S2).




Figure 4  | Serum 25(OH)D as an independent prognostic factor in stage III CRC. (A) Overall survival curves according to serum 25(OH)D levels among patients with left-sided stage III CRC in the primary cohort. (B) Overall survival curves according to serum 25(OH)D levels among patients with left-sided stage III CRC in the validation cohort.




Table 4 | Univariate and multivariate Cox regression analysis for overall survival of CRC in stage III left-sided disease.



In the validation cohort, for left-sided CRC, serum 25(OH)D level was positively correlated with OS (p=0.024, Figure 4B). Univariate analysis showed that OS was associated with serum 25(OH)D level, T stage, adjuvant chemotherapy, and CEA level (p<0.05). These factors were included in the multivariate analysis, but only serum 25(OH)D level (HR 0.233, 95% CI 0.075–0.727, p=0.012), T stage (HR 2.991, 95% CI 1.219–7.337, p=0.007), N stage (HR 3.358, 95% CI 1.194–9.446, p=0.022) and adjuvant chemotherapy (HR 0.197, 95% CI 0.057–0.687, p=0.011) were identified as independent factors (Figure 4B, Table 4). For right-sided CRC, there was no significant association between serum 25(OH)D level and OS (p=0.08, Table S2).




Discussion

In recent years, the relationship between 25(OH)D level and tumorigenesis has received increasing attention, especially in CRC. In pilot retrospective studies, higher 25(OH)D levels were associated with improved overall survival, as shown in all colorectal cancer patients (10–12). Vitamin D deficiency is very common in stage IV patients receiving first-line chemotherapy, as well as in black and female colorectal cancer patients (13).

However, vitamin D status has been less studied in Asian populations. Japanese studies on lung cancer indicated that vitamin D supplementation in NSCLC patients can improve the survival of patients with early-stage lung adenocarcinoma and a 25(OH)D lower level (20), and another study revealed that higher preoperative 25OHD levels may be associated with a better survival rate for patients with colorectal cancer. Few studies have focused on the effect of vitamin D status on the survival of patients with stage II and III colon cancer and recurrence, especially in the Asian population.

However, epidemiological studies have revealed that the overall vitamin D level in the Asian population is low, showing a high proportion of deficiency and insufficiency. As found in the present study, 58.5% of the study population lacked vitamin D (<50 nmol/L), 30.4% had a vitamin D deficiency (<75 nmol/L), and only 11.1% had levels in the normal range (≥75 nmol/L). The cut-off point of 50 nmol/L in previous European and American studies 10,13,18–20 was not completely applicable to the Asian population. The research participants of those studies were mostly between 60 and 70 years old (8, 10, 13, 21, 22, 23), which is within the same range for the studied cohort of this study (61 years old, range, 20–90, IQR, 52, 68; range, 28–88, IQR, 52, 67). However, the mean BMI of the studies European and American populations (range, 26.1–29.9) was much higher than that of the cohort of this study (22.7, range, 16.02–26.6, IQR, 20.3, 25.0). This is also consistent with conventional nutritional data and knowledge of European and American population groups and Asian population groups. Therefore, this study used the median level to define the serum 25(OH)D cut-off for the Asian population, thus excluding the errors caused by selecting the maximum P value as the cut-off point.

Serum was extracted from the latest blood samples collected from patients before surgery, which excluded reverse causality caused by patient status. However, the test data showed that the serum 25(OH)D level of the studied population was indeed lower than that of the normal population. After excluding the impact of surgery, treatment, a possible explanation for this vitamin D deficiency is that the included patients had low BMIs and were generally older [61 (range, 20–90, IQR, 52, 68; range, 28–88, IQR, 52, 67), 56.4% were over 60 years old], resulting in less overall exposure to sunlight, participation in fewer outdoor sports, weaker body metabolism and increased calcium loss. Women accounted for 41.9% of this cohort, and vitamin D levels are generally lower in postmenopausal women. This could possibly reflect that the decrease in vitamin D levels is causally related to the diagnosis of CRC.

In addition, vitamin D involved in other pathway contributing to progress of CRC, including 1α,25-dihydroxy-vitamin D(3) [1α,25(OH)(2)D(3)] inhibition of mitogen-activated protein kinase (MAPK)-extracellular signal-regulated kinase (ERK) signaling through the suppression of epidermal growth factor (EGFR) and insulin-like growth factor 1 (IGF1), which induces apoptosis through the IGFR1-phosphatidylinositol 3-kinase (PI3K)-Akt-dependent signaling pathway (24).

The results showed that vitamin D status was positively correlated with OS in patients with left-sided stage III CRC but not in those with right-sided disease, which may be related to the participation of vitamin D in the MAPK pathway. Right-sided CRC often shows MAPK pathway activation. When the 25(OH)D level is lower than the median value, although its active product 1α,25(OH)(2)D(3) loses its inhibitory effect on MAPK-ERK signaling, MAPK itself is mostly activated. Moreover, according to RAS activating mutations may be less responsive to vitamin D mediated treatment or chemoprevention (25). The weakened inhibitory effect has a subtle impact on the prognosis of right-sided CRC. In contrast, left-sided CRC has a relatively weaker activation of the MAPK pathway, and the active product 1α,25(OH)(2)D(3) of 25(OH)D suppresses MAPK-ERK signaling, impacting tumor differentiation, apoptosis and growth.

Although this study has made new progress, it still has some limitations. First, the research design is retrospective. There may be certain amount of degradation of 25(OH)D in the serum during long-term frozen storage and rethawing, but this degradation effect will be almost the same if the serum is preserved and rethawed under the same conditions. Second, our research was conducted with a single-center cohort. Although internal cohort verification was performed to prevent overinterpretation, verification with multiple cohorts is a better choice to confirm whether this research result is universal. In addition, although CRC was stratified into stages II and III with a variety of influencing factors, the sample size was comparatively small. Therefore, the power still needs to be verified.

In conclusion, the tested data estimated the distribution and cut-off vitamin D levels in Asian patients with stage II and III colorectal cancer. Several analyses indicated that vitamin D status is positively correlated with the survival of CRC patients, especially left-sided stage III CRC patients. Additional efforts are required to understand the underlying mechanisms and optimal therapy methods.
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Supplementary Figure 2 | Proportional hazards assumption is stated in both primary and validation cohorts for valid estimates from Cox proportional hazards models.



References

1. Man, PW, van der Meer, I, Lips, P, and Middelkoop, BJ. Vitamin D status and bone mineral density in the Chinese population: a review. Arch Osteoporosis (2016) 11(1):14. doi: 10.1007/s11657-016-0265-4

2. Fang, F, Wei, H, Wang, K, Tan, L, Zhang, W, Ding, L, et al. High prevalence of vitamin D deficiency and influencing factors among urban and rural residents in Tianjin, China. Arch Osteoporosis (2018) 13(1):64. doi: 10.1007/s11657-018-0479-8

3. Chen, J, Yun, C, He, Y, Piao, J, Yang, L, and Yang, X. Vitamin D status among the elderly Chinese population: A cross-sectional analysis of the 2010–2013 China national nutrition and health survey (CNNHS). Nutr J (2017) 16(1):3. doi: 10.1186/s12937-016-0224-3

4. Aleteng, Q, Zhao, L, Lin, H, Xia, M, Ma, H, Gao, J, et al. Optimal Vitamin D Status in a Middle-Aged and Elderly Population Residing in Shanghai, China. Med Sci Monit Int Med J Exp Clin Res (2017) 23:6001. doi: 10.12659/MSM.904495

5. Yan, X, Thomson, J, Zhao, R, Zhu, R, Wang, Z, Zhang, N, et al. Vitamin D Status of Residents in Taiyuan, China and Influencing Factors. Nutrients (2017) 9(8):898. doi: 10.3390/nu9080898

6. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: Cancer J Clinicians (2018) 68(6):394–424. doi: 10.3322/caac.21492

7. Safiri, S, Sepanlou, SG, Ikuta, KS, Bisignano, C, Salimzadeh, H, Delavari, A, et al. The global, regional, and national burden of colorectal cancer and its attributable risk factors in 195 countries and territories, 1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol Hepatol (2019) 4(12):913–33. doi: 10.21203/rs.3.rs-97176/v1

8. Ma, Y, Zhang, P, Wang, F, Yang, J, Liu, Z, and Qin, H. Association between vitamin D and risk of colorectal cancer: a systematic review of prospective studies. J Clin Oncol (2011) 29(28):3775–82. doi: 10.1200/JCO.2011.35.7566

9. Zhang, Y, Fang, F, Tang, J, Jia, L, Feng, Y, Xu, P, et al. Association between vitamin D supplementation and mortality: systematic review and meta-analysis. BMJ (2019) 366:l4673. doi: 10.1136/bmj.l4673

10. Ng, K, Meyerhardt, JA, Wu, K, Feskanich, D, Hollis, BW, Giovannucci, EL, et al. Circulating 25-hydroxyvitamin d levels and survival in patients with colorectal cancer. J Clin Oncol (2008) 26(18):2984–91. doi: 10.1200/JCO.2007.15.1027

11. Ng, K, Wolpin, B, Meyerhardt, J, Wu, K, Chan, A, Hollis, B, et al. Prospective study of predictors of vitamin D status and survival in patients with colorectal cancer. Br J Cancer (2009) 101(6):916. doi: 10.1038/sj.bjc.6605262

12. Fedirko, V, Riboli, E, Tjønneland, A, Ferrari, P, Olsen, A, Bueno-de-Mesquita, HB, et al. Prediagnostic 25-hydroxyvitamin D, VDR and CASR polymorphisms, and survival in patients with colorectal cancer in western European populations. Cancer Epidemiol Prev Biomarkers (2012) 21(4):582–93. doi: 10.1158/1055-9965.EPI-11-1065

13. Ng, K, Sargent, DJ, Goldberg, RM, Meyerhardt, JA, Green, EM, Pitot, HC, et al. Vitamin D status in patients with stage IV colorectal cancer: findings from Intergroup trial N9741. J Clin Oncol (2011) 29(12):1599. doi: 10.1200/JCO.2010.31.7255

14. Holick, MF. Vitamin D status: measurement, interpretation, and clinical application. Ann Epidemiol (2009) 19(2):73–8. doi: 10.1016/j.annepidem.2007.12.001

15. Baron, JA, Barry, EL, Mott, LA, Rees, JR, Sandler, RS, Snover, DC, et al. A trial of calcium and vitamin D for the prevention of colorectal adenomas. New Engl J Med (2015) 373(16):1519–30. doi: 10.1056/NEJMoa1500409

16. Hyppönen, E, and Power, C. Hypovitaminosis D in British adults at age 45 y: nationwide cohort study of dietary and lifestyle predictors. Am J Clin Nutr (2007) 85(3):860–8. doi: 10.1093/ajcn/85.3.860

17. Bufill, JA. Colorectal cancer: evidence for distinct genetic categories based on proximal or distal tumor location. Ann Internal Med (1990) 113(10):779–88. doi: 10.7326/0003-4819-113-10-779

18. Benedix, F, Kube, R, Meyer, F, Schmidt, U, Gastinger, I, Lippert, H, et al. Comparison of 17,641 patients with right-and left-sided colon cancer: differences in epidemiology, perioperative course, histology, and survival. Dis Colon Rectum (2010) 53(1):57–64. doi: 10.1007/DCR.0b013e3181c703a4

19. Gonsalves, WI, Mahoney, MR, Sargent, DJ, Nelson, GD, Alberts, SR, Sinicrope, FA, et al. Patient and tumor characteristics and BRAF and KRAS mutations in colon cancer, NCCTG/Alliance N0147. JNCI: J Nat Cancer Inst (2014) 106(7):dju106. doi: 10.1093/jnci/dju106

20. Akiba, T, Morikawa, T, Odaka, M, Nakada, T, Kamiya, N, Yamashita, M, et al. Vitamin D supplementation and survival of patients with non–small cell lung cancer: a randomized, double-blind, placebo-controlled trial. Clin Cancer Res (2018) 24(17):4089–97. doi: 10.1158/1078-0432.CCR-18-0483

21. Manson, JE, Cook, NR, Lee, I-M, Christen, W, Bassuk, SS, Mora, S, et al. Vitamin D supplements and prevention of cancer and cardiovascular disease. New Engl J Med (2019) 380(1):33–44. doi: 10.1056/NEJMoa1809944

22. Vaughan-Shaw, P, Zgaga, L, Ooi, L, Theodoratou, E, Timofeeva, M, Svinti, V, et al. Low plasma vitamin D is associated with adverse colorectal cancer survival after surgical resection, independent of systemic inflammatory response. Gut (2020) 69(1):103–11. doi: 10.1136/gutjnl-2018-317922

23. Lappe, J, Watson, P, Travers-Gustafson, D, Recker, R, Garland, C, Gorham, E, et al. Effect of vitamin D and calcium supplementation on cancer incidence in older women: a randomized clinical trial. JAMA (2017) 317(12):1234–43. doi: 10.1001/jama.2017.2115

24. Deeb, KK, Trump, DL, and Johnson, CS. Vitamin D signalling pathways in cancer: potential for anticancer therapeutics. Nat Rev Cancer (2007) 7(9):684. doi: 10.1038/nrc2196

25. DeSmet, ML, and Fleet, J. Constitutively active RAS signaling reduces 1, 25 dihydroxyvitamin D-mediated gene transcription in intestinal epithelial cells by reducing vitamin D receptor expression. J Steroid Biochem Mol Biol (2017) 173:194–201. doi: 10.1016/j.jsbmb.2017.01.008



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Bao, Li, Gong, Huang, Cai and Peng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Vitamin D Status and Survival in Stage II-III Colorectal Cancer

      

        		

          Introduction

        



        		

          Methods

        

          		

            Study Population

          



          		

            Serum 25(OH)D Assessment

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Baseline Characteristics

          



          		

            25(OH)D Distribution

          



          		

            Serum 25(OH)D as a Prognostic Biomarker for Stage III CRC

          



          		

            Serum 25(OH)D as an Independent Prognostic Factor for OS in Stage III CRC

          



          		

            Subgroup Analysis of Serum 25(OH)D as a Prognostic Biomarker

          



        



        



        		

          Discussion

        



        		

          Data Availability

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-10-581597-g003.jpg





OEBPS/Images/table2.jpg
Characteristic:

Porineural nason
Negatne
Posiive
CEA bg/mi
“
55
MR satus
PR
P
Season
Wt
Sprng
Summer
Fal
250HID eve g/
Low
Heh

Univariate analysis
HR (05%C)

1000
1979 (1228-3.191)

1000
1786 (1.056-2.859)
1,000
0820(0525-1.280)
1000
1.110(0387-8717)
1,587 (0.496-5.078)
1000
1874 (1.104-3.182)
3592 (2027-6.366)
1000
0,606 (0374-0989)
1000
2326 (1284-4.212)
1000
1624 (0999-2472)
1000
1266 0.763-2.100)
1000
0957 (0553-1.656)
1.000
1.388(0.896-2150)
1000
0532 (0215-1315)
1000
1724 0935-3.176)
1620 (0.799-2.889)
0811 ©34-1910)
1000
0564 (0352-0904)

+Caatatod by usng srum 25(0HD a5 contnous bl
AJCCIUIOC T stagiog system & hhy ot o TN sage,thace & i ot e n st anayss

2S0HID, 25-hycoxyitamin O3 HR, hazard ratio; LN, ymoh node; CEA, Cartinoemivyonic antioen: pMMR oroficient Mismalch Raoel: VMR ciferent Mismatch Repa:

Pvalue

0005

0605

00w

o038

0305

002

0005

0005

0613

oot

0310

0302

0130

0017

Primary cohort

Multvariato analysis
HR (95%C1)

1.000
1947 (1176-3215)

1,000
0982 (0629-15%)

1000
1643 (0926-2571)

1,000
1696 (0.504-6.306)
2133(0655-6.942)

1000
2413 (1:381-4215)
4911 (2638-9.139)

1.000
0.485 (0285-0625)

1000
2597 (1.367-4.700)

1000
0541 (0334-0875)

P vale

0009

095

0096

0412

o008

0003

o012





OEBPS/Images/fonc-10-581597-g001.jpg
Ny Oi_ Valduton Cobert
[ Ot Cooi Sy
ety e e G | | Pty St ot G

ot cotrmd tensa o | | ooty e et .
e e —
e [ P ———
ot ey et ekt | | et iy e it i
mcaesiocntom st | | (et ioen v i )
= =y
ol s
[ —
o ke st g
e —

=
Pt o v T o G






OEBPS/Images/table4.jpg
Characteristic

No.of s dssoctod
276
<12

Patnoogial grading
Wotrmodarate
Pooianapiast
Venous inasion
Negatie.
Positve

Parinouralimasion
Nogatve
Posiive

Univariate analysis
HR (95%C1)

1000
233 (1.163-4.688)

1000
1,078 (0.565-2.094)

1000
1,406 0.584-0:384)

1000
5659 (0.744-43.051)
3474 (046625899

1000
1327 0.658-2674)

1000
0254 0.122-0529)

1000
1681 0.736-3841)

1000
0451 0:107-1.909)

1000
0874 0.420-1.822)

1000
1,114 05%6-2316)

1000
1264 0653-2.449)

1000
0043(0.000-15.492)

1000
0430 0211-40875)

Primary cohort
P Mulivariato analysis
HR (95%C1)
o017
1000
2015(0.968-4.195)
0825
1000
1,019 (0.520-1.998)
o447
1000
0954 (0:375-2.424)
0135
1000
5082 (0649-30.802)

0429

<0001

o218

0550

096

orr2

o487

0204

0020

3636 0.477-27.739)

1000
1,504 0.712-3.176)

1000
0341 0.151-0774)

1000
0474 (0200-0978)

»

006t

0956

o209

0281

o010

0013

Univariate analysis.

HR (95%C)

1000
0898 0:396-2087)

1000
1383 0.606-3,156)

1000
0711 0.167-3082)

1000
0749 0.170-3300)
3207 (0665-15.469)

1000
2144 0.946-4.861)

1000
0371 0.152-0900)

1000
1364 0.318-5:846)

1000
0865 0:360-2082)

1000
1277 0553-2.952)

1000
09% (0:382-2269)

1000
1411 0547-3641)

1000
1210 0641-2289

1000
0289 0.098-0850)

AJCCIIOG T stagiog systom & highy ot o TN stage, there & ot ke n st anayss
250HID, 25-hychoxwilann O8: HR, hazard malio: LN, imph nods; CEA, Cartinoemivyonic antioen: phMMR orolicent Mismalch Raoel: dMWMR diferent Mismatoh Repe:

Validation cohort

P

o798

oaat

0615

0007

0063

0020

o676

o077

067

003

oss7

o002

Multivarito analysis

HR (95%C1)

1000
0809 (0344-1.901)

1000
0986 (0419-2318)

1000
1,006 (0216-4675)

1000
0560 (0.122-2579)
2682 (0.504-13.487)

1000
3368 (1.194-0.446)

1000
0:197 (0057-0.687)

1000
1430 (0542-0.789)

1000
0208 (0075-0.727)

o627

0974

0904

00

0022

oon

0135

ootz





OEBPS/Images/table3.jpg
Characteristic

No. of LN dssected
241
<2
Patnoiogial grading
Wotrmodsrate
Poodanapiastc
Venous invasion
Nogathe.
Posiive
Perineuralimasion
Negative
Posiive
CeA (rg/m)
E
55
MR statis
ovR
amm
25(0HID level (ngim)
Low
Hon

Univariste analysis

HR (05%C)

1000
2007 (1.183-3508)

1000
1,170 0.704-1.973)

1000
2009 (11203575

1000
058 (0:345-0997)

1000
2000 0579-6919)
1,985 0614-6.421)

1000
1,998 (11493259

1000
0.4000216-0742)

1000
1,971 (0.996-3.899)

1000
1,661 (0.898-2.714)

1000
1,040 0.509-1.805)

1000
0824 (0.444-1.5%0)

1000
12100721-2081)

1000
0210(0029-1.523)

1000
0.484 (0277-0844)

Primary cohort
P Multvariato analysis
HR (95%C1)
o010
1,000
1,997 (1.126-0:542)
o0se2
1,000
1.027 (0.59-1.767)
oote
1000
1.448 (0.781-2.687)
0049
1000
0739 (0.426-1.285)
0510
1000
2098 0599-7.319)
1,924 (0.581-6:376)
oot
1,000
1.900(1.006-3:266)
0008
1,000
0471 0:245-0908)
0081
oar
0968
0008
1000
0795 (0.424-1.489)
o769
oz
oon

1000
0563(0319-0989)

0018

0522

0210

0284

0508

002

o002

0013

o00a7

Univariate analysis.

HR (95%C1)

1000
0901 0473-1.718)

1000
1,085 (0.566-2.079)

1000
1,564 (0.687-3.562)

1000
048502180949

1000
0634 0.190-2.119)
2955 (0832-10.498)

1000
2504 (1.358-4.959)

1000
0379 0.193-0747)

1000
1,447 (0.440-4.724)

1000
1,022 (0.697-2.743)

1000
1,972 (1.035-0.759)

1000
0707 (0363-1.498)

1000
1,172 (0.544-2:526)

1,000
0,447 (0061-3279)

1000
0242 0094-0620)

AJCCUICC, TN staging system s hhy ot o TN sage, terd & ot ikt o st anayss
SRIANY S aiiiendiatl D HI Daivel Aas: EN e aoie IS4 Cataitanaic et DM ol il il Aol ahE dlies kit Rasal:

Validation cohort

B

o752

0808

o287

0085

<0001

000

0005

st

o756

00w

0385

ootz

ez

0008

Multivariato analysis

HR (95%C1)

1000
0886 0.447-1.741)

1,000
0688 (0.448-1.759)

1,000
1.910(0.784-4654)

1000
0778(0355-1.701)

1000
0599 (0.135-2667)
2122(0415-1086%)

1000
4084 (1.784-9261)

1000
0309(0.133-0720)

1000
0957 (0.427-2.148)

1000
1107 (0.084-2:502)

1000
0220 (0.060-0602)

o718

o734

0155

0520

0000

0001

0007

0915

0072

0008





OEBPS/Images/fonc-10-581597-g002.jpg
05 1015 20 25 30 35 40 45 80 85
25(OH)D Serum Levels (ng/mL)

Fraquency
oznssse

05 1015 20 25 30 35 40 45
25(OH)D Serum Levels (ng/mL)

“efciont. Suttiont > Doficent Suffciont.
Primary Cohort Validation Cohort
c o
) S
z z
5 13
£ 150 €150
3 0 a1
g 2
3 S
g s EEEY
€ €
H H
o & o

2011 2012 2013 2014 2015

gy





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-10-581597-g004.jpg
Stage lllleft-sided patients in primary cohort
- 25(OH)DHow  P=.020
- 25(0H)D-high HR (95%CI): 0.430 (0.211-0.875)

Overall survival (%)

0 12 24 36 48 60 72 84 96
No. at risk Time (months )

25(0H)Ddow 98 95 91 88 81 63 34 28 8
25(0H)D-high 103 103 97 92 88 67 27 16 4

‘Stage lil left-sided patients in validation cohort
- 25(0H)Dlow  P=.024
- 25(0H)D-high  HR (95%CI): 0.289 (0.098-0.850)

12 24 3 48 60
No. at risk Time (months )

250H)Ddow 86 83 79 77 70 22
25(0H)D-high 66 64 59 53 45 10





OEBPS/Images/fonc.2020.581597_cover.jpg
, frontiers
in Oncology

Vitamin D Status and Survival
in Stage II-Ill Colorectal Cancer





OEBPS/Images/table1.jpg
Characteristic:

Mugnous tumors
Prmary e
Lofisicd
Rgnt-sded
stage
[
"
Tstage
TeT2
™
™
N stage
3
N
N
Aduvant chemotherapy
Yes
o
No. of s dssected
<12
212
Patnoiogial rading
‘Welimoderate
Poor/anapiastc
Unknoun
Vonous invasion
Negative
Postive
Unknown
Perincura ivasion
Negatve
Posiive.
Unknoun
CEA (ng/m)
%
55
Unkoun
MR statvs
MR
AR
Unknoun
Season
Spring
Sumemor
Fat
Warer

Cases
N R
523(1000)

228636)
295 (564)

304 (68.1)
219419)

432 626)
o1 (17.)

338 (646)
185 (35.4)

204 (67)
279833

26(50)
197 G7.7)
200(67.4)

205 (468)
196 37.5)
82057

413090)
10010

4484
a79916)

38271301
128285
1834)

01072)
12019
709

400 782)
Mgt
308

316 (60.4)
m@Eas
408

462 683)
55(109)
6011

122289
169 (229
151(289)
81(155)

Primary cohort
25(0HD-Low
Nk
200(55.4)

123639
167 (66.6)

154(507)
136624

207 649)
53(82)

17652
114 61.6)

145504
145620/

14638
110(658)
166653

145(592)
102(520)
3(624)

2238
63(61.8)

2059
210(56.4)

207 (542)
7069
13022)

23677)
54(682)
329

28670
55405
2667

178569
109(63)
3050,

2939
36659
5@

85(697)
95(562)
8(38.9)
52(642)

25(0H)D-High
N R
2348

106 (46.1)
12643.4)

150 493)
8679

105 (45.1)
18

162 (47.9)
@84

99(406)
134 (480)

12462)
&7 442)
134 (44.7)

100 (408)
94(480)
39676

191 (462)
2(82)

24649
209438)

175 (458)
sa(4a.1)
sere

71423
58518
ary

176 (4130)
56(505)
183

138637
04163
1059

2136.)
19@45)
10167)

37003
74008
9616
20058

0513

0000

0385

00

o087

0980

0212

0130

0163

030t

0163

0350

o615

0102

oot

1206585
85419

176 859)
29(141)

15274.1)
52(254)

1468)
165605
26(127)

136 663)
69(837)

181889
21(102)

1468)
191632)

150(732)
49239
629

129629)
@71

157 66.8)
68(832)

78380
%183
28(137)

165605
1164)
200141)

63307)
540263
52025.4)
(176

Validation cohort
25(0HD-Low
N
125610

59608
66611

65(542)
60(706)

110(628)
15617

(566)
B3

7(500)
(00
10031

85625
0680

"meLy
13619

7(500)
18618

o7 647)
2663
2(3)

7690
802

91 @)
600,

47609
58666
20014

0 E0
8020
18 (62:1)

46030
(556
25081
24667

250410127500 s T s e was e o 6l o N o o s 250HD e f o s pgoion.
25II0. 25-Meciriovianis OF LAL hamoh sodk B4, Carchoambnont: slber oMM crofohor Mo fsoal: UM dilwent AN Aeost:

25(0H)D-High
N
0090

892
4289

5458
25094)

6675
14483

6(30)
14@89)

7600
66(400)
7@69)

51079
20620

7087
8@

7600
@82

5353
23069
4667

52109
2868

4636
3400

31 @07
@
8086

6400)
379
R

710
20009)
27619
1233

0967

o008

0270

00

0.0

0623

0023

0483

05608





