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Abstract: Background: Studies on the association between serum vitamin B¢ status and colorectal
cancer prognosis are limited and have yielded inconsistent results. This study investigated the
association of pyridoxal 5'-phosphate (PLP) and pyridoxic acid ratio (PAr) index with colorectal
cancer survival. Methods: A total of 1286 colorectal cancer patients diagnosed since 2010 were
selected from the Guangdong Colorectal Cancer Cohort study. Serum levels of PLP, pyridoxal, and
4-pyridoxic acid were measured using ultra-high-performance liquid chromatography-tandem mass
spectrometry. The study followed overall mortality and colorectal cancer-specific mortality until
December 2023. Multivariable Cox proportional hazards regression models were applied to calculate
hazard ratios (HRs) and 95% confidence intervals (95% Cls). Restricted cubic spline and stratified
analysis were performed. Results: During a median follow-up of 77.36 months, 331 deaths were
recorded, with 293 specifically attributed to colorectal cancer. Higher PLP levels were associated with
alonger overall survival (HRqq vs. @1, 0.63; 95% CI: 0.46, 0.87; p for trend = 0.008) and colorectal cancer-
specific survival (HRg4 vs. 91, 0.62; 95% CI: 0.44, 0.87; p for trend = 0.006). Non-linear associations
were observed between serum PLP and overall and colorectal cancer-specific survival (p for non-
linear < 0.05). However, PAr was not significantly associated with either overall survival (HRg4 vs. Q1,
1.03; 95% CI: 0.75, 1.41) or colorectal cancer-specific survival (HRg4 vs. g1, 1.01; 95% CI: 0.72, 1.42).
The association between serum PLP and both overall survival and colorectal cancer-specific survival
(p for interaction < 0.05) varied by alcohol drinking status. Conclusions: Higher serum PLP levels,
but not PAr, may be associated with improved overall and colorectal cancer-specific survival.
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1. Introduction

Colorectal cancer is a primary cause of cancer-related morbidity and mortality world-
wide [1,2]. The mortality rates for colorectal cancer are on the rise globally [3,4]. From
1990 to 2019, the number of deaths from colorectal cancer increased from 518,126 to
1.09 million [2]. The 5-year survival rate for metastatic colorectal cancer is 14% [5]. Improv-
ing long-term outcomes for colorectal cancer patients remains a significant challenge. As
cancer cells rely on metabolites from the patient’s diet [6], identifying modifiable factors,
such as diet, is essential to prevent mortality in individuals with colorectal cancer [7-10].

Vitamin Bg, mainly obtained through the diet, plays a crucial role in regulating and
participating in significant processes such as carbohydrate metabolism, DNA synthesis,
and one-carbon cycling, acting as a cofactor and essential nutrient [6,11-16]. Blood mea-
surements of B vitamins can overcome the limitation of relying on self-reported dietary
intake and may provide a more accurate assessment of exposure, as the bioavailability of
serum B vitamins may be compromised [17]. Pyridoxal 5’-phosphate (PLP), the biologically
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active form of vitamin By, is commonly utilized as the primary indicator of overall vitamin
Bg status in the body [18]. The pyridoxic acid ratio (PAr) index, defined as the ratio of 4-
pyridoxic acid (PA) over the sum of PLP and pyridoxal (PL), serves as a marker of increased
vitamin Bg catabolism during inflammation and related cellular immune activation [19].
The PAvr is significantly associated with inflammatory markers such as C-reactive protein
(CRP), an acute phase marker, and kynurenine/tryptophan ratio (KYN/TRP), which is
linked to cellular immunity [20]. Inflammation-related processes may lead to an imbal-
ance in the plasma concentrations of B vitamers, causing an increase in PA relative to
PL + PLP and thus resulting in an elevated PAr [21]. Albumin, the primary carrier of PLP, is
often found at reduced levels during inflammation, while increased activity of membrane-
bound phosphatases, such as alkaline phosphatase, facilitates the uptake of PLP into tissue.
Moreover, oxidative stress can upregulate enzymes involved in aldehyde metabolism,
such as aldehyde oxidase (AOX) and aldehyde dehydrogenases, which convert PL to PA.
Progressive kidney damage due to chronic inflammation may also increase plasma PA
levels in comparison to PLP and PL [21]. Additionally, the relationship between the acute
inflammatory response—evidenced by markers like CRP—and the redistribution of PLP
from plasma to other tissues suggests a connection between elevated PAr and various
inflammatory processes [22]. Therefore, PAr serves as a marker for increased vitamin Bg
catabolism during inflammation and related cellular immune activation.

Previous studies have specifically focused on PLP and PAr in relation to colorectal
cancer risk [23-26] and, to a lesser extent, survival [27-31]. The findings regarding the asso-
ciation between PLP levels and colorectal cancer survival have been inconsistent [28,30,31].
One study indicated that elevated plasma PLP levels were associated with a better progno-
sis for colorectal cancer patients, while two other studies found no significant association.
To date, only one study has investigated the relationship between PAr and colorectal
cancer survival, reporting a positive association [30]. Therefore, the epidemiological evi-
dence on the protective role of serum PLP against colorectal cancer is inconclusive, and
research on PAr and colorectal cancer survival is limited to a single study conducted on
European populations.

Studies examining the relationship between circulating vitamin B4 concentrations
and colorectal cancer prognosis are limited in China. This study aims to prospectively
investigate the association of serum PLP and PAr with survival in Chinese colorectal cancer
patients. The hypothesis was that higher serum PLP levels and lower PAr are associated
with improved colorectal cancer survival.

2. Materials and Methods
2.1. Study Population

This study utilized data from the Guangdong Colorectal Cancer Cohort (GCCC), an
ongoing prospective cohort study aimed at evaluating genetic and environmental fac-
tors influencing the survival of individuals diagnosed with colorectal cancer. The cohort
was established in July 2010 at the Sun Yat-sen University Cancer Center in Guangzhou,
China [32,33]. Potential colorectal cancer patients were screened for eligibility, and subse-
quent enrollment in the cohort was conducted according to the following inclusion criteria:
aged 30-75 years, with a histological diagnosis of primary colorectal cancer (International
Classification of Diseases, version 10 [ICD10/C18-C20]) within 3 months of diagnosis, and
either being native to Guangdong or having maintained residence in Guangdong for a
minimum of 5 years. Patients were not eligible to participate if they had a diagnosis of
another type of cancer or if they were unable to communicate or understand Mandarin
or Cantonese effectively. A total of 3174 cases were identified for the period between July
2010 and May 2021. Of the aforementioned cases, 2833 were eligible and thus underwent
an interview, resulting in a response rate of 89.26%. A total of 1297 blood samples were
available and detected from among eligible cases (Figure 1). After excluding 11 cases
with unreasonable daily energy consumption information, the final analysis encompassed
1286 cases.
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3174 participants in GCCC

from 2010 to 2021
> Did not complete the questionnaire (341 patients)
2833 participants
Excluded 1536 participants who did not provide
“1 blood samples
v
1297 participants
Excluded 11 participants with unreasonable daily
?| energy consumption
1286 participants
< 77.36 months follow up (from July 2010 to
December 2023)
4

331 deaths including 293 from colorectal cancer

Figure 1. Flow chart of study participants. Abbreviations: GCCC, Guangdong Colorectal Cancer
Cohort study.

2.2. Blood Collection and Biochemical Measurements

On the second day of their hospitalization, each participant provided a fasting venous
blood sample of approximately 5 mL. All participants had not received any treatment or
surgical operation before the blood collection. Upon arrival at the laboratory, the blood
samples were subjected to centrifugation at 3000 rpm for a period of 10 min at a temperature
of 4 °C. Subsequently, an aliquot of each serum sample was transferred into eight 200 pL
tubes and immediately frozen at —80 °C until analysis was initiated.

Serum vitamin Bg species, comprising PLP, PL, and PA, were measured using the ultra-
high-performance liquid chromatography—tandem mass spectrometry (UHPLC-MS/MS)
method, as exemplified in previous studies [34,35]. The detection process was performed
with an Agilent 1290 UHPLC system in conjunction with an Agilent 6495 triple quadrupole
instrument (Agilent, Santa Clara, CA, USA). The precise methodology employed has been
previously described in detail [36,37]. The recovery rates of serum vitamin Bg ranged
between 85% and 118%, with mean inter-batch coefficients of variation at 11.4% for PLP,
8.1% for PL, and 10.1% for PA, respectively.

2.3. PAr Definition

The calculation of PAr involves the division of PA by the sum of the PLP and PL.
The procedures for quantifying PA, PL, and PLP concentrations are delineated in the
preceding section.
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2.4. Outcome Ascertainment and Follow-Up

In this study, two primary outcomes were evaluated: overall survival and colorectal
cancer-specific survival. Overall survival considered death from any cause, while colorectal
cancer-specific survival focused on deaths due to colorectal cancer. Overall survival was
defined as the time elapsed between the pathological diagnosis of colorectal cancer and
the occurrence of any cause of death. Colorectal cancer-specific survival was defined as
the time elapsed between the pathological diagnosis of deaths specifically attributed to
colorectal cancer. Participants who did not experience an event of interest within the study
period were considered to have been censored on the date of the final follow-up evaluation.
Follow-up commenced at the time of colorectal cancer diagnosis and continued until a
cancer-related event occurred or the last outcome ascertainment on 1 December 2023. The
data pertaining to mortality among participants was gathered on a regular basis through a
multifaceted approach, encompassing the reporting system overseen by the Guangzhou
Center for Disease Control and Prevention, medical records, and active follow-up through
telephone interviews with patients or their next-of-kin. Physicians identified colorectal
cancer-specific causes of death based on ICD-10 codes.

2.5. Covariate Ascertainment

At baseline, patient information on demographics, lifestyle factors, dietary habits,
and clinical data was obtained through in-person interviews or extracted from medical
records [38]. Demographic data included sex, age, marital status, and average monthly in-
come. Lifestyle habits covered smoking status, alcohol consumption, and physical activity.

A validated food frequency questionnaire (FFQ) was employed to ascertain dietary
information [38]. Trained interviewers posed inquiries to the participants in a personal face-
to-face interview. They requested that the participants estimate the frequency (never, per
year, per month, per week, per day) and amount of each food item consumed. The average
daily nutrient intake was calculated by multiplying the frequency and portion size of each
food item by its nutrient content based on the China Food Composition Table 2002 [39].
Participants were provided with photographs of standard food portions to aid in estimating
their intake. The residual method was employed for the purpose of adjusting the dietary
intake of nutrients in consideration of energy intake (in kcal/d) [40]. Clinical factors, such
as age at diagnosis, cancer stage (I, II, III, and IV), tumor site (colon, rectum), degree
of differentiation (well-differentiated, moderately differentiated, poorly differentiated),
surgical operation (yes or no), and administration of radiotherapy or chemotherapy (yes or
no), were extracted from hospital medical records.

A smoker was defined as someone who had smoked at least one cigarette per day for
more than 6 months consecutively or cumulatively in their lifetime. The patient’s smoking
status was classified as either “never-smoking” or “ever-smoking” based on the criteria
that they had smoked continuously or cumulatively for a period of more than six months.
In this categorization, ever-smoking included both current and former smoking. Regular
drinking was defined as consuming alcohol at least once per week during the past year.
Physical activity levels were assessed based on self-reported occupational, household,
and leisure-time activities. The mean metabolic equivalent task (MET)-hours value for
each activity was obtained by averaging all comparable activities in the Compendium of
Physical Activities [41,42]. The MET-h/week for each subject was calculated according to
the following formula: number of days/week x hours per day x MET for a specific activity.
Body mass index (BMI) was calculated using the following formula: weight (kg)/height
squared (m?).

2.6. Statistical Analysis

In cases where data exhibited abnormal detection patterns, such as values exceeding
the upper limit of the quantitative standard curve, the median value was substituted.
Baseline characteristics of the study population were presented according to sex-specific
quartiles of serum PLP. Continuous variables were expressed as mean (standard deviation)
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or median (Pys5, P75), while categorical variables were presented as frequencies (percentages).
Differences between groups were assessed using one-way ANOVA or Kruskal-Wallis tests
for continuous variables and chi-square tests for categorical variables.

Cox proportional hazards regression models were fitted to evaluate hazard ratios (HRs)
and 95% confidence intervals (Cls) to examine the association of serum PLP and PAr with
survival outcomes. No violations of the proportional hazard assumption were detected.
In the multivariable analyses, adjustments were made for potential confounding factors
assessed at study recruitment. Model 1 adjusted for age (continuous), sex (male, female),
BMI (continuous), smoking (ever or never), drinking (regular or never), MET (continuous),
total energy intake (continuous), and protein intake (continuous). Model 2 included
additional adjustments for differentiation (well-differentiated, moderately differentiated,
poorly differentiated), surgery (yes or no), radiotherapy or chemotherapy (yes or no), and
history of cancer in first-degree relatives (yes or no). A linear trend was tested using
the median value for each categorical variable (Q1-Q4) as a continuous variable in Cox
proportional hazards modes. Restricted cubic spline (RCS) analysis with 4 knots was used
to evaluate dose-response relationships and potential non-linear associations between
serum vitamin B¢ and survival outcomes. The likelihood ratio test was employed to
examine non-linearity.

Stratified analysis was performed by sex, age, BMI, smoking status, cancer stage, and
tumor site. Additionally, given the potential influence of alcohol on vitamin Bg absorption
and one-carbon metabolism [43], stratified analyses were also conducted according to
alcohol drinking status. Interaction tests were performed by comparing multivariate
models with and without interaction terms using cross-product terms. The p-value for
interaction was derived from the log-likelihood statistic. To examine the robustness of
the result, two sensitivity analyses were performed: (1) additional adjustment for dietary
vitamin Bg intake based on model 2; (2) additional adjustment for the timing of blood-
sample collection based on model 2.

All statistical analyses were performed using R software, version 4.4.0 (R Project for
Statistical Computing). p-values < 0.05 were considered statistically significant based on
two-sided tests.

3. Results
3.1. Characteristics of Participants in GCCC Study

The median (P,5, P75) serum PLP concentration and PAr for these 1286 colorectal
cancer patients was 6.03 (3.21-11.10) nmol/L and 0.69 (0.49-1.00), respectively. A median
follow-up period of 77.36 months yielded a total of 331 deaths among the 1286 colorectal
cancer patients, with 293 of these deaths attributed specifically to colorectal cancer. Among
the patients who died, 218 (30.24% out of 721) were male and 113 (20.00% out of 565)
were female. The median (Pys, Py5) age at enrollment was 58.53 (49.98-65.03) years, and
721 (56.07%) of the patients were men. Table 1 presents the baseline characteristics of
the 1286 colorectal cancer patients, categorized by quartile of serum PLP. A statistically
significant difference was observed in drinking status among patients with varying serum
PLP levels (p = 0.017). There was also a significant difference in cancer stage based on
serum PLP levels (p < 0.001). Additionally, significant differences were noted in other serum
vitamin levels across varying serum PLP quartiles (all p < 0.05). Significant differences were
observed in total energy (kcal/day) and protein (g/day) intake across the various groups
(both p < 0.05), while significant differences were not noted in dietary B vitamin intake
levels across varying serum PLP quartiles (all p > 0.05).
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Table 1. Baseline characteristics of patients with colorectal cancer by the quartiles of serum pyridoxal
5’-phosphate in the Guangdong Colorectal Cancer Cohort.

Quartiles of Serum PLP (nmol/L) 2

Characteristics p-Value ?
Quartile 1 (1 =323) Quartile2 (n =321) Quartile 3 (n =321) Quartile 4 (n = 321)

Sex (11, %) 1.000
Male 181 (56.04) 180 (56.07) 180 (56.07) 180 (56.07)

Female 142 (43.96) 141 (43.93) 141 (43.93) 141 (43.93)

Marital status (1, %) 0.094
Married 311 (96.28) 300 (93.46) 309 (96.26) 298 (92.83)
Unmarried/divorced /widowed 12 (3.72) 21 (6.54) 12 (3.74) 23(7.17)

Residence (1, %) 0.279
Urban 211 (65.33) 192 (59.81) 211 (65.73) 213 (66.36)

Rural 112 (34.67) 129 (40.19) 110 (34.27) 108 (33.64)

Income, Yuan/month, (1, %) 0.995
less than 2000 49 (15.17) 47 (14.64) 46 (14.33) 43 (13.40)

2001-5000 104 (32.20) 102 (31.78) 103 (32.09) 99 (30.84)
5001-8000 90 (27.86) 99 (30.84) 97 (30.22) 97 (30.22)
more than 8001 80 (24.77) 73 (22.74) 75 (23.36) 82 (25.55)

Smoking status (1, %) 0.515
Never 187 (57.89) 196 (61.06) 189 (58.88) 203 (63.24)

Ever 136 (42.11) 125 (38.94) 132 (41.12) 118 (36.76)

Drinking, (1, %) 0.017
Never 280 (86.69) 271 (84.42) 250 (77.88) 272 (84.74)

Regular 43 (13.31) 50 (15.58) 71 (22.12) 49 (15.26)

BMI, kg/m?, (1, %) 0.211
<239 203 (62.85) 190 (59.19) 194 (60.44) 176 (54.83)
>239 120 (37.15) 131 (40.81) 127 (39.56) 145 (45.17)

Physical activity, median (P25, Pys),

MET-h per week © 28.88 (6.17, 52.50) 28.88 (10.31,52.50)  26.25(13.13,52.50)  28.88 (11.25, 52.50) 0.940

Age at diagnosis in years, y, (11, %) 0.183
<50 78 (24.15) 85 (26.48) 69 (21.50) 92 (28.66)
>50 245 (75.85) 236 (73.52) 252 (78.50) 229 (71.34)

Cancer stage (11, %) ¢ <0.001
I 34 (10.53) 46 (14.33) 61 (19.00) 52 (16.20)

I 112 (34.67) 113 (35.20) 111 (34.58) 104 (32.40)
11 98 (30.34) 106 (33.02) 96 (29.91) 130 (40.50)
v 70 (21.67) 49 (15.26) 52 (16.20) 34 (10.59)

Tumor site (1, %) 0.068
Colon 216 (66.87) 208 (64.80) 184 (57.32) 198 (61.68)

Rectum 107 (33.13) 113 (35.20) 137 (42.68) 123 (38.32)

Differentiation (1, %) € 0.297
Well-differentiated 1(0.31) 1(0.31) 4(1.25) 4(1.25)

Moderately differentiated 223 (69.04) 238 (74.14) 237 (73.83) 230 (71.65)
Poorly differentiated 77 (23.84) 68 (21.18) 58 (18.07) 73 (22.74)

Radiotherapy or chemotherapy (1, %) 0.656
No 114 (35.29) 108 (33.64) 120 (37.38) 106 (33.02)

Yes 209 (64.71) 213 (66.36) 201 (62.62) 215 (66.98)

Surgery (1, %) 0.239
No 22 (6.81) 14 (4.36) 12 (3.74) 13 (4.05)

Yes 301 (93.19) 307 (95.64) 309 (96.26) 308 (95.95)

History of cancer in first-degree 0.753

relatives (1, %) ’
No 279 (86.38) 274 (85.36) 283 (88.16) 280 (87.23)

Yes 44 (13.62) 47 (14.64) 38 (11.84) 41 (12.77)

PL (nmol/L), median (Pys, P75) 10.78 (6.70, 15.62) 10.92 (7.62, 15.19) 10.97 (7.78, 16.84) 16.00 (9.31, 28.70) <0.001

PA (nmol/L), median (P,5, P75) 11.22 (7.62, 15.73) 12.68 (9.63, 18.19) 12.99 (9.24,18.71) 15.61 (11.15, 28.60) <0.001

PAr, median (Pys, P75) 0.84 (0.58,1.23) 0.83 (0.58, 1.14) 0.67 (0.47, 0.94) 0.49 (0.33, 0.67) <0.001

Dietary intake, median (P,s, Pys) f
Total energy (kcal /day) 1544.15 1524.82 1519.02 1424.64 0.011

gy y (1263.22, 1817.55) (1278.14, 1864.33) (1250.05, 1858.67) (1152.41, 1752.29) ’
Protein (g/day) 65.67 (55.35,79.31)  66.90 (53.58,78.52)  63.30 (52.42,77.32)  60.05 (49.28, 75.61) 0.004
Vitamin B, (mg/day) 0.83(0.71, 0.98) 0.83 (0.69, 0.98) 0.82 (0.68, 0.97) 0.82 (0.70, 1.00) 0.456
Vitamin B¢ (mg/day) 0.83(0.71, 0.97) 0.83(0.71, 0.93) 0.80 (0.67, 0.94) 0.80 (0.69, 0.92) 0.062
208.59 200.84 205.38 208.70
Folate (ug/day) (180.26, 240.70) (178.58, 237.52) (172.86, 242.00) (176.69, 247.09) 0.397
Vitamin By, (mg/day) 1.67 (1.20, 2.15) 1.65 (1.16, 2.36) 1.62 (1.16, 2.25) 1.65 (1.10, 2.37) 0.939

Abbreviations: PLP, pyridoxal 5'-phosphate; BMI, body mass index; MET, metabolic equivalent task; PL, pyri-
doxal; PA, 4-pyridoxic acid; PAr, the ratio of PA over the combined concentrations of PLP and PL. # Quartile
ranges of serum PLP were <3.11, 3.11 to 5.86, 5.86 to 10.78, and >10.78 nmol/L in men and <3.33, 3.33 to 6.27,
6.27 to 11.59, and >11.59 nmol/L in women. P Chi-square tests or Kruskal-Wallis tests, p-value < 0.05 were
considered statistically significant. ¢ Six patients had unknown information on MET. 9 Eighteen patients had
unknown information on cancer stage. ¢ Seventy-two patients had other or unknown degree of differentiation.
f Consumption was adjusted for total energy intake using the regression residual method.
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3.2. Association of Serum PLP and PAr with Survival

The concentration of serum PLP was found to be significantly associated with im-
proved overall and colorectal cancer-specific survival after adjusting for various covariates.
Higher PLP levels, particularly in the highest quartile group, were found to be associated
with a 37% longer overall survival (HRq4 vs. 01, 0.63; 95% CI: 0.46, 0.87; p for trend = 0.008)
and a 38% longer colorectal cancer-specific survival (HRg4 vs. 1, 0.62; 95% CI: 0.44, 0.87;
p for trend = 0.006). In contrast, PAr was not significantly associated with overall survival
(HRq4 vs. 01, 1.03; 95% CI: 0.75, 1.41; p for trend = 0.964) or colorectal cancer-specific survival
(HRQ4 vs. 1, 1.01; 95% CI: 0.72, 1.42; p for trend = 0.964) in the adjusted models (Table 2).

Table 2. Hazard ratio (95% confidence interval) for overall survival and overall survival and colorectal
cancer-specific survival according to quartiles of serum pyridoxal 5-phosphate and PAr in the
Guangdong Colorectal Cancer Cohort.

Death/Number Crude Model Model 1P Model 2 €
Overall survival
PLP, nmol/L
Quartile 1 96/323 1.00 1.00 1.00
Quartile 2 82/321 0.80 (0.60-1.08) 0.79 (0.59-1.06) 0.81 (0.60-1.09)
Quartile 3 84/321 0.79 (0.59-1.06) 0.78 (0.58-1.05) 0.81 (0.60-1.09)
Quartile 4 69/321 0.65 (0.47-0.88) 0.66 (0.48-0.91) 0.63 (0.46-0.87)
p for trend @ 0.004 0.021 0.008
PAr
Quartile 1 73/313 1.00 1.00 1.00
Quartile 2 85/321 1.14 (0.83-1.56) 1.10 (0.81-1.51) 1.07 (0.78-1.46)
Quartile 3 86/323 1.17 (0.85-1.59) 1.13 (0.83-1.55) 1.10 (0.80-1.51)
Quartile 4 87/329 1.15 (0.84-1.57) 1.07 (0.78-1.47) 1.03 (0.75-1.41)
p for trend ? 0.293 0.797 0.964
Colorectal
cancer-specific
survival
PLP, nmol/L
Quartile 1 85/323 1.00 1.00 1.00
Quartile 2 76/321 0.84 (0.62-1.15) 0.83 (0.61-1.13) 0.85 (0.62-1.16)
Quartile 3 72/321 0.77 (0.56-1.06) 0.77 (0.56-1.05) 0.79 (0.58-1.09)
Quartile 4 60/321 0.64 (0.46-0.89) 0.65 (0.47-0.91) 0.62 (0.44-0.87)
p for trend ? 0.004 0.016 0.006
PAr
Quartile 1 65/313 1.00 1.00 1.00
Quartile 2 75/321 1.14 (0.82-1.58) 1.11 (0.80-1.55) 1.07 (0.76-1.49)
Quartile 3 78/323 1.19 (0.86-1.66) 1.17 (0.84-1.63) 1.12 (0.80-1.56)
Quartile 4 75/329 1.13 (0.81-1.58) 1.06 (0.75-1.48) 1.01 (0.72-1.42)

p for trend ? 0.398

0.892

0.964

2 Test for linear trend was based on the median values for each quartile of serum concentration. ® Cox proportional
hazards regression model adjusted for age (continuous), sex (male, female), BMI (continuous), smoking (ever or
never), drinking (regular or never), MET (continuous), total energy intake (continuous), and protein intake (contin-
uous). ¢ Cox proportional hazards regression model additionally adjusted for differentiation (well-differentiated,
moderately differentiated, poorly differentiated), surgery (yes or no), radiotherapy or chemotherapy (yes or no),
and history of cancer in first-degree relatives (yes or no). Abbreviations: PLP, pyridoxal 5'-phosphate; PAr, the
ratio of PA over the combined concentrations of PLP and PL.

Further analyses, detailed in Figure 2, revealed a non-linear, reverse J-shaped associa-
tion between serum PLP and both overall survival (p for non-linear = 0.019) and colorectal
cancer-specific survival (p for non-linear = 0.015), as identified by the RCS analysis. Never-
theless, no statistically significant non-linear relationship was identified between PAr and
either overall survival or colorectal cancer-specific survival (p for non-linear > 0.050).
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Figure 2. Multivariable-adjusted relationships between serum pyridoxal 5'-phosphate and PAr and
survival outcome by the restricted cubic spline model. The solid red line represents the hazard ratio
value, the shaded area represents the confidence interval, and the dashed line represents a hazard
ratio value of 1. (A) PLP and overall survival. (B) PLP and colorectal cancer-specific survival. (C) PAr
and overall survival. (D) PAr and colorectal cancer-specific survival. Cox proportional hazards
regression model adjusted for age (continuous), sex (male, female), BMI (continuous), smoking (ever
or never), drinking (regular or never), MET (continuous), total energy intake (continuous), protein
intake (continuous), degree of differentiation (well-differentiated, moderately differentiated, poorly
differentiated), surgery (yes or no), radiotherapy or chemotherapy (yes or no), and history of cancer in
first-degree relatives (yes or no). Abbreviations: CI, confidence interval; PLP, pyridoxal 5’-phosphate;
PAr, the ratio of PA over the combined concentrations of PLP and PL.

3.3. Stratified and Sensitivity Analyses

Table 3 shows the association between serum vitamin Bg levels and survival out-
comes in colorectal cancer patients stratified by factors such as sex, age, BMI, smoking
status, alcohol drinking status, cancer stage, and tumor site. Interaction tests revealed that
alcohol consumption significantly modified the relationship between serum PLP levels
and colorectal cancer survival. Specifically, the association between serum PLP and both
overall survival (p for interaction = 0.030) and colorectal cancer-specific survival (p for
interaction = 0.031) varied by alcohol consumption. However, no significant interactions
were found between PLP levels and survival outcomes across other factors such as sex, age,
BMI, smoking status, cancer stage, or tumor site (all p for interaction > 0.05). Similarly, no
significant interactions were found between PAr and survival outcomes across any of the
examined variables (all p for interaction > 0.05). Specifically, the associations of serum PLP
or PAr with overall survival and colorectal cancer-specific survival were consistent across
subgroups such as sex, age, BMI, smoking status, cancer stage, and tumor site.
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Table 3. Hazard ratios (95% CI) for survival outcomes by pyridoxal 5’-phosphate and PAr stratified
by selected covariates in the Guangdong Colorectal Cancer Cohort Study.

Overall Survival Colorectal Cancer-Specific Survival
Quartile 1 Quartile4?  p for Trend b Int ef afc(go ne Quartile 1 Quartile4?  p for Trend b Intefafc(gon c
PLP, nmol/L
Sex 0.468 0.581
0.64 0.66
Male 1.00 043094) 0.062 1.00 044001) 0.088
0.66 0.61
Female 1.00 038015) 0.077 1.00 0340.08) 0.044
Age 0.674 0.705
0.68 0.56
<50 1.00 037024) 0.436 1.00 029107) 0.196
0.62 0.65
>50 1.00 043°089) 0.011 1.00 044 097) 0.023
BMI 0.611 0.888
0.72 0.65
<239 1.00 04821.08) 0.106 1.00 020 0.044
>239 1.00 © 2 ) 0.026 1.00 © e %) 0.080
Smoking status 0.098 0.118
0.84 0.9
Ever 1.00 054131) 0.748 1.00 (055-1.460) 0.855
Never 1.00 (0 o 80) 0.002 1.00 R oy - 0.001
Drinking status 0.030 0.031
0.57 0.72
Regular 1.00 024°132) 0.181 1.00 027-1.90) 0.261
Never 1.00 (0 250 " 0.029 1.00 I 4%_66*92) 0.020
Cancer stage 0.717 0.581
0.80 0.74
1111 1.00 (051°126) 0.323 1.00 0451 22) 0.169
v 1.00 I o ) 0.637 1.00 (0 o 50) 0.433
Tumor site 0.340 0.501
0.71 0.68
Colon 1.00 0474.07) 0.174 1.00 0.44°106) 0.126
0.70 0.74
Rectum 1.00 0417116) 0.132 1.00 042128) 0177
PAr
Sex 0.811 0.769
0.95 0.92
Male 1.00 (0.6520.40) 0.790 1.00 06124.39) 0.627
111 1.14
Female 1.00 0.63200) 0.936 1.00 0652 11) 0.782
Age 0.889 0.797
1.08 137
<50 1.00 055220) 0.742 1.00 0.65390) 0.427
1.06 0.97
>50 1.00 074152) 0.890 1.00 0.664.42) 0.812
BMI 0.838 0.943
1.08 112
<239 1.00 075162) 0913 1.00 ©74471) 0.705
>239 1.00 © o 69) 0.769 1.00 © Py 58) 0.751
Smoking status 0.452 0.425
0.94 0.85
Ever 1.00 061144) 0.995 1.00 0541.36) 0.681
Never 1.00 I iy 68) 0.645 1.00 © ey 85) 0.840
Drinking status 0.882 0.945
0.93 0.84
Regular 1.00 (0.491.80) 0.989 1.00 017 0.695
Never 1.00 (0 o 50) 0.971 1.00 e e
Cancer stage 0.717 0.593
0.89 0.88
111 1.00 057°041) 0.492 1.00 052047) 0418
v 1.00 (0 28 ) 0911 1.00 e 0.825
Tumor site 0.819 0.770
1.04 0.93
Colon 1.00 (0.68-1.59) 0.800 1.00 (0590.47) 0.455
0.88 0.98
Rectum 1.00 053 047) 0.699 1.00 (058168) 0.972

@ Cox proportional hazards regression model adjusted for age (continuous), sex (male, female), BMI (continuous),
smoking (ever or never), drinking (regular or never), MET (continuous), total energy intake (continuous), protein
intake (continuous), differentiation (well-differentiated, moderately differentiated, poorly differentiated), surgery (yes
or no), radiotherapy or chemotherapy (yes or no), and history of cancer in first-degree relatives (yes or no). ® The linear
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trend was conducted using the median values for each quartile of serum concentration. ¢ The interaction term’s
significance was assessed using the Wald method to calculate the p-value for interaction, which tested the
multiplicative interaction between serum vitamin By levels and the respective stratified variable. Abbreviations:
PLP, pyridoxal 5'-phosphate; PAr, the ratio of PA over the combined concentrations of PLP and PL.

To address the potential impact of dietary intake and blood sample storage time on
biomarker concentrations, we repeated our analyses, further adjusting for these factors in
the fully adjusted model. Our results remained consistent. Sensitivity analyses confirmed
that the associations of serum PLP levels with both overall and colorectal cancer-specific
survival remained significant, even after adjusting for dietary vitamin Bq intake or the
timing of blood-sample collection.

4. Discussion

This study demonstrated that colorectal cancer patients with elevated serum PLP
levels experienced improved overall and colorectal cancer-specific survival. Additionally,
the associations between serum PLP and survival were influenced by the drinking status of
patients. No significant association was ascertained between serum PAr and either overall
or colorectal cancer-specific survival. Sensitivity analyses confirmed the robustness of
these findings.

To date, the existing research on this topic is relatively sparse, with only a limited
number of studies having examined the relationship between circulating vitamin B¢ con-
centrations and survival among colorectal cancer patients, with inconsistent findings
reported [28,30,31]. Two of these studies, each involving fewer than 500 colorectal can-
cer cases, found no association between blood PLP levels and overall colorectal cancer
survival [28,31], likely due to their small sample sizes. In contrast, a study involving
2031 patients with stage I-III colorectal cancer reported that elevated blood PLP levels were
associated with improved overall survival [30], a finding consistent with our own results.
Several factors influence PLP concentrations, including dietary intake, use of nutritional
supplements, inflammatory status, serum levels of albumin and alkaline phosphatase,
lifestyle habits, and exposure to food additives [44,45]. The variation in the estimated asso-
ciations between PLP and cancer survival across different studies may be attributed to a
number of factors, such as differences in study populations, methods of PLP measurement,
sample sizes, follow-up periods, and vitamin Bg composition. Additionally, we found
a non-linear relationship between serum PLP and survival in colorectal cancer patients,
indicating there may be an optimal range for cancer patients. The findings imply that main-
taining a specific concentration range of vitamins in the human body may be essential for
ensuring optimal performance of the body’s normal physiological function [46,47]. In the
process of DNA synthesis, 5,10-methylene tetrahydrofolate plays a role in the conversion
of uracil to thymidylate. The regeneration of this enzyme is dependent on the presence of
vitamin B¢ [48]. There is a paucity of research examining the dose-response relationship
between PLP and survival in colorectal cancer patients, and this study offers valuable
insights in that area.

Our analysis did not reveal a significant association between low PAr and improved
survival in colorectal cancer patients. To date, only one cohort study has investigated the
role of PAr in colorectal cancer prognosis [30]. In contrast to our findings, the aforemen-
tioned study reported that lower PAr levels were associated with a 55% longer survival
in adjusted models [30]. PA is a metabolite of vitamin B that is synthesized in the liver
by PL and excreted primarily by the kidneys [45]. A study has demonstrated a correlation
between elevated PA levels in elderly males and females and impaired kidney function [49].
This finding sheds light on the underlying mechanism contributing to elevated PAr levels
in this population. As a result, stronger correlations between PAr and colorectal cancer
survival, as reported by Holowatyj et al., were more likely to be observed. The discrepancy
between our findings and the aforementioned study could be due to the timing of sample
collection. Their study collected samples at least two weeks after treatment, whereas our
samples were taken before diagnosis. Post-treatment vitamin By concentrations may have
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been influenced by medical interventions such as medications or surgery. In addition,
differences in inflammatory status may explain the conflicting results, with the potential
for collinearity between variables in the model that were adjusted for inflammation-related
variables. This resulted in a reduction in the predictive value of vitamin By for the risk
of mortality [50]. PAr, which is negatively correlated with PLP levels, serves as a reli-
able biomarker of systemic inflammation. It is useful for identifying individuals with
elevated inflammatory status, as evidenced by markers like CRP and other inflammatory
biomarkers [19,22,23,45,51,52]. Both PAr and inflammation may influence the progression
of undiagnosed colorectal cancer, and the observed lack of associations in our study could
be partially attributed to unmeasured inflammatory factors. The results of a nested case—
control study indicated that PAr may be positively associated with tumor progression in
colorectal cancer rather than with its initiation [23]. However, the role of PAr in colorectal
cancer prognosis remains unclear, primarily due to limited data. Further study is required
to gain a deeper understanding of the potential role of PAr in colorectal cancer prognosis.

Although the exact mechanism by which lower PLP levels contribute to poorer sur-
vival outcomes in patients with colorectal cancer is not fully understood, several possible
mechanisms have been proposed. Deficiency of PLP may compromise DNA synthesis [53],
alter methylation patterns [54], promote angiogenesis [55], increase oxidative stress [56],
drive inflammation [57], and impair anti-tumor immunity [58]. It is also possible that the
increased recruitment of the PLP cofactor for enzymes in the kynurenine pathway, the
synthesis and catabolism of immunomodulatory sphingolipids, and serine hydroxymethy-
lase supporting immune cell proliferation play a role in this process. This is supported
by evidence from studies [59,60]. An additional cause of low plasma PLP is increased
catabolism of vitamin B¢ during inflammation [19]. Chronic inflammation can cause cellu-
lar DNA mutation and promote cancer development [61-63]. Pyridoxine supplementation
significantly enhances the immune response in elderly individuals [64] or patients [65,66].
Therefore, it can be surmised that the association between vitamin Bg levels and mortality
risk is mediated by its involvement in immune and inflammatory processes.

The present study revealed a significant interaction between serum PLP levels and
alcohol consumption in relation to colorectal cancer survival. The findings suggest that alco-
hol consumption may elevate mortality in colorectal cancer patients, particularly those with
low serum PLP levels. This interaction is consistent with the known biological mechanisms.
First, alcohol consumption decreases vitamin Bg levels by interfering with methionine syn-
thase [67], which plays a crucial role in vitamin By synthesis and absorption [68]. Second,
chronic alcohol consumption decreases glutathione levels, which are synthesized from
homocysteine through a process facilitated by two vitamin Bs-dependent enzymes [67].
A reduction in glutathione levels might contribute to an increased vulnerability to DNA
damage. It is also noteworthy that among patients over 50 years old or those who had
never smoked, higher serum PLP levels were associated with longer overall and cancer-
specific survival, although the interaction was not statistically significant. Additionally, our
findings revealed that elevated serum PLP levels were linked to improved overall survival
in males and in patients with overweight or obesity. Although the associations observed in
some subgroups did not reach statistical significance due to the limited sample size, the
results of the stratified analyses generally aligned with the main analysis.

A substantial amount of research has been conducted to determine the prognostic
significance of various factors in colorectal cancer, aiming to identify effective prognostic
markers such as epigenetic biomarkers, micro RNAs, and elements of the tumor microenvi-
ronment [69-72]. However, the transfer of these new biomarkers and targets from research
to clinical practice requires larger-scale, multicenter trials to confirm their efficacy [70].
The importance of nutrition in cancer prognosis is gaining recognition in current cancer
research [73], with nutrient supplementation emerging as a potential adjunctive treatment
for colorectal cancer [74,75]. The underlying causes for the low circulating levels of PLP
observed in colorectal cancer patients in our study are unclear; however, they may be asso-
ciated with changes in intestinal microbiota and compromised metabolic function [76,77].
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If colorectal cancer patients indeed have reduced absorption or metabolism of B vitamins,
then oral supplementation or direct intravenous/intramuscular injection of B vitamins
may effectively enhance their vitamin By levels [20,78]. In addition, non-pharmacological
treatments for colorectal cancer often involve modifications in dietary habits and lifestyle
changes [79,80]. Given the high prevalence of vitamin B¢ deficiency among this patient
group in China and the correlation between high PLP levels and improved survival rates,
adjusting nutritional practices to address vitamin By deficiency could have significant
implications for improving patient outcomes. Thus, the findings from this study provide
valuable insights for developing effective nutritional strategies tailored for colorectal cancer
patients [81].

The prospective design and the use of a highly accurate and precise LC-MS/MS-based
method for measuring serum vitamin Bg levels are the two principal strengths of this
study. Additionally, the study benefits from a considerable sample size, a lengthy follow-up
period, detailed questionnaire data, and adjustments for various potential confounding
factors. To our knowledge, this research is the first to demonstrate the association between
serum vitamin By and survival outcomes in colorectal cancer patients in China. However,
this study has some limitations. Firstly, the majority of participants in this study had serum
PLP concentrations that were lower than those reported in previous studies. Nevertheless,
it should be noted that the degree of the detection coefficients of variations in our data
was relatively low (less than 15%), indicating that the serum PLP levels detected with
the same method likely had minimal impact on the estimates. Secondly, vitamin Bg is
present in foods like meat, which has been associated with an increased risk of cancer,
while vegetables and fruits contain other nutrients that may have cancer-fighting properties.
These food sources or compounds could potentially offset the effects of vitamin Bg. Thus,
it is a challenge to separate the independent impact of vitamin Bg on colorectal cancer
prognosis from that of other foods or nutrients. Thirdly, as this is an observational study,
residual confounding may have constrained our ability to establish causality. However,
risk estimates remained unvaried following adjustment for diverse dietary and lifestyle
factors, thereby suggesting that residual confounding is unlikely to account for our findings.
Fourthly, serum vitamin Bg concentrations were only measured at baseline, and dynamic
changes during the follow-up were not tracked. However, several cohort studies have
shown that serum vitamin B¢ levels tend to remain relatively stable over time [26]. Finally,
the results of this study are based on the Chinese population, and caution is required when
generalizing the findings.

5. Conclusions

This cohort study indicates that higher serum PLP levels may be associated with
improved overall survival and colorectal cancer-specific survival. In contrast, PAr did
not show a significant association with either overall survival or colorectal cancer-specific
survival. Our findings underscore the potential importance of vitamin Bg in colorectal
cancer prognosis and provide novel evidence suggesting that increased vitamin Bg intake
could be beneficial for colorectal cancer patients.
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