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Critical appraisal of the association between vitamin B12 and different types of cancer

1- Vitamin B12 and esophagus and stomach cancers

We identified 12 observational studies on vitamin B12 and esophagus and/or stomach cancers in
addition to 2 meta-analyses that investigated the association between vitamin B12 intake and
esophageal cancer [1] and gastric cancer [2]. The results are heterogeneous (Table S3).

Seven studies investigated the association between vitamin B12 intake and esophagus and/ or stomach
cancers (3 observational studies and 1 meta-analysis showed positive results). In addition, the
association between plasma/serum markers (B12 alone, B12 and holoTC, or B12 and MMA) and cancer
was addressed in 7 studies (4 studies showed significant associations). One study investigated vitamin
B12 intake and plasma levels of vitamin B12 and holoTC in the same population [3].

Pan et al,, reported that vitamin B12 intake [median B12 intake in the controls = 5.38 (3.98-7.31) ug/d
vs. in cases 5.40 (4.14-7.39) ug/d] was not significantly different between the cases and controls [3].
The same study has shown that both higher plasma B12 and higher holoTC concentrations were
associated with lower OR (95%ClI) for esophageal squamous cell carcinoma (i.e., high B12 protective)
[3]. Three additional studies on vitamin B12 intake and esophagus and/ or stomach cancers showed no
significant associations [4-6].

Khairan et al., found a positive association between vitamin B12 intake (Q4 and Q5 versus Q1) and
esophageal cancer in a Japanese cohort study [7]. Subgroup analysis showed that the association was
confined to people who never used alcohol, while in alcohol drinkers (low and high consumption),
there were no significant associations. The study did not find associations with the source of B12 from
the diet. However, the interaction between alcohol and vitamin B12-associated risk could suggest
more prevalent use of underreported supplements among non-alcohol drinkers. A recent publication
from the same cohort found that vitamin B12 intake was not associated with gastric cancer, even in the
subgroup with high risk for gastric cancer (H. pylori antibody status and atrophic gastritis) [8].

Sharp et al., found that high vitamin B12 intake (Q4 > 9.7 ug/d vs. Q1 < 6.4 ug/d) was related to higher
OR (95%CI) for esophageal adenocarcinoma and Barrett’s esophagus, but with lower OR (95%ClI) for
reflux esophagitis in the third quartile versus Q1 [9]. The inconsistent results between esophageal
adenocarcinoma, Barrett’s esophagus, and reflux esophagitis are not biologically plausible and
suggest unknown confounding or chance results. Barrett’s esophagus is considered to be a
premalignant condition. Patients with esophageal adenocarcinoma were more likely to consume
higher amounts of red meat compared to the controls [10], suggesting that confounding by other
components of the diet is possible.

Among seven studies with plasma/serum biomarkers as exposure variables, 3 case-control studies
showed either a protective effect or no association between concentrations of vitamin B12 and
esophageal cancer [11-13]. In contrast, four studies showed higher risk of esophageal cancer or
mortality in patients with higher plasma vitamin B12 levels [12,14-16]. Additionally, a study with



parallel measurement of plasma vitamin B12 and holoTC [3] and one study with parallel
measurement of vitamin B12 and MMA concentrations [13] found that high plasma B12 was
associated with lower OR (95%CI) for cancer (i.e., high B12 is protective) in general or in subgroups
[3,13]. In general this association was not confirmed by holoTC and MMA.

In summary, 6 observational studies (2 on B12 intake and 4 on plasma B12 concentrations) showed
significantly increased risk of esophageal or gastric cancer or higher cancer-related mortality when
vitamin B12 intake or concentrations were high compared to when they were low. The remaining 6
studies showed either null association or protective effects of high B12.

The meta-analysis on B12 intake and esophageal cancer showed that higher intake was associated
with higher risk for esophageal cancer [OR (95%CI) = 1.30 (1.05, 1.62)] [1]. The estimates used in the
meta-analysis were not adjusted for confounders (education, sex, smoking, alcohol, animal foods, etc.)
and for the source of vitamin B12 in the diet. Animal foods such as red meat are good sources of
vitamin B12 and in the same time have been shown to be associated with cancer risk. He et al., [2]
reported no significant association between B12 intake and the risk of gastric cancer OR = 0.88 (0.69-
1.12). The study even suggested that high intake of vitamin B12 might reduce the risk of gastric cancer
in H. pylori-negative people OR = 0.83 (0.62-0.99), but increase the cancer risk in H. pylori-positive
people OR = 1.66 (1.27-2.16) [2]. High vitamin B12 intake might increase the risk of non-cardia gastric
cancer OR =1.15 (1.01-1.33). Moreover, a decreased risk of gastric cancer at high B12 intake has been
reported in non-smokers OR = 0.83 (0.71-0.96) but not in smokers [2].

If high vitamin B12 intake would cause cancer (i.e., [1]), this is expected to go through raising plasma
vitamin B12 concentrations. However, there was no consistent evidence to support this hypothesis in
the literature on plasma B12 combined with MMA or plasma vitamin B12 combined with holoTC
concentrations. Chronic use of acid lowering-drugs in patients at risk for gastric cancer is a
confounder that influences B12 absorption [17] and is likely to cause vitamin B12 deficiency. This
factor was not taken into account in available observational studies on this topic.

In a cohort study, high plasma B12 measured up to 1 year before diagnosis of gastric cancer was
associated with 30 days mortality after cancer diagnosis, while mortality on long term (for 31-90d
mortality, p value = 0.07; and for 91-365d mortality p = 0.90) was not higher in patients with high
plasma vitamin B12 [15]. Therefore, it is likely that high plasma vitamin B12 in patients with a yet
undiagnosed cancer is the result of having cancer and not a contributor to the progress of the disease.

Chang et al., reported high OR for cancer among the third and fourth quartiles of plasma vitamin B12
concentrations (Q3 229-324 pmol/L, and Q4 > 324 pmol/L) [14]. These levels are largely within the
population reference range, which is not biologically meaningful (lack of threshold). In addition, the
associations between B12 intake and cancer are subject to confounding due to many other lifestyle
factors associated with high B12 intake (from foods and supplements). For example, Jessri, et al.,
reported large differences between cases and controls with regard to dietary patterns (hot foods and
beverages and fried and barbecued meals) that could be independently associated with cancer [4].

Taken together, the results on the association between vitamin B12 intake or plasma biomarkers and
esophagus and/ or stomach cancers were mixed and largely inconsistent between the studies.
Inconsistent results were also observed for the two related exposures; B12 intake and plasma B12
concentrations. The results of the meta-analysis showing associations between vitamin B12 intake and
cancer are not in line with the majority of observational studies on plasma vitamin B12 concentrations
and esophageal cancer, suggesting that other dietary components associated with high B12 intake
might drive these associations between B12 intake and cancer. Overall, there is no support for a causal
association between vitamin B12 intake or status biomarkers on the one hand and esophagus and/ or
stomach cancers on the other hand. In addition, esophagus and/ or stomach cancers could be
associated with low vitamin B12 concentrations [i.e., [3]] that need to be treated to prevent subsequent
development of neurological or hematological symptoms in the patients who are already fragile due
to cancer and cancer-related therapies.



2- Vitamin B12 and pancreas cancer

Nine observational studies reported on the association between vitamin B12 and pancreas cancer and
1 meta-analysis of observational studies (Table S4). Four studies were on plasma/serum vitamin B12
concentrations and 6 studies on B12 intake as exposure variables. The meta-analysis included 6 studies
on B12 intake and 3 studies on plasma B12 concentrations [18]. This meta-analysis reported none-
significant associations [18].

Three of the 4 studies on plasma vitamin B12 concentrations found no association between plasma B12
and pancreas cancer [19-21]. Whereas, Arendt et al., reported increased risk of 30-days mortality after
diagnosing pancreas cancer in patients with elevated vitamin B12 concentrations [15]. Of the 6 studies
on vitamin B12 intake [21-26], one study found higher vitamin B12 intake (from foods but not total
intake from food and supplements) to be associated with pancreas cancer [26].

The inconsistency between results on vitamin B12 intake from foods and foods plus supplements in
the study of Gong et al., [26] does not support a dose-response relationship or the presence of a
threshold. The study with paralle]l measurements of vitamin B12 intake (from foods and foods plus
supplements) and B12 concentrations in the same participants did not find significant associations of
the intakes or the concentrations with pancreas cancer [21].

Overall, there is no consistent evidence that high vitamin B12 intake or plasma concentrations are
associated with pancreas cancer.

3- Breast, ovarian and cervical cancers

We identified 17 studies on vitamin B12 and breast cancer including one meta-analysis and 1 study on
ovarian cancer (Table S5). 7 of 17 observational studies were on plasma/serum B12 concentrations and
breast cancer [15,27-32] and 11 were on B12 intake (one study reported intake and plasma levels [27])
as exposure variables [27,33-42]. The meta-analysis included 4 studies on plasma levels and 14 studies
on B12 intake [43].

Women recently diagnosed with breast cancer and high plasma vitamin B12 concentrations detected
one year prior to cancer diagnosis showed higher 30 days mortality compared to women with lower
B12 concentrations [15]. All of the remaining studies measuring plasma/serum vitamin B12
concentrations as an exposure variable reported no significant associations between plasma/serum
vitamin B12 and cancer (or no consistent associations across the vitamin B12 percentiles [27-32].

Three studies reported lower risk of breast cancer in women (or subgroups of women, eg. MTHFR TT)
with higher vitamin B12 intake (versus lower intake) [33,39,44]. All other studies on vitamin B12
intake and breast cancer, except one study [45], reported no significant associations between B12
intake and the risk of breast cancer in the fully adjusted models. Wu et al, reported no significant
association between B12 intake or serum concentrations and breast cancer in their meta-analysis [43].

Five studies considered plasma/serum vitamin B12 concentrations as an exposure variable in relation
to the risk of cervical cancer, while 1 study measured both plasma concentrations and intake of B12 in
the same time. The 5 studies reported either lower risk of cervical cancer at high plasma B12
concentrations or no significant associations (4 on B12 levels and 1 included additionally intake) [46-
50].

Piyathilake et al.,, reported higher percentage of women with cervical cancers with low plasma
vitamin B12 concentrations (< 200 pg/ml) compared to the controls (18.4 versus 10.3 %) [49],
suggesting that physicians need to be aware of vitamin B12 deficiency in this group and accordingly
provide supplemental vitamin B12 to prevent comorbidities due to deficiency. Three studies on
cervical cancers were of small sample size and included Asian populations (India, Thailand, and
Korea) [46-48] who may have had low vitamin B12 status on long term due to lifestyle or cultural
factors. A recent Chinese cohort study found no significant association between B12 intake and
ovarian cancer, but the intake in this study was remarkably lower than in other studies [37].



Thus, most of the studies (though not all) reported either non-significant association or inverse
associations between B12 (intake or blood concentrations) and breast, ovarian or cervical cancers.

4- Prostate cancer

We identified 11 studies including one meta-analysis addressing the association between
concentrations of serum/plasma B12 (or holoTC) or vitamin B12-binding proteins and prostate cancer.
Three partly overlapping studies reported high serum vitamin B12 concentrations to be associated
with prostate cancer [15,51,52]. 5 studies found no association between serum vitamin B12
concentrations and prostate cancer [31,53-56] (Table S6).

de Vogel et al., found no significant association between high serum B12 or low MMA concentrations
and prostate cancer [53]. Hultdin et al., reported significantly higher OR (95%CI) for prostate cancer at
higher serum vitamin B12 concentrations [52,52,52], but the study did not adjust for potential
confounders and the associations were seen within the population reference range (Q2 238-302, Q3
302-370, Q4 > 370 pmol/L) vs. Q1 (< 238 pmol/L) [52] which is not biologically meaningful. Collin et al.,
reported higher serum haptocorrin, but not serum B12 or holoTC concentrations to be associated with
higher OR for prostate cancer [54]. Moreover, concentrations of serum B12 and its binding proteins
were not associated with concentrations of prostate specific antigen velocity (a surrogate marker for
prostate cancer progression) in patients with prostate cancer [56]. In contrast, higher serum B12 was
associated with higher OR for prostate cancer in one analysis of individual patient’s data [51] and a
meta-analysis [54] [i.e., pooled OR =1.10 (1.01-1.19) per 100 pmol/L higher B12].

Vidal et al., found no significant association between vitamin B12 intake > 25ug/d (vs. < 25 pg/d) and
prostate cancer in general [57]. There were also no associations among subgroups of patients with
high grade or low-grade prostate cancer.

In general, there is only limited evidence that high vitamin B12 could be associated with prostate
cancer and this association could be linked to elevated TCN1. However, some studies were subject to
confounding and vitamin B12 levels were not related to a prognostic marker of prostate cancer,
suggesting that vitamin B12 levels have no prognostic values.

5- Kidney and bladder cancers

Ten studies were identified including one meta-analysis on vitamin B12 and kidney or bladder cancers
[15,58-65]. 7 of 10 studies measured B12 plasma levels and 6 studies including one meta-analysis
considered B12 intake as an exposure [61,62,64-66] (Table S7).

1 of 7 studies on plasma levels reported higher B12 levels to be associated with cancer outcome (30-
days mortality) [15]. In contrast, 1 study reported lower OR (95%CI) for renal cancer, but no
association with HR for all-cause mortality of cancer [60]. In a large pooled data analysis from 4 cohort
studies (2915 bladder cancer cases and 530,012 non-cases), Boot et al., found a rather protective effect
of high intake of vitamin B12 in men and women versus low intakes on the risk of bladder cancer [66].
The meta-analysis included only 2 studies on serum B12 and 2 studies on B12 intake and did not find
significant associations [65]. All other studies on vitamin B12 intake or plasma concentrations and
renal or bladder cancer did not show significant associations.

Therefore, the majority of the observational studies did not show significant associations between high
serum/plasma B12 concentrations and renal or bladder cancers, one study showed inverse association
between B12 intake and bladder cancer risk and one study showed higher mortality risk at high
plasma B12.



6- Colorectal cancers

We identified 11 observational studies (9 on plasma B12 markers and 2 on tissue TCN1); 2 studies
[15,67] showed that higher plasma B12 concentrations were associated with colon cancer or cancer-
related outcomes. Bystrom et al.,, found that patients with low vitamin B12 concentrations (< 300
pmol/L) had better prognosis [67], while Arendt et al.,, found higher 30-day mortality in patients
recently diagnosed with colon cancer and had high plasma B12 concentrations measured in the year
before the diagnoses [15] (Table S8).

In contrast, lower plasma B12 concentrations were observed in patients with colon cancer than in the
controls [68,69]. While the remaining studies found no significant associations between plasma B12
concentrations and colon cancer [70-74].

Hyperplastic polyps are considered to be a pre-cancer stage. Two studies found no association
between serum vitamin B12 and hyperplastic polyps, suggesting that high serum B12 is not likely to
occur long time before cancer is diagnosed [68,74], thus providing evidence against the temporality
that is an important causal criterion.

The causes of high serum vitamin B12 concentrations among patients with cancer are not known. Two
studies have provided clues towards mechanisms. Liu et al., studied mRNA expression of TCN1 in
colon cancer tissues and adjacent tissues and found that TCN1 gene expression is upregulated in
tumor cells and is related to cellular events that are typical to cancer such as apoptosis and
inflammation [75]. In line with this, Zhu et al., have shown that higher staining of TCN1 was related to
larger and invasive tumors, higher tumor markers, and metastasis to regional lymph, while lower
staining of TCN1 in tissues was related to significantly longer survival of the patients compared to the
medium and high TCN1 expression groups [76]. Patients with low, medium, and high levels of TCN1
immunoexpression had different 5-year survival (88.9%, 50.0%, and 40.0%, respectively) with lowest
survival at higher tissue expression of TCN1 [76]. Also high expression of TCN1 in colon cancer
tissues predicted worse prognosis and less response to neoadjuvant chemosensitivity of colon cancer
[75]. Therefore, TCN1 is upregulated in larger and more aggressive tumors. In general, TCN1 is not
responsible for delivering B12 into the cells. If TCN1 is released from tumor tissues, it is theoretically
available to capture more vitamin B12 and cause high plasma vitamin B12 in some cancers. Vitamin
B12 is delivered into the cells bound to transcobalamin (as holoTC) via the cellular transcobalamin
receptor. The function of TCN1 in tumor tissue is not known, but deserves more investigations.

In summary, the majority of the studies have shown no association between plasma vitamin B12
concentrations and colorectal cancer. Two studies reported higher serum B12 to be associated with
colon cancer. There was no evidence that patients with polyps (pre-stage of cancer) have higher
vitamin B12 concentrations suggesting that high serum B12 is not likely to exist in an early stage of
cancer and thus it is unlikely to contribute to cancer progression. Tumor tissues express high level of
TCN1. The degree of TCN1 expression is associated with cancer grade and worse progression while
the function of this B12-transporting protein in the pathophysiology of cancer is not clear.

7- Lung cancers
Six studies addressed the association between B12 and lung cancer [15,77-81] (Table S9).

Fanidi et al., found that higher serum B12 concentrations are associated with higher OR for overall
lung cancer, adenocarcinoma and large cell carcinoma [78]. However, significant associations were
reported within the physiological range of B12 [i.e.,, Q3 426-531 pmol/L], which is not biologically
meaningful. Arendt et al., found higher 30-day mortality after diagnosis of cancer in patients with
high B12 concentrations [15]. The study of Lo-Bisgaard et al did not find significant associations with
concentrations of B12 or holoTC, but found that higher plasma levels of haptocorrin and
transcobalamin (B12-binding proteins) were associated with lung cancer [77]. This is in line with
studies on colon cancer where tissue expression of TCN1 was elevated [75,76]. A recent study



suggested that tissue expression of TCN1 could be a prognostic marker that distinguishes between
lung adenocarcinoma and non-lung adenocarcinoma samples [82].

Brasky et al., found that high B12 intake (> 55 pg/d) was associated with lung cancer in men, but not in
women [80]. However, this study is subject to recall bias since the information on B12 intake was self-
reported using questionnaires covering the last 10 years [80]. In addition, people who remained free of
cancer differed in many health and lifestyle aspects from those who developed cancer, suggesting that
the association between vitamin B12 intake and cancer could be driven by confounders that influence
the intake of the vitamin and the risk of cancer in the same time. A Chinese study on B12 intake and
overall lung cancer reported higher HR (95%CI) of lung cancer in people with higher intake of B12
[81]. This association was significant in the subgroup of men, patients with adenocarcinoma and in
patients with a shorter follow up time of < 2 years. No associations were found in women, by smoking
status or among patients followed for longer than 2 years [81]. However, vitamin B12 intakes were
rather low in this study [mean + SD = Q3 2.28 + 0.11; Q4 2.70 + 0.14; and Q5 3.61 + 0.71 pg/d] vs. 2.33 +
0.89 pg/d in the lowest quintile [81].

8- Other cancers or mixed cancers

We identified 19 studies on the association between vitamin B12 and mixed or rare types of cancer
including one meta-analysis. The results were mixed (no association, significant increase in the risk of
cancer, and protective effect of high B12) (Table 510).

Several studies showed that low rather than high serum or plasma concentrations of B12 were
associated with cancer [83-87]. Three studies with low number of participants investigated
serum/plasma vitamin B12 concentrations in patients with head and neck cancers [85,88,89]. One
study found that low B12 concentrations were associated with head cancers [85] and the other 2
studies found no significant associations. A recent cohort study reported no association between
higher vitamin B12 intake and cancer mortality among men or women, and according to subgroups of
age, smoking or BMI [90].

A recent study in hypopharyngeal squamous cell carcinoma and head and neck squamous cell
carcinoma with poor prognosis, found higher TCN1 expression in patients with lower sensitivity to
neoadjuvant chemotherapy, indicating that low TCN1 expression predicts better neoadjuvant
chemotherapy treatment response. TCN1 has been suggested as an independent prognostic biomarker
for both overall survival and disease-free survival in patients with advanced cancers [91]. Silencing of
TCN1 using siRNA sensitized FaDu cells to cisplatin treatment with increased cell apoptosis,
suggesting that tissue expression of TCN1 (secretory protein) could be used for personalized
treatment of cancers [91].

Taken together, the results of studies on mixed cases with cancer confirm the inconsistency of the
association reported in our specific types of cancers.
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