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Abstract

Measurement of plasma vitamin B12 or Cobalamin (Cbl) is requested frequently in routine blood
tests. Incidental findings of elevated levels of plasma Cbl are not uncommon, but they remain
underestimated. However, it can be associated with serious medical situations such as underlying
non-malignant or malignant disease. Such association with non-malignant disease is widely
described and understood. Nonetheless, its relationship with underlying cancer conditions is still
not well defined and not completely clear.

We report an incidental finding of persistent elevated plasma levels of Cbl. Investigation of this
clinical situation leads to Breast Cancer (BC) diagnosis at an early stage. Treatment of this patient’s
breast cancer was characterized by a progressive decrease and then normalization of her plasma Cbl
level.

Some retrospective and prospective studies support the relationship between BC and a high plasma
level of Cbl. However, the mechanism of action and the real relation are still poorly understood and
encompass several other risk factors, mainly genetic and nutritional factors.

Keywords: Breast Cancer (BC); High/elevated plasma level of vitamin B12 (Cobalamin [Cbl]);
Early Breast Cancer (EBC)

Abbreviations

BC: Breast Cancer; BU: Breast Ultrasound; EBC: Early Breast Cancer; ER: Estrogen Receptor;
Cbl: Cobalamin; CRP: C-Reactive Protein; CT: Chemotherapy; HC: Haptocorrin; HCC:
Hepatocellular Carcinoma; HER-2: Human Epidermal Growth Factor Receptor-2; HT: Hormonal
Treatment; IHC: Immunohistochemistry; ILC: Invasive Lobular Carcinoma; LVI: Lymphovascular
Invasion; MRI: Magnetic Resonance Imaging; MRM: Modified Radical Mastectomy; MTHFR:
Methylenetetrahydrofolate Reductase; OR: Odd Ration; PI: Perineural Invasion; PLP: pyridoxal
5-phosphate; PR: Progesterone Receptor; RS: Recurrence Score; RT: Radiotherapy; SBR: Scarf
Bloom Richardson; SLN: Sentinel Lymph Node; TCB: Transcobalamin; US: Ultrasound

Introduction

BC is the most diagnosed cancer and the leading cause of cancer death among females [1,2]. The
etiology of BC is complex and results from a combination of lifetime reproductive events, genetics,
dietary, and lifestyle factors [3].

Out of screening cases, the most common presenting symptoms are, usually, a breast lump
finding on auto palpation, followed by no lump breast symptoms (e.g., nipple abnormalities and
breast pain) and non-breast symptoms (e.g., back pain and weight loss) [4,5]. It is almost rare to
have the diagnosis of BC upon non-symptomatic blood investigation.

High plasma Cbl level is defined by a rate above 950 pg/ml (701 pmol/l), which corresponds, by
biological standards, to the upper limit of biological normality in the absence of any sign and/ or
clinical anomalies [6]. This has been reported in cases of high dietary intake, liver diseases, kidney
diseases, hematological disorders, and rarely solid tumors, like breast cancer. We report a case of
incidental finding of isolated high plasma Cbl level, which has been investigated and led to the
diagnosis of EBC.
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Observation

Our case is related to a 46-year-old premenopausal woman who
was following up with a hematology clinic for her thalassemia minor.
She is free, otherwise, from any other medical illnesses. Her routine
lab test, using a local hospital kit, showed an elevated plasma Cbl level
on consecutive exams, ranging between 842 and 1144 pmol/L, over
16 months.

On her physical examination, there were no skin changes
bilaterally, and both nipples were normal without discharges.
On palpation of the right breast, there was a palpable mass of
approximately one to 1.5 cm. Examination of the contralateral breast
and both axillary and supraclavicular area was unremarkable. Other
parameters of physical examination were also free of any significant
findings.

Etiological studies were carried out in order to explain the
persistently high level of Cbl, and couldn’t find any primary etiology:
there was no notion of high dietary intake, no associated liver or
kidney disease, no other significant hematological disorders, and all
other blood test results were within normal ranges.

In order to complete her investigation, a diagnostic mammogram
was carried out, and it showed dense breasts with asymmetry seen in
the upper aspect of both breasts without underlying suspicious mass
or microcalcification. Breast Ultrasound (US) was done and showed
the right breast, 5 cm from the nipple, an irregular heterogeneous,
mainly hypoechoic mass with mild vascularity on color Doppler
measuring 2.3 x 1.2 x 2 cm. No abnormality was seen otherwise
on the mammogram or US at the contralateral breast and on both
axillary areas. Given diffuse and bilateral breast densities, breast
Magnetic Resonance Imaging (MRI) was done and confirmed the
findings of breast US without any other suspicious lesion.

US-guided true-cut biopsy was carried out targeting the right
breast mass, and the reading was in favor of Invasive Lobular
Carcinoma (ILC), Grade II, Scarf Bloom Richardson Score (SBR) of
6: (tubular formation: 3, nuclear pleomorphism: 2 and mitotic index:
1), ki-67 (10%), without Perineural Invasion (PI) or Lymphovascular
Invasion (LVI). Immunohistochemistry (IHC) test showed an intense
positivity of both Estrogen Receptor (ER) and Progesterone Receptor
(PR) status of around 95%, 3+, Allred 8, without amplification of
human epidermal growth factor receptor 2 (Her-2).

Other radiological investigations, in terms of CT scans of chest-
abdomen-pelvis and bone scans, did not find any distant disease.

The patient underwent a Modified Radical Mastectomy (MRM)
of her right breast with the Sentinel Lymph Node (SLN) technique.
The final histopathology report confirmed the findings of true cut
biopsy, and the disease was of stage ITA: pT2 pNO (sn), Luminal
subtype. To estimate her potential need for adjuvant Chemotherapy
(CT), a genomic test using an Oncotype Dx - Recurrence Score (RS)
test was run. The RS result was 7%, in favor of low-risk profile disease,
without indication of CT.

The patient was started on tamoxifen-based adjuvant Hormonal
Treatment (HT) without an indication of Radiotherapy (RT).

Since surgery, the patient underwent a series of vitamin B12 blood
tests that showed a progressive normalization. This was confirmed on
her last visit, which was almost 22 months post-surgery; see (Figure
1) and (Table 1).
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Figure 1: Series of patient vitamin B12 level.
Table 1: Series of patient’s vitamin B12 level.
Date Vitamin B12 level (pmol/L)
Pre-Surgery
03-06-2016 894
26-12-2016 1014
13-03-2017 1024
02-05-2017 873
21-05-2017 1013
23-10-2017 970
11-11-2017 842
12-11-2017 Surgery: MRM + SLN
Post-Surgery
19-11-2017 1476
03-12-2017 986.4
20-12-2017 661
17-01-2018 635.5
11-02-2018 634.8
01-11-2018 608
01-02-2019 590
21-04-2019 660
28-05-2019 663
16-09-2019 627
Discussion

Cbl is an essential nutrient involved in body metabolism and cell
division. Daily intake of 2 to 5 pg, together with efficient absorption,
transportation, and transformation, is needed to maintain health [7].
Cbl, as well as other vitamin B subtypes, such as vitamin B9 (Folate)
and vitamin B6 (Pyridoxine), are involved in our metabolism, where
they play important roles in DNA synthesis and methylation, which
are linked to carcinogenesis [8-10].

Elevated plasma Cbl levels have been associated with several non-
malignant diseases, including liver, renal, autoimmune, infectious
diseases, and alcoholism [11-13]. However, the association between
elevated plasma Cbl levels and cancer is poorly understood.

Most studies on normal or low Cbl levels in relation to cancer
have been negative [14-17]. On the other hand, the relation between
high plasma levels of Cbl and solid neoplasms has been suggested in
some retrospective and prospective studies.

It was first described and documented by Carmel, etal. in 1975 and
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1977 [18,19]. Several studies have since supported this observation.
The carcinomas most frequently involved are Hepatocellular
Carcinoma (HCC) and secondary liver tumors. Elevated Cbl levels
have been reported, to a lesser extent, in breast cancer, colon cancer,
gastric cancer, and pancreatic tumors [20-22].

In some old series, approximately half of the patients with HCC
presented with high plasma Cbl [23]. In patients with liver metastases,
the frequency of high plasma Cbl is estimated at 30% to 40%, with Cbl
levels sometimes reaching extreme thresholds [24-26].

In a retrospective epidemiological study of Chiche, et al. [6] 23%
of patients with high plasma Cbl had a previously unknown solid
cancer in 73% of cases, which was still at a non-metastatic stage in
80% of cases.

The association between high plasma Cbl and malignant disease
has also been demonstrated by Jammal, et al. [27] in another
retrospective trial, with an Odd Ratio (OR) of 1.8 for all cancers
combined, 2.9 for metastatic tumors, 3.3 for HCC, 4.7 for other
primary hepatic tumors and 6.2 for neoplasms with liver metastases.

We know that high plasma levels of Cbl involve three essential
pathophysiological mechanisms. These mechanisms are a direct
increase in plasma cobalamin by excess intake or administration, a
direct increase in plasma cobalamin by liberation from an internal
reservoir, an increase in Transcobalamin (TCB) via excess production
or lack of clearance, and a quantitative deficiency or lack of affinity of
TCB for Cbl [6,18,20,24,27-30].

In liver tumors, the primary mechanisms implicated in the
genesis of elevated plasma Cbl are the decrease in hepatic clearance of
the Haptocorrin (HC) - Cbl complex and high plasma levels of TCB
due to excess degradation of hepatocytes. The decrease in hepatic
clearance is thought to be due to poor hepatic vascularization and
the reduction in the number of HC receptors on the surface of tumor
hepatocytes [6,20].

In other solid tumors, high plasma Cbl is thought to be mainly
related to an excess synthesis of TCB by the tumor or an increase in
HCs due to the induction of hyperleukocytosis [6,20,25].

From a prognostic point of view, the correlation observed in
some cases between the size of certain tumors, particularly of the
liver, and the degree of elevation of Cbl has suggested plasma Cbl
levels as a possible tumor marker for poor prognosis [31,32]. High
plasma Cbl level was also shown to be a predictor factor for mortality
in advanced stages and in terminally ill cancer patients. In addition,
Creactive Protein (CRP) was the most important prognostic factor in
such populations with elevated plasma Cbl levels. This combination of
high plasma Cbl level and CRP allowed us to define a new prognostic
index that can distinguish different levels of mortality risk [33,34].

When it comes to BC, the situation is quite different, mainly
in the early stages. Regarding the association between high plasma
levels of Cbl and BC, two questions need to be addressed to help the
understanding of the causality and/or the effect of this association:

Is an elevated plasma Cbl level resulting from the cancer disease
directly or indirectly a paraneoplastic syndrome?

Or whether such an elevated level of Cbl might be a risk factor
for cancer.

Several factors have been suggested to influence the
association between B vitamins and the risk of BC, including

menopausal status, alcohol consumption, Nutrient interactions,
and  Methylenetetrahydrofolate (MTHFR) gene
polymorphisms [35-41].

Reductase

Biomarkers of folate and Cbl and BC risk have been studied
in some prospective trials. These biomarkers were not found to
be significantly associated with BC. Furthermore, A marginally
positive association was found between vitamin B12 status and
BC risk in women consuming above the median level of alcohol
(ORQ4-Q1=1.26; 95% CI 1.00- 1.58; Ptrend=0.05). Vitamin B12
status was also positively associated with BC risk in women with
plasma folate levels below the median value (ORQ4-Q1=1.29; 95% CI
1.02-1.62; Ptrend=0.03). Overall, folate and vitamin B12 status was
not clearly associated with BC risk in prospective cohort studies [42-
45].

The largest reported study was conducted by Arendt, et al. [46]
and reported in 2013, based on a large cohort of patients referred
for plasma Cbl measurement. In this study, 333,667 patients without
prevalent cancer and not receiving Cbl treatment were identified.
Six percent had Cbl levels greater than the upper reference limit
in this trial (=601 pmol/L). Cancer risk increased with higher Cbl
levels and was highest during the first year of follow-up. The risks
were particularly elevated in the case of hematological neoplasia and
smoking or alcohol-related cancers, most substantially for persons
with Cbl levels greater than 800 pmol/L [46].

A prospective trial examined the association of plasma B
vitamins and metabolites with the risk of BC among predominantly
premenopausal women. A higher plasma level of vitamin pyridoxal
5- phosphate (PLP; the principal active form of B6), homocysteine,
cysteine, and cysteinylglycine were not associated with the risk
of BC overall. In contrast, a significant positive association
between plasma levels of Cbl and risk of BC overall was observed.
Among these cases of BC, a significant positive correlation with
invasive, ER+/PR+, and luminal A tumors was observed [47].

Conclusion

Vitamin B12 or Cbl is crucial for our metabolism. A high plasma
level of Cbl is clearly associated with some non-malignant diseases.
However, its association with solid tumors is still poorly understood.

Several prospective studies have suggested a potential role of Cbl
in breast carcinogenesis. This association is not supported in other
prospective studies. The potential deleterious effect of high Cbl status
in combination with other risk factors for BC is still not clear and
deserves further investigations and prospective trials.

Some combined mathematical modalities, using the level of
Cbl and CRP, might represent a prognostic index, which helps to
distinguish different levels of mortality risk in advanced stages.

BCisnotcommonly exhibited with isolated elevated Cbl, especially
at early stages. Incidental high Cbl level should not be underestimated
as it may indicate early stages of malignancies. Extensive clinical
examination, as well as baseline and specific investigations in such
cases, is warranted and needs to include malignancies workup, mainly
in cases of persistence of increased plasma Cbl level. In all cases,
monitoring the Cbl level after the treatment of putative underlying
etiologies remains necessary to confirm the causality link.
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