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The Vitamin B12—-C-Reactive Protein Index in Advanced
Cancer: A Case Report and Narrative Review of an
Underutilized Potential Prognostic Biomarker

Abrar-Ahmad Zulfigar® ¢, Emmanuel Andres®

Abstract

Identifying simple, accessible, and reproducible biomarkers that can
improve the prognostic assessment of patients with advanced cancer
is a major challenge in palliative medicine. The association between
vitamin B12 hypervitaminemia and an inflammatory syndrome, as
evidenced by elevated C-reactive protein (CRP) levels, could serve
as a complementary prognostic biomarker in patients with advanced
cancer. Clinical, imaging, and laboratory findings from the reported
patient were reviewed. The B12—CRP index (BCI) was calculated as
serum vitamin B12 in pmol/L multiplied by CRP in mg/L. Published
evidence on elevated vitamin B12, inflammation, and prognostic as-
sessment in advanced cancer was discussed narratively. We report the
case of a 64-year-old man with poorly differentiated cholangiocarci-
noma diagnosed 5 months prior, treated with gemcitabine-cisplatin
in combination with durvalumab. Despite this treatment, a follow-up
computed tomography scan revealed major tumor progression with
hepatic metastases, portal vein invasion, the development of perito-
neal carcinomatosis, and pulmonary nodules. The clinical examina-
tion revealed a significant deterioration in the patient’s general con-
dition, with a Palliative Performance Scale version 2 (PPSv2) score
of 50%. Laboratory results showed hypervitaminemia B12 at 1,126
pmol/L, CRP at 16.8 mg/L, hypoalbuminemia at 30 g/L, significant
cholestasis, moderate cytolysis, and hypercalcemia. The BCI was
18,917. Palliative care was required. The BCI could serve as a poten-
tial complementary prognostic biomarker to enhance the prognostic
assessment of patients with advanced cancer. Prospective studies are
nevertheless needed to clarify its role in decision-making strategies in
palliative medicine.
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Introduction

Continuous improvements in cancer treatments have profound-
ly changed the management of patients with advanced cancer.
However, determining when specific treatments become dis-
proportionate remains a daily challenge for oncology and pal-
liative care teams. Decisions to limit or discontinue treatment
are based primarily on clinical progression, functional status,
and imaging data; however, these parameters are sometimes
insufficient to accurately assess an individual’s prognosis.

For several years now, the value of biological biomark-
ers reflecting the intensity of systemic inflammation has
been widely demonstrated. C-reactive protein (CRP) [1], se-
rum albumin levels, the Glasgow Prognostic Score [2], and
the neutrophil-to-lymphocyte ratio [3] are now incorporated
into several prognostic models. More recently, particular at-
tention has been focused on vitamin B12 hypervitaminemia,
long considered a mere biological epiphenomenon but now
recognized as a potential marker of disease severity in liver
diseases, hematologic disorders, and numerous solid cancers
[4, 5], as well as being linked to other conditions such as cer-
tain autoimmune diseases, alcohol-related liver disease, and
nephropathies/kidney diseases [6]. Arendt et al, in a retrospec-
tive cohort study based on Danish national medical popula-
tion registries (1998-2014), showed that cancer patients with
elevated cobalamin levels had higher mortality rates than those
with normal cobalamin levels [7]. Elevated levels of circulat-
ing vitamin B12 generally do not reflect excessive intake but
result from increased carrier proteins (primarily haptocorrin),
hepatic cytolysis, decreased hepatic clearance, and significant
inflammatory activation [8]. In patients with metastatic cancer,
several studies have shown that the combination of vitamin
B12 hypervitaminemia and elevated CRP is associated with
significantly higher mortality than either of these markers con-
sidered in isolation [9].

We report the case of a patient with rapidly progressing
metastatic cholangiocarcinoma, illustrating the potential value
of the B12—CRP biological pair as a complementary biomark-
er to aid decision making in palliative care. Clinical findings,
imaging reports, and laboratory results obtained during the
patient’s assessment were reviewed for this case report. The
B12—CRP index (BCI) was calculated by multiplying serum
vitamin B12 expressed in pmol/L by CRP expressed in mg/L.
Thus, 1,126 pmol/L x 16.8 mg/L yielded a BCI of 18,917.8,
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rounded to 18,917. The accompanying literature review is nar-
rative and addresses the interpretation of elevated vitamin B12,
CRP, and their combined prognostic use in advanced cancer.

Case Report

A 64-year-old man was referred for clinical reevaluation follow-
ing a diagnosis of poorly differentiated cholangiocarcinoma in
February 2026. The diagnosis led to the initiation of first-line
treatment with gemcitabine and cisplatin in combination with
durvalumab, in accordance with current guidelines. His medical
history included hypertension, type 2 diabetes treated without
insulin, hypothyroidism on hormone replacement therapy, atrial
fibrillation managed with apixaban, obstructive sleep apnea syn-
drome without a continuous positive airway pressure (CPAP)
device, a history of alcoholism from which he had been absti-
nent since 2019, chronic active smoking, and dilatation of the
ascending aorta with moderate aortic insufficiency. At the time
of evaluation, the patient presented with a marked deterioration
in his general condition, including severe asthenia, reduced in-
dependence, and a moderately distended, tympanic abdomen
associated with early-stage ascites. His weight was 70 kg. The
Performance Palliative Scale version 2 (PPSv2) was scored at
50%, indicating significant functional impairment consistent
with an advanced palliative care stage.

The follow-up thoraco-abdominal-pelvic computed to-
mography (CT) scan performed after treatment revealed major
disease progression with enlargement of the primary tumor,
multiple hepatic lesions with a necrotic component, tumor in-
vasion of the portal trunk and the left and middle hepatic veins,
the development of peritoneal carcinomatosis with minimal
ascites, as well as several solid pulmonary nodules suggestive
of metastatic spread.

Laboratory findings revealed several abnormalities sug-
gestive of advanced cancer, including an inflammatory syn-
drome, cholestasis, early-stage liver failure, malnutrition, and
hematological abnormalities, as shown in Table 1.

Serum vitamin B12 was 1,126 pmol/L, and CRP was 16.8
mg/L; the calculated BCI was 18,917. Albumin was 30 g/L.
Imaging showed progression of the primary tumor, hepatic le-
sions, vascular invasion, peritoneal carcinomatosis, and pul-
monary nodules. The PPSv2 score was 50%. Following mul-
tidisciplinary assessment, the care plan was revised to include
palliative care.

Discussion

Determining the prognosis in advanced oncology remains a
daily challenge. Although functional scores such as the ECOG
performance status [10], the Karnofsky performance status
[11], or the PPS [12] are the primary assessment tools, their
essentially clinical nature leaves them subject to some inter-
observer variability. This limitation explains the growing inter-
est in biological biomarkers that may improve the objectivity
of prognostic assessment. Table 2 presents the main prognostic
tools used in oncology and palliative care, highlighting their

characteristics, advantages, and limitations [13—17].

Liver disease is a recognized cause of elevated serum vi-
tamin B12. Hepatocellular injury may release stored cobalamin
into the circulation, while changes in B12-binding proteins may
also increase measured serum concentrations [6, 18]. In patients
with hepatobiliary cancer, these mechanisms may occur along-
side cholestasis and extensive tumor involvement [7]. Our pa-
tient had marked cholestasis, with a gamma-glutamyl transferase
level of 612 U/L and an alkaline phosphatase level of 342 U/L, as
well as predominantly aspartate aminotransferase elevation and
hyperbilirubinemia. Together with diffuse liver metastases and
hypoalbuminemia, these findings provide a plausible clinical
context for his elevated vitamin B12 level. The contribution of
each mechanism cannot, however, be determined from this case.

Elevated vitamin B12 has been associated with increased
mortality in hospitalized older adults, as reported by Salles
et al [19] and Tal et al [20]. Its prognostic relevance has also
been investigated in advanced cancer. In a prospective study
of patients with cancer receiving palliative care, Geissbuhler
et al found that vitamin B12 provided prognostic information
independent of CRP [9]. The two measurements may therefore
capture partly different aspects of a patient’s condition: serum
B12 can be influenced by liver disease and changes in binding
proteins, whereas CRP reflects systemic inflammation. Nei-
ther marker is specific to tumor progression, and both require
interpretation in the clinical context.

The BCI combines these measurements into a single val-
ue. In a study of 329 patients with advanced cancer, Kelly et
al reported median survival of 71 days for a BCI < 10,000,
43 days for a BCI of 10,001-40,000, and 29 days for a BCI
> 40,000 [21]. More recently, Couderc et al studied older pa-
tients with cancer and found that the BCI was associated with
early mortality and unplanned hospitalization [17]. These find-
ings support further investigation of the index across different
oncology settings, while the thresholds reported in one popula-
tion should not be assumed to predict survival accurately for
an individual patient.

In our patient, the BCI was 18,917, placing him in the in-
termediate group described by Kelly et al [21]. This classifica-
tion alone would not convey the full severity of his condition.
Imaging showed rapid progression of metastatic cholangiocar-
cinoma despite first-line treatment with gemcitabine, cisplatin,
and durvalumab, with portal vein invasion, peritoneal carcino-
matosis, ascites, and diffuse liver involvement. His PPS score
had fallen to 50%, and laboratory findings included hypoalbu-
minemia, hypercalcemia, cholestasis, and elevated CRP. Taken
together, the clinical, radiological, and laboratory findings in-
dicated an unfavorable prognosis.

In this setting, the BCI offered a concise description of
two concurrent biological abnormalities. It was consistent with
the broader assessment of disease progression and systemic in-
flammation, but it did not independently establish prognosis or
determine whether anticancer treatment should continue. Such
decisions require consideration of functional status, disease
trajectory, remaining treatment options, expected benefits and
burdens, and the patient’s goals. Early involvement of pallia-
tive care is appropriate alongside this assessment and does not,
by itself, preclude further anticancer treatment.

Other readily available inflammatory markers, including
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Table 1. Summary of Key Clinical and Laboratory Data

Parameter Result Stated reference range or threshold Classification
Hemoglobin 10.2 g/dL 13.4-16.7 g/dL Decreased
Mean corpuscular volume 101.9 fL 82.1-97 fL Increased
White blood cells 16.12 G/L 4.05-9.92 G/L Increased
Neutrophils 13.34 G/L 1.85-6.14 G/L Increased
Platelets 131 G/L 161-393 G/L Decreased
Albumin 30 g/L 35-52 g/L Decreased
CRP 16.8 mg/L <5mg/L Increased
Vitamin B12 1,126 pmol/L 190-790 pg/mL Increased
BCI 18,917 No established reference range Not classified
Vitamin B9? >20.0 ng/mL 4.5-32.2 ng/mL

Corrected calcium 2.80 mmol/L 2.20-2.55 mmol/L Increased
AFP 14,756 ng/mL <7 ng/mL Increased
CEA 18.5 ng/L <5 pug/L Increased
ALP 342 U/L 35-105 U/L Increased
GGT 612 U/L <60 U/L Increased
AST 129 U/L <51 U/L Increased
ALT 37U/L <51 U/L Within range
Total bilirubin 26.6 mg/L <15 mg/L Increased
Prothrombin time 68% 70-100% Decreased
Creatinine 115.9 umol/L 59.3-103.5 umol/L Increased
Estimated glomerular filtration rate (CKD-EPI) ~ 57.1 mL/min/1.73 m?> > 90 mL/min/1.73 m? Decreased
Serum sodium 137 mmol/L 136-145 mmol/L Within range
Serum potassium 4.1 mmol/L 3.6-4.6 mmol/L Within range
HbAlcP 4.3% <7% Below stated threshold

aThe reported vitamin B9 result (“> 20.0 ng/mL") does not establish whether the true value exceeds the upper reference limit of 32.2 ng/mL; it cannot
reliably be classified as within range or increased. PThe HbA1c threshold of < 7% appears to be a treatment target, not a laboratory reference range.
Confirm the laboratory’s actual reference interval before classifying HbA1c as “within range.” BCl: B12—CRP index; CRP: C-reactive protein; AFP:
alpha-fetoprotein; CEA: carcinoembryonic antigen; ALP: alkaline phosphatase; GGT: gamma-glutamyl transferase; AST: aspartate aminotransferase;
ALT: alanine aminotransferase; HbA1c: glycated hemoglobin; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration.

Table 2. Comparison of the Main Prognostic Scores

Score Variables Labor.atory vari-  Time to . Yallda- Main purpose Limitations
ables included completion  tion
PPS Mobility, autonomy, None <2 min +++ Simple clinical Subjective
nutrition, consciousness assessment
PPI[13] PPS, edema, dyspnea, None 5 min +++ Survival at 3—6 weeks Depends on the clinical
anorexia, delirium examination
PaP Performance, anorexia, =~ White blood 10 min +++ 30-day survival Requires laboratory results, a
Score dyspnea, white blood cell count and clinician’s survival prediction,
[14] cells, lymphocytes, lymphocyte and assignment of weighted
clinician’s assessment percentage points to six variables
mGPS CRP + albumin CRP and albumin  Immediate ++++ Systemic Does not take function
[15] inflammation into account
CAR CRP/albumin CRP and albumin  Immediate -+ Very good Not very specific
[16] prognostic value
BCI[9, Vitamin B12 x CRP Vitamin B12 Immediate Sinls Tumor burden + Few studies, limited
17] and CRP inflammation external validation

PPS: Palliative Performance Scale; PPI: Palliative Prognostic Index; PaP Score: Palliative Prognostic Score; mGPS: modified Glasgow Prognostic
Score; CAR: C-reactive protein/albumin ratio.
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CRP, albumin, the modified Glasgow Prognostic Score, and
the CRP-to-albumin ratio, have been evaluated for prognos-
tic assessment in advanced cancer [16]. Whether the BCI adds
useful information beyond these measures and established
clinical prognostic tools remains uncertain. Prospective mul-
ticenter studies should assess its reproducibility, evaluate its
incremental prognostic value, and determine whether any
threshold is reliable across different cancer populations. Stud-
ies of biomarker-guided decisions would then be needed be-
fore claiming that use of the BCI improves patient care.

Limitations

This report describes a single patient and cannot establish that
the BCI improved prognostic accuracy or changed management.
Elevated vitamin B12 and CRP have multiple causes; hepatic
disease, renal dysfunction, hematologic conditions, and inflam-
mation may affect their interpretation. The index also depends
on the units used for vitamin B12, which limits comparisons
when units are not stated. Its incremental value over established
clinical assessments and prognostic scores remains uncertain.
Prospective studies are needed to validate its performance and
determine whether it provides useful information beyond clini-
cal assessment. Randomized trials would be required before
claiming that treatment decisions guided by the BCI improve
patient outcomes. No BCI threshold should be used alone to
start, withhold, or discontinue anticancer treatment.

Conclusion

This case illustrates the potential of vitamin B12 and CRP as
readily available markers to consider alongside clinical find-
ings in advanced cancer. In a patient with rapidly progress-
ing metastatic cholangiocarcinoma, elevated vitamin B12 and
CRP occurred with marked functional decline, hypoalbumine-
mia, and extensive liver involvement. Together, these findings
were consistent with an unfavorable prognosis. The BCI sum-
marized two concurrent laboratory abnormalities; it did not
independently establish prognosis or guide treatment in this
case. Prospective studies across different advanced cancer
populations are needed to determine whether the index adds
prognostic value before it can be considered for routine use.

Learning points

The association between vitamin B12 hypervitaminemia and
elevated CRP reflects the interaction between systemic inflam-
mation, liver damage, and tumor progression.

The BCI may complement clinical prognostic scores
(PPS, Palliative Prognostic Index, Palliative Prognostic Score)
to assess the prognosis of patients in palliative care.

Early palliative care can be provided alongside active an-
ticancer treatment; decisions about anticancer therapy require
an individualized assessment of clinical status, treatment op-
tions, and patient goals.
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