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Abstract Objectives Patients with hematological cancer receiving chemotherapy have a high
risk of thiamine deficiency due to accelerated thiamine usage by tumor cells. Mild or
severe thiamine deficiency can lead to varying degrees of neurological symptoms. We
evaluated the relationship between thiamine deficiency and neurological symptoms,
including mild or nonspecific symptoms, and the influence of chemotherapy on
thiamine serum levels in patients with hematological cancer receiving chemotherapy.
Materials and Methods We retrospectively identified 42 patients diagnosed with
hematological cancer at our hospital, using electronic medical records collected from
March 2019 to March 2020. We evaluated the risk factors associated with neurological
symptoms (mild-to-severe cognitive impairment, attention impairment, and mood or
emotional disorder), the relationship between the presence of neurological symptoms
and thiamine serum levels, and changes in thiamine serum levels after chemotherapy.
Results Thiamine deficiency was significantly associated with neurological symp-
toms. The thiamine serum levels in the group with neurological symptoms were
significantly lower than those in the group without neurological symptoms. The
Wilcoxon rank-sum test showed that thiamine serum levels after chemotherapy
were significantly lower than those before administration of chemotherapy.
Conclusion Thiamine serum levels in patients with hematological cancer may be used
as a reference to maintain neurological status during chemotherapy.
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Introduction

Thiamine deficiency induced by tumor cells, gastrointestinal
disorders, and chemotherapy can develop in patients with
cancer.1–3 In particular, thiamine deficiency can bemore likely
to occur in patients with hematological cancer, because of
accelerated thiamine usage by tumor cells.4–6 Thiamine defi-
ciency may lead to memory disorders,7 cognitive im-
pairment,8–10 and mood disorders or depression.11–13 Most
reports on thiamine deficiency have suggested a relationship
between thiamine deficiency and severe neuropsychiatric
disorders (e.g., Wernicke–Korsakoff syndrome10,14,15) in
patients with various diseases. However, nonspecific symp-
toms such as weariness, headache, anorexia, sleep and mood
disorders, poor coordination, and cognitive impairment relat-
ed to thiamine deficiency, have been reported.16 Thiamine-
related neurological symptoms may not be limited to only
severe disease but also in nonspecific neurological symptoms
caused by a mild deficiency in thiamine levels, and their
symptoms can vary. However, the reports have been very
limited and require further investigation.

Hematological and gastric cancers are the most common
cancer types that lead to thiamine deficiency, because of
decreased absorption and accelerated usage of thiamine.1,3

Although the number of patients was small, previous studies
have shown that even mild deficiency in thiamine serum
levelswas associatedwith neurological symptoms (cognitive
impairment, attention decline, and mood disorder) in
patients with gastrointestinal cancer.17–19 However, there
have been no reports on this in patients with hematological
cancer. The relationship between mild-to-severe thiamine
deficiency and neurological symptoms, including mild or
nonspecific symptoms in patients with hematological cancer
receiving chemotherapy, should be evaluated.

Furthermore, thiamine serum levels are not regularly
evaluated in most hospitals.20 In clinical practice, thiamine
serum levels are evaluated only for patients who develop
severe neurological symptoms, suspected to be caused by
thiamine deficiency. Additionally, serum thiamine is often
analyzed at an outside laboratory, and results are returned
after a few days. Hence, thiamine deficiency is often over-
looked in practice. In fact, 80% of cases of Wernicke–Korsak-
off syndrome were diagnosed after death.14

However, thiamine deficiency is not uncommon in
patients with cancer.1,3 Cognitive impairment leads to a
lack of adherence and self-care for chemotherapy-related
adverse events,21 and mood or emotional disturbance and
depression are injurious for cancer therapy. These previous
studies suggested a relationship between neurological
symptoms related to thiamine deficiency and absence of
thiamine serum levels evaluation in patients with cancer.We
believe that thiamine deficiency can develop more frequent-
ly and may lead to mild-to-severe neurological symptoms.
Even if the neurological symptoms induced by thiamine
deficiency were mild or nonspecific, these symptoms can
be injurious for patients with hematological cancer receiving
chemotherapy. Hence, an evaluation of thiamine serum
levels at an early stage may be important.

The present study aimed at evaluating the relationship
between thiamine deficiency and neurological symptoms in
patients with hematological cancer receiving chemotherapy.
In addition, we investigated changes in thiamine serum
levels before and after administration of chemotherapy in
chemotherapy-naïve patients, as a subset analysis, to evalu-
ate the influence of chemotherapy on thiamine serum levels.

Materials and Methods

Study Design
This was a single-center, retrospective observational study.
We enrolled patients diagnosed with hematological cancer
who were admitted to the IMSUT Hospital, The Institute of
Medical Science, The University of Tokyo (hereafter, our
hospital) between March 2019 and March 2020. We only
included patients with hematological cancer who had their
thiamine serum levels measured. We performed a risk factor
analysis in relation to neurological symptoms, includingmild
or nonspecific symptoms (cognitive impairment, attention
impairment, and mood or emotional disorder). Thiamine
serum levels were measured at the start of chemotherapy or
from the middle course of chemotherapy and were continu-
ously measured during the chemotherapy.

Regarding the definition of the presence of neurological
symptoms, patients who had neurological symptoms, such
as cognitive impairment, attention impairment, and mood
disorder on their electronic medical records in which an
incident report was filed or where treatment was interfered
with, were considered to have neurological symptoms. The
presence of neurological symptoms was recorded from
episodes up to 7 days before measurements of thiamine
serum levels. Furthermore, we investigated the relationship
between serum thiamine levels and the occurrence of neu-
rological symptoms. As a subgroup analysis, we evaluated
the changes in thiamine serum levels before and after the
administration of chemotherapy in chemotherapy-naïve
patients. The cohort laboratory test results and clinical
data were retrospectively collected from electronic medical
records. We excluded patients with brain metastasis—those
with a medical history of cerebrovascular accident or de-
pression, or patients who were administered thiamine-
containing agents prior to the start of chemotherapy. In
accordance with the Japanese reference guidelines, serum
thiamine levels<24ng/mL were considered to be low.

Statistical Analysis
We performed a multivariate analysis (logistic regression,
including factors with p<0.05 in the univariate analysis) to
investigate the risk factors for neurological symptoms, in-
cluding mild or nonspecific symptoms. The number of cova-
riates included in the logistic model was limited due to the
small number of events. In addition, we performed a com-
parative analysis using the Mann–Whitney U test of the
thiamine serum levels between the patient groups with
and without neurological symptoms, including mild or non-
specific symptoms. To evaluate thiamine serum levels before
or after chemotherapy administration, the Wilcoxon
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rank-sum test was performed. The threshold for significance
was set at p<0.05. Statistical analyseswere performed using
EZR version 1.36 software (Saitama Medical Center, Jichi
Medical University; Saitama, Japan).22

Results

Patient Characteristics
A total of 42 patients were enrolled in this retrospective
study. No patient was excluded because of the exclusion
criteria. The median age was 65 years, and the sex ratio was
approximately 1:1. The most common type of cancer was
non-Hodgkin lymphoma (29%). The division between lym-
phoma, myeloma, leukemia, and other types of hematologi-
cal cancer was 33%, 19%, 36%, and 12%, respectively.
Moreover, 98% of the patients did not have a history of
alcohol consumption. According to the Eastern Cooperative
Oncology Group (ECOG) Performance Status, all patients had
a score of 0 (fully active, able to carry on all predisease
performance without restriction). Although the baseline
median laboratory values did not significantly deviate
from the reference values, thiamine serum levels were lower
than the reference values, and some patients were affected
with hepatic impairment, renal impairment, and high levels
of inflammation. Some patients had abnormal laboratory
values of the blood cell system because of the disease
(►Table 1).

Multivariate Analysis (Including Factors with p<0.05
in the Univariate Analysis)
A logistic regression analysis revealed that a decrease in
thiamine serum levels was the only statistically significant
factor associated with neurological symptoms, including
mild or nonspecific symptoms (p¼0.001, odds ratio¼0.015,
95% CI: 0.001–0.180). The explanatory variables selected
were p<0.05 in the univariate and multivariate analyses.
Since age>65 years (p¼0.90), serum albumin � 4.1mg/dL
(p¼0.81), serum vitamin B12 level<180 pg/mL (p¼0.11),
serum folic acid level<4.0 ng/mL (p¼0.06), serum natrium
level<139mEq/L (p¼0.13), and sex (p¼0.85) all had a
p>0.05 in the univariate analysis, they were not included
in the explanatory variables in the multivariate analysis
(►Table 2).

Relationship between the Presence of Neurological
Symptoms, Including Mild or Nonspecific Symptoms
and Thiamine Serum Levels
The relationship between the presence of neurological
symptoms and thiamine serum levels is shown in ►Fig. 1.
The group with neurological symptoms had significantly
lower serum thiamine levels (19.5�5.4 ng/mL) than the
group without neurological symptoms (31.9�14.2 ng/mL,
Mann–Whitney U test, p¼0.001) (►Fig. 1).

Changes in Thiamine Serum Levels after
Chemotherapy
Subanalysis was performed in chemotherapy-naive patients.
After the administration of chemotherapy, thiamine serum

levels gradually declined, with the lowest levels at 5 to
8 weeks (23.5�7.6 ng/mL, p¼0.035 vs. 0-week, Wilcoxon
rank-sum test) (►Fig. 2).

Discussion

This study investigated the relationship between mild-to-
severe thiamine deficiency and neurological symptoms,
including mild or nonspecific symptoms and changes in thia-
mine serum levels before and after administration of chemo-
therapy in patients with hematological cancer. The results
showed that a decrease in thiamine serum levels was associ-
ated with neurological symptoms. Regarding the relationship
between thepresenceof neurological symptomsand thiamine
serum levels, the thiamine serum levels in the group with
neurological symptomswere significantly lower than those in
the group without neurological symptoms. In addition, thia-
mine serum levels declined significantly after administration
of chemotherapy. None of the patientswere suspected to have
neurological disorders induced by electrolyte abnormalities,
dehydration, and anemia, because the patients’ laboratory
data during the study period were normal.

Previous studies have shown that thiamine deficiency is
related to various neurological symptoms.10,23,24 However,
thiamine-related neurological symptoms do not all present
as serious symptoms, andmild or nonspecific symptomsmay
occur. If the patients are not treated for mild or subclinical
thiamine deficiency, severe neurological symptoms may
develop, which can be life-threatening. Although almost all
reports have suggested an association between thiamine
deficiency and severe neurological symptoms (for example,
Wernicke–Korsakoff syndrome or depression),13–15,25–27

few reports have reported a relationship between thiamine
deficiency, including mild deficiency, and neurological
symptoms, including mild or nonspecific symptoms. Mech-
anisms involved in developing mild or nonspecific neurolog-
ical symptoms, induced by mild thiamine deficiency, can be
the same as those for severe neurological symptoms induced
by severe thiamine deficiency. In particular, studies are
required to examine the influence of gastrointestinal cancer
and hematological cancer as risk factors for thiamine defi-
ciency. Previous studies have shown that mild deficiency in
thiamine serum levels was associated with neurological
symptoms (cognitive impairment, attention decline, and
mood disorder) in patients with gastrointestinal cancer.17–19

However, similar studies with patients with hematological
cancer are required.

In cells, thiamine is a coenzyme for dehydrogenation in
the glucose/amino acid metabolism pathway and plays an
essential role in energy metabolism.28,29 A lack of thiamine
leads to failure of the Krebs cycle. The accumulation of
ketones in the body and the production of free radicals by
the above mechanisms can adversely affect neurons in the
brain.28 Because of their high-cell metabolism, patients with
hematological cancer are likely to have rapid progress of the
above mechanisms than patients with other cancer types.5,6

Therefore, patients with hematological cancer may have a
high risk of thiamine deficiency.
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Table 1 Background of patients

Median age, years (range) 65 (20–83)

Gender (male), n (%) 23 (55)

Cancer type, n (%) Non-Hodgkin lymphoma 12 (29)

Hodgkin lymphoma 2 (4.8)

Multiple Myeloma 8 (20)

Adult T-cell leukemia 7 (17)

Acute myeloid leukemia 5 (12)

Acute lymphocytic leukemia 1 (2.4)

Chronic myelogenous leukemia 2 (4.8)

Myelodysplastic syndromes 1 (2.4)

Langerhans cell histiocytosis 4 (9.5)

Drinking history (no), n (%) 41 (98)

ECOG performance status, n (%) 0 (%) 42 (100)

1 (%) 0 (0)

2 (%) 0 (0)

Median (range)

Body mass index (kg/m2) 23.3 (15.8–28.7)

Laboratory parameter

Aspartate aminotransferase (IU/L) 23.5 (10–434)

Alanine aminotransferase (IU/L) 17.5 (6–87)

Total bilirubin (mg/dl) 0.5 (0.2–1.5)

Serum creatinine (mg/dL) 0.78 (0.42–1.66)

White blood cell count (102/μL) 36.6 (6.6–357.2)

Red blood cell count (104/μL) 352 (208–560)

Hemoglobin concentration (g/dL) 10.5 (6.5–17.0)

Serum albumin (g/dL) 3.6 (1.9–4.4)

Serum total protein (g/dL) 6.7 (4.9–11.7)

C-reactive protein (mg/dL) 0.29 (0.01–22.28)

Serum vitamin B12 level (pg/mL) �(92�>1500)

Serum folic acid level (ng/mL) �(1.7�>22)

Serum thiamine level (ng/mL) 22 (11–96)

History of pretreatment, n (%) 24 (57.1)

Neurological symptoms (yes), n (%)

Cognitive impairment (%) 2 (4.8)

Attention decline (%) 11 (26)

Mood disorder (%) 13 (31)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Table 2 Multivariate analysis (including factors with p< 0.05 in univariate analysis)

95% CI for OR

p-Value OR Lower Upper

Serum thiamine (< 24 ng/mL) 0.001 0.015 0.001 0.180

Serum calcium (< 8.8mg/dL) 0.156 3.830 0.599 24.50

Abbreviations: CI, confidence interval; OR, odds ratio.
Note: Factors with p< 0.05 in the univariate analysis were used as explanatory variables to perform multivariate analysis.
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As expected, the logistic regression analysis showed that
the decrease in thiamine serum levels was a statistically
significant factor associated with neurological symptoms,
including mild or nonspecific symptoms in this study. Other
factors may have been associated with neurological symp-
toms: (1) serum vitamin B12 level30 and serum folic acid
level31 can be related to neurological symptoms, (2)

abnormalities in serum calcium and sodium levels can be
associated with various neurological symptoms, (3) women
are more likely to develop depressive symptoms compared
with males,32 and (4) elderly people tend to have a lower
cognitive function. However, these factors were not detected
as significant factors; consequently, only the decrease in
thiamine serum levels was considered to be a factor associ-
ated with neurological symptoms in this study. This result
shows a strong correlation between serum thiamine levels
and neurological symptoms in patients with hematological
cancer receiving chemotherapy. In addition, the thiamine
serum levels in the group with neurological symptoms were
significantly lower than those in the group without neuro-
logical symptoms. The results of our study were concordant
with those of a previous study on the relationship between
severe neurological symptoms and thiamine deficiency.
Regarding the changes in thiamine serum levels before and
after the administration of chemotherapy, increased thia-
mine consumption33 in tumor cells and chemotherapy may
further increase thiamine consumption as a result of en-
hanced cellular metabolism.

This study showed that neurological symptoms, including
mild or nonspecific symptoms, were associated with thia-
mine deficiency in patients with hematological cancer re-
ceiving chemotherapy. Before progression to severe
condition, mild or nonspecific symptoms associated with
mild thiamine deficiency may develop. If thiamine serum
levels are not evaluated, these mild symptoms may progress
to more serious conditions. In patients with hematological
cancer, thiamine deficiency may develop in the early stage.
Therefore, based on these results, we suggest that evaluating
thiamine serum levels in patients with early-stage hemato-
logical cancer may be important to better maintain

Fig. 1 Relationship between the presence/absence of neurological
symptoms and thiamine serum levels. Cognitive impairment,
attention impairment, and mood disorder are classified as
neurological symptoms. The Mann–Whitney U test was used for
analysis. The thiamine serum levels were 31.9� 14.2 (absence of
neurological symptoms) and 19.5� 5.4 (presence of neurological
symptoms).

Fig. 2 Changes in thiamine serum levels after the administration of chemotherapy. Subanalysis in chemotherapy-naive patients via the
Wilcoxon rank-sum test. �p¼ 0.035 versus 0 weeks.
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neurological status during the therapy period. However,
because some patients had subclinical thiamine deficiency,
the presence of thiamine deficiency did not necessarilymean
that they would develop neurological symptoms, and thia-
mine serum levels should be taken as one of the reference
values.

Limitations

Several limitations of this study should be acknowledged.
The limitations of the present study are as follows: (1) The
number of cases is limited, which decreases the statistical
power of the logistic regression analysis. (2) Assessments of
cognitive decline, mood, or emotional disorder by objective
scoring could not be performed. (3)Wedid not evaluatebrain
imaging findings (CT and MRI scans). (4) Further long-term
investigations on the differences in thiamine deficiency
according to anticancer drug types are warranted. (5) The
analysis of neurological adverse events was limited to cog-
nitive impairment, attention decline, andmood or emotional
disorder, while we did not examine other neurological
adverse events such as peripheral nerve disorders. Further
studies with a larger number of cases are required. (6) In this
study, we evaluated patients with good general status, but
the same analysis should be conducted in patients with poor
performance status in the future.

Conclusions

In summary, we performed a retrospective observational
study to evaluate the relationship between neurological
symptoms, including mild or nonspecific symptoms, and
thiamine deficiency in patients with hematological cancer
receiving chemotherapy. Neurological symptoms were asso-
ciated with thiamine deficiency, and patients with neuro-
logical symptoms had lower serum thiamine levels.
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