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Abstract
Malignancy associated primary thiamine
deficiency has been documented in several
experimental tumours, sporadic clinical
case reports, and in a number of patients
with fast growing haematological malig-
nancies.

Thiamine status was assessed prospec-
tively in 14 untreated B-chronic lym-
phocytic leukaemia (CLL) patients, and in
14 age matched control patients with non-
malignant disease. Patients with any
known cause of absolute, relative, or func-
tional thiamine deficiency were excluded.

High (>15%) thiamine pyrophosphate
eVect (TPPE), indicating thiamine defi-
ciency, was found in five out of 14 CLL
patients (35.7%) and in none of the
controls (p=0.057). Mean (SD) TPPE in
the thiamine deficient patients group was
21.6 (3.4)%. In all the patients, thiamine
deficiency was subclinical. No correlates
for the thiamine deficiency have been
found save for an increment of more than
20% in the total leucocyte count over the
preceding three months, which was found
in all five thiamine deficient patients com-
pared with only one of the nine non-
thiamine deficient CLL patients.

Thus, CLL patients may be prone to
develop primary thiamine deficiency pos-
sibly promoted by the increased leuco-
cytes span, which may increase thiamine
consumption. Since even subclinical thia-
mine deficiency may be detrimental to the
patient’s clinical course, and in view of the
theoretical danger of thiamine promoted
tumour cell proliferation, further large
scale studies are warranted to confirm
this observation, and to elucidate the issue
of thiamine supplementation to CLL pa-
tients.
(Postgrad Med J 2001;77:582–585)
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Thiamine (vitamin B1) is a water soluble vita-
min whose physiologically active form, thia-
mine pyrophosphate (TPP), acts as a coen-
zyme in carbohydrate metabolism. Thiamine
deficiency results in pyruvic and lactic acidosis,
central and peripheral neurological impair-
ment, and cardiovascular disease.

In developed countries thiamine deficiency
occurs mainly in chronic alcoholics, food
faddists, in the elderly, and in certain clinical
situations that result in inadequate thiamine
intake, defective utilisation, or accelerated
thiamine loss.1 2

Malignancy accompanied by thiamine defi-
ciency has been reported in several studies in
animal experimental tumours, and in a few
clinical case reports. Animal studies showed
that tumour growth might be related to the
depletion of tissue thiamine stores, apparently
because of increased thiamine utilisation.3 4

Clinical reports have focused mainly on
secondary thiamine deficiency, associated with
malignancy and/or chemotherapy induced
malabsorption, prolonged vomiting or diar-
rhoea, and impaired utilisation.5–13

Primary thiamine deficiency, attributed to
thiamine consumption by tumour cells, was
found by Van Zaanen et al in four out of six
patients suVering from fast growing haemato-
logical malignancies (acute myeloid leukaemia,
acute lymphoblastic leukaemia, Burkitt’s
lymphoma).14 This observation prompted us to
assess, prospectively, the thiamine status of
untreated patients with B-chronic lymphocytic
leukaemia (CLL), a smoldering indolent
malignancy, who lack any other identifiable
predisposing factors for thiamine deficiency.

Patients and methods
Fourteen patients with CLL and 14 control
patients were evaluated on an outpatient basis.
The criteria for diagnosis of CLL were based
upon the National Cancer Institute sponsored
working group on CLL diagnostic require-
ments.15 CLL patients were staged according to
the Rai staging system.16 Exclusion criteria
included: alcoholism, malnutrition, inadequate
intake of primary food sources of thiamine (for
example, whole grain cereals, bread, beans,
fruits, meat products, vegetables, potatoes)
malabsorption, unsteady weight over the pre-
ceding three months, folate and B12 defi-
ciency, prolonged vomiting or diarrhoeal dis-
ease, chronic diuretic therapy, major
physiological stress (for example, myocardial
infarction), prolonged fever, acute infection,
thyrotoxicosis, liver disease, uraemia, hy-
poalbuminaemia, hypophosphataemia, and hy-
pomagnesaemia. Patients receiving chronic
antacid therapy, omeprazole, or multivitamins
were excluded as well.

Group A—CLL patients comprised 13 men
and one woman. Their mean age was 67.5
years (range 47–80 years). The disease stage of
each patient is shown in table 1. None of the
patients had received chemotherapy, neither
before nor during the investigation.

Group B—Control patients comprised 10
men and four women. Their mean age was 66.5
years (range 45–85 years). They were under
medical surveillance because of chest pain, angi-
nal syndrome, and palpitations (table 2).
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In both groups, all patients claimed to be on
a balanced diet containing an estimated
thiamine content of 1–1.5 mg/day. None had
any clinical symptoms that could be ascribed to
thiamine deficiency. Informed consent was
obtained from each patient.

After an overnight fast, venous blood sam-
ples were obtained for routine haematological,
biochemical, and thiamine status evaluation.

Thiamine status was determined by
measurement of erythrocyte transketolase
(ETK) activity, and TPP eVect (TPPE) as
described by Brin.17 This method of assess-
ment denotes the physiological/functional
availability of thiamine, and is by now the most
frequently used method to evaluate thiamine
biochemical status.

ETK is an intraerythrocyte TPP requiring
enzyme, that catalyses the reversible intercon-
versions of hexose and pentose phosphates in
the pentose phosphate pathway.1 2 As a thia-
mine dependent enzyme, its activity is progres-
sively decreased as thiamine deficiency be-
comes more severe.1 2 18 The ETK activity is
determined in vitro by measuring pentose con-
sumptive disappearance or hexose generation
(per time unit) before (basal) and after (stimu-
lated) extraneous addition of its cofactor, TPP.
Added TPP has little or no eVect on ETK
activity in people with adequate thiamine
status; however, in thiamine depleted people,
addition of extraneous TPP to the assay results

in restored activation of ETK. Any enhance-
ment in ETK activity resulting from the added
TPP is referred to as the TPP eVect (TPPE).

The TPPE is expressed as per cent stimula-
tion of the enzyme activity by the added TPP;
normal values: 0%–15%.18 TPPE greater than
15% indicates thiamine deficiency. The TPPE
value increases with increasing thiamine defi-
ciency.18

LABORATORY METHODS

The ETK activity assay involves the incubation
of haemolysed erythrocytes with an excess of
ribose-5-phosphate, and assessment of the
resultant hexose generation in the absence and
in the presence of added exogenous TPP. For
these measurements, 2–3 ml of venous blood
were drawn into vacutainer tubes containing
heparin. After centrifugation, the plasma and
white cells’ buVy coat were removed. The sepa-
rated erythrocytes were then washed with
isotonic saline—thus, few or no lymphocytes
remained associated with the erythrocytes.
Lysates were prepared by mixing the erythro-
cytes with an equal volume of a 0.025% saponin
solution, and kept on ice for 20 minutes.
Aliquots of 0.1 ml were preincubated for 30
minutes in a pH 7.4 potassium phosphate
buVer containing magnesium sulphate and
sodium chloride with and without TPP. Then
ribose-5-phosphate (in the buVer) was added.
The appropriate controls were included. After
a 60 minutes incubation period, the reaction
was terminated with trichloroacetic acid. After
centrifugation, the colours produced by the
generated hexoses reacting with anthrone
reagent were measured by an ultraviolet spec-
trophotometer at 620 nm. Per cent TPPE was
calculated as in the equation below.

In our laboratory, the day-to-day reproduc-
ibility of the TPPE (coeYcient of variation of
the test results) was between 5%–8%, and
there were no diVerences between the repli-
cates.

STATISTICAL ANALYSIS

Data are given as mean (SD). Student’s t test
for unpaired data was employed to compare
mean TPPE values in both groups. Fisher’s
exact test was applied to compare the rate of
abnormal TPPE in both groups.

Table 1 Characteristics of 14 CLL patients

Patient
No

Sex/age
(years)

Disease
duration
(years) Stage

% Increment in
peripheral
leucocytes over
3 months

1 M/76 3 II 5.0
2 M/61 2 I 22.0
3 M/67 14 II 31.5
4 M/66 21 II 34.7
5 M/65 10 I 0
6 M/79 <1 0 12.3
7 F/58 3 II 11.1
8 M/72 13 II 30.0
9 M/80 1 IV 44.4
10 M/77 1 0 19.1
11 M/66 3 I 0
12 M/47 <1 II 82.9
13 M/68 31 I 10.5
14 M/66 <1 0 7.0

Table 2 Characteristics of 14 control patients

Patient No Sex/age (years) Cause of medical surveillance

1 M/73 Chest pain
2 M/50 Palpitations
3 M/78 Anginal syndrome
4 M/78 Anginal syndrome
5 M/66 Chest pain
6 M/72 Palpitations
7 M/74 Anginal syndrome
8 F/71 Palpitations
9 F/57 Chest pain
10 M/51 Chest pain
11 M/61 Chest pain
12 F/45 Palpitations
13 F/70 Anginal syndrome
14 M/85 Chest pain

Figure 1 Thiamine pyrophosphate eVect (TPPE) in
B-chronic lymphocytic leukaemia (CLL) and control
patients. Normal range of TPPE is defined as 0%–15%.
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Results
The results of TPPE measurements in the
CLL and control cohorts of patients are
presented in fig 1.
x TPPE values greater than 15%, indicating
biochemical thiamine deficiency, were found in
five out of 14 CLL patients (35.7%; table 1
patients 2, 3, 4, 8, 12) but in no control patient
(p=0.057).
x In three out of the five CLL patients with
elevated TPPE values, the TPPE value was
above 20%; in the other two patients the TPPE
was only slightly raised.
x The mean TPPE value for the thiamine
deficient CLL patients was: 21.26 (3.4)%
(range 17.4%–25.5%).
x The mean TPPE value for all CLL patients
and for the control patients was: 12.05 (7.8)%
and 4.9 (4.8)% respectively (p=0.01).
x Thiamine deficiency was detected in one of
seven CLL patients in stage 0–1 (table 1
patient 2), and in four of seven CLL patients in
stages 2 and 4 (table 1 patients 3, 4, 8, 12).
x The results of all the routine blood tests, in
both groups, were in agreement with the exclu-
sion criteria.
x Comparing the laboratory data of the
thiamine deficient CLL patients to that of the
non-thiamine deficient CLL patients, we were
unable to identify any significant diVerences in
the following parameters: disease duration,
total leucocytes count per se, blood levels of
lactate dehydrogenase, â2 microglobulin, or
uric acid (data not shown). Interestingly, how-
ever, in all five thiamine deficient CLL
patients, as well as in only one non-thiamine
deficient CLL patient (table 1 patient 9), an
increment of more than 20% in leucocytes
count, over the preceding three month period,
was detected.
x None of the patients evaluated had any
symptoms or signs of clinical thiamine defi-
ciency, that is heart failure, ophthalmoplegia,
peripheral neuropathy, or lactic acidosis.

Discussion
Five out of 14 CLL patients (35.7%) were
found to have a measurable, though subclini-
cal, functional thiamine deficiency, manifested
by a high TPPE value. Comparison between
the CLL and the control cohorts has indicated
diVerences of statistical significance regarding
frequency of thiamine deficiency and mean
TPPE values in both groups. Considering the
study’s exclusion criteria, we were unable to
identify any other cause for thiamine deficiency
in these patients except for the possible associ-
ation with the CLL. These findings are in
agreement with previous reports concerning
the probable relationship between primary
thiamine deficiency and cancer, which has
been found in experimental models,3 4 in
patients with solid tumours,5–13 and in some
patients with fast growing haematological
malignancies.14 To the best of our knowledge,
our study is the first to assess thiamine status,
prospectively, in a cohort of untreated CLL
patients. As our study group comprised a rela-
tively small number of patients, further studies

in a large cohort of CLL patients are needed to
substantiate these findings.

Proposed explanations for malignancy in-
duced primary thiamine deficiency embrace
the following possibilities:

(1) Increased whole body energy expendi-
ture and thiamine requirements.

(2) Increased thiamine consumption by the
tumour cells.3 4

(3) Impaired thiamine phosphorylation and
metabolic utilisation.1 6

These possible mechanisms are in concord-
ance with the well established biochemical
functions and pharmacokinetics of thiamine.
In its phosphorylated active form, thiamine has
an essential role in carbohydrate and energy
metabolism. TPP functions as a coenzyme in
the decarboxylation of á-keto acids (as pyru-
vate and á-keto glutarate), and in the utilisation
of pentose in the pentose phosphate pathway,
which serves as an alternative pathway for glu-
cose oxidation as well as an important route for
ribose nucleic acid synthesis.2 It is possible that
in our thiamine deficient CLL patients, the
correlation between poor thiamine status and
the smoldering malignant process has been
promoted by the preceding increment in the
leucocyte counts which has been found in all
these patients. Interestingly, leucocytes contain
relatively high concentrations of thiamine
dependent enzymes.19 20 It has also been shown
in experimental models that thiamine enhances
mitogen induced lymphocyte transformation.19

Thus, increment in leucocytes count may
indeed be accompanied by increased metabolic
energy expenditure, increased thiamine con-
sumption, and in vulnerable patients, with the
consequent thiamine deficiency. The interpa-
tient diVerential vulnerability to thiamine defi-
ciency and its magnitude may be due to inter-
individual variations in thiamine body stores
and daily energy expenditure. As a water solu-
ble vitamin, thiamine body storage is minimal,
and regular thiamine intake is mandatory.
Patients with a relatively low reserve may thus
be prone to develop thiamine deficiency when-
ever thiamine dependent energy demand in-
creases. Noteworthy, in our study group,
thiamine deficiency was indeed detected
mainly in patients with advanced disease stage.
Obviously, this clinical observation must be
confirmed in future studies in a larger number
of CLL patients.

All thiamine deficient patients in our study
group were clinically asymptomatic with regard
to the cardiovascular, neurological, ophthalmo-
logical, or metabolic manifestations of thia-
mine deficiency. Nevertheless, the significance
of subclinical thiamine deficiency and its
therapeutic implications in cancer patients
warrants, in our opinion, special consideration:

(1) Subclinical yet physiologically significant
thiamine deficiency may be detrimental to the
patient’s wellbeing. It may contribute, by its
less evident presentations, to the development
of “non-specific” annoying symptoms such as
fatigue, headache, loss of appetite, sleep and
mood disorders, poor coordination, and im-
paired cognitive performance.2
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(2) Subclinical thiamine deficiency may
increase the patient’s vulnerability to develop
overt signs of thiamine deficiency when
confronted with disease and/or chemotherapy
associated factors which may superimpose sec-
ondary thiamine deficiency, namely: malnutri-
tion, malabsorption, malutilisation, hypo-
phophataemia, hypomagnesaemia, major
catabolic and physiological stress,21 and use of
various concomitant drugs, for example ome-
prazole22 and frusemide (furosemide).23

(3) Subclinical thiamine deficiency may pro-
voke and/or aggravate the potential grave clini-
cal consequences of the cardiotoxic and neuro-
toxic adverse eVects of some of the
chemotherapeutic agents.

In contrast to the liberal thiamine supple-
mentation strategy, recommended for other
groups of patients who are at risk of developing
thiamine deficiency, thiamine replacement
therapy in cancer patients has to be carefully
balanced.

Experimental studies on ribose synthesis in
cultured cervix and pancreatic carcinoma cells
have indicated that ribose for nucleic acid for-
mation is synthesised primarily through the
thiamine dependent pentose phosphate path-
way.24 Thus, theoretically, excessive thiamine
supplementation may harbour the danger of
promoting tumour cell proliferation.24

In conclusion, the presented data suggest
that CLL patients may be prone to develop
primary thiamine deficiency. Further studies
are needed to confirm this observation, to
identify the vulnerable patients groups, and to
elucidate the optimal approach regarding thia-
mine supplementations to CLL patients.
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