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Abstract--Thiamin status has been assessed from whole blood transketolase measure- 
ments in patients with cancer in various sites being treated with drug combinations 
which included 5-jluorouracil (5-FU). Longitudinal measurements in nine patients 
showed that thiamin deficiency developed during treatment with 5-FU and was corrected 
by giving 100 mg thiamin per day. Similar evidence of thiamin deficiency was .found 
in 26 patients who had been treated with 5-FU-containing regimens for varying periods 
of time but was not found in patients treated with regimens not containing 5-FU. 
Giving high doses of thiamin reduced the high levels of plasma and urinary ribonuclease 
which was of hepatic origin. 

I N T R O D U C T I O N  

GACHEXlA is a feature of many patients with 
malignant disease [1] and is associated with a 
poor intake of all nutrients. It is increasingly 
being recognised, however, that the cancer 
patient may develop a deficiency of a specific 
nutrient and that the nature of the nutrient 
may vary with different kinds of tumour [2]. 
Thiamin plays a vital role in energy meta- 
bolism. Biochemical evidence of thiamin de- 
ficiency, as determined by the thiamin pyr- 
ophosphate (TPP) stimulating effect of red 
cell transketolase activity [3, 4] has been 
reported in patients with cancer [5, 6]. Since 
some of these patients were receiving a vi- 
tamin supplement it seemed unlikely that this 
deficiency was simply due to poor dietary 
intake [5]. Patients with breast cancer have 
been found to have higher TPP  values than 
either patients with cancer in other sites or 
patients with non-malignant but debilitating 
diseases. There is also somc evidence that the 
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degree of thiamin deficiency increases with 
the progress of breast cancer [7]. 

The cytotoxic drug, 5-fluorouracil (5-FU), 
is widely used either alone or in combination, 
in the treatment of disseminated cancer and 
particularly of breast cancer [8]. Studies on 
cancer patients have indicated that the thia- 
min deficiency associated with the presence of 
a tumour is exacerbated by treatment with 
the drug [6, 9]. Furthermore, experimental 
studies have shown that treatment of rats with 
high (45mg/kg body wt) or low (7.5mg/kg 
body wt) doses of 5-FU decreases the con- 
centration of thiamin in the liver and spleen 
and increases the TPP  value in whole blood 
[9]. These results are also parallel to those of 
in vitro studies [5, 9]. 

The present study was undertaken to in- 
vestigate the longitudinal development of thia- 
min deficiency in patients during treatment 
with 5-FU, and to study the effect in such 
patients of thiamin supplementation. Since 
protein-energy malnutrition (P.E.M.) com- 
monly occurs in patients with cancer, oppor- 
tunity has been taken in the present study to 
determine urinary and plasma ribonuclease 
activity, since these have been used as a 
sensitive index of P.E.M. [10]. 
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M A T E R I A L S  A N D  M E T H O D S  

:\ total of 35 patients hearing tuml)urs in 
various sites, including breast (29), lung (1). 
bronchus (1), sigmoid colon (1), parotid (1), 
rectum (1) and adrenal (1) were studied. 
These patients were divided into two groups. 
Group I contained nine patients with a mean 
age of 46.7 yr (range 30-39 vr) who had had 
no prior treatment and were studied from th," 
commencement of chemotherapy. After cob 
lecting five heparinized blood samples at xa- 
rious intervals fi'om each of these patients. 
they were given a supplement of thiamin- 
hydrochloride (100rag/day). Group 1I con- 
tained 26 patients with a mean age of 61.6 ~r 
(range 41 75 yr) who had already received 
chemotherapy Ii)r 2-12 months bel'orc the\  
were inchided in the study. 

All patients had undergone radiotherapy 
and surgery. Th% were given either 5-FU 
alonc (300 730rag) or in combination with 
other drugs, such as cyclophosphamide (300 
500rag), vincristine (0.5 l ing),  methotrcxate 
(20 30mg), and metoclopramide (10rag), tbr 
either 2 or 3 days per month, the results on 
these patients were compared with 10 age 
sex-malched heahhy volunteers and 10 age 
sex-matched cancer patients who werc being 
treated with drugs other than 5-FU. 

Blood samples were collected from tim ante- 
cubital vein into heparinized tubes tbr the 
deterinination of transketolase activity, and 
into EDTA tubes for the determination 
of plasma ribonuclease activity. The first urine 
sample voided aftcr the blood sample had been 
taken was collected into a plain container. 
The samples were placed in a deep freeze 
(-40 '°C) until analysed. The hacmolvzed 
whole blood was used to measure the actixitv 
of transketolase t)3: a simpliiied method [11]. 
The enhancement of euzynle activit,~ resuhing 
fi'om the addition of thiamin pyrophosphate 
(TPP) was expressed as a percentage of the 
original activity and is referred to as the 
"TPP stilnulation'" el . . . .  FPP effect". Values 
obtained without the addition ot" thiamin pyre- 
phosphate represented the absolute enzyme 
aetivit) {41. The modified thiochrome method 
I12] was used tbr ihc determination of thia- 
min in urine. Frec alkaline ribonuclease ac- 
tivity was measured in plasma and urine I)v a 
modificatioi1 of the method of Roth [ 131. 'l'he 
,'Jl:tllO'(" ill nl)sorhanc(" o[" l h c  Salnplcs was 
. . . . .  m . . . .  

uhimatelv expressed as units t )ermllU/ml).  
The alkaline picrate method [141 was em- 
p!,,)yed for the delermJimtion of urinary crca- 
t ininc. The significance of difl~'rences between 

the experimental and control groups was tes- 
ted using Student's /-test. 

R E S U L T S  

The TPP stimulating effect of the transket- 
olase activity (TK) in the whole blood of the 
l)alicnts betbre undergoing chemotherapy 
(Table 1) was within the normal range 
( < 15<'<> [151 ) and rose signiticantlv (P<0.001) 
when the patients were treated with 5-FU tbr 
one month in combination with other tyro- 
toxic drugs. The urinary value of thiamin did 
not change significantly during this phase of 
treatment. However, after giving thiamin sup- 
plements (100rag/day) lbr ~ i2 weeks, the 
excretion of thiamin rose (P<0.01) and this 
rise was accompanied bv a fall in the TPP 
value (P<0.001) to a value which was not 
significantly difl'erent from that prior to re- 
ceiving chemotherapy. 

Treatment with cytotoxic drugs, other than 
3-FU had no signiticant effect on either the 
TPP value or urinary thiamin cxcretion when 
compared with age-matched heahhv control 
subjects (Table 2). \Vhen the drug rcgimcn 
contained 3-FU, however, the TPP eftbct was 
significantly higher (P<0.001) and the uri- 
nary thiamin significantly lower (P<0.001) 
than when i l  did not. The vahws in these 
patients also differed with the saitlc degree of 
significance fi'om lhe heahhy controls. 

The plasma and urinary ti'ec alkaline 
RNase activity of the patients betbre chem- 
otherapy whose thiamin results are given in 
Table 1 were higher than those of the healthy 
control sut2iects and did not change after 
treatment lot 8 20 weeks with 5-FU (Table 
3). flowever, both plasma aud urinary R~ase 
activities fell significantly when the patients 
bein< treated witti 5-FU were given thiamin. 

D I S C U S S I O N  

Two groups of patients trealed with 5-FU 
were studied. In one of these, the patienls had 
been treated tbr 2-12 months with combi- 
natiou chemotherapy and these patients had 
biochemical evidence (7t" thiamin deliciencv. 
This det]ciencv was shown to be due to 3-FU 
since patients treated with a coml)inalion of 
various cvtotoxic drugs ('xcluding 3-FU had a 
similar thiamin status to those of age sex- 
matched heahhv controls. Thus, Ihcsc obser- 
vations confirm those ()t" our prcvi(ms stud? 
1,5] au(t lhose of" others [6 I. The other group 
o[" patients Ireated with 5-1"U was sttidicd 



Table 1. 

Patients Treated with Drug Combinations Containing 5-FU 

The effect of treatment with 5-fluorouracil (5-FU) on the "TPP effect" of whole blood and the 
urinary excretion of thiamin in patients with cancer 
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Pre-chemotherapy Post-chemotherapy Post-chemotherapy 
+ thiamin 

TPP ett'ect ~! o 8.5 ± 2.4 31.4 ± 2.7" 10.5 ± 2.6 + 
Urinary Thiamin 

/lg/g creatinine 72 ± 23 50 ± 11 3 l 6 ± 80 { 

Signiticance of difference between initial values and those after chemotherapy; *P<0.001.  
Significance of difference between values after chemotherapy alone, and after chemotherapy+thiamin:  

"~P<0.001 ; ~,P<0.01. 
Values are the mean of the five values ±S,E.M. ,  obtained tbr nine patients studied longitudinally. 

Table 2. The effect of treatment with 5-FU on the " T P P  effect" of whole blood and 
the urinary excretion of thiamin in patients with cancer and in age-sex-matched healthy control 

subjects 

Number of Urinary thiamin 
Group subjects TPP effect % /tg/g creatinine 

Treated with 5-FU* 26 20.2 ± 2.0% 49 ± 7J-++ 
Treated with other 

cytotoxic drugs only 10 l 1.0 ± 1.3 119 ± 19 
Healthy control 10 7.8 ± 1.7 93 +_8 

*Patients given 5-FU in combination with other cytotoxic drugs. 
Significance of difference between values of patients treated with 5-FU and those 

healthy controls: +P < 0.001. 
Significance of difference between values of patients treated with 5-FU and those 

treated with other cytotoxic drugs: .~P < 0.001. 
Values are mean ±S .E .M.  tor the number of patients or subjects shown. 

Table 3. Plasma and urinary ribonuclease activity in patients before and after treatment with 5-FU and qfter 
supplementation with thiamin and in health), control subjects of similar age 

Patients 
Healthy subjects Pre-chcmotherapy Post-chemotherapy Post-chemotherapy 

+ thiamin 

Number of subjects 
Plasma RNase (Unit/ml) 
Urinary RNase (Unit/ml) 

I 0 9 32 9 
2624 ± 161 4655 ± 323" 4404 ± 193+*§ 3136 ± 29~]1 
4293 + 694 9610 ± 1731 + 9148 ± 892§ 4866 + 69(.) ¶ 

Signiticance of difference between values of pre-chemotherapy and post-chemotherapy: +P< 0.02; *P<O.OI. 
Signlficant e of difference between values of post-chemothcrapy and those heahhy controls: P <  0.01; § <0.001. 
Signilicance of difthrence between values of post-chemotherapy an(t post-chemotherapy + thiamin shown : ' P < 0.02 ; I1t' 

<0.01. 
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longitudinally. These patients had no evidence 
of thiamin deficiency before receiving 5-FU, 
but the first blood sample taken after receiv- 
ing the drug for 1 month showed an elevated 
TPP value in all of nine patients. The treat- 
ment with 5-FU did not precipitate any side 
effects such as nausea, vomiting and diarrhoea 
in the patients. Furthermore, the appetite of 
the patients was similar to that of" the patients 
treated with cytotoxic drugs other than 5-FU. 
It is, therefore, unlikely that the biochemical 
evidence of 5-FU-induced thiamin deficiency 
was the consequence of reduced dietary 
intake. 

The raised values tbr the TPP eflbct as a 
result of 5-FU treatment were reversed by 
giving a large dose of thiamin (100mg/day) 
daily. This treatment with thiamin had two 
potentially important consequences. Four pa- 
tients reported that they felt better after re- 
ceiving the vitamin and that their appetite 
improved. Moreover, plasma and urinary 
RNase concentrations which had been elev- 
ated before and during treatment with the 
drug returned to values statistically indis- 
tinguisable from those of healthy control sub- 
jects. Elevated values such as those found in 
the cancer patients betbre and during treat- 
ment are characteristic of protein-energy mal- 
nutrition and specifically are said to result 
from damage to the pancreas or liver. Thc 
ribonucleases from these two sites can be 
distinguished by their optimum pH's. In this 
study the enzyme activity was measured at 
pH 7.8 which is the optimum pH of liver 
RNase [16]. Furthermore, the activity of the 
enzyme was not affectcd significantly by the 
addition of copper ions to the medium {Table 
4) [16], another characteristic which disti- 
nguishes thc liver enzyme from that of the 
pancreas. 

The results of this study suggest that pa- 
tients with metastatic breast cancer have a 

leakage of RNase from the liver and that this 
process is prevented by giving high doses of 
thiamin. Biochemical changes in the liver of 
human patients with cancer [17] and of expe- 
rimental animals injected with cancer cells 
1181 have been described when there is no 
evidence of metastatic disease. The raised 
levels of hepatic RNase ill the plasma and 
urine of our patients may be further evidence 
of metabolic disturbances in an organ distant 
from the site of the tumour. It seems that this 
metabolic effect is rectified by giving thiainin. 

The interaction of 5-FU with thiamin clea- 
rly merits thrther investigation. In our pre- 
vious paper [5] the results of in vitro studies 
suggested that 5-FU prevented the phosphory- 
lation of thiamin which is necessary to convert 
the vitamin into its active lbrtn, thianlin 
pyrophosphate. This could be explained Ol1 
the basis of competition fi)r phosphate by the 
drug which is converted first t{} 5-fluo- 
rouridine (FUR) and then to £)-tluorouridine 
5-monophosphate (FURP) and 5-fluoro-2- 
deoxyuridine monophosphate {FU1)RP). This 
is the active form {)t" Ihe drug and blocks the 
enzyme thymidylatc synthetase [19]. Ahcrna- 
tively, it may be that the conversion of 5-FU 
to its deoxyriboside derivative requires thiamin 
pyrophosphate or actually increases break- 
down of thiamin to its catabolic products. 
Furthermore, it would be of interest to ascertain 
whether the change in TPP eflbct correlates 
with the anti-turnout effect of 5-FU. Untbrtu- 
nately the tumour response to the cytotoxic 
drug was not recorded in this investigation. 
Further studies are being instigated along 
these lines. 
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Table 4. Plasma and uri,~mm R..Vase aclivit3', determined ~e,ilh and e*,ilhot~t addilion +?/ 
cupric chloride {CuCI2; lmM) i*~ patients heated g~,ith 5-fluoroz, raciL bq/bre azM qfic~ 

admini,~lration o/ thiamiz~ 

With<m~ CuCI  2 Wi th  (]tl(][ 2 
Bclbrc t h i ami n  Af'tcr Ih i amin  Bctsrc flaiamin Aflcr  t h i a m i n  

P l a sma  4979 + 44.3 3087 ± 482* 3029 _4_ 48,t 3146 ± 234* 
Urin{' 8 8 9 4 ±  1236 .t912 + 6 8 3 "  87{}9± 1181 3087 ± 5 8 3 *  

*l) i l ]br,mc,: bctwcvt~ \'alucs I>{'lbt'c and aJim IhiamiH ,-.i~nil],:'a,~tl~. diJIi'rcm { ] '< l } .Ol  L 
F ach  result is the  m e a n  ± S . E . M .  o f 1 7  samples  ob ta lncd  ti'om nhic  pa th :ms.  
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