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Abstract

This study was aimed at comparing the blocking of b-adrenoceptor activity to changes in the resting energy metabolism of 10
cancer patients with progressive weight loss due to solid malignant tumours. Resting energy expenditure (REE) as well as whole

body carbohydrate and fat oxidation were investigated and related to plasma substrate levels (glucose, glycerol, free fatty acids
(FFA)) before and after 5 days of oral administration of speci®c b1 receptor blocker (atenolol, 50 mg/day) and non-speci®c b1,b2-
adrenoceptor (propranolol, 80 mg/day) blockade. The administration order of the drugs was random, and a 3-day washout period

was used in all individuals between the provision of the ®rst and the second drug in order to minimise the risk of carry-over e�ects.
Resting measurements in the morning after an overnight fast were performed by indirect calorimetry. Atenolol treatment reduced
REE by 77�14 kcal/day and propranolol by 48�13 kcal/day, respectively (P<0.05 versus pretreatment values). Whole body

oxygen uptake and carbon dioxide production were decreased similarly by both atenolol and propranolol treatment (P<0.05).
Carbohydrate oxidation was increased by atenolol and decreased by propranolol, whilst fat oxidation was decreased by atenolol
and unchanged by propranolol. The decrease in REE, accounting for the decline in heart rate, was signi®cantly more pronounced
following treatment with propranolol compared with atenolol (P<0.05). Atenolol and propranolol had no e�ect on blood glucose,

plasma glycerol and FFA. We conclude that wastage in cancer patients is in part explained by increased b1 and b2-adrenoceptor
activity, in part secondary to elevated cardiovascular activity as a result of anaemia, loss of cardiac contractile capacity and altered
host metabolism. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Elevated resting energy expenditure (REE) con-
tributes to weight loss in patients with solid cancer [1,2].
This phenomenon may in part be directly related to
tumour metabolism since elevated energy expenditure
declined following curative tumour resection [3,4],
although host metabolism is also involved [5,6]. Our
previous work has indicated that elevated resting meta-
bolism in cancer patients is in part explained by
increased adrenergic activity and adrenergic sensitivity
in tumour-bearing animals and cancer patients [7±9].
These alterations may be a composite of classical hor-
mone stress adaptation during partial starvation due to
anorexia as well as systemic in¯ammation [10,11].

Observations by us in both experimental and clinical
studies thus point to the possibility that alterations in
energy expenditure in cancer disease are related to the
cardiovascular system [11], partly explained by anaemia
and decreased stroke volume [9], which was compen-
sated for by elevated chronotrophic e�ects [12]. Such
alterations may re¯ect an inevitable adaptation to
undernutrition and systemic in¯ammation to prolong
the survival of a living organism. These adaptive chan-
ges may thus promote energy wasting and thereby cre-
ate a vicious circle for energy homeostasis in cancer
disease. If so, it would be possible in principle to
improve long-term outcome in cancer patients by
appropriate b-adrenoceptor blockade of activated
metabolism related to increased cardiovascular work-
load and peripheral tissue lipolysis [13]. We have pre-
viously reported that non-speci®c b-blockade lowers
resting metabolism in cancer patients, which was not
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evident from anti-in¯ammatory treatment [13]. There-
fore, the aim of this study was to elucidate the relation-
ship between b1- and b2-adrenoceptor speci®city and
attenuation of resting energy metabolism in cancer
patients with progressive weight loss.

2. Patients and methods

All cancer patients were previously treated at the
Department of Surgery Sahlgrenska Hospital. They
were included in the study after informed consent. All
patients had solid tumours in di�erent stages with pro-
gressive tumour growth. They had experienced a mean
weight loss during the last 3 months corresponding to
10�2% (mean�SEM). None of the patients were hos-
pitalised or bedridden. Inclusion criteria were ongoing
weight loss due to solid gastrointestinal tumour disease
and cooperability. Exclusion criteria were cardiac
insu�ciency, atrio-ventricular block, low blood pressure
with clinical symptoms, bradycardia (<60 beats/min),
obstructive pulmonary disease, liver disease or patholo-
gical liver function tests, impaired kidney function
with serum creatinine >150 mmol/l, body temperature
>37.6�C, ongoing treatment with b-blockers, steroids
or other anti-in¯ammatory agents.
10 cancer patients experiencing weight-loss, 5 women

and 5 men, were recruited for the study. The diagnoses
were: gastric carcinoma (n=5), rectal carcinoma (n=3),
pancreatic carcinoma (n=1) and hepatocellular carci-
noma (n=1). These patients were randomised to receive
5 days treatment with atenolol 50 mg�1 (selective, b1
receptor blocker) and after a 3-day washout period
propranolol treatment (80 mg�1, non-selective, b1+2

receptor blocker: both drugs from Zeneca, UK) or vice
versa. The order of drug administration, either atenolol
or propranolol as their ®rst treatment, was selected
randomly leading to 6 patients starting with atenolol
and 4 with propranolol.
The randomisation for the treatment order was per-

formed by a computer-based algorithm stratifying for
age, gender, height, body weight, weight loss during the
previous 3 months, pretreatment REE, heart rate, hae-
moglobin concentration, erythrocyte sedimentation
rate, triceps skinfold (TSF), arm muscle circumference
(AMC), previous surgery, previous other treatment,
expected survival, origin of the tumour and tumour
stage [14]. After randomisation to one of the two treat-
ment regimens of b-receptor blockade, after 5 days of
treatment new measurements of REE, heart rate, blood
pressure and biochemical tests including glucose, gly-
cerol and free fatty acids (FFA) were made. A 3-day
washout period was used to minimise carryover of
metabolic e�ects in response to the ®rst drug. Repeated
measurements and another 5-day treatment period with
the second of the two drugs were then performed. All

measurements were repeated after the second 5-day
treatment period. Resting heart rate was also checked
before starting the second treatment in order to ensure
su�cient washout time, i.e. resting heart rate should be
back to pretreatment values.
REE was measured for 60 min in the morning after an

overnight fast during resting conditions by indirect
calorimetry (Deltatrac#, Datex, Finland) as previously
described [13]. Substrate oxidation was automatically
calculated by a computer according to principles
described by Lusk [15]. Anthropometric variables, TSF
and AMC, were measured by a specially trained nurse
[16]. Blood samples were taken after REE measure-
ments. Biochemical tests were performed according to
routine hospital measurements. Plasma glucose and
glycerol levels were measured using kits from Boehrin-
ger Mannheim, Germany and plasma FFA, by the Nefa
C kit from Waco, Germany.

2.1. Statistics

Comparisons of di�erences between the e�ects of the
two drugs were made by Mann±Whitney U-test for
unpaired observations, and measurements before and
after treatment were performed by the Wilcoxon signed
rank test for paired observations. Two-tailed tests were
used and P-values less than 0.05 were considered statis-
tically signi®cant. No patient was excluded during the
study and signi®cant side-e�ects due to treatment were
not observed.

3. Results

3.1. Randomisation

All patients displayed malnutrition due to progressive
tumour growth. The outcome of the randomisation led
to a balanced distribution of patient variables in those
individuals who experienced the administration order of
atenolol±propranolol compared with those with pro-
pranolol±atenolol (Table 1).

3.2. Measurements before drug treatment

Routine blood chemical tests, plasma substrate pro-
®les (glucose, glycerol and FFA), REE, resting heart
rate and blood pressure were well distributed across
treatment orders (Tables 2 and 3). Mean carbohydrate
oxidation was signi®cantly lower and mean fat oxida-
tion was signi®cantly higher in those patients who star-
ted with atenolol treatment compared with those who
started with propranolol (Table 4). This was due to
®ndings in 1 patient who revealed low values for carbo-
hydrate oxidation (16 g/day, mean value 43 g/day�8),
before atenolol treatment.
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3.3. Measurements after drug treatment

Atenolol treatment decreasedREE by 6�1% (ÿ77�14
kcal/day) and propranolol by 4�1% (ÿ48�13 kcal/
day) which both represented a signi®cant decrease
compared with pretreatment values (P<0.05) (Table 3).
Whole body oxygen uptake and carbon dioxide pro-
duction decreased following administration of atenolol
or propranolol (P<0.05). Resting heart rate decreased
by 21�2% (ÿ16�2 beats/min, atenolol), versus
12�2% (ÿ8�1 beats/min, propranolol) (P<0.05),
compared with pretreatment values (P<0.05) (Table 3).

The ratio between the decrease in REE versus the
decrease in resting heart rate was 5.2�1.0 (kcal/beat)
following atenolol and 8.2�2.7 following propranolol
treatment (P<0.05) (Fig. 1). Carbohydrate oxidation
was increased by atenolol and decreased by proprano-
lol, whilst the fat oxidation was decreased by atenolol
treatment and unchanged by propranolol (Table 4).
Plasma substrate concentrations of glucose, FFA and

glycerol were not signi®cantly changed during treatment
with either of the two drugs (Table 2).

4. Discussion

Elevated resting energy expenditure is an important
factor contributing to progressive weight loss in both
treated and untreated cancer patients [1,13,17,18].
Cytokines are central mediators behind both in¯amma-
tion and anaemia and previous experimental work has
con®rmed that cytokines are mediators behind cancer
cachexia [5,19,20]. It is thus likely that a combination of
factors such as stress hormones, cytokines and prosta-
noids explain the cachectic process [21,22]. Moreover, it
has been demonstrated that cytokines interact with the
classical hormonal system at both hypothalamic and
glandular levels and that prostanoids may act as sec-
ondary mediators of the neuroendocrine e�ects exerted
by cytokines [23,24]. However, less de®ned e�ects may
also be involved such as non-in¯ammatory stimuli; pain
and tumour hypoxia [25]. Our previous studies have
also suggested that adrenergic factors are signi®cant
mediators behind elevated resting energy expenditure in
cancer indicating both increased sensitivity and reactiv-
ity to adrenergic agonists in cancer patients su�ering
weight loss [8,26]. In contrast, evaluation of patients on

Table 1

Distribution of variables for nutritional state and biochemical tests in

10 cancer patients who started with atenolol (patients 1±6) compared

with those who started with propranolol (patients 7±10)

Treatment order in 10 patients

Atenolol±

propranolol�SEM

Propranolol±

atenolol�SEM

P<0.05

Nutritional state

Height (cm) 167�5 173�4 n.s.

Body weight (kg) 59�10 74�15 n.s.

Weight loss (%) 12�3 8�2 n.s.

TSF (mm) 11�2 18�4 n.s.

AMC (cm) 23�1 25�3 n.s.

Biochemical tests

Haemoglobin (g/l) 123�6 117�11 n.s.

ESR (mm/h) 44�16 10�7 n.s.

Albumin (g/l) 35�2 31�4 n.s.

Plasma proteins (g/l) 74�5 69�2 n.s.

Creatinine (mmol/l) 72�16 90�8 n.s.

Bil (mmol/l) 13�2 8�1 n.s.

ASAT (mkat/l) 0.8�0.9 0.4�0.1 n.s.

ALAT (mkat/l) 1.6�1.0 0.5�0.2 n.s.

ALP (mkat/l) 6�2 4�1 n.s.

SEM, standard error of the mean; TSF, triceps skinfold; AMC,

arm muscle circumference; ESR, erythrocyte sedimentation rate; Bil,

bilirubin concentration; ASAT, aspartate-aminotransferase; ALAT,

alanine-aminotransferase; ALP, alkaline phosphatase activity; n.s.,

non signi®cant.

Table 2

Plasma energy substrate concentrations before (B) and after (A) drug

treatment

Treatment in 10 patients

Atenolol

�SEM

Propranolol

�SEM

P<0.05

Glucose (mmol/l) B 5.2�0.4 5.7�0.5 n.s.

A 5.4�0.3 5.8�0.5 n.s.

FFA (mmol/l) B 0.72�0.11 0.52�0.10 n.s.

A 0.58�0.12 0.49�0.09 n.s.

Glycerol (mmol/l) B 278�46 283�13 n.s.

A 243�46 250�50 n.s.

SEM, standard error of the mean; FFA, free fatty acids; n.s., non

signi®cant.

Table 3

Resting energy expenditure, respiratory gas exchange and heart rate

before (B) and after (A) drug treatment

Treatment in 10 patients

Atenolol

�SEM

Propranolol

�SEM

P<0.05

REE (kcal/day) B 1439�74 1402�74 n.s.

A 1362�75a 1354�72a n.s.

RQ B 0.75�0.01 0.78�0.01 0.05

A 0.78�0.01a 0.78�0.01 n.s.

O2 (ml/min) B 214�10 208�11 n.s.

A 202�11a 201�11a n.s.

CO2 (ml/min) B 161�8 163�8 n.s

A 151�7a 156�7a n.s.

Heart rate (beats/min) B 75�4 70�4 n.s.

A 58�3a 62�4a 0.05

SEM, standard error of the mean; REE, resting energy expendi-

ture; RQ, respiratory quotient; n.s., non signi®cant.
a Signi®cantly di�erent compared with pretreatment values (Wil-

coxon signed rank test).
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b-receptor blockade due to hyperthyroidism revealed a
di�erent drug e�ect compared with ®ndings in cancer
patients (data not shown). Selective b-blockade did not
decrease whole body resting energy expenditure in
thyrotoxic patients, whilst non-selective b-blockade had
a pronounced e�ect (>50%).
The results in the present study demonstrate a reduc-

tion in whole body REE following a moderate daily
dose of either speci®c or non-speci®c b-blockers. How-
ever, accounting for the e�ect on resting heart rate,
treatment with non-selective b-blockade (propranolol),
resulted in a signi®cantly more pronounced reduction in
resting metabolism in proportion to the decrease in
heart rate (Table 3, Fig. 1), whilst atenolol treatment
displayed a signi®cantly lower decrease in metabolism
accounting for the decline in heart rate. This di�erence
re¯ects di�erentiated drug e�ect(s) on cardiovascular
activity and whole body substrate metabolism (amino
acid, glucose, lipid), although it is always di�cult to be
sure to what extent treatment e�ects observed in small

numbers of patients are representative of larger groups
of unselected patients. Therefore, we have used a study
design where all patients were evaluated in a random
order to test both drugs. This approach should decrease
the risk of misinterpretations due to skewness, although
extreme metabolic outliers may still represent an uncer-
tain factor; for example one of our patients had a par-
ticularly low carbohydrate oxidation. However, the
metabolic values seen in the present group of 10 cancer
patients were not obviously di�erent from observations
in our previous studies on larger groups of cancer
patients su�ering weight loss [2]. Therefore, we regard
the low carbohydrate oxidation in 1 patient as an indi-
cation of a more pronounced state of cachexia [27±29].
Thus, our present study of 10 patients is probably
representative of patient cohorts with large variations in
metabolic adaptation due to solid cancer. Our results
support the theory that energy drainage in weight-losing
cancer patients involves both b1 and b2-adrenoceptors
and to some extent is related to cardiovascular work-
load following metabolic alterations in peripheral and
liver tissues [30]. This conclusion was based on the fact
that when the decline in heart rate is also considered,
propranolol (b1+b2) decreased overall metabolism sig-
ni®cantly more than a comparable dose of b1 (atenolol)
alone.
Based on previous mathematical computations and

experimental observations we have regarded anaemia as
a promoter of adrenergic activity and increased cardiac
workload in both cachectic animals and patients [13].
Our recent studies on the treatment of anaemia in can-
cer patients, where recombinant erythropoietin was
provided, have con®rmed this hypothesis demonstrating
that both exercise power and working e�ciency were
improved following normalisation of anaemia [31].
Therefore, it is likely that cytokines cause anaemia,
which induces both increased sensitivity and reactivity
in the cardiovascular system for maintenance of oxygen
delivery despite a decline in cardiac reserves due to
undernutrition in cancer patients [10]. These adapta-
tions and mechanisms are not speci®c for cancer disease
and involve classical systems such as thyroid hormones,
catecholamines and glucocorticoids [26,32]. However, it
is likely that wasting in cancer and thyrotoxic patients
are in part di�erent, as suggested by varying reactions
observed towards b1 antagonists (data not shown).
The net reduction in resting energy expenditure by b-

adrenoceptor blockade may seem modest. However, the
reduction in REE corresponds to 0.5±1 kg fat tissue or
2±3 kg muscle tissue over a period of 4±6 months. It
represents the metabolic cost for increased cardiovas-
cular workload in cancer patients su�ering weight loss.
This is not to say that b-adrenoceptor blockade should
be used regularly to attenuate progressive weight loss in
palliation of cancer patients, at least not until more
knowledge has been gained in this ®eld of research.

Table 4

Substrate oxidation before (B) and after (A) drug treatment �SEM

Treatment in 10 patients

Atenolol

�SEM

Propranolol

�SEM

P<0.05

CHO oxidation (g/day) B 43�8 67�10 0.05

A 59�9a 52�12a n.s.

Fat oxidation (g/day) B 89�5 76�6 0.05

A 77�6a 75�8 n.s.

CHO, carbohydrate.
a Signi®cantly di�erent versus pretreatment values (Wilcoxon

signed rank test).

Fig. 1. The ratio between reduction in whole body resting energy

expenditure and reduction in heart rate following treatment with ate-

nolol and propranolol in 10 cancer patients with progressive cachexia.

*P=<0.05, �SEM (standard error of the mean).
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