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Cachexia is a common problem in the clinical
management of cancer patients, particularly those with
solid tumors. Cachexia is most obviously manifested as
weight loss with massive depletion of both adipose tissue
and muscle mass, and death is probably due to loss of
lean body tissue. Not only is the survival time shorter in
patients with cachexia, but the frequency of response to
chemotherapy is also significantly reduced. Although
anorexia frequently accompanies cachexia, attempts to
halt or reverse cachexia by nutritional repletion have not
been successful. This suggests that cachexia is due to
metabolic abnormalities produced by the tumor in
addition to the underlying anorexia. In some patients
weight loss is associated with an increased relative
energy expenditure possibly through an elevated
adrenergic state. Several factors have been postulated
as mediators of cancer cachexia and can be divided into
two groups. (i) Materials with hormone-like characteris-
tics which result in direct catabolism of host tissues.
(ii) Cytokines which cause alterations in host metabolism
indirectly. Included in group (i) are the conventional
catabolic hormones and a lipid mobilizing factor (LMF)
produced by tumors, which causes direct breakdown of
adipose tissue. Included in group (ii) are tumor necrosis
factor-a, interleukin-6, interferon-y and leukaemia in-
hibitory factor. The materials appear to influence adipose
tissue indirectly through an inhibition of lipoprotein
lipase. Reversal of cachexia has been achieved by two
groups of agents. (i) Those stimulating food intake, e.g.
megestrol acetate. (ii) Those directly inhibiting the LMF,
e.g. eicosapentaenoic acid. While agents in group (i) can
cause tumor growth stimulation, those in group (ii) act as
tumor growth inhibitors. This latter results suggests that
the products of catabolism of host tissues may be
important for tumor growth and provides a new avenue
for chemotherapeutic intervention.
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Introduction

The term cachexia is derived from the Greek £ukos
meaning bad and Jex/s meaning condition, and is
observed in a number of disease states. In cancer
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patients cachexia is characterized by anorexia and
nausea, weight loss, anemia, and muscle weakness.
The most obvious sign of cachexia is loss of adipose
tissue and muscle which eventually leads to death
of the patient. Although this syndrome is mainly
associated with terminal cancer patients with
disseminated disease, cachexia may also be present
in the early stages of tumor growth, even before
other signs and symptoms of malignancy appear.'*

Cachexia is one of the most frequent adverse
effects of malignancy. At the time of presentation
about one-half of untreated cancer patients were
found to have lost some weight and about one-third
had lost more than 5% of their usual body weight
in the preceding 6 months.” The frequency of
weight loss varies with the type of tumor ranging
from 30% in patients with favorable non-Hodgkin’s
lymphoma to nearly 90% in patients with gastric or
pancreatic cancer.” The incidence of severe weight
loss (above 10%) also varies with tumor type, being
4-10% in the low frequency group and 26-38% in
the high frequency group.?

The survival time is also shorter in patients with
weight loss than in those without weight loss. For
patients with breast cancer, colon cancer, prostatic
cancer and unfavorable non-Hodgkin’s lymphoma
the median survival is approximately twice as long
in patients who had not lost weight compared with
those that had.” Visceral protein and lean body mass
depletion (as measured by serum albumin con-
centration and creatinine: height index) have a
worse prognosis than adipose depletion (as
measured by triceps skin-fold thickness).” The
greater the degree of weight loss the shorter the
survival time. In a studyv of the cause of death of
500 autopsied cancer patients, Warren® concluded
that 22"y of these had died of cachexia and that
cachexia could be contributed to death from other
causes such as infection. It has been suggested that
30" aloss in body weight is invariably fatal, although
the rare patient mav survive up to 30" weight loss.
The precise mechanism by which cachexia can cause
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death is not known, although loss of protein is
probably the most important factor.

Pretreatment weight loss is also associated with
a lower frequency of response to chemotherapy in
breast, colon and non-small cell lung cancer as well
as in acute lymphocytic leukemia.* The impact of
weight loss on response was approximately equal
to the impact of tumor extent.

Role of anorexia in cancer
cachexia

Although anorexia is often associated with cachexia
it is difficult to understand if it is a cause or effect
since it may develop once weight loss is established.
Food intake measurements may be complicated by
the fact that most hospital patients will also be
receiving radiotherapy or chemotherapy, both of
which are known to cause anorexia. However, in a
study of Warnold ez a/.® in a group of cancer patients
with weight loss it was noted that the energy intake,
although varying greatly, was not significantly
different from that in a group of healthy subjects of
the same age range. It was noted that the intake
decreased due to nausea as the disease progressed.

Cancer cachexia appears to be distinct from
simple starvation and more like the condition
produced by major injury or sepsis.’” Forced
feeding, paired feeding and caloric restriction
experiments in tumor-bearing animals showed that
a decreased food intake alone could not entirely
account for the progressive weight loss.” Also,
although early trials of total parenteral nutrition
(TPN) in cachectic cancer patients suggested a
clinical benefit,'° provision of excess calories alone
does not appear to change median survival in
patients with advanced cancer and many patients
cither maintain body weight or lose weight while
receiving calories which would be predicted to
result in weight gain.'" In a study of a group of
patients with small cell lung cancer TPN led to an
increase in body weight.'> However, the rapidity of
the weight gain and its subsequent loss suggested
that the weight gain was due to accumulation of
water. This hypothesis was supported by a transient
fall in the concentration of serum albumin, a
decrease in hematocrit and signs of peripheral
edema. Although patients receiving TPN tempor-
arily maintained body fat stores there was no
evidence that lean body mass was preserved. These
results suggest that cachexia is due to metabolic
abnormalities in addition to the underlying
anorexia.
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Energy balance in the cancer
patient

The energy balance in the cancer patient may be
negative because of a decreased caloric intake, an
increased expenditure or a combination of the two.
As mentioned above a number of studies have been
carried out to determine if the caloric intake in
cancer patients is adequate for their energy needs.
In a study of De Wys ef a/.'? using 3 day diet diaries
to measure energy intake only 30% of cancer
patients had a caloric intake that was sufficient to
meet the needs for basal energy expenditure. In 40%
of patients the caloric intake was greater than
calculated for basal energy expenditure, but less
than that required for a moderate level of activity,
while in 25% of patients the caloric intake was
below the calculated basal energy expenditure.
Some studies have suggested that cancer patients
have a significantly elevated energy expenditure
compared with healthy subjects of the same age
range.® Differences in resting energy expenditure
(REE) have been observed in different tumor types.
Thus while the REE in patients with non-small cell
lung cancer and weight loss was found to be
elevated in comparison with healthy controls, no
difference was observed with patients with
colorectal cancer.'* No differences in energy intake
was observed between the two groups. Thus,
whereas weight loss in healthy people leads to an
adaptational decrease in energy expenditure (EE),
patients with lung cancer have an increased EE.
Other studies in mixed groups of cancer patients
have observed modest increases in EE in cancer
patients with observed values being 20-50% higher
than would be expected based on the subjects age,
sex, body size and activity levels.®"

In a total population study of 202 (106 cancer
patients and 96 non-cancer-subjects) Hyltander ¢7
al.'® showed that cancer patients had an elevated
REE compared with either weight losing or weight
stable controls. This elevated EE was related to an
increased heart rate and they postulated that an
elevated adrenergic state may be a likely explana-
tion. Many cancer patients have both elevated
plasma concentrations of catecholamines and
increased urinary excretion of adrenergic sub-
stances,”” in contrast to undernourished patients
without cancer who generally show a decrease in
the adrenergic tone and catecholamine turnover.
Thus increased stress could contribute to weight
loss in cachexia.

Other catabolic hormones have also been
reported to be elevated in cachectic patients. Knapp



et al.'® have reported a significant association
between fasting plasma glucagon, serum cortisol
and immunoreactive tumor necrosis factor (TNF)-a
and weight loss in stage TV breast cancer patients
suggesting a possible role for these hormonal
factors in the development of cancer cachexia. The
increased production of glucagon and cortisol could
be a consequence either of increased TNF-a
synthesis'” or could be a mediated by increased
production of catecholamines associated with
stress.”’ However, it is also possible that the
increased levels of glucagon and cortisol were a
consequence of the weight loss and not the cause
of it.

Mechanisms of increased energy
expenditure in cancer patients

The most likely explanation for an increased energy
expenditure in cancer patients is due to an increased
activity of the Cori cycle, whereby circulating
lactate is converted into glucose by the liver.
Gluconeogenesis from lactate consumes six ATP
molecules per lactate—glucose cycle and is particu-
larly energy inefficient for the host. Tumor cells
have an increased requirement for glucose as an
energy source, either through an altered enzymatic
activity,” or due to relative hypoxia induced by a
poor tumor vascularization. Under such conditions
glucose may be the only utilizable metabolic
substrate, since glycolysis is the only means of ATP
production which does not require oxygen. Also
the increased glycolytic activity in tumor cells may
be due to an increased activity of lactate
dehydrogenase.” The increased glycolytic activity
leads to an outpouring of lactic acid from the tumor
providing an increased substrate availability for
Cori cycle activity. A study of the activity of the
Cori cycle in a heterogenous group of patients with
metastatic carcinoma has shown that patients
without progressive weight loss have normal
glucose metabolism, but that Cori cvcle activity is
increased in patients with progressive weight loss,
showing that lactate production rates are higher in
these patients.” Inhibition of phosphoenolpyruvate
carboxykinase, a kev enzvme in gluconeogenesis, by
hvdrazine sulfate may decrease the excess Cori cvele
activity and improve glucose tolerance in cancer
patients, although weight loss is not reversed.”

Lipid metabolism in cancer
cachexia

Increased mobilization of host lipids mav occur
early in the development of the tumor.™ In view of
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its high calorific value fat is an important fuel source
when the metabolic demands of an organism are
high. Thus mobilization of lipids may be necessary
to sustain the elevated REE observed in cancer
cachexia. The increased lipid requirements in the
tumor-bearing state is also shown by an increased
lipogenesis from glucose in kidney, liver and
epididymal fat pads.” However, if glucose or other
carbohydrate sources are first converted into fat
before being used to meet the energy requirements
of the host, then there is a reduction in the amount
of utilizable energy obtained from the intake of a
given amount of carbohydrate. Estimates of the loss
of utilizable energy may be between 7% and
20-30%"" of the calorific value of glucose channelled
into lipogenic pathways. This energy cost may
contribute partly to the increase in REE,

Changes in fuel utilization have been reported in
cancer patients with lipid sources predominating.®
A similar situation is observed in animal models of
cachexia.® Cancer patients show an increased
uptake of infused lipids®® and this correlates with a
decrease in calorie deficit and a gain in body weight.
Animal studies using a rat model system have also
shown that hyperalimentation using fat as the
primary source of calories generated a more
favorable host:tumor balance, when measured by
the relative rates of growth of each.”

In some animal models such as W256 carcino-
sarcoma in rats plasma levels of both triglycerides
(TG) and non-esterified fatty acids (NEFA) have
been found to be elevated,*' while in 2 mouse model
(MAC16) plasma levels of both TG and NEFA
were found to be reduced.” In humans with cancer
plasma levels of NEFA have been reported to be
both elevated® and normal.** The plasma levels of
both TG and NEFA are determined not only by
the rate of production, but also by the rate of
utilization. In  view of the increased lipid
requirements of cancer patients combined with an
increased rate of mobilization it is not surprising
that differences have arisen in the measurements of
the steadyv state levels of both TG and NEFA, and
that hyperlipidemia is not necessarily a hallmark of
cancer cachexia.

Protein metabolism in cancer
cachexia

Although loss of adipose tissue constitutes the
major proportion of the weight loss in cancer
cachexia, skeletal muscle mass depletion is probably
morte important in the overall survival of the
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patient. Studies in tumor-bearing rats show that
white or phasic muscle tends to atrophy more
rapidly than red or tonic muscle.” Peripheral
muscle wasting mayv be due to increased muscle
catabolism or decreased protein svnthesis or a
combination of the two. Rennie e @/ have
suggested that muscle mass in cancer cachexia is
regulated primarily by alterations in the protein
synthetic rate and that changes in muscle protein
degradation are largely secondary. However,
Lundholm et a/.,” using 3-methylhistidine release
as a marker of muscle catabolism from peripheral
muscle in cancer patients, have shown net loss of
protein was related to increased breakdown rather
than to decreased svnthesis of muscle protein.
Protein turnover seems not to be related to weight
loss, since an elevated rate of protein turnover has
also been observed in patients with lung carcinoma
with and without weight loss.™

The reason(s) for the increased protein turnover
in cancer patients must remain speculative.
However, tumors have an increased demand for
certain amino acids, resulting in an amino acid
imbalance in the host. Since protein synthesis
requires the full complement of amino acids
removal of one, such as leucine,” by the tumor
would lead to a depression in protein synthesis.
Removal of the excess amino acids through the
energy inefficient gluconeogenic pathway could
contribute to the increased REE and weight loss in
cancer patients."’ However, this does not explain
why cancer cachexia is not observed with all large
tumors. The degree of cachexia bears no simple
correlation to tumor burden, tumor cell type or
anatomical site of involvement.*' This suggests that
cachexia is intrinsic to certain tumors, possibly due
to the production of circulatory factors by the
tumor or host tissues.

Experimental models for the
study of cancer cachexia

Evidence for the humoral mediation of cancer-
associated cachexia has been demonstrated in a
parabiotic pair of rats, one-half of which bore a
cachexia-inducing sarcoma.”? In this case the
parabiotic tumor-free half also developed cachexia
despite the absence of metastasis. Care must be
taken in the selection of appropriate models for the
study of cachexia, since large tumors may produce
effects on the host due to size alone. Thus Morrison
et al.* have shown that an inert artificial tumor
depressed both host weight gain and skeletal muscle
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mass up to 30% and food intake up to 20% of the
depression induced by tumors of comparable size.
Most clinical tumors are considered to be large
when thev comprise less than 170 of the body
weight,*! although few experimental tumors satisfy
this criterion. The best experimental models of
cachexia are those in mice.

(1) A human hvpernephroma xenografted into
nude mice produced weight loss of more than 25%
when the tumor comprised less than 5% of the body
weight.* (ii) Murine colon 26 adenocarcinoma
which produced 14.5% weight loss when the tumor
represented 6% of the body weight.* (iii) Another
murine colon adenocarcinoma (MAC16) produced
30% loss of host body weight when the tumor
comprised just 3% of the total body mass.* In
contrast rat models of cachexia, e.g. transplant-
able 3-methvlcholanthrene-induced sarcomas, pro-
duce substantial weight loss only when the tumor
comprises about 30% of the body weight.*

Mediators of cachexia

Several factors have been postulated to mediate the
process of cancer cachexia. These can be divided
into two types of substance. (i) Materials with
hormone-like characteristics which result in direct
catabolism of host tissues. (ii) Products of host
tissues which influence host metabolism indirectly.
Predominant among the latter group are the
cytokines. A number of studies have suggested that
inappropriate release of cytokines might cause
changes in host metabolism which accompany
tumor growth. In particular the cytokines TNF-x,
interleukin (IL)-6 and interferon (IFN)-y produce
in experimental animals some of the features seen
in cancer cachexia. Care must be taken in
interpreting the effect of potential mediators of
cachexia since anorexia and weight loss are common
indicators of toxicity in rodents, and many of the
materials only produce an effect at near toxic con-
centrations. In view of the parabiotic transfer of
cachexia in rats* potential cachectic factors must
also be present in the circulation, since cachexia is
not due to the local effect of the tumor. In addition,
inhibition of the action of the postulated cachectic
factor should also reverse the process of cachexia.
Not all of the postulated factors fulfill these criteria.

TNF-a

Hypertriglyceridemia in trypanosome-infected rab-
bits with anorexiajcachexia has been attributed to a



suppression of the clearing enzyme lipoprotein
lipase (LPL).* Further studies showed that
suppression of LPL was due to the production of
a ‘hormone’ by macrophages in response to
bacterial lipopolysaccharide (LPS).* The macro-
phage product responsible was termed cachectin
and sequence studies on the purified material
showed it to be homologous to TNF-2,* which had
previously been shown as the agent responsible for
hemorrhagic necrosis in tumors. These results led
to the suggestion that TNF-a was the mediator of
other cachexias and, in particular, cancer cachexia.”'

Administration of TNF-2 to experimental
animals produces weight loss due to anorexia,
although the biochemical changes are often
opposite to that found with cachexia inducing
tumors.™ More direct evidence for a role of TNF-x
in cancer cachexia was obtained by the transfection
of chinese hamster ovary (CHO) cells with the
human TNF-a2 gene where a syndrome was
produced in mice resembling cancer cachexia with
progressive wasting, anorexia and early death.”
Rats infused with TNF-« continuously during an 8
day period also lose weight, but have an excess
mortality (56%).”* Thus the concentration of TNF-a
required to produce weight loss is very close to the
toxic level.

The cachectic effect of TNF-2 is thought to arise
from an effect on lipid metabolism through
inhibition of the enzyme LPL,> which would
prevent adipocytes from extracting fatty acids from
plasma lipoproteins for storage. This would result
in a net flux of lipid into the circulation. However,
Grunfeld ef /> have shown that hypertriglycer-
idemia persists in rats administered TNF-a despite
the development of tachyphylaxis to its anor-
ectic/cachectic effect. In fact the acute increase in
serum triglyceride seen after TNF-2 administration
seems to be due to hepatic synthesis and secretion
of triglycerides in the form of verv low density
lipoprotein rather than from adipose tissue.”

In order to strengthen the role of TNF-% in the
development of cancer cachexia the effect of
anti-TNF-2 antibodies on weight loss in murine
models of cachexia has been studied. In mice
bearing a methvlcholanthrene-induced sarcoma
anti-TNF-x antibodies delaved, but did not prevent
the anorexia and had no effect on overall bodyv
weight.” Treatment slightly reduced the decrease
in carcass and lipid content,” although this was not
confirmed in a second studv.™ The acute phase
response measured as an increase in liver weight,
hepatic RN A content, increase in plasma concentra-
tion of 1L.-6, serum amvloid P, transferrin,
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complement (C3) and decrease in plasma albumin
were not affected. The effect on body composition
was also complicated by the fact that the treatment
reduced tumor weight,” an interesting observation
suggesting that TNF-x may be required for growth
of some tumors. In the Lewis lung adenocarcinoma
anti-TNF-a antibodies partially reversed the loss in
body fat, but had no effect on food intake, change
in body weight or final tumor weight.”” In another
model of cachexia the MAC16 colon adenocarci-
noma anti-TNF-o antibodies also had no effect on
the process of cachexia.” In a human squamous cell
carcinoma of the maxilla grown as a xenograft in
nude mice anti-TNF-o antibodies partially reversed,
but did not completely normalize, body weight.”’
These results suggest that if TNF-« is involved in
experimental models of cachexia it does not act
alone and other factors must be involved.
Although acute administration of TNF-x to
humans produces some of the effects associated with
cancer cachexia, such as an increase in the eflux of
total amino acids,’' no phase I study of TNF-a has
reported weight loss as part of the toxicity.
Moreover most studies have failed to measure
circulating  TNF-a in cachectic cancer patients
despite the requirements for high levels of TNF-«
to induce cancer cachexia in experimental models.
Thus, Socher et al.,%? using a sandwich ELISA
capable of measuring TNF-a to 40 pg/ml, failed to
detect TNF-x in the serum from 19 patients who
had lost 8-40% of their premorbid weight. Another
sensitive assay using a double antibody technique
capable of detecting TNF-a to 45 pg/ml also failed
to detect TNF-x in the serum of 72 cancer patients,
10 of whom had severe cachexia.®’ This data seems
to be at variance with that of Balkwill e/ 4/.°* who
reported elevated levels (0.9-40 ng/ml) of a labile
“TNF-like’ activity in the serum of 50% of cancer
patients studied using a single antibody technique
capable of measuring down to 0.8 ng/ml. Even in
this study there was no correlation between weight
loss and ‘TNF-like’ actvity. In a study of 32
children with malignancies (ALL, acute non-ALL
and solid tumors) the level of TNF-x measured by
a double antibodv technique (detection limit
10 pg ml) in the serum was found to be elevated in
30 with levels ranging up to 450 pg ml.®” The serum
TNF-x levels decreased when the patients achieved
remission, but did not correlate with the degree of
weight loss. Thus, while elevated levels of TNF-x
mav be present in some cancer patients, it does not
seem to be correlated with the presence ot cachexia.
Although local tissue concentrations of TNF-2 have
been suggested to be more important than
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circulatory levels, as mentioned before cachexia is
not a local tumor effect. Also mitigating against a
local effect of TNF-a are experiments showing that
endotoxin-stimulated mice had significantly ele-
vated tissue concentrations of TNF-a mRNA in
spleen and livers, but TNF-a mRNA levels were
not significantly increased in any host tissue in
cachectic tumor-bearing mice, and serum levels of
TNF-a were also not elevated.” The only
serum concentration which was increased was that
for IL-6 and recent studies suggest that this
cytokine may be more important in the pathogen-
esis of cancer cachexia than TNF-a.

IL-6

Strassman e/ al.,*’ using a transplantable MC26,
which induces cachexia in syngeneic hosts, have
shown an increase in the serum concentration of
IL-6 with the development of cachexia. Moreover
monoclonal antibodies to IL-6, but not TNF-q«,
were capable of partially reversing the weight loss
and significantly increasing the weight of the epidi-
dymal fat pad without an effect on tumor weight.
Levels of IL-6 but not TNF-« in the serum of cancer
patients with weight loss associated with colonic
adenocarcinoma and multiple hepatic metastases
were also found to be elevated, when compared
with patients with cholelithiasis and no weight loss,
correlating with hepatic synthesis of acute-phase
proteins.®® It would be interesting to compare levels
of circulating IL-6 in cancer patients with and
without weight loss since IL-6 production may be
related to the tumor-bearing state® rather than
specifically with cancer cachexia. However, CHO
cells transfected with the IL-6 gene have been
shown to produce a syndrome of cachexia in nude
mice.”’ Like TNF-a, IL-6 reduces adipose tissue
LPL activity and this has been suggested as con-
tributing to the loss of body fat stores associated
with cancer cachexia.”’ In addition TNF-a increases
circulating IL-6 and some of its effects may be
mediated or potentiated by IL-6. Further studies are
required to evaluate the role of IL-6 in cancer
cachexia.

IFN-y

Administration of repetitive sublethal doses of re-
combinant murine IFN-y to non-tumor-bearing rats
has been shown to produce a significant decline in
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both food intake and body weight. * Unlike TNF-2,
there was no development of resistance to this effect
with repeat administration. Passive immunization
against recombinant rat IFN-} partially protected
rats bearing a transplantable methylcholanthrene-
induced sarcoma from the decline in food intake
and decrease in body weight normally associated
with this tumor, as well as increasing the survival
time.”” However, elevated serum levels of 1IFN-y
were not detectable and antisera to TNF-a had no
effect on host food intake or body weight change.
Using mice bearing Lewis lung tumors it has been
shown that tumor development is associated with
IFN-y production and with progressive weight
loss.”” Anti-IFN-y antibodies counteracted the
wasting syndrome, suggesting that IFN-y produc-
tion may be directly or indirectly responsible for
the tumor-associated cachexia. The interaction
between the various cytokines in the pathogenesis
of cancer cachexia requires further elucidation.

Leukemia-inhibiting factor (LIF)

A human melanoma cell line, SEKI, which induces
severe cachexia in tumor-bearing nude mice
produces an inhibitor of LPL in adipocytes.”* This
substance is distinct from the above cytokines, but
amino acid sequence analysis revealed that the
amino-terminal portion of this material was
identical to LIF, a substance capable of inducing
differentiation and suppressing proliferation of the
MI murine myeloid leukemia cell line.” Further
studies have shown a relationship between the
expression of LIF mRNA in melanoma xenografts
and the development of cancer cachexia.”® In
contrast TNF-¢ mRNA was not associated with
xenografts producing cachexia. Medcalf ¢f a/.”" have
reported that exogenously administered recombi-
nant LIF induced body weight loss in experimental
animals, but that this was due to toxicity. Thus care
must be taken in attributing weight loss associated
with the overexpression of a biological response
modifier to cachexia rather than simple toxicity.

Lipid mobilizing substances in
cancer cachexia

Fat mobilization by the cytokines is thought to
occur indirectly through an inhibition of the
enzyme LPL. Suppression of this enzyme activity



may lower the intake of fatty acids by adipocytes
resulting in catabolism of lipids in adipose tissue.”
In addition to this a number of investigations have
provided evidence for the presence in cancer
cachexia of lipid mobilizing factors (LMF), which
cause direct hydrolysis of triglycerides in adipose
tissue, with release of NEFA and glycerol, which
although similar in mechanism of action appear to
differ structurally from the lipolytic hormones.

The initial evidence for the production of LMF
in cancer cachexia was provided from studies with
Krebs-2 carcinoma cells in mice which showed that
weight loss and, in particular, fat depletion could
be reproduced with non-viable preparations of this
tumor.” Further evidence for a circulatory LMF
was provided when it was shown that serum from
lymphoma-bearing mice when injected into normal
mice produced an immediate massive fat mobiliza-
tion.* This effect appeared to be different from
mobilizing factors produced in starvation (e.g.
adrenaline) since feeding had little or no effect on
the ability of serum from tumor-bearing animals to
mobilize lipids from adipose tissue. The LMF was
also present in tumor extracts and in culture
medium from a lymphoma cell line showing that it
was a direct product of the tumor rather than being
produced by some other tissue. Further studies by
the same group suggested that LMF was a heat
stable protein of around 5kDa® although
subsequent studies suggested a high molecular
weight material as the active species; the low
molecular weight species aggregated on standing in
the cold to become active.® The material was heat
stable, but destroyed by trypsin and was not a
lipase.

Another LMF, termed toxohormone L, has been
isolated from the ascites fluid of patients with
hepatoma and mice with sarcoma 180.*** The
material of 70-75 kDa, pl 4.7-4.8, appeared to be
identical in both cases and caused suppression of
food and water intake in rats when injected into
the lateral ventricle. Trypsin digestion of the active
material produced a low molecular weight material
which was still active. A similar material of 6 kDa
and negatively charged has been isolated from the
conditioned medium of the A375 human melanoma
cell line.® This material was heat stable and resistant
to digestion by proteolytic enzvmes.

Animals transplanted with the MAC16 murine
colon adenocarcinoma also produce a circulatory
LMEFE.* This material appears to be composed of
three fractions of apparent molecular weight 3, 1.5
and 0.7 kDa as determined by exclusion chroma-
tography.™ This material is also capable of inducing
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weight loss in mice without a reduction in food
intake, is heat stable and the activity is resistant to
digestion by proteolytic enzymes. Again, the
material is acidic in character, distinguishing it from
the natural polypeptide hormones which are all
basic. Material with identical chromatographic and
molecular weight characteristics is also present in
the serum of patients with clinical cancer cachexia,
but is absent from normal serum, even under
conditions of starvation. Such material is also
absent from patients with Alzheimer’s disease and
weight loss.*” The concentration of LMF in the
serum of cancer patients correlated with the extent
of weight loss up to 20% and the level was reduced
with tumor response to therapy.*®

All of these studies provide evidence for a similar
type of molecule which is heat resistant, negatively
charged and not degraded by proteolytic enzymes,
although there is a wide variation in the estimated
molecular weight between the studies. These results
suggest either that LMF is a very low molecular
weight fraction of a higher molecular weight
protein, which is insensitive to trypsin or that it is
not a protein molecule.

The availability of certain tumors to elaborate a
LMF would explain the variability of cachexia with
tumor type rather than with tumor mass® since
some patients with very large tumors show no sign
of cachexia.** Since administration of LMF
produces loss of host lipids without a drop in food
intake it would also correlate with the observation®
that loss of host lipids is not due to anorexia, since
pair-fed animals were found not to lose as much fat
as did tumor-bearing animals.

Treatment of cancer cachexia

Treatment of cancer cachexia would be expected to
increase the lifespan of the patient but progress has
been hampered by the lack of an effective
mechanism for the production of the condition. As
previously mentioned, TPN is unable to fully
reverse the weight loss seen in cancer cachexia and
this finding has stimulated attempts to reverse the
cachexia by other methods. Treatment can be
divided into two groups. (i) Agents which
stimulate food intake and alleviate anorexia. (ii)
Agents aimed at inhibiting or reversing the
metabolic effects of the tumor in the host.

The striking enhancement of appetite and weight
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gain seen in breast cancer patients treated with high
doses of megestrol acetate has formed the basis for
several placebo-controlled, randomized trials in the
treatment of cancer cachexia. These trials have
demonstrated that megestrol acetate therapy im-
proves appetite and food intake leading to weight
gain in a subset of patients.()I However, care should
be exercised in the use of megestrol acetate in the
treatment of cancer patients since experimental
studies show that host weight gain is associated
with the doubling of the weight of the tumor.”
Also, analysis of body composition showed that the
major contribution to the increase in body weight
in animals treated with megestrol acetate was an
increase in the water content, although patient
studies show an increase in both body fat and lean
body mass without an alteration in body water
content.”

The weight enhancing effect of the serotonin
antagonist, cyproheptadine, in several clinical
situations has led to its evaluation in the treatment
of patients with cancer cachexia.” However,
although it produced a mild enhancement in
appetite there was no significant enhancement in
body weight.

Food intake and body weight gain has also been
shown to be significantly increased by insulin in
tumor-bearing rats with cachexia at an early stage.”
Again care must be exercised in the use of appetite
stimulants in patients with cancer cachexia, since
insulin-induced body weight gain in an experi-
mental model has been shown to be associated with
an increased growth of the tumor.” This may
explain the observation that provision of excess
calories alone does not appear to change median
survival in patients with advanced cancer.''

Since the mediator of cancer cachexia has not
been positively identified fewer studies have
concentrated on reversing the metabolic effect of
the tumor on the host than on the anorexic effect.
However, the polyunsaturated fatty acid (PUFA)
eicosapentaenoic acid (EPA) has been shown to
inhibit the action of a tumor produced LMF in an
in vitro assay and to inhibit the development of
cachexia in an in vivo model (MAC16).”” The EPA
appears to inhibit lipolysis in adipocytes by
preventing the rise in cyclic AMP in response to
the LMF. In addition to preserving adipose tissue
EPA also prevented loss of skeletal muscle by a
large reduction in the rate of protein degradation.”
The anticachectic effect of EPA was exerted without
a change in caloric intake. Clinical studies are
required to determine the efficacy of EPA in cancer
patients.
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Cachexia in conditions other than
cancer

Cachexia is an important complication in conditions
other than cancer, although the mechanism(s) of
this state may vary. Severe weight loss is frequently
associated with thermal injury and this has been
attributed to a combination of hypermetabolism
and inadequate caloric intake.” Energy expendi-
tures up to twice that of normal have been observed
during the first 3 weeks after such injury. The
increased energy expenditure may be due to
elevated catecholamines.

Acquired immunodeficiency syndrome (AIDS)
also produces a progressive and unexplained weight
loss.'™ Patients with AIDS lose up to 34% of their
ideal body weight during the last 4-5 months prior
to death. In addition patients with AIDS typically
lose 46% of their potassium by the time of death
and this potassium is lost over approximately the
last 9 months of life.”" This will reflect a change in
body cell mass, which may be sufficient to cause
death. The level of circulating triglyceride has been
shown to be elevated in AIDS patients'” and this
may be caused by production of TNF-2 in response
to infection.

Conclusion

Despite extensive investigations into the mechan-
ism(s) of cancer cachexia no definite mediator of
this condition has been identified. More work needs
to be done, particularly with respect to the
structural elucidation of LMF and its importance in
cancer cachexia, as well as the specificity of increases
in serum IL-6 to the cachectic state. At first sight
cachexia seems an enigma and not advantageous to
the tumor, since death of the host results in death
of the tumor. However, since tumors are highly
dependent upon an exogenous source of both lipids
and amino acids, production by tumors of factors
capable of causing catabolism of host tissues would
secure availability of these substances for tumor
metabolism. In this case inhibitors of cancer
cachexia, by depleting the tumor of essential
nutrients, might also be expected to be effective
inhibitors of tumor growth, and indeed one such
inhibitor, EPA, is an effective antitumor agent
against a colonic adenocarcinoma resistant to
conventional cytotoxic drugs.””®® This provides
hope that a knowledge of the mechanism of cancer
cachexia may provide a new locus for therapeutic
intervention in the treatment of solid tumors.
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