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INTRODUCTION a readily available low-cost and non-toxic2.5 g/kg body weight. In contrast, GLA-
agent that would reduce the production andreated animals had both a significantly
The potential benefit for including-3 (n-3)  release of inflammatory mediators. In supiower weight loss and increased tumor
fatty acids in the normal diet has been support of this effort, several experimental andgrowth, with moderate benefit observed at a
ported by clinical evidence of reduced car<linical studies have demonstrated a benefidose of 5 g/kg, at which toxicity was also
diovascular disease for people consuming for consuming a diet supplemented specifiobserved. These experiments effectively
diet containing deep-water fish and fishil. cally with EPA, one of the primary-3 fatty demonstrated that EPA has an important
Evaluation of Eskimos, whose diets derive acids found in fish oils. In animal modelsrole in body weight maintenance and inhi-
large portion of dietary calories from-3— and for patients with progressive malig-bition of tumor progression. Animals
containing fish, demonstrated a significantlynancy, EPA supplementation promotegreated with EPA demonstrated a prolonged
lower rate of cardiovascular diseaseweight maintenance, improves food intakepverall survival that was approximately
associated mortality and malignancies cominhibits tumor growth, and may improve doubled compared to GLA-treated animals.
pared to Western populatioAdzurther evi- survival. These observations suggest a p&ePA treatment also significantly reduced
dence in support ot-3 fatty acid dietary tential role for EPA in the clinical manage- protein degradation without an effect on
consumption is derived from experimentalment of patients with progressive malig-protein synthesis, although animals not re-
studies demonstrating eicosapentaenoic acithncy and justify the need for clinical trials. ceiving EPA demonstrated both decreased
(EPA)-mediated antiinflammatory and anti-Exciting as these early observation haverotein synthesis and increased skeletal
cachexiogenic benefitst been, much work remains to be done. In thenuscle degradation.
Proinflammatory cytokines (specifically present paper the significant evidence sup-
tumor necrosis factor [TNF] and porting the role for EPA as a potential ageN{sjinical Evidence
interleukin-1 [IL-1]) are the proximal sec- for the treatment of cancer-associated ca-

ondary pathway mediators of the multistepchexia is presented. More recently, data derived from rodent
cascade that regulates the metabolic re- models have been applied to patients with
sponse to inflammation after a primary path- progressive pancreatic cancer, a malignancy
way stimulus, (injury, infection, malig- MATERIALS AND METHODS noted for the development of profound an-
nancy, etc.}. It is generally accepted that orexia and cachexi&.Patients with unre-
the prolonged and inappropriate productiorAnimal Studies sectable pancreatic adenocarcinoma con-

and release of proinflammatory cytokines
result in clinically evident metabolic abnor- The role of fish oils for the treatment of
malities of anorexia, weight loss, and leartancer-associated cachexia in rodent mode
body mass catabolism that as a whole dewas investigated by substituting the carboz, ) o4 310 Kkeal 16.1 g protein, and
scribe the syndrome of cachexia. hydrate component of the diet with fish oils.1 09 g EPA Duriné fo.IIow-up pati’ents
A logical approach to attenuate the deUsing the colon adenocarcinoma (MAC16) - =< ocsed for weight bod’y composi-
velopment of cachexia, and in particularmodel, which produces weight loss and reg; dietary intake, resting énergy expendi-
cancer-associated cachexia, would be to rgluction in both total body fat and bOdyture’(REE) and pe‘rformance status. Patients
duce or inhibit the propagation of secondaryveight, without a reduction of food intake, consuming’ the EPA-enriched supplement
pathway intermediates such as proinflamfish-oil-fed rodents demonstrated a signifihad significant weight gain at 3 and 7 wk of
matory cytokines and arachidonic acid (AA)cant reduction in the rate of tumor growththe study. Their dietary intake was in-
metabolism intermediates (prostaglandins2nd body weight los3.In this study, an o s0q significantly by almost 400 kcal
prostacyclins, thromboxanes, etc.). Thereincrease in body mass was associated wit ay, REE per kg body weight and, per-kg
fore, in our evaluation of new therapies forincreased total body fat and muscle masg, .\ o4y mass fell significantly. Perfor-
the treatment of patients with cancer-suggesting that fish oil is non-toxic and an. - <t2tis and appetite were also signif-

associated cachexia it would be ideal to usggtei\?ittiﬁ anticachectic agent with antitumorie. iy improved. This study suggests that

. . -enri n
The antitumor and antiinflammatory ef- an EPA-enriched supplement may attenuate

fects observed with fish oils appear to be’;he progression of cachexia in patients with
i ted i t by A.S.P.E.N e i .
This work was supported in part by specific to EPA and not to alis-3 fatty dvanced pancreatic canéer

Rhoads Foundation and National Institute of Gen="" .
eral Medical Sciences GM5160703. acids. In comparing the effect of EPA to that

of y-linolenic acid (GLA) in the MAC16 Mechanism(s) of Action
Correspondence to: N. Joseph Espat, MD, Assismouse model, Tisdale and colleagues dem-
tant Professor of Surgery, University of lllinois at onstrated that EPA effectively inhibited ElCOSANOP |NTERMED|ATES-. The
Chicago, Department of Surgery M, C 958, 840both host weight loss and tumor growth ratecomplete antiinflammatory mechanism(s) of
S. Wood Street, Room 435E, Chicago, IL 60612jn a dose-dependent manrieOptimal ef- action of EPA are not yet defined; however,
USA. E-mail: jespat@uic.edu fects were observed at an EPA dose of 1.25# is known that EPA is readily incorporated

sumed two cans per day of a fish oil-
nriched nutritional supplement in addition
8 their normal food intake. The supplement
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FIG. 1. EPA reduces phospholipase A2 (PLA2) synthesis of arachidonic acid (AA), subsequently replacing macrophage cellular membrane AA. Linolel
and linoleic acids are essential fatty acids necessary for AA synthesis. AA metabolic intermediates through the cyclooxygenase and lipoaitygapase p
result in prostaglandin (PG) and related (eicosanoid) product production.

into cellular membranesLinolenic and li- through the substitution of EPA for AA, feeding, may translate into improved immu-
noleic acids are the essential fatty acids rewith resultant decreased cytokine and pronologic defense by the host against cancer.
quired for the production of AA, which is stanoid productiofi.In rodent tumor stud-
subsequently metabolized, forming eico4es, inhibition of PGE2 production by indo-
sanoid metabolites (prostaglandins, prostanethacin leads to improved weightNFKB REGULATION. The protective
cyclins, etc.) (Fig. 1). Incorporation of EPA maintenance and prolongs survivaks benefits of EPA may be related to its ability to
into the cell membrane alters the fatty acidrpese observations suggest, though do népodulate inflammatory and immunologic
composition as well as the biochemical aChrove, that inhibition of PGE2 and proin- pathways at the molecular level. Recent in
tivity within the cellular membrane. Theseflammatory cytokines may influence path_vitro and animal studies have shown that EPA
changes, in turn, lead to changes in th%vays that potentially affect survival for pa- decreases transcription of the TNF gene by
eicosanoid intermediates and proinflammat-ients with  progressive  malignancy decreasing translocation of nuclear faatbr-
tory cytokines produced by the cell mem- . ) ~' (NFkb), a transcriptional regulatory element,
brane from AA9.10 possibly through reducmg the progressm rom the cytoplasm to the nucle&This fish
Experimental evidence from cell cul- of cachexia. An alterative explanation foroiI effect on decreased M transcriptional
p . . p
ture®19%and roderitt and huma#?13clinical the peneﬁual effects of blocking PGE2 pr(?'activity appears to be caused by an alteration
studies suggests that one mechanism of afuction is related to the fact that PGE2 isp, 16" affinity of NFkb for Ixb- as a direct
tion for EPA-mediated reduction of proin- Immunosuppressive.  Hence, —decreasedgit of decreased phosphorylation of tkk |
flammatory cytokine production occursPGE2 production, in response to fish oiloomplexio16 Decreasedub-a phosphoryla-
tion decreases Néb transloca-
tion to the nucleus, which re-
sults in less Nkb binding to
the promoter region of proin-
flammatory cytokine genes,
thereby decreasing transcription
of these mediators (Fig. 2).
Collectively, these studies
suggest a potential role of
EPA as an effective anti-
cachexia and antiinflamma-
tory agent. However, a better
understanding of the mecha-
TNF & IL-1 nism(s) whereby EPA modu-
lates  immunoinflammatory
pathways is necessary before
P ¢ PGE2 therapeutic strategies using
EPA as a supplemental or pri-
mary therapy are applied to
patients. To date, the data on

EPA as an effective, non-
FIG. 2. EPA incorporates into the macrophage cell membrane (CM), replacing arachidonic acid (AA),  toxic, and affordable agent to
thus reducing CM AA content. Decreased PGE2 production occurs as a function of decreased AA fi
N . ; g ; igh ncer ar xtremel
availability. EPA inhibits TNF gene transcription by preventing ddFIkb dissociation, preventing Y t ca Fce h‘.”‘ e extre Fy
NFkb translocation into the nucleus. As a consequence, overall TNF and IL-1 synthesis and release are _pos't'_ve' (_)r t _'S reason, C In-
reduced. ical investigations exploring

—
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