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CANCER CACHEXIA: MEDICAL MANAGEMENTCANCER CACHEXIA: MEDICAL MANAGEMENT



Cachexia, is a complex metabolic syndrome associated with underlying illness and characterized by loss of muscle with or without loss of fat mass. The prominent clinical feature of cachexia is weight loss in adults (corrected for fluid retention) or growth failure in children (excluding endocrine disorders).Anorexia, inflammation, insulin resistance and increased muscle protein breakdown are frequently associated with cachexia. Cachexia is distinct from starvation, age-related loss of muscle mass, primary depression, malabsorption and hyperthyroidism and is associated with increased morbidity Cachexia: a new definition. Clin Nutr 2008; 27: 793Cachexia: a new definition. Clin Nutr 2008; 27: 793--799799

DEFINITION OF CACHEXIADEFINITION OF CACHEXIA





Thomas DR. Clinical Nutrition 2007; 26:389

CAUSES OF BODY WEIGHT LOSSCAUSES OF BODY WEIGHT LOSS



MECHANISMS OF AGEMECHANISMS OF AGE--RELATED MUSCLE WASTINGRELATED MUSCLE WASTING

Cachexia defines a distinct clinical Cachexia defines a distinct clinical syndrome where syndrome where the activation of proinflammatory the activation of proinflammatory cytokinescytokineshas a direct effect on muscle has a direct effect on muscle metabolism and anorexiametabolism and anorexia
Thomas DR. Clinical Nutrition 2007; 26:389



In addition, the competition for nutrients between tumor and host leads to an accelerated starvation state characterised by severe metabolic disturbances and hypermetabolismresulting in an increased energetic inefficiency

PATHOGENESIS OF CACSPATHOGENESIS OF CACSCancer-induced cachexia is invariably associated with the presence and growth of tumorNausea/vomiting AnorexiaMetabolic changes:energy metabolismprotein, lipid and carbohydrateCANCERCANCER

WEIGHT LOSSWEIGHT LOSS

NEOPLASTIC CACHEXIA SYNDROMENEOPLASTIC CACHEXIA SYNDROME



HYPOTHALAMIC NEUROPEPTIDE CIRCUITRY IN CACSHYPOTHALAMIC NEUROPEPTIDE CIRCUITRY IN CACSANOREXIGENIC ANOREXIGENIC NEUROPEPTIDESNEUROPEPTIDES OREXIGENICOREXIGENICNEUROPEPTIDESNEUROPEPTIDESNEUROTENSINNEUROTENSINMELANOCORTINMELANOCORTINCRHCRH
MSHMSHOREXIN/GALANINOREXIN/GALANINNPYNPYAGRPAGRPCART/GLPCART/GLP--II
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Levels of cLevels of c--reactive protein, fibrinogen, proinflammatory reactive protein, fibrinogen, proinflammatory 
cytokines and leptin in advanced cancer patientscytokines and leptin in advanced cancer patients
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Serum levels of leptin, proinflammatory cytokines and ILSerum levels of leptin, proinflammatory cytokines and IL--2 2 
in cancer patients according to stagein cancer patients according to stage
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Serum levels of  leptin and proinflammatory cytokines in Serum levels of  leptin and proinflammatory cytokines in a population of cancer patients according to performance statusa population of cancer patients according to performance status



MANAGEMENT OF CANCER CACHEXIAMANAGEMENT OF CANCER CACHEXIAThe best management of cancer cachexia is to cure the cancer, as this will completely reverse the cachexia syndrome. Unfortunately, this remains an infrequent achievement in adults with advanced solid tumours.The second option would be to increase nutritional intake, but a large number of randomized controlled trials  of nutritional intervention did not show a significant benefit with regard to weight change or quality of life.These results have led to attempts to manipulate the process of cachexia with a variety of pharmacological agents, with the main purpose of providing symptomatic improvement. To date, however, despite several years of co-ordinated efforts in basic and clinical research, practice guidelines for the prevention and treatment of cancer-related muscle wasting are lacking, mainly because of the multifactorial pathogenesis of the syndrome
Boddaert MA et al  Curr Opin Oncol 2006;18:335Boddaert MA et al  Curr Opin Oncol 2006;18:335--340340



CACS pathophysiology CACS pathophysiology 
and potential and potential 
therapeutic targets therapeutic targets 

From Boddaert MA et al From Boddaert MA et al Curr Opin Oncol 2006;18:335Curr Opin Oncol 2006;18:335--340340



Ineffective treatments� Cyproheptadine� Hydrazine� Metoclopramide� PentoxifyllineDrugs commonly used � Progestagens: Megestrol acetate/Medroxyprogesterone acetate� CorticosteroidsDrugs with a strong rationale that failed or did not show univocal results in clinical trials� Omega-3 Fatty Acids� Cannabinoids (dronabinol)� BortezomibEmerging drugs with some effective results but still under clinical evaluation� Thalidomide � Ghrelin� COX-2 inhibitors� Insulin� BCAA� oxandroloneFuture trends� Melanocortin antagonist� b2 agonists (formoterol)� Anti Myostatin� Anti IL-6� SARMs Mantovani G et al, Drugs 2001; 61, 499-514

MANAGING CANCERMANAGING CANCER--RELATED ANOREXIA/CACHEXIARELATED ANOREXIA/CACHEXIA



EFFECTIVE TREATMENTSEFFECTIVE TREATMENTS
ProgestagensProgestagens

Progestagens, medroxyprogesterone acetate and megestrol 
acetate, are currently considered the best available treatment 
option for CACS and they are approved in Europe for treatment of 
cancer- and AIDS- related cachexia 

However, progestational agents are nonetheless limited in their 
ability to treat cancer cachexia. Fewer than 30% of patients treated 
with megestrol acetate experience short-term appetite stimulation, 
and although weight and appetite improve, there is no 
demonstrated improvement in quality of life or survival.Simons JP et al. Cancer 1998; 82:553Simons JP et al. Cancer 1998; 82:553Jatoi A, et al. J Clin Oncol 2002; 20:567Jatoi A, et al. J Clin Oncol 2002; 20:567Jatoi A, et al. J Clin Oncol 2004;22:2469Jatoi A, et al. J Clin Oncol 2004;22:2469



Cytokine involvement in cancer anorexia/cachexia: Cytokine involvement in cancer anorexia/cachexia: role of megestrol acetate  and medroxyprogesterone acetate on role of megestrol acetate  and medroxyprogesterone acetate on cytokine downregulation and improvement of clinical symptoms cytokine downregulation and improvement of clinical symptoms This paper describes a series of experimental and clinical studies showing that:1) high serum levels of some cytokines, including IL-1, IL-6, and TNF, are present in advanced-stage cancer patients, particularly those with CACS; 2) megestrol acetate (MA) has a beneficial therapeutic effect on CACS symptoms, such as appetite, body weight, and quality-of-life;3) MA downregulates the synthesis and release of cytokines and relieves the symptoms of CACS;4) cytokines play a key role in the onset of CACS; 5) medroxyprogesterone acetate (MPA) reduces the in vitro production of cytokines and serotonin (5-hydroxytryptamine, 5-HT) by peripheral blood mononuclear cells (PBMC) of cancer patients; 6) MA and MPA reduce the cisplatin-induced 5-HT release in vitro from PBMC of cancer patients.

This paper describes a series of experimental and clinical studies showing that:1) high serum levels of some cytokines, including IL-1, IL-6, and TNF, are present in advanced-stage cancer patients, particularly those with CACS; 2) megestrol acetate (MA) has a beneficial therapeutic effect on CACS symptoms, such as appetite, body weight, and quality-of-life;3) MA downregulates the synthesis and release of cytokines and relieves the symptoms of CACS;4) cytokines play a key role in the onset of CACS; 5) medroxyprogesterone acetate (MPA) reduces the in vitro production of cytokines and serotonin (5-hydroxytryptamine, 5-HT) by peripheral blood mononuclear cells (PBMC) of cancer patients; 6) MA and MPA reduce the cisplatin-induced 5-HT release in vitro from PBMC of cancer patients. Crit Rev Oncog. 1998;9(2):99Crit Rev Oncog. 1998;9(2):99--106106



From April 1993 to February 1994, 11 male patients with head and neck cancer in advanced stage were enrolled in the study:– Mean age 57.8 years, range 43-69 years– Karnofsky performance status (PS) 90 to 100– Weight decrease >10% of the ideal or customary body weightFrom April 1993 to February 1994, 11 male patients with head and neck cancer in advanced stage were enrolled in the study:– Mean age 57.8 years, range 43-69 years– Karnofsky performance status (PS) 90 to 100– Weight decrease >10% of the ideal or customary body weight
PATIENTSPATIENTS

MEGESTROL ACETATEMEGESTROL ACETATE (MA) at a dose of 320 mg/day. (MA) at a dose of 320 mg/day. The MA dose ranged from 160 to 320 mg/day, based on clinical response.The MA dose ranged from 160 to 320 mg/day, based on clinical response.�� 10 patients were treated with MA in the interval between chemotherapeutic cycles starting from 10 patients were treated with MA in the interval between chemotherapeutic cycles starting from the third day after the end of cycle until the day before the next cycle (days 8 to 21) for a total of 3 the third day after the end of cycle until the day before the next cycle (days 8 to 21) for a total of 3 consecutive cyclesconsecutive cycles�� 1 patient was treated with MA during definitive loco1 patient was treated with MA during definitive loco--regional radiation therapy administered at regional radiation therapy administered at the end of primary chemotherapythe end of primary chemotherapy
TREATMENT PLANTREATMENT PLAN

Mantovani, G et al. Int J Clin Lab Res. 1995;25:135Mantovani, G et al. Int J Clin Lab Res. 1995;25:135--4141

MEGESTROL ACETATE IN NEOPLASTIC ANOREXIA/CACHEXIA: CLINICAL EVALUATION AND MEGESTROL ACETATE IN NEOPLASTIC ANOREXIA/CACHEXIA: CLINICAL EVALUATION AND COMPARISON WITH CYTOKINE LEVELS IN PATIENTS WITH HEAD AND NECK CARCINOMA COMPARISON WITH CYTOKINE LEVELS IN PATIENTS WITH HEAD AND NECK CARCINOMA TREATED WITH NEOADJUVANT CHEMOTHERAPY.TREATED WITH NEOADJUVANT CHEMOTHERAPY.



EVALUATION OF CLINICAL PARAMETERS IN PATIENTS EVALUATION OF CLINICAL PARAMETERS IN PATIENTS TREATED WITH CHEMOTHERAPY AND MATREATED WITH CHEMOTHERAPY AND MAPretreatment Post-treatment Mean increaseMean (range) Mean (range) %Weight (Kg) 47.3 (34-63) 53.6 (29-70) +13.2Appetite 6.3 (2-9) 8.7 (6-10) +38.6PSK 96.7 (90-100) 94.4 (50-100) - 2.3Spitzer’s QLI 6.4 (5-9) 8.8 (6-10) + 36.2
Mantovani, G et al. Int J Clin Lab Res. 1995;25:135Mantovani, G et al. Int J Clin Lab Res. 1995;25:135--4141



SERUM LEVELS OF ILSERUM LEVELS OF IL--1 1 αααααααα, IL, IL--11ββββββββ, IL, IL--2, IL2, IL--6, TNF 6, TNF α α α α α α α α AND sILAND sIL--2R 2R IN CANCER PATIENTS BEFORE AND AFTER IN CANCER PATIENTS BEFORE AND AFTER CHEMOTHERAPY + MA TREATMENTCHEMOTHERAPY + MA TREATMENT
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Mantovani, G et al. Int J Clin Lab Res. 1995;25:135Mantovani, G et al. Int J Clin Lab Res. 1995;25:135--4141



Medroxyprogesterone acetate reduces the in vitro production of Medroxyprogesterone acetate reduces the in vitro production of cytokines and serotonin involved in anorexia/cachexia cytokines and serotonin involved in anorexia/cachexia and emesis by PBMC of cancer patients. and emesis by PBMC of cancer patients. 
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Simons JP, et al Cancer 1998; 82:553



Berenstein EG, Ortiz Z. Cochrane Database of Systematic Reviews 2005, Issue 2. Art. No.: CD004310Thirty trials were included in the original review, four new trials were identified for this update, but only two met the inclusion criteria (4123 + 703 patients). Twenty-two trials compared MA at different doses with placebo; five compared different doses of MA versus other drugs; two compared MA with other drugs and placebo; and five compared different doses of MA. For all patient conditions, metaanalysis showed a benefit of MA compared with placebo, particularly with regard to appetite improvement and weight gain in cancer patients. Analysing quality of life, clinical and statistical heterogeneity was found and discussed. There was insufficient information to define the optimal dose of MA.CONCLUSIONS: This review demonstrates that MA improves appetite and weight gain in patients with cancer. No overall conclusion about Quality of Life (QoL) could be drawn due to heterogeneity.



Megestrol acetate Nanocrystal Oral Suspension was designed to Megestrol acetate Nanocrystal Oral Suspension was designed to 
optimize drug delivery and improve bioavailability enhancing the optimize drug delivery and improve bioavailability enhancing the 
performance of drugs with poor water solubility.performance of drugs with poor water solubility.
By rapidly increasing plasma MA concentrations, this formulation By rapidly increasing plasma MA concentrations, this formulation 
may have the potential to produce a more rapid clinical response.may have the potential to produce a more rapid clinical response.
It was approved by FDA for the treatment of AIDSIt was approved by FDA for the treatment of AIDS--related cachexia related cachexia 
and it is under evaluation for approval in cancer cachexia. and it is under evaluation for approval in cancer cachexia. 

Megestrol acetate Nanocrystal Oral SuspensionMegestrol acetate Nanocrystal Oral Suspension

Biodrugs 2005;19(3):179-87



EFFECTIVE TREATMENTSEFFECTIVE TREATMENTS
CorticosteroidsCorticosteroids

Among orexigenic agents, corticosteroids are widely used. 
In randomized controlled studies, they have been shown to 
improve appetite and quality of life compared with placebo 
[Mortel CG, Cancer 1974; Willox JC BMJ 1984]. 
Megestrol acetate and corticosteroids seem equally effective, 
although for long-term use, corticosteroids have more side effects 
[Loprinzi J Clin Oncol 1999]: protein breakdown, insulin resistance, 
water retention and adrenal suppression. 

Therefore steroids are not suitable for long-term use, and
tend to be used during the pre-terminal phase of a patient illness. 



Drugs with a strong rationale that have failed Drugs with a strong rationale that have failed 
or have not shown univocal results  in clinical trials so faror have not shown univocal results  in clinical trials so farDrugs capable of inhibiting: - the synthesis and/or release of cytokines (EPA, melatonin, cyclo-oxygenase-2 inhibitors and thalidomide) - the cytokine action[anti-cytokine antibodies, anti-inflammatory cytokines (interleukin-12, interleukin-15)] - the proteasome activity (bortezomib) These drugs have been tested in experimental models of cachexia, with some positive results. Unfortunately, most clinical trials in humans have provided limited and disappointing results.

Boddaert MA et al  Curr Opin Oncol 2006;18:335Boddaert MA et al  Curr Opin Oncol 2006;18:335--340340



Aim:N-3 fatty acids, especially eicosapentaenoic acid (EPA), may possess anticachectic properties. This trial compared a protein and energy dense supplement enriched with n-3 fatty acids and antioxidants (experimental: E)with an isocaloric isonitrogenous control supplement (C) for their effects on weight, lean body mass (LBM), dietary intake, and quality of life in cachectic patients with advanced pancreatic cancer.Methods:A total of 200 patients (95 E; 105 C) were randomised to consume two cans/day of the E or C supplement (480 ml, 620 kcal, 32 g protein ¡ 2.2 g EPA) for eight weeks in a multicentre, randomised, double blind trial.



Results: At enrolment, patients’ mean rate of weight loss was 3.3 kg/month. Intake of the supplements (E or C) was below the recommended dose (2 cans/day) and averaged 1.4 cans/day. Over eight weeks, patients in both groups stopped losing weight (Dweight E: 20.25 kg/month versus C: 20.37 kg/month; p = 0.74) and LBM (DLBM E: +0.27 kg/month versus C: +0.12 kg/month; p = 0.88) to an equal degree (change from baseline E and C, p,0.001). In view of evident non-compliance in both E and C groups, correlation analyses were undertaken to examine for potential dose-response relationships. E patients demonstrated significant correlations between their supplement intake and weight gain (r = 0.50, p,0.001) and increase in LBM (r = 0.33, p = 0.036). Such correlations were not statistically significant in C patients. The relationship of supplement intake with change in LBM was significantly different between E and C patients (p = 0.043). Increased plasma EPA levels in the E group were associated with weight and LBM gain (r = 0.50, p,0.001; r = 0.51, p = 0.001). Weight gain was associated with improved quality of life (p,0.01) only in the E group.Conclusion: Intention to treat group comparisons indicated that at the mean dose taken, enrichment with n-3 fatty acids did not provide a therapeutic advantage and that both supplements were equally effective in arresting weight loss. Post hoc dose-response analysis suggests that if taken in sufficient quantity, only the n-3 fatty acid enriched energy and protein dense supplement results in net gain of weight, lean tissue, and improved quality of life. Further trials are required to examine the potential role of n-3 enriched supplements in the treatment of cancer cachexia.



J Clin Oncol 2004; 22:2469J Clin Oncol 2004; 22:2469



In conclusion, In conclusion, this EPA supplement, this EPA supplement, either alone either alone or in combination with MA, or in combination with MA, does not improve weight or does not improve weight or appetiteappetitemore than MA alonemore than MA alone
MAMAEPAEPA

J Clin Oncol 2004; 22:2469J Clin Oncol 2004; 22:2469





OBJECTIVESOBJECTIVES To evaluate the effectiveness and safety of EPA in relieving To evaluate the effectiveness and safety of EPA in relieving symptoms associated with the cachexia syndrome in patients symptoms associated with the cachexia syndrome in patients with advanced cancer.with advanced cancer.SELECTION CRITERIASELECTION CRITERIA Studies were included in the review if they assessed oral EPA Studies were included in the review if they assessed oral EPA compared with placebo or control in randomised controlled compared with placebo or control in randomised controlled trials of patients with advanced cancer and either a clinical trials of patients with advanced cancer and either a clinical diagnosis of cachexia or selfdiagnosis of cachexia or self--reported weight loss of 5% or reported weight loss of 5% or more.more.DATA COLLECTION AND DATA COLLECTION AND ANALYSISANALYSIS Both methodological quality evaluation of potential trials and Both methodological quality evaluation of potential trials and data extraction were conducted by two independent review data extraction were conducted by two independent review authors.authors.Cochrane Database Syst Rev. 2007 Jan 24;(1):CD004597



MAIN RESULTSMAIN RESULTSFive trials (involving 587 patients) met the inclusion criteria. Three trials compared EPA Five trials (involving 587 patients) met the inclusion criteria. Three trials compared EPA at different doses with placebo with two outcomes, nutritional status and adverse at different doses with placebo with two outcomes, nutritional status and adverse events comparable across two of the three included trials. In addition, two trials events comparable across two of the three included trials. In addition, two trials compared different doses of EPA with an active matched control. It was possible to compared different doses of EPA with an active matched control. It was possible to compare the outcomes of weight, quality of life and adverse events across these two compare the outcomes of weight, quality of life and adverse events across these two trials. There were insufficient data to define the optimal dose of EPA.trials. There were insufficient data to define the optimal dose of EPA.
Cochrane Database Syst Rev. 2007 Jan 24;(1):CD004597

AUTHORS’ CONCLUSIONSAUTHORS’ CONCLUSIONSThere were insufficient data to establish whether oral EPA was better than placebo. There were insufficient data to establish whether oral EPA was better than placebo. Comparisons of EPA combined with a protein energy supplementation versus a protein Comparisons of EPA combined with a protein energy supplementation versus a protein energy supplementation (without EPA) in the presence of an appetite stimulant energy supplementation (without EPA) in the presence of an appetite stimulant (Megestrol Acetate) (Megestrol Acetate) provided no evidence that EPA improves symptoms associated with the cachexia provided no evidence that EPA improves symptoms associated with the cachexia syndrome often seen in patients with advanced cancer.syndrome often seen in patients with advanced cancer.



J Clin Oncol 2002; 20: 567J Clin Oncol 2002; 20: 567--573573

PATIENTS AND METHODS: Four hundred sixty-nine assessable advanced cancer patients were randomized to (1) oral megestrol acetate 800 mg/d liquid suspension plus placebo, (2) oral dronabinol 2.5 mg twice a day plus placebo, or (3) both agents.A greater percentage of megestrol acetate-treated patients reported appetite improvement and weight gain compared with dronabinol-treated patients. Combination treatment resulted in no significant differences in appetite or weight compared with megestrol acetate alone 



J Clin Oncol 2006; 24:3394-3400Adult patients with advanced cancer, CACS, weight loss ( 5% over 6 months), and ECOG performance status 2 were randomly assigned (2:2:1) to receive CANNABIS EXTRACT (CE, i.e. 2.5 mg THC and 1 mg cannabidiol) or delta-9-tetrahydrocannabinol (THC 2.5 mg) or placebo orally, twice daily for 6 weeks. Of 289 patients screened, 243 were randomly assigned and 164 completed treatment.Intent-to treat analysis showed no significant differences between the three arms for appetite, QOL, or cannabinoid-related toxicity. An independent data review board recommended termination of recruitment because of insufficient differences between study arms.Conclusion: CE at the oral dose administered was well tolerated by these patients with CACS. No differences in patients’ appetite or QOL were found either between CE, THC, and placebo or between CE and THC at the dosages investigated



With regard to the pharmacological inhibition of proteasome 
activity, a drug like bortezomib could be of future interest for 
the management of cachexia.

Despite rat studies demonstrating significant reduction in 
denervation-induced muscle atrophy following bortezomib 
administration, preliminary studies in human patients with 
metastatic pancreatic cancer have demonstrated an 
insignificant impact on weight loss.

BORTEZOMIBBORTEZOMIB



INTRACELLULAR SIGNALLING PATHWAYS INVOLVED IN SKELETAL MUSCLE WASTING
bortezomib



This study is a subanalysis from two prior antineoplastic trials in patients with adenocarcinoma of the pancreas. The first included 46 patients with metastatic pancreatic cancer treated with single-agent bortezomib (intravenous doses of 1.5 or 1.3 mg/m2 on days 1, 4, 8, and 11 of a 21-day cycle). The second included 42 patients with pancreatic cancer treated with single-agent octreotide (200 or 500 microg subcutaneously three times a day).RESULTS: FACT-C data suggested stable appetite, but high patient dropout rates invite caution in interpretation. For example, in response to "I have a good appetite," mean scores for bortezomib-treated patients were 45 at baseline (n=42), 45 at the end of cycle 1 (n=26), and 44 at the end of cycle 2 (n=9). In contrast, weight data appeared more straightforward to interpret: direct comparisons of mean change in weight from baseline between bortezomib- and octreotide-treated patients showed no significant differences between groups. CONCLUSIONS: These preliminary results suggest that bortezomib shows negligible favorable effects on cancer-associated weight loss in patients with metastatic pancreatic cancer. We conclude that further study of bortezomib specifically in this setting and for this indication is not warranted. 

Is bortezomib, a proteasome inhibitor, effective in treating cancer-
associated weight loss? Preliminary results from the North Central 
Cancer Treatment Group. Jatoi A, et al Supportive Care Cancer 2005;13:381Jatoi A, et al Supportive Care Cancer 2005;13:381



A multicenter, phase II study of infliximab A multicenter, phase II study of infliximab –– an anti TNFan anti TNF--alpha alpha 
moAb moAb -- plus gemcitabine in pancreatic cancer cachexiaplus gemcitabine in pancreatic cancer cachexiaWiedenmann B, et al. J Support Oncol 2008 ;6:18-25This multicenter, phase II, placebo-controlled study randomized 89 patients with stage II-IV pancreatic cancer and cachexia to receive either placebo or 3 mg/ kg or 5 mg/kg of infliximab at weeks 0, 2, and 4 and then every 4 weeks to week 24; patients also received 1,000 mg/m2 of gemcitabine weekly from weeks 0-6 and then for 3 of every 4 weeks until their disease progressed.The primary endpoint was change in lean body mass (LBM) at 8 weeks from baseline; major secondary endpoints included overall survival, progression-free survival, Karnofsky performance status, and 6-minute walk test distance. In addition, quality of life was measured. The mean change in LBM at 8 weeks was +0.4 kg for patients receiving placebo, +0.3 kg for those receiving 3 mg/kg of infliximab, and +1.7 kg for those receiving 5 mg/kg of infliximab. No statistically significant differences in LBM or secondary endpoints were observed among the groups. Safety findings were similar in all groups. Adding infliximab to gemcitabine to treat cachexia in advanced pancreatic cancer patients was not associated with statistically significant differences in safety or efficacy when compared with placebo.



EMERGING DRUGS WITH SOME EFFECTIVE RESULTS EMERGING DRUGS WITH SOME EFFECTIVE RESULTS 
BUT STILL UNDER CLINICAL EVALUATIONBUT STILL UNDER CLINICAL EVALUATION

�� THALIDOMIDE THALIDOMIDE 
�� CELECOXIBCELECOXIB
�� GHRELINGHRELIN
�� INSULININSULIN
�� BRANCHED CHAIN AMINO ACIDSBRANCHED CHAIN AMINO ACIDS
�� OXANDROLONEOXANDROLONE
�� OLANZAPINEOLANZAPINE





Head and neck 2008;30:67Head and neck 2008;30:67--7474
CONCLUSIONSCONCLUSIONSCachectic patients receiving celecoxib gained weight, Cachectic patients receiving celecoxib gained weight, experienced increased BMI, and demonstrated improved QOL scores. experienced increased BMI, and demonstrated improved QOL scores. Compliance was good and no adverse events were seen.Compliance was good and no adverse events were seen.

Eleven cachectic patients with head and neck or gastrointestinal cancer were randomly assigned to receive placebo or celecoxib for 21 days while awaiting the initiation of cancer therapy. Body composition, resting energy expenditure, QOL, physical function, and inflammatory markers were measured on days 1 and 21.Results. Patients receiving celecoxib experienced statistically significant increases in weight and body mass index (BMI), while patients receiving placebo experienced weight loss and a decline in BMI. Patients receiving celecoxib also had increases in QOL scores.



Recently, much research interest has focused on ghrelin, a 28 amino-acid peptide produced by the P/D1 cells of the stomach.Not only does ghrelin stimulate GH secretion (via the GH secretagogue-1a (GHS-1a) receptor), but it also promotes food intake (via the orexigenic NPY system) and decreases sympathetic nerve activity.
GHRELIN MIMETIC WITH OREXIGENIC AND ANABOLIC ACTIVITYGHRELIN MIMETIC WITH OREXIGENIC AND ANABOLIC ACTIVITY

Synthetic human ghrelin has been shown to improve muscle wasting and functional capacity in patients with cardiopulmonary-associated cachexia, and to improve energy intake in anorexic cancer patients. 



GHRELIN MIMETIC WITH OREXIGENIC AND ANABOLIC ACTIVITYGHRELIN MIMETIC WITH OREXIGENIC AND ANABOLIC ACTIVITYBased on these animal studies and short-term human trials, there appears tobe much promise for the use of ghrelin and GHS-R agonists for the treatment of cachexia caused by multiple underlying conditions. Significant questions remain to be answered, however, before its widespread use, most prominently whether the gains produced by GHS-R agonists maintain safety and efficacy with long-term use in human disease. Clearly, more long-term research is needed.
Deboer MD. Nutrition 2008; 24:806Deboer MD. Nutrition 2008; 24:806--14 14 



Administration of ghrelin and a GHS-R agonist (BIM-28131) to rats that had been implanted with a syngenic sarcoma known to cause cachexia via an osmotic mini-pump, delivering 500 nmol/kg of medication as a continuous infusion resulted in an improvement of: - food intake (A)- body weight (B) - lean body mass (C)Administration of ghrelin to humans with cachexia has shown not univocal efficacy in increasing food intake with single dose intravenous administration (Strasser et al Br J Cancer 2008; Neary et al. J Clin Endocrinol Metab 2004) 

Emergence of ghrelin as a treatment for cachexia syndromesEmergence of ghrelin as a treatment for cachexia syndromes
Deboer MD. Nutrition 2008; 24:806Deboer MD. Nutrition 2008; 24:806--1414



Strasser F, et al. Br J Cancer 2008;98:300Strasser F, et al. Br J Cancer 2008;98:300Twenty-one adult patients were randomised to receive ghrelin on days 1 and 8 and placebo on days 4 and 11 or vice versa, given intravenously over a 60-min period before lunch: 10 received 2 mg kg1 (lower-dose) ghrelin; 11 received 8 mg kg1 (upper-dose) ghrelin.Nutritional intake and eating-related symptoms, measured to explore preliminary efficacy, did not differ between ghrelin and placebo. Ghrelin is well tolerated and safe in patients with advanced cancer. For safety, tolerance, and patient preference for treatment, no difference was observed between the lower-and upper-dose group.



J Clin Endocrinol Metab 89: 2832–2836, 2004An acute, randomized, placebo-controlled, cross-over clinical trial to determine whether ghrelin (5 pmol/kg/min for 180 min i.c.) stimulates appetite in cancer patients with anorexia. Seven cancer patients who reported loss of appetite were recruited from oncology clinics at Charing Cross Hospital.A marked increase in energy intake was observed with ghrelin infusion compared with saline control, and every patient reported food intake increaseThe meal appreciation scorewas greater by 28.8% with ghrelin treatment. No side effects were observed.



A phase II randomized, placebo-controlled, double-blind study 
of the efficacy and safety of RC-1291 (RC)  

for the treatment of cancer cachexiaGarcia et al . Journal of Clinical Oncology, 2007 ASCO Annual Meeting Proceedings Part I. Vol 25, No. 18S , 2007: 9133GHS-R agonist RC-1291 (Anamorelin; Saphire Therapeutics, Bridgewater, NJ), a small-molecule orally active compound, was administered in a randomized, placebo-controlled trial over a 12-wk period to subjects with a variety of cancers (predominantly lung cancer). Over this 12-wk course, RC-1291 produced an improvement in total body mass and a trend towards increased lean mass.A measurement of quality of life—an important consideration for any late-term cancer treatment—was unchanged between the groups receiving RC-1291 and placebo.



Clin Cancer Res 2007;13:2699 Clin Cancer Res 2007;13:2699 



Biochem. J. (2007) 407, 113–120Branched-chain amino acids are neutral amino acids with interesting and clinically relevant metabolic effects. By interfering with brain serotonergic activity and by inhibiting the overexpression of critical muscular proteolytic pathways, branched-chain amino acids have been shown to induce beneficial metabolic and clinical effects under different pathological conditions. Their potential role as antianorexia and anticachexia agents was proposed many years ago, but only recent experimental studies and clinical trials have tested their ability to stimulate food intake and counteract muscle wasting in anorectic, weight-losing patients. Laviano A, et al. BranchedLaviano A, et al. Branched--chain amino acids: the best compromise to achieve anabolism? Curr Opin chain amino acids: the best compromise to achieve anabolism? Curr Opin Clin Nutr Metab Care. 2005;8:408Clin Nutr Metab Care. 2005;8:408--1414
Biolo G et al, Nutrition 2006; 22:475-482



Patients with solid tumors who had demonstrated a weight loss of at least 5% were randomly assigned in a double-blind fashion to either an isonitrogenous control mixture of nonessential amino acids or an experimental treatment containing -hydroxy--methylbutyrate (3 g/d), L-arginine (14 g/d), and L-glutamine (14 g/d [HMB/Arg/Gln]). The mixture of HMB/Arg/Gln was effective in increasing FFM of advanced (stage IV) cancer.The exact reasons for this improvement will require further investigation, but could be attributed to the observed effects of HMB on slowing rates of protein breakdown.



Recent issues form ASCO 2008Recent issues form ASCO 2008G. J. Lesser, D. Case, F. Ottery, R. McQuellon, J. K. Choksi, G. Sanders, R. Rosdhal, E. G. Shaw, Wake Forest A phase III randomized study comparing the effects of oxandrolone (Ox) and megestrol acetate (Meg) on lean body mass (LBM), weight (wt) and quality of life (QOL) in patients with solid tumors and weight loss receiving chemotherapy.J Clin Oncol 26: 2008 (May 20 suppl; abstr 9513)Methods: prospective, randomized phase 3 trial comparing the effects of Ox (10mg bid) and MA (800mg qd) on weight, body composition and QOL in adult pts with solid tumors and weight loss receiving chemotherapy. The primary outcome was LBM after 12 weeks of drug therapy. Secondary outcomes included wt, fat mass, and QOL. Results: 155 pts were randomized and the study has been completed. At 12 weeks, significant changes from baseline were observed for weight (lbs) (Ox -3.4 vs MA +5.8, p<.001) and fat mass (Ox -4.89 vs MA +2.68, p<.001). Conclusions: Pts treated with Ox still lost weight but experienced an increase in LBM, a reduction in fat mass and reduced self-reported anorectic symptoms. MA therapy was associated with an increase in weight and fat mass, minimal change in LBM and improved appetite. The complementary effects of the two agents on appetite, overall weight gain and LBM suggest that their combination may result in optimal effects in a similar pt population. 



F. Braiteh, S. Dalal, A. Khuwaja, H. David, E. Bruera, R. KurzrockPhase I pilot study of the safety and tolerability of olanzapine (OZA) for the treatment of cachexia in patients with advanced cancer J Clin Oncol 26: 2008 (May 20 suppl; abstr 20529)Background: Olanzapine (OAZ), an atypical neuroleptic with safe therapeutic window for several psychotic diseases, induces significant weight gain positive metabolic gains.To explore if OAZ can improve cachexia in pts with advanced cancer, we are investigating its safety and tolerability, its effects on weight and nutrition, and the outcome of serum metabolic and inflammatory factors. Methods: Enrolled eligible pts received daily oral OAZ, starting at a dose of 2.5 mg (6-pts/cohort, dose-escalation at of 5, 7.5, 10, 12.5, and 15 mg). Results: To date, 14 pts with advanced cancer tumor referred to the Phase I Clinic have been enrolled at 2.5, 5 and 7.5 mg/m2 dose-levels. Conclusions: Our preliminary data suggest that lower doses of OAZ are very well tolerated with promising clinical activity on weight, nutrition and function in pts with cachexia. ELISA assays of the inflammatory and metabolic factors are in progress. The trial is currently accruing at a dose-level of daily 7.5 mg. 

Recent issues form ASCO 2008Recent issues form ASCO 2008



FatigueFatigueBarton DL, et al. Journal of Clinical OncologyBarton DL, et al. Journal of Clinical Oncology, 2007 ASCO Annual Meeting Proceedings Part I. Vol , 2007 ASCO Annual Meeting Proceedings Part I. Vol 25, No. 18S (June 20 Supplement), 2007: 900125, No. 18S (June 20 Supplement), 2007: 9001
Participants were randomized to receive, in a double blind Participants were randomized to receive, in a double blind 
manner, placebo, 750 mg/d, 1,000 mg/d or 2,000 mg/d of manner, placebo, 750 mg/d, 1,000 mg/d or 2,000 mg/d of 
American GinsengAmerican Ginseng in BID dosing for 8 weeks. in BID dosing for 8 weeks. 
Conclusion:Conclusion: This randomized pilot trial provided data to suggest This randomized pilot trial provided data to suggest 
that that American Ginseng doses of 1000American Ginseng doses of 1000--2000 mg/d may be effective 2000 mg/d may be effective 
for alleviating cancer related fatigue.for alleviating cancer related fatigue.
Therefore, further study of American Ginseng in cancer survivors Therefore, further study of American Ginseng in cancer survivors 
appears warranted. appears warranted. 

Studies demonstrating effect of drugs on single symptoms of Studies demonstrating effect of drugs on single symptoms of 
cachexiacachexia



COMBINED APPROACHCOMBINED APPROACH

From all the data presented, one can speculate that 
one single therapy may not be completely successful 
in the treatment of cachexia. From this point of view, 

treatments involving different combinations are 
more likely to be successful. From: Argiles J, et al. Drug Discovery Today 2008; 13:72-78



Systemic syndromes characterized by a persistent activity of circulating mediators (cytokines) are frequently present with advanced cancer. We grouped under the general heading of “Systemic Immune-Metabolic Syndrome (SIMS)” a particular variety of distressing systemic syndrome characterized by dysregulation of the psycho-neuro-immune-endocrine homeostasis, with overlapping clinical manifestations. SIMS may include cachexia, anorexia, nausea, early satiety, fatigue, tumor fever, cognitive changes and superinfection. The aim of this study was to ameliorate some of the SIMS symptoms in a homogeneous group of lung adenocarcinoma patients using a multitargeted therapy. Fifteen patients with evidence of SIMS were studied.SIMS was defined as the presence of weight loss, anorexia, fatigue performance status ≥≥≥≥ 2 and acute-phase protein response.



Patients received medroxyprogesterone (MPA) (500 mg twice daily), celecoxib (200 mg twice daily), plus oralfood supplementation for 6 weeks. After treatment, 13 patients either had stable weight (±1%) or had gained weight. There were significant differences in improvement of bodyweight-change rate, nausea, early satiety, fatigue, appetite and performance status. Patients who had any kind of lung infection showed higher levels of IL-10 compared to non-infected patients (P = 0.039). Our results suggest that patients with advanced lung adenocarcinoma, treated with MPA, celecoxib and dietary intervention, might have considerable improvement in certain SIMS outcomes. This multitargeted symptomatic approach deserves further study.



NUTRITION AND CANCER 2007; 59, 14–20A cohort of 22 patients with advanced lung cancer and SIMS were randomly assigned to receive either fish oil, 2 g tid, plus placebo capsules bid (n = 12) or fish oil, 2 g tid, plus celecoxib 200 mg bid (n = 10). All patients in both groups received oral food supplementation.After 6 wk of treatment, patients receiving fish oil + placebo or fish oil + celecoxib showed significantly more appetite, less fatigue, and lower C-reactive protein (C-RP) values than their respective baselines values (P < 0.02 for all the comparisons). Additionally, patients in the fish oil + celecoxib group also improved their body weight and muscle strength compared to baseline values (P < 0.02for all the comparisons). Comparing both groups, patients receiving fish oil + celecoxib showed significantly lower C-RP levels (P = 0.005, t-test), improved muscle strength (P = 0.002, t-test) and body weight (P=0.05, t-test) than patients receiving fish oil + placebo. The addition of celecoxib improved the control of the acute phase protein response, total body weight, and muscle strength.



Giovanni Mantovani, Clelia Madeddu, Antonio Macciò, Giulia Gramignano, Maria Rita Lusso, Elena Massa, Giorgio Astara and Roberto SerpeDepartment of Medical Oncology,  University of Cagliari, ItalyCancer Epidemiol Biomarkers and Prev 2004; 13:1651-1659 Cancer Epidemiol Biomarkers and Prev 2006; 15:1030-1034Cancer-related anorexia/cachexia syndrome and oxidative stress: an innovative approach beyond current treatment
Aim of the study was to test the EFFICACY AND SAFETYto test the EFFICACY AND SAFETY-clinical response- improvement of nutritional and functional variables- changes of laboratory variables (as indicators of CACS/OS)- and improvement of quality of life (QL). of an integrated treatment based on diet, p.o. pharmaconutritional support, and drugs in a population of advanced cancer patients with CACS/OS.The ultimate goalultimate goal of our study should be that of translating the results obtained on CACS/OS symptoms found in advanced cancer patients into a prevention trial in a population of individuals at risk of developing CACS/OSThe trial design was: AN OPEN NON RANDOMIZED PHASE II STUDYAN OPEN NON RANDOMIZED PHASE II STUDYOn the basis of the Simon two-stage design for phase II studies, the treatment has to be considered effective if at least 18/34 patients demonstrate a response in the first stage, while in the second stage 21/39 patients should demonstrate a response.



Patient eligibility criteriaPatient eligibility criteria• 18 to 80 years old• Histologically confirmed tumors of any site • Patients with the following nutritional characteristics: – 1) patients who had lost at least 5% of ideal or pre-illness body weight in the last 3 months (clinical CACS); – 2) and/or with abnormal values of proinflammatory cytokines, ROS and antioxidant enzymes predictive of the onset of CACS.• Patients with a life expectancy > 4  months.
Mantovani G, et al Cancer Epidemiol, Biomarkers and Prev,2004; 13:1651-9 and 2006;15:1030-4

Patient exclusion criteriaPatient exclusion criteria• Pregnancy• Significant comorbidities• Impaired food intake due to mechanical obstruction• Medical treatments inducing significant changes of patient metabolism or body weight such as enteral or parenteral nutrition, corticosteroids, insulin. Patients could be treated with either antineoplastic therapy with palliative intent or Patients could be treated with either antineoplastic therapy with palliative intent or supportive caresupportive care



Treatment planTreatment plan1. Diet with high poliphenols content (400 mg) obtained by alimentary sources (onions, apples, oranges, red wine, or green tea) or supplemented by tablets per os;2. Pharmaco-nutritional support enriched with n-3 PUFA containing  EPA and DHA;3. Oral progestagen: medroxyprogesterone acetate 500 mg/day;4. Antioxidant treatment with alpha lipoic acid 300 mg/day + carboxycysteine lysine salt 2.7 g/day + vitamin E 400 mg/day + vitamin A 30000 IU + vitamin C 500 mg/day. 5. Selective COX-2 inhibitor: Celecoxib 200 mg/day orallyThe planned treatment duration is 16 weeks.

On the basis of several of our previously published studies and our clinical experience we have developed an innovative approach  which consists of an integrated nutritional and pharmacological treatment:

Mantovani G, et al Cancer Epidemiol, Biomarkers and Prev, 2004; 13:1651-9 and 2006;15:1030-4



RATIONALE FOR AGENT SELECTIONRATIONALE FOR AGENT SELECTION1. The polyphenols, in particular quercetin have been included for their high activity as antioxidants.2. The oral dietary supplement has the objective to integrate the energetic/proteic intake with the supplementation of n-3 PUFA, which are able to inhibit cytokine production (TNFa). 3. The treatment with medroxyprogesterone acetate has the objective to inhibit the cytokine production and to act positively on patients cenestesis: our previous experimental and clinical experience with MPA supports this choice. 4. The selected antioxidant treatment has been demonstrated effective in reducing blood levels of ROS and increasing blood levels of physiological antioxidant enzymes in a series of our published papers. 5. The COX-2 selective inhibitor Celecoxib has been chosen for its ability, demonstrated both in experimental and in clinical studies, to inhibit cancer-related inflammatory mediators (PGE2), angiogenesis and therefore cancer progression as well as CACS causal factors.  



PATIENT CHARACTERISTICSPATIENT CHARACTERISTICS

Mantovani G, et al Cancer Epidemiol, Biomarkers and Prev, 2004, 13:1651-9 and 2006,15:1030-4

N° %Patients evaluableM/F: 23/16Mean age 58.9 y, range 42-78Mean weight  55.8 kgs, range 36-76 39Body mass index (weight in kg/height in m2)<18.5 9 23.118.5-25 25 64.1>25 5 12.8StageIIIA 1 2.6IV 38 97.4Performance Status (ECOG)ECOG 0 2 5.1ECOG 1 27 69.2ECOG 2 10 25.7



Body weight and lean body mass (LBM) changes after 1, 2 and Body weight and lean body mass (LBM) changes after 1, 2 and 
4 months of treatment compared to baseline4 months of treatment compared to baseline39 patients were evaluable after 1 , 2 and 4  months of treatment
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39 patients were evaluable after 1 , 2 and 4  months of treatmentProinflammatory cytokines and leptin before and after 1, 2 and Proinflammatory cytokines and leptin before and after 1, 2 and 
4 months of treatment4 months of treatment

pg/mlpg/ml ng/mlng/ml



Results are expressed as mean score ± SD. Significance was calculated in comparison to baseline by Student’s t-test for paired data. * p<0.05 Mantovani G, et al Cancer Epidemiol, Biomarkers and Prev, 2004, 13:1651-9 and 2006,15:1030-4

EVALUATION OF APPETITE AND QUALITY OF LIFE AFTER 1 , 2 EVALUATION OF APPETITE AND QUALITY OF LIFE AFTER 1 , 2 
AND 4 MONTHS OF TREATMENTAND 4 MONTHS OF TREATMENTQuestionnaireQuestionnaire baselinebaseline 1 month1 month 2  months2  months 4  months4  monthsVASVAS--APPETITEAPPETITE 5.5± 2.5 6.6 ± 2.2* 6.8 ± 1.9* 7.0 ± 1.6* EORTCEORTC--QLQ C30QLQ C30 66 ± 16.4 72.4 ± 15.6* 71.8± 14.6* 70.9 ± 14.6*EQEQ--5D index5D index 0.50 ± 0.4 0.58 ± 0.4 0.56 ± 0.4 0.59 ± 0.4EQEQ--5D vas5D vas 49.4 ± 21.4 58.9 ± 22.7* 58.6± 20.6* 58.7± 19.4 *MFSIMFSI--SFSF 20.1 20.1 ±± 22.122.1 14.4 14.4 ±±20.320.3 11.8 11.8 ±± 17.2*17.2* 10.8 10.8 ±± 14.4*14.4*



ASSESSMENT OF “RESPONDERS” 
AND “NON RESPONDERS”The conclusive  analysis on 39 patients who completed the treatment showed 17 patients “responders” 17 patients “responders” and 5 “high responders”5 “high responders”According to the Simon’s design, 22/39 “responders” patients  demonstrated the efficacy of treatment.In conclusion, the treatment has demonstrated to be EFFECTIVEEFFECTIVE as for: increase of body weight−− increase of lean body massincrease of lean body mass− decrease of proinflammatory cytokines− improvement of quality of life parameters− amelioration of fatigue symptomThe treatment has demonstrated to be SAFE with good compliance of patients. Mantovani G, et al Cancer Epidemiol, Biomarkers and Prev, Mantovani G, et al Cancer Epidemiol, Biomarkers and Prev, 2004, 13:16512004, 13:1651--9 and 2006,15:10309 and 2006,15:1030--44



AIM OF THE STUDY:AIM OF THE STUDY:to establish which was the most effective and safest treatment able to improve the identified "key" variables (primary endpoints) of CACS/OS: increase of LBM, decrease of REE, increase of total daily physical activity, decrease of IL-6 and TNF-alpha and improvement of fatigue. Eligibility and exclusion criteria are the same of the phase II study



All patients included in the study were given as basic treatment: poliphenols (300 mg/day) obtained from alimentary sources (onions, apples, oranges, red wine 150 ml, green tea) or supplemented by tablets (Quercetix, Elbea Pharma, 1 tablet 300 mg/day) + antioxidant agents alpha lipoic acid 300 mg/day (included in the Quercetix tablet) + carbocysteine 2.7 g/day (Fluifort, Dompè, 1 sachet/day) + Vitamin E 400 mg /day (Sursum, Abiogen, 1 tablet/day) + Vitamin A 30000 IU and Vitamin C 500 mg/day (Trocaflu, Laborest, 2 sachets/day), all orally. Patients were then  randomised to one of the following 5 arms of treatment: Arm 1. Medroxyprogesterone acetate (MPA) 500 or Megestrol Acetate (MA) 320mg/day. Arm 2. Pharmaco-nutritional support containing EPA, 2-3 cartons/dayArm 3. L-carnitine 4 g/day.Arm 4. Thalidomide 200 mg/dayArm 5. MPA or MA + Pharmaco-nutritional support + L-carnitine + ThalidomideThe planned treatment duration is 16 weeks.

TREATMENT PLANTREATMENT PLAN

RATIONALE FOR AGENT SELECTIONRATIONALE FOR AGENT SELECTIONL-carnitine is crucial for cell energy metabolism. It was found to be effective in improving fatigue as well as appetite and LBM in one of our recently published studies (Gramigano G et al, Nutrition. 2006 22:136-45).Thalidomide has multiple immunomodulatory and antiinflammatory properties; its inhibitory effect on TNF-alpha and IL-6 production may be responsible for its anticachectic activity.



PRIMARY EFFICACY ENDPOINTSNutritional/Functional:- lean body mass by bioimpedentiometry (a) and DEXA (b); -resting energy expenditure by indirect calorimetry (c)
- total daily physical activity and related energy expenditure (d)Laboratory: - proinflammatory cytokines IL-6 and TNFalpha;Quality of Life: - fatigue assessed by Multidimensional  Fatigue Symptom Inventory Short Form (MFSI-SF)

b)
d)

a)c)



• Hypothesizing a difference between arms of 20%, considering an alpha type error of 0.05 and a beta type error of 0.20, 95 patients will be enrolled for each arm for a total of 475 patients.• The efficacy for the primary endpoints of each arm versus the other ones will be made comparing the arms by the ANOVA t-test for repeated measures for the "key variables".• Moreover, benefits obtained by the patients enrolled in each arm will be evaluated using the paired Student's t test. • Survival (overall survival and progression-free survival) will be evaluated starting from the date of enrollment in the study using the Kaplan-Meier method.

STATISTICAL ANALYSISSTATISTICAL ANALYSIS

Interim analyses were planned every 100 randomized patients to test the efficacy (primary efficacy endpoints) and the toxicity of the different arms of treatment



A first interim analysis was carried out on 125 patients. The ANOVA test comparing the different treatment arms (for changes between baseline and post- treatment values) showed:: - a significant improvement of REE score in favor of arm 5 versus arm 2;- a significant improvement of MFSI-SF score in favor of arm 1, 3 and 5 versus arm 2. A significant difference (worsening of the primary endpoints LBM, REE and MFSI-SF) of arm 2 versus arms 3, 4 and 5 was observed on the basis of the t-test for changes. Consequently, arm 2 was withdrawn from the study.
INTERIM ANALYSIS INTERIM ANALYSIS –– January 2007January 2007

INTERIM ANALYSIS INTERIM ANALYSIS –– October 2007October 2007PRIMARY EFFICACY ENDPOINTSThe interim analysis after the enrollment of 204 patients showed : � a significant improvement of fatigue in arm 3 and 5� a significant decrease of IL-6 in favor of arm 3� a significant decrease of TNF alpha in favor of arm 3 The interim analysis showed that arm 1 is inferior to the others as for primary efficacy endpoints. Consequently, arm 1 was withdrawn from the study



Patient characteristicsPatient characteristics No. %Patients enrolled from April 2005 to February 2009Patients evaluable 332287M/F: 168/119Mean age 62.4 y, range 30-84Mean weight 56.4 kgs, range 34-90Body mass index (kg/m2)<18.5 54 18.818.5-25 209 72.8>25 24 8.4StageIII 13 4.5IV 274 95.5Performance Status (ECOG)ECOG 0 9 3.1ECOG 1 146 50.9ECOG 2 118 41.1ECOG 3 14 4.9
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Results update-February 2009
Changes of LBM by arm of treatment

Results update-February 2009
Changes of LBM by arm of treatment

010203040
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arm 3 arm 4 arm 5 baselinepost treatment Lean body mass (kg) by BIA did not show a significant difference in any arm of treatment
051015202530

35404550
arm 3 arm 4 arm 5 baselinepost treatment LBM by DEXA (97 patients) showed a significant improvement only in arm 5. * p<0.05*
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arm 3 arm 4 arm 5 baselinepost treatment

Patients in arm 5 showed a significant decrease of resting energy expenditure assessed by indirect calorimetry and fatigue assessed by  MFSI- SF score.*p<0.05 versus baseline. 

*p=0.010*p=0.010REE, kcal/dieREE, kcal/die Results update-February 2009
Changes of REE and Fatigue (MFSI-SF) by arm of treatment 

No. 287 patients

Results update-February 2009
Changes of REE and Fatigue (MFSI-SF) by arm of treatment 
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Results update- February 2009

Changes of IL-6 and TNF-alpha by arm of treatment
No. 287 patients

Results update- February 2009
Changes of IL-6 and TNF-alpha by arm of treatment
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* p=0.021



The interim results seem to suggest that the most effective 
treatment for cancer patients with CACS/OS is the combination 

regimen (arm 5). 
The study is still in progress.

The final results are expected in June 2009

CONCLUSIONCONCLUSION



FUTURE TRENDS

Presently there is not a consolidated treatment
for cancer cachexia.

As progestagens and corticosteroids are obsolete drugs 
and considering that anti-TNF-alpha monoclonal 

antibody (infliximab) was shown to be ineffective, 
research interest is currently shifting towards the use of 

different approaches addressing the potential targets
involved in the pathophysiology of cachexia



Current new trends includeCurrent new trends include

In murine models IL-6 antagonists appear to inhibit cancer cachexia

ANTI-IL-6 HUMANIZED MONOCLONAL ANTIBODY

Trikha M, Corringham R, Klein B, Rossi JF. Clin Cancer Res. 2003; 9:4653-65



Interleukin-15 is able to suppress the increased DNA fragmentation associated with muscle wasting in tumour-bearing ratsFigueras M, et al. FEBS Lett. 2004 Jul 2;569(1-3):201-6

Interleukin (IL)-15, a cytokine expressed in skeletal muscle, has been shown to have muscle anabolic effects in vitro and to slow muscle wasting in rats with cancer cachexia. Harcourt LJ, et al. Harcourt LJ, et al. Am J Pathol. 2005 ;166:1131Am J Pathol. 2005 ;166:1131--4141

A schematic representation of anabolic effects of interleukin-15From Current Opinion in Pharmacology 2008; 8: 346-351



Formoterol, a ββββ2-adrenergic agonist, is a very efficient agent preventing muscle weight loss in tumor-bearing rats



Current new trends includeCurrent new trends includeNON STEROIDAL SELECTIVE ANDROGEN RECEPTOR NON STEROIDAL SELECTIVE ANDROGEN RECEPTOR MODULATORS (SARMS)MODULATORS (SARMS)Recently, several promising androgen analogues have been developed, as potential selective androgen receptor modulators (SARMs), which claim to preferentially act on skeletal muscle.They bind to the androgen receptor (AR) with high affinity and exert strong pharmacological activity in selective tissues. However, the mechanism for this selectivity is not well understood.In cellular and animal models, androgen activated AR modulates myoblasts proliferation, promotes sexual dimorphic muscle development, and alters muscle fiber type. In the clinical setting, administration of anabolic androgens can decrease cachexia and speed wound healing.



Ostarine increases lean body mass and improves physical performance in healthy elderly subjects: Implications for cancer cachexia patients.A new class of nonA new class of non--steroidal selective androgen receptor modulators (SARMs) is being developed steroidal selective androgen receptor modulators (SARMs) is being developed for use in cancer cachexia. for use in cancer cachexia. SARMs are designed to have predominately anabolic activity in muscle and bone with minimal SARMs are designed to have predominately anabolic activity in muscle and bone with minimal androgenic effects in most other tissues.androgenic effects in most other tissues.We conducted a randomized phase II proof of concept study of ostarine, the firstWe conducted a randomized phase II proof of concept study of ostarine, the first--inin--class SARM, in class SARM, in healthy postmenopausal women and elderly men prior to intitiating a phase II study in cancer healthy postmenopausal women and elderly men prior to intitiating a phase II study in cancer patients. patients. Methods:Methods: Sixty elderly menSixty elderly men (mean age 66 years) and (mean age 66 years) and 60 postmenopausal women60 postmenopausal women (mean age 63 (mean age 63 years) were randomly assigned to years) were randomly assigned to ostarine 0.1, 0.3, 1 mg, 3 mg or placeboostarine 0.1, 0.3, 1 mg, 3 mg or placebo for three months.for three months.The primary end pointThe primary end point was change from baseline to three months in was change from baseline to three months in total lean body mass (LBM)total lean body mass (LBM)measured by dual energy xmeasured by dual energy x--ray absorptiometry (DXA). ray absorptiometry (DXA). Conclusions: Ostarine improves LBM and physical performance in healthy older men and women.Ostarine improves LBM and physical performance in healthy older men and women.Ostarine had no unwanted androgenic side effects. A phase II study is planned to evaluate the Ostarine had no unwanted androgenic side effects. A phase II study is planned to evaluate the safety and efficacy of ostarine in patients with cancer cachexia. safety and efficacy of ostarine in patients with cancer cachexia. 

Evans W, et al. Journal of Clinical Oncology, 2007 ASCO Annual Meeting Proceedings Part I. Vol 25, No. 18S (June 20 Supplement), 2007: 9119



Emerging signaling pathways in cancer cachexia Emerging signaling pathways in cancer cachexia �� ANTI MYOSTATINANTI MYOSTATINMyostatin has been implicated in Myostatin has been implicated in several forms of muscle wasting, several forms of muscle wasting, including cancer cachexia. Antiincluding cancer cachexia. Anti--myostatin strategies are, therefore, myostatin strategies are, therefore, promising and should be considered promising and should be considered in future clinical trials involving in future clinical trials involving cachectic patientscachectic patients
Clinical Cancer Research 13; 1356-1361, 2007



Recent experiments have shown that blockade of melanocortin signaling using antagonists Recent experiments have shown that blockade of melanocortin signaling using antagonists to the melanocortin MC4 receptor attenuates diseaseto the melanocortin MC4 receptor attenuates disease--associated anorexia and wasting in associated anorexia and wasting in rodent models of cancer and renal failure. rodent models of cancer and renal failure. DeBoer MD and Marks DL. Trends in Endocrinology and Metabolism 2006; 17:199DeBoer MD and Marks DL. Trends in Endocrinology and Metabolism 2006; 17:199--204 204 

MELANOCORTIN RECEPTOR ANTAGONISTS MELANOCORTIN RECEPTOR ANTAGONISTS AS POTENTIAL THERAPEUTICS IN CANCER CACHEXIA AS POTENTIAL THERAPEUTICS IN CANCER CACHEXIA Foster AC, et al. Current Topics in Medicinal Chemistry, Foster AC, et al. Current Topics in Medicinal Chemistry, 2007, 2007, 7, 7, 11471147--11521152
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Predictive or early biomarkers of cachexia could be developed, which would aid in the selection of patients for early therapeutic intervention.
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Multimodal approaches that address these key issues can stabilise and even improve the nutritional status, function and quality of life of at least a proportion of advanced cancer patients. The current evidence-base justifies new enthusiasm for the design of complex intervention studies in the management of cancer cachexia.
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