


Tumorska kaheksija i anoreksija: izgled

bolesnika
vlastite slike




Definicija kaheksije > ,radna-opisna” definicija, klinicki nevoljni gutitak tezine i apetita
,no robust biomarkers to identify those precachectic patients ......... ,,

Precachexia Cachexia Refractory cachexia

Normal Death

Weight loss <5%
Anorexia and
metabolic change

Weight loss >5% or

BMI <20 and weight loss >2%
or sarcopenia and weight
loss >2%

Often reduced food intake/
systemic inflammation

Variable degree of cachexia
Cancer disease both procatabolic
and not responsive to anticancer
treatment

Low performance score

<3 months expected survival

Fearon K, Strasser F, Anker SD, Bosaeus |, Bruera E, Fainsinger RL, Jatoi A, Loprinzi C, MacDonald N, Mantovani G, Davis M, Muscaritoli M, Ottery F, Radbruch L, Ravasco P, Walsh

D, Wilcock A, Kaasa S, Baracos VE. Definition and classification of cancer cachexia: an international consensus. Lancet Oncol. 2011 May;12(5):489-95. doi: 10.1016/51470-
2045(10)70218-7. Epub 2011 Feb 4. PMID: 21296615.



Cachexia definition, Evans et al. Clin Nutr. 2008.

Assessment criteria

Diagnosis

Primary criterion

Weight loss of at least 5 % in 3-6
months for cancer or in 12 months for
other chronic iliness

Other criteria

1. Low muscle strength

2. Fatigue

3. Anorexia

4, Low fat-free mass index

OR Low body mass index < 20 kg/m’
(in absence of data on weight history)

5. Abnormal biochemistry
(anemia, low serum albumin, and increased
inflammatory markers)

¥

¥

Primary criterion

+ 3 of other criteria

CACHEXIA

Evans WJ, Morley JE, Argilés J, et al. Cachexia: a new definition. Clin Nutr. 2008 Dec;27(6):793-9. doi: 10.1016/j.cInu.2008.06.013. Epub 2008 Aug 21. PMID: 18718696.



Algoritam zbrinjavanja
tumorske kaheksije

Screening

Weight loss, BMI, or direct measure
of muscularity

'

Staging

Precachexia

Refractory cachexia

Cachexia

Assessment

Severity

Phenotype
« Anorexia and food intake
« Catabolic drive
« Muscle mass and strength
+ Function and psychosodial effect

¢

Management

Precachexia

Cachexia

Refractory cachexia

Monitor
Preventive intervention

Multimodal management

according to pnenotype
(with prioritisation of
reversible contributory
factors)

Symptom palliation

Ethical discussion
regarding nutritional
support

Fearon K et al. Definition and classification of
cancer cachexia: an international consensus.
Lancet Oncol. 2011 May;12(5):489-95. doi:
10.1016/51470-2045(10)70218-7. Epub 2011 Feb
4. PMID: 21296615.



Osnovne klinicke karakteristike kaheksije u onkoloskih
bolesnika

* Uznapredovala tumorska bolest u bolesnika u lije€enih (> u progresiiji)
ili u nelijecenih

* Gubitak apetita

* Gubitak tezine

* Gubitak misi¢ne snage, zamor, slabost

* Pogorsanje kvalitete zivota

* Nepodnosenje onkoloskog lijecenja, odgadanje, nuspojave

* Povisena smrtnost




Osnovne klinicke karakteristike kaheksije u onkoloskih
bolesnika

* Sistemna bolest - bolest cijelog organizma
* Multiorganska zahvaéenost
* Paraneoplasti¢ni sindrom

* Razli€it stupanj ucestalosti u raznih vrsta tumora
* Rak pluca i gusterace vs. melanom, rak dojke

* PoviSena vrijednost proinflamatornih citokina - sustavno upalno stanje

* Metabilizam pomaknut u smjeru katabolickih procesa
* Lipolizai proteoliza
* Prevladaju katabolicki hormoni
e U hipotalamusu u centru za hranjenje pomak u smjeru anoreksije



Razmatranje patogeneze i lije€enja

* U razli¢itih karcinoma razli€itost u pojedinim molekularnim
alteracijama

* Nije dovoljno gledati samo odnos unosa i potrosnje kalorija
* Masno tkivo (WAT i BAT):

* Nije samo skladiste energije
* Regulatorna uloga putem adipokina na metabolizam, upalne procese i apetit

 Aminokiseline (AA) i proteini:
* Supstrat za bioloske strukture, enzime, misi¢e (motori za pokretanje)
* EAAs: signalna/regulatorna uloga (metabokini)

* Energetski supstrat: deaminacija AA i proteoliza > glukoneogeneza i
ketogeneza



Razmatranje patogeneze i lije€enja

* Proupalni citokini: TNF-alfa, IL-6, IL-1b, TGF-15, ......
* aktivacija transkripcijskih faktora (NF-kB, STAT3) i UPS-a.
* Hormoni:

* anabolicki: inzulin, testosteron, hormon rasta

* katabolicki i hormoni stresa: kortizol, kateholamini, glukagon
* Rezistencija na inzulin, glikogenoliza, proteoliza, glukoneogeneza, lipoliza

* Sastav tijela:

* lean body mass (fat-free mass), sadrzaj misica, sadrzaj masnog tkiva
* bioelectric impendance

* MisSi¢na snaga:
* mjerenje



Vremenski slijed i kljucne etape u prouc¢avanju tm. kaheksije
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TanY, Xue R, PanY, He Z, Hu X, Li Y, Li K, Zhang X, Bian XW, Wang B. Cancer cachexia: molecular basis and therapeutic advances. Signal Transduct Target Ther.
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Various preclinical
model of cancer
cachexia
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6. Characterize the development of cachexia

Mormal Cachexia
— .
\:i \_.
Weight loss i :
-
Decreased 'ﬂ‘ :
food intake \/‘
Decreased

grip strength ‘

Muscle
atrophy

Upregulated
levels of

inflammation
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Li L, Wazir J, Huang Z, Wang Y, Wang H.
A comprehensive review of animal
models for cancer cachexia:
Implications for translational research.
Genes Dis. 2023 Sep 13;11(6):101080.
doi: 10.1016/j.gendis.2023.101080.
PMID: 39220755; PMCID:
PMC11364047.



Kaheksija: slozeni metabolicki poremecaji + anoreksija
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Nature Reviews | Cancer

Tisdale MJ. Cachexia in cancer patients. Nat Rev Cancer. 2002 Nov;2(11):862-71. doi: 10.1038/nrc927. PMID: 12415256.



Piramida tm. kaheksije koja prikazuje to stanje kao multiorganski sindrom

THE CANCER CACHEXIA
PYRAMID

TREATMENT

TUMOUR

multi-organ syndrome

DECREASED METABOLIC
FOOD INTAKE ALTERATIONS

Tumour

7 Sl g Cytokines Hormones

Multiorganska i multifunkcijska
pogodenost

Immobility Quality Weight

of life loss Fatigue Weakness

Cardiac

Wasting | Anorexia | gy Sruncrion Acute-phase

response

Lipolysis | Resorption | Anemia | Malabsorption

Singh AV, Ahmad F, Neem SS. Cancer chemotherapy-induced cachexia: the orphan disease .IJPSR 2025; 16 (9): 2430-41. DOI: 10.13040/1JPSR.0975-8232.16(9).



Vaznost ranog prepoznavanje tm. kaheksije i anoreksije ?
vlastite slike

> uspjesnije lije€enje, manje nuspojava




Onkoloski bolesnik i lijeCenje i nuspojave ?
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Chemotherapy
Abdominal cramping
Dysgeusia
Fatigue lijeCenje i nuspojave
lleus
Nausea
Vomiting

Takahashi S, Matsumoto K, Ohba K, Nakano Y, Miyazawa Y, Kawaguchi T. The Incidence and Management of Cancer-Related Anorexia During Treatment with Vascular Endothelial
Growth Factor Receptor-Tyrosine Kinase Inhibitors. Cancer Manag Res. 2023 Sep 22;15:1033-1046. doi: 10.2147/CMAR.S417238. PMID: 37771675; PMCID: PMC10522463.



Onkolosko lijecenje s prate¢im nuspojavama
Svaki th. modalitet prate nuspojave > aditivnost na patognezu kaheksije!

Targeted
kinase
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Thakir TM, Wang AR, Decker-Farrell AR, Ferrer M, Guin RN, Kleeman S, Levett L, Zhao X, Janowitz T. Cancer therapy and cachexia. J Clin Invest. 2025 Aug 1;135(15):e191934. doi:
10.1172/)Cl1191934. PMID: 40759570; PMCID: PMC12321403.



,Jednostavnije” nuspojave onkoloskog lijeCenja > anoreksija, malnutricija > kaheksija
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Takahashi S, Matsumoto K, Ohba K, Nakano Y, Miyazawa Y, Kawaguchi T. The Incidence and Management of Cancer-Related Anorexia During Treatment with Vascular Endothelial Growth
Factor Receptor-Tyrosine Kinase Inhibitors. Cancer Manag Res. 2023 Sep 22;15:1033-1046. doi: 10.2147/CMAR.S417238. PMID: 37771675; PMCID: PMC10522463.



Slozeniji uvid: molekularna zbivanja s posljedicom razgradnje misi¢a i masti
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TanY, Xue R, Pan Y, He Z, Hu X, Li Y, Li K, Zhang X, Bian XW, Wang B. Cancer cachexia: molecular basis and therapeutic advances. Signal Transduct Target Ther. 2026 Jan 13;11(1):16.
doi: 10.1038/s41392-025-02331-7. PMID: 41526343; PMCID: PMC12795897.



Malnutricija i mortalitet
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Cederholm T, Jagrén C, Hellstrom K. Outcome of protein-energy malnutrition in elderly medical patients. Am J Med. 1995 Jan;98(1):67-74. doi: 10.1016/50002-9343(99)80082-5.
PMID: 7825621.



Paradoks ¢imbenika rizika - vaZznost ishranjenosti kod kroni¢nih

bolesti
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When patients develop cartain cheonae dissases [e.q., cancer, COPDL, CHF or ESRF), the risk of mortality can be paradoxscally koweer in high BMI categornies,
CHF, chronic hear faillure; GOPD, chronic obstructive pulmonary disease; ESRF, end-slage renal failure; LBM, lean body mass. Adapted from [7°7]

Tan BH, Fearon KC. Cachexia: prevalence and impact in medicine. Curr Opin Clin Nutr Metab Care. 2008 Jul;11(4):400-7. doi: 10.1097/MC0.0b013e328300ecc.

PMID: 18541999.
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Vaznost primjerenosti onkoloskog lijecenja na ishod i kaheksiju - oprez!
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Thakir TM, Wang AR, Decker-Farrell AR, Ferrer M, Guin RN, Kleeman S, Levett L, Zhao X, Janowitz T. Cancer therapy and cachexia. J Clin Invest. 2025 Aug 1;135(15):191934. doi:
10.1172/JCI1191934. PMID: 40759570; PMCID: PMC12321403.



Definitivha potreba ranog prepoznavanja tm. kaheksije: biomarkeri ?

Cao Z, Zhao K, Jose |, Hoogenraad NJ, Osellame LD. Biomarkers for Cancer Cachexia: A Mini Review. Int J Mol Sci. 2021 Apr 26;22(9):4501. doi: 10.3390/ijms22094501. PMID: 33925872;
PMCID: PMC8123431.



Stanicno porijeklo biomarkera

oo s e e v s s oo . Biomarkers ?
|
Niti jedan pojedinacni biomarker nije dovoljan! Availability of testing

Validated status

Reliability
7 Reliability in all patients and cancers
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Cao Z, Zhao K, Jose |, Hoogenraad NJ, Osellame LD. Biomarkers for Cancer Cachexia: A Mini Review. Int J Mol Sci. 2021 Apr 26;22(9):4501. doi: 10.3390/ijms22094501. PMID: 33925872;
PMCID: PMC8123431.



Sazetak potencijalnih biomarkera
Niti jedan pojedinacni biomarker nije dovoljan!

Table 1. Summary of potential biomarkers.

Potential Biomarkers !

Origin
Cachexia-inducing factors ActA, MSTN, GDF15, PTHrP, ZAG, Ang II, MURF-1, Atrogin-1
Inflammatory factors TNF-«, IL-6, IL-1/3, IL-8, MICP-1, CRP, Albumin
Muscle and fat wasting products B-dystroglycan, Glycerol, FFA, HCERs, LCERs
MicroRNAs MicroRNA-21, MicroRNA-203, MicroRINA-130a
Other factors CNDTI1, TIMP-1

L ActA (Activin A), MSTN (Myostatin), GDF15 (Growth/differentiation factor 15), PTHrP (Parathyroid Hor-
mone release Peptide), ZAG (Zinc-o2-glycoprotein), Ang II (Angiotensin IT), MURF-1 (muscle RING-finger
protein-1), MCP-1 (Monocyte chemoattractant protein-1), CRP (C-reactive protein), FFA (Free fatty acid), HCERs
(Hexosyl-ceramides), LCERs (Lactosyl-ceramides), CNDP1 (Carnosine dipeptidase 1), TIMP-1 (Tissue inhibitor

of metalloproteinases-1).

Neshan M, Tsilimigras DI, Han X, Zhu H, Pawlik TM. Molecular Mechanisms of Cachexia: A Review. Cells. 2024 Jan 29;13(3):252. doi: 10.3390/cells13030252. PMID: 38334644; PMCID

PMC10854699.



Ponsegromab, GDF-15 i tm. kaheksija, Groarke JD et al, NEJM 2024.

The NEW ENGLAND
JOURNAL o MEDICINE

DECEMBER 19/26, 2024

Ponsegromab for the Treatment of Cancer Cachexia

John D. Groarke, M.B., B.Ch., M.P.H., Jeffrey Crawford, M.D., Susie M. Collins, M.Sc.,

GDF-15: growth differentiation factor 15 is a
circulating cytokine.

METHODS:

- phase 2, 12-week trial.

- patients with cancer cachexia and an elevated
serum GDF-15 level (21500 pg per milliliter) in a
1:1:1:1 ratio to receive ponsegromab at a dose of
100 mg, 200 mg, or 400 mg or to receive placebo,
administered subcutaneously every 4 weeks for
three doses.

- The primary end point was the change from
baseline in body weight at 12 weeks. Key
secondary end points were appetite and cachexia
symptoms, digital measures of physical activity,
and safety.

Baracos VE. Cancer Cachexia and the Brain Stem. N Engl J Med. 2024 Dec 19;391(24):2373-2376.
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Ponsegromab rezultati: promjena tjelesne tezine u odnosu na pocetnu vrijednost nakon 12 tjedana

Treatment Policy On-Treatment
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Groarke JD, Crawford J, Collins SM, Lubaczewski S, Roeland EJ, Naito T, Hendifar AE, Fallon M, Takayama K, Asmis T, Dunne RF, Karahanoglu |, Northcott CA, Harrington MA,
Rossulek M, Qiu R, Saxena AR. Ponsegromab for the Treatment of Cancer Cachexia. N Engl J Med. 2024 Dec 19;391(24):2291-2303. doi: 10.1056/NEJMo0a2409515. Epub 2024 Sep
14. PMID: 39282907.



Osvrt: Ponsegromab for the Treatment of Cancer Cachexia. N
Engl J Med. 2024.

* Lije€enje na temelju biomarkera GDF-15!

* GDF-15 vs. multifaktorijalnost patogeneze kaheksije i multifaktorijalnost
citokina!

* VVremenska primjena ponsegrumaba (u studiji 3 mj.), sto i kako nakon toga?

* Farmakoekonomika?
* Ponsegromab vs. megestrol acetat, pripravci s omega-3 m. kiselinama



Lijecenje kaheksije u zakljucku: rano uocavanje i multimodalni pristup
(za sada suportivno)

LijeCenje kaheksije?
Multimodalno
Opcenito:
kalorijska suplementacija

glukokortikoidi ﬁ:p
megestrol acetat
kanabis

vjezbanje

antipsihotik olanzapin
antidepresiv mirtazapin

100 | — = = = = = = = = = = - m m — m m ——— ———————————— - -
f? Exercise program

Anti-inflammatory treatment

fb Anti-anemia treatment

ﬁ:b Best supportive care

ﬁ:> | Nutritional support |

Farmakolosko ciljano spec.:
omega-3 m. kis (EPA, DHA)
celecoxib - inhibitor COX-2
talidomid

anamorelin - grelin mimetic fb Early intervention
infliksimab > anti-TNFa Eficacy of Nutmadal

tocilizumab > anti-IL-6 Diagnostic awareness Therapy for Cancer Cachexia
ponsegromab > anti-TGF 15

I Multidisciplinary team

Therapeutic efficacy

r Anti-tumour treatment |

Singh AV, Ahmad F, Neem SS. Cancer chemotherapy-induced cachexia: the orphan disease .IJPSR 2025; 16 (9): 2430-41.
DOI: 10.13040/1JPSR.0975-8232.16(9).
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