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Kanser hastalari 6zellikle
malnltrisyon acisindan yuksek risk
altindadir.

e Hastalik ve uygulanan tedaviler
beslenme durumlarini olumsuz
ekiler

» Kanserli hastalarin %10-20'sinin
oltimlerinin maligniteden cok

malnutrisyona baglanabilecegi
tahmin edilmektedir.




Kaseksi (Cachexia)

Kakos (Kotl) + Hexis (Durum)

[skelet kas kiitlesinin, yag kayb1 gerceklessin ya da gerceklesmesin, siirekli,
bilinen beslenme destekleri ile tam olarak diizelmeyecek sekilde kaybi ve
fiziksel 1slevlerde gerileme ile karakterize bir sendrom olarak tanimlanmuistir.

* Mulnutrisyon

* Kilo kaybi

* Anorexia

* Inflamasyon

* insilin resistansi

* Azalmis fiziksel aktivite

* Bagirsak mikrobiyatasinda bozulma
* Kas ve yag kutlesi kaybi




Kanser Kaseksisi ve Malnutrisyon

- Kanser hastalarinda
-% 19 ila 71 arasinda
degisen oranlarada gorulGr

- Tumor tipi
- Yas
- Evre

Reports of malnutrition prevalence in hospitalized patients with cancer.

Study, country Cancer type Malnutrition prevalence
Attar et al,, 2016 [6] Upper 52% of patients on
France gastrointestinal chemotherapy
Planas et al., 2016 [5] Multiple types 34% at hospital admission,
Spain 36% at discharge
Fukuda et al., 2015 [20] Gastric 19% of those hospitalized
Japan for gastrectomy
Maasberg et al., 2015 [21] Neuroendocrine 25% at risk or actually
Germany malnourished
Silva et al., 2015 [17] Multiple types 71%, with 35% moderate
Brazil and 36% severe
Hebuterne et al., 2014 [4] Multiple types 39% overall prevalence,
France varying by cancer type
Aaldriks et al,, 2013 [19] Advanced 39% in patients >70 years,
Netherlands colorectal prior to chemotherapy
Freijer et al., 2013 [18] Multiple types 30% in patients >18
Netherlands and <60 years old

39% in patients >60 years
Pressoir et al., 2010 [1] Multiple types 31%, with 12% rated as
France severely malnourished
Wie et al., 2010 Multiple 61% of all patients, varying
Korea [2] by cancer type and stage

J. Arends et al. Clinical Nutrition 36 (2017) 1187e1196



Kaseksi evreleri

Precachexia Cachexia Refractory cachexia

Normal Death

Weight loss < 5%
Anorexia and
metabolic change

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

Low performance score

< 3 months expected survival

Weight loss > 5% or

BMI < 20 and weight

loss > 2% or sarcopenia
and weight loss > 2%
Often reduced food intake,
systemic inflammation



Kaseksi gelisimi

 TuUmorun lokal etkileri ve uygulanan
tedaviye bagl gelisen beslenme
bozukluklari

e Tumor ve konakgi tarafindan salinan

7 Effectsof

sitokinler sonucu gelisen Cauid

and its

inﬂamaSyOn / I\ treatmént /
Inflammation .‘

e Bitkinlik ile birlikte fiziksel aktivitenin
azalmasi




® Acute phase response
@ Steatosis
® Ketone production




Kaseksi 6zellikle kanser kaseksisi siklikla
o Oral alimdan bagimsizdir.
o Son donem hastaligin dogal bir bileseni olup,

o Tek basina nutrisyon destegi ile geri dondurilemez.

Kanser kaseksisinde anti-timoral tedavi uygulanmadigi
surece, nutrisyon destegi ile tabloyu geri dondirmek
mumkin gérinmemektedir.



Metabolik degisiklikler

= Laktatin glukoza dontistimi hizlanir
» Glukoz intoleransi
= [nsiilin direnci

= Kortizol ve glukagon diizeyleri artar

Karbonhidrat metabolizmasi

Protein Metabolizmasi

Yag metabolizmasi




Santral Sinir Sistemi

* Hipotalamus, hipofiz , adrenal aks
* Hypothalamic neuropeptide Y (NPY) i§tah T
* Agouti gene-related protein (AgRP) néronlari

* Proopiomelanocortin (POMC) istah
* Cocaine and amphetamine-regulated transcript (CART) noronlari 3td 1

* Pro-inflammator Sitokinler
* NPY/ AgRP noronlarinin inaktivasyonu
 POMC/CART noronlarinin aktvasyonu
* Corticotrophin-releasing faktor ekspresyonunda artis
* Mide bosalmasinda gecikme, albimin konsantrasyonunu dustirme ve lipolizi artirma

e Paratiroid hormonu ile iliskili proteinin (PTHrP)
* Mide bosalmasinda gecikme, gida aliminda azalma ve Kas kitlesi kaybi



Santral Sinir Sistemi

* Gherelin, acliga yanit olarak mideden salgilanan ve gida alimini uyaran
bir néropeptit hormonudur.
* Reseptorleri bluyime hormonu reseptorleridir ve hipotalamus ve hipofiz
bezinde eksprese edilir.
* Yag dokusu arttirilmasi ve kas atrofisinin dnlenmesini saglar

* |L-1B, IL-6 ve TNF-a duzeylerini azaltarak, antiinflamatuar sitokin IL-10"u
arttirarak inflamasyonu baskilar.

* NF-kB aracili ubikuitin-proteazom yolagini inhibe ederek kas kutlesinin

azalmasini onler
Brain

* Inflammation
* Increased —
ghrelin resistance



Yag dokusu

* Beyaz yag dokusu (WAT) ve kahverengi yag dokusu (BAT), metabolik
homeostazin korunmasinda 6nemli rol oynar.

* Kanser kaseksisi olan hastalarda AT'deki metabolik ve histomorfolojik
degisiklikler kas kaybina neden olur.

Adipose Tissue >
« WAT browning @

+ Inflammation \
 Lipolysis -/A



Yag dokusu

* TNF-a'nin inflamasyonu indiklemesi ile
* Yag dokuda diizeyi artarak yag dokusu ve kas kaybina yol acar
 GLUT4 ekspresyonunu azaltir ve iskelet kaslarinin glikoz aliminin azaltir

* Beyaz yag dokusunun kahverengilesmesi, sistemik ve lokal katabolik
duruma yol acarak sonucta lipolizi ve adipokin salgilanmasini indukler.

e Parathyroid hormone-related protein (PTHrP)

* Lipolizi indikleyen ve UCP1'i aktive eden bir enzim olan protein kinaz A'nin
(PKA) fosforilasyonunu indukler, boylece beyaz yag dokusunun
kahverengilesmesini ve termojenezi arttirir.

* Peroxisome proliferator activated receptor gamma (PPARYy) aktivitesinin
inhibisyonu yoluyla adiposit farklilasmasini inhibe eder



Immiin Sistem

* Immiuin Sistem hicreleri pro-kasektik veya anti-kasektik ajanlar olarak
islev gorebilir.
e Artan TNF-a, IL-1, IL-6, IL-8 ve IL-10 seviyeleri
* Enerji harcamasinin artmasina

* |stah kaybina
e Kas atrofisine neden olur

* TNF- o
e UPS'i etkinlestirir
* E3 ligaz yolunun aktive eder
e Apopitozisi indukler

Iskelet ve kalp
kasinda atrofi




Immun Sistem

* CD4+ T hucrelerinin kas liflerini atrofiden korudugu bilinmektedir.

* CD8+ T hucrelerinin, ubikuitin-proteozom, katabolik yolaklar, apoptoz
ve otofaji gibi kas kutlesinin korunmasini diizenleyen cesitli sinyal
yollariyla ters iliskili oldugu gdsterilmistir.

* |L-10 antiinflamatuar etki gosterir



Kalp Kasl

* Mitokondri tarafindan kalsiyumun salinmasi,

e Chytochrome C'nin salgilanmasini uyarir ve mitokondriyal homeostazin
bozulmasina yol acar.

* Apoptotik proteaz aktive edici faktor-1 (Apaf-1) ve pro-caspase-9 ile apopitoz baslatici
bir kompleks olusturarak kaspazlari aktive eder.

* Pro-caspase-9'un aktivasyonu, Caspase kaskadini baslatan pro-kaspaz-3'in
aktivasyonuna yol acar

* Otofaji, artan enerji tuketimi ve proteoliz gibi metabolik degisiklikler,
e Kalp kasinin oksidatif kapasitesinin azalmasina
* Mitokondriyal homeostazisin bozulmasina e
 Kas atrofisine neden olur ® Atrophy

® Fibrosis

® Impaired function



Gastrointestinal Sistem

* Bagirsak mikrobiyotasi
e Besinlerin kullaniminda
* immin sisteminin maturasyonunda
* Enfeksiyonlara karsi direncte
e Konak metabolizmasinda énemli bir rol oynar.

* Disbiyosis; Bagirsak bilesimindeki ve mukozal bariyerin
bilesenlerindeki degisiklikler, mikrobiyotanin olagan dengesini
degistirir ve bagirsak gecirgenliginde artis eslik eder.

* Proinflamatuar bakteriyel translokasyondaki artis

 Sistemik inflamasyon ve endotoksemi Gut

* Malaabsorbsiyon o
* Diyare @ Malabsorption



« Inflammation

Adipose Tissue

* WAT browning @
N

« Lipolysis o A

P/

Immune system

000

Free fatty acid /
Muscle wasting
—
Skeletal Muscle
« Proteolysis
« Catabolism

Cardiac muscle

* Atrophy
» Decreased
innervation

« inflammation

IL-1, IL-8,
IL-6, IL-10

Anorexia

« Oxidative stress
« Denervation Brain

« Inflammation
* Increased
ghrelin resistance

Gut R
« Altered ghrelin %
production

« Inflammation

Setiawan et al. Journal of Hematology & Oncology (2023) 16:54



Iskelet kasi homeostazisini diizenleyen hiicresel
volaklar

= Anabolik
= Katabolik



Anabolik Yolaklar

* MmTOR
e insulin ve IGF1-AKT
e BMP/Smad1/5/8

Protein synthesis
ANABOLIC Wﬂ

Setiawan et al. Journal of Hematology & Oncology (2023) 16:54



MTOR

Regulator Signaling implicated Function

mTORCT 56 kinase phosphorylation Regulates protein synthesis
FGF21 induction and mitochondrial biogen-  Regulates muscle growth and positively
esis associated with muscle mass

mTORC2 Phosphorylates PKB/Akt on Ser473 Requlates glucose and lipid homeostasis



Insulin ve IGF1-AKT

Regulator

IGF1

AKT

Plakoglobin

Signaling implicated

mTOR activator
P13K/AKT activation
Suppression of MuRF1 and Atrogin-1

Inhibits the NF-kB pathway and the FoxO
protein

Activation of PI3K-AKT-FoxO signaling

Function

Regulates protein synthesis and degradation,
cellular proliferation, glucose uptake, and
energy production

Regulates muscle growth

Controls muscle growth and metabolism



BMP/Smad1/5/8

Regulator Signaling implicated Function

BMP Smad1/5/8 phosphorylation Positive requlator of muscle mass growth
BMP7 Activation of Smad1/5/8 signaling Requlates protein synthesis



Katabolik Yolaklar

Myostatin corticoids e IL-6 IL-18 TNF -a PIF
W © e W) &) & &
1000 QOOPOOCOCOOHED
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f mea?m‘mpm
* Ubiquitin—proteasome system L S G e
* Inflamatuar Sitokinler

* NF-kB &> @-@
+ IL-6-JAK-STAT3
* Cell autophagy/lysosomal pathway (ALP) """"31“"“" /

e Ca2+ activated degradation ops poptosis | | G dependent

\\//

Muscle atrophy
v CATABOLIC

MAFbx and MURF1

Setiawan et al. Journal of Hematology & Oncology (2023) 16:54



Ubiquitin—proteasome system

Regulator Signaling implicated Function

Myostatin Represses the Akt/mTOR pathway; activates  Positive regulator of protein breakdown
Activin A SMAD2 and SMAD3 transcription; upregu-
lates MuRF1, MAFbx/Atrogin1, and FOXO

expression

Induces BMP inhibitor Noggin expression BMP activity inhibitor in muscle fibers and
motor nerves

Smad2/3 Regulates myostatin and activin A expression  Negative regulators of muscle growth



Inflammatory cytokines

Regulator Signaling implicated Function

TNF-a NF-kB activation; involved in the ubiquitin Positive regulators of proteolysis of skeletal
conjugation and proteasomal degradation ~ muscle proteins
of iKb

induces the expression of ubiquitin genesin  Stimulates both reactive oxygen production

the UPS and activates the p38 MAPK pathway and general activity of the ubiquitin-conju-
gating pathway



NF-kB

Regulator Signaling implicated

NF-«B IGF1 inhibitor
Suppresses MyoD expression

Increases MuRF1 expression

iINOS/NO pathwayregulator

NIK increases the levels of atrophy markers

Function

Regulator of muscle cell death and specific
transcriptional regulation

Positive regulators of proteolysis of skeletal
muscle proteins

Negative regulator of skeletal muscle growth



IL-6-JAK-STAT3

Regulator

STAT3

IL-6

Signaling implicated Function

Stimulates mitochondrial respiration Promotes myogenic lineage progression in
muscle stem cells

Increase expression of myostatin, MAFbx, and Regulates skeletal muscle mass in myofibers
MURF1

Activation of the IkB kinase (IKK)/NF-kB Positive regulators of apoptosis
signaling pathway

Stimulates C/EBPS expression and activity

Induces STAT3 phosphorylation Positive regulators skeletal muscle proteolysis
Activation of IL3

AMPK activation and suppression of mTORC1
activation

Induces BMP inhibitor Noggin expression Negative regulator of BMP activity in muscle
fibers and motor nerves



Cell autophagy/lysosomal pathway (ALP)

Regulator Signaling implicated Function
BNIP3A Autophagy mediators Selective elimination of damaged organelles
and degradation of misfolded proteins
LC3B Driver of skeletal muscle proteolysis
FOXO3 Main transcription factor that induces Regulates the expression of autophagy
autophagy genes

Reduces IGF1/PI3K/AKT signaling pathway Positive regulator of ALP
activity via mTOR and transcriptional depend-
ent mechanisms

ATG7 Regulator of p38 MAPK pathway



Ca2+ -activated degradation

Regulator Signaling implicated Function
Calcium Regulates the binding of calpastatin to Calpain activity inhibitor
calpain
Regulation of glucocorticoid Driver of skeletal muscle proteolysis
Calpains Cleaves myofibrillar proteins Disrupt sarcomeres
Proteolysis- Induces a high accumulation of Ca** Positive regulator Ca**-dependent degrada-
inducing factor tion system

(PIF)



Catabolic state
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TUMOR HUCRELERI
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iMMUN SISTEM
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Sonuc

e Kaseksi, kanser hastalarinin cogunda gorulen bir sendromdur.
* Yasam kalitesinde bozulmaya ve sag kalimda azalmaya neden olur.

 Erken donemde kanser tanisi alan tum hastalarda beslenme durumu
degerlendirilmelidir.

* Erken mudahale ve destekleyici bakim, antikanser tedavinin klinik
sonuclarini iyilestirebilir

* Uygun beslenme destegi ve farmakolojik tedavi yaklasimlari bu
hastalarda yasam kalitesi ve sagkalim artisi saglayabilir.
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