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Resources – clinical guidelines

Lung cancer
§ ESMO Clinical Practice Guidelines, 2023

Hendricks LE et al., ESMO 2023: PMID: 36872130, 36669645

§ NCCN Clinical Practice Guidelines in Oncology, 2023
Version 3.2023, 04/13/23 © 2023 National Comprehensive Cancer Network® (NCCN®)

Cancer cachexia and malnutrition
§ Definition and classification of cancer cachexia, 2011

Fearon K et al., Lancet Oncol. 2011: PMID: 21296615

§ Cancer cachexia in adult patients, 2021
Arends J et al., ESMO open. 2021: PMID: 34144781

§ ESPEN guideline: Clinical Nutrition in cancer, 2021
Muscaritoli M et al., Clin Nutr. 2021: PMID: 33946039

https://doi.org/10.1016/s1470-2045(10)70218-7
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
https://doi.org/10.1016/s1470-2045(10)70218-7
https://doi.org/10.1016/j.esmoop.2021.100092
https://doi.org/10.1016/j.clnu.2021.02.005
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Sung H et al. Global cancer statistics 2020: GLOBOCAN. CA Cancer J Clin 2021

Worldwide cases in 2020Lung
Source: Globocan 2020

Number of new cases in 2020, both sexes, all ages

Total: 19 292 789 cases
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Colorectum

1 931 590 (10%)

Prostate

1 414 259 (7.3%)

Stomach

1 089 103 (5.6%)
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Number of deaths in 2020, both sexes, all ages

Total: 9 958 133 deaths
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Oesophagus

544 076 (5.5%)
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Cancer incidence and mortality statistics worldwide and by region

Incidence Mortality

Both sexes Males Females Both sexes Males Females

New cases
Cum. risk

0-74 (%)
New cases

Cum. risk

0-74 (%)
New cases

Cum. risk

0-74 (%)
Deaths

Cum. risk

0-74 (%)
Deaths

Cum. risk

0-74 (%)
Deaths

Cum. risk

0-74 (%)

Eastern Africa 7 419 0.42 3 970 0.49 3 449 0.36 6 758 0.39 3 611 0.45 3 147 0.33
Middle Africa 2 037 0.29 1 270 0.41 767 0.18 1 897 0.27 1 184 0.38 713 0.17

Northern Africa 23 179 1.32 19 310 2.29 3 869 0.40 20 728 1.19 17 295 2.06 3 433 0.36
Southern Africa 9 178 2.05 6 283 3.24 2 895 1.13 7 939 1.80 5 408 2.83 2 531 1.01
Western Africa 4 175 0.26 2 449 0.32 1 726 0.21 3 849 0.25 2 262 0.30 1 587 0.20

Caribbean 11 058 2.10 6 670 2.73 4 388 1.54 10 079 1.89 6 230 2.54 3 849 1.32
Central America 9 934 0.61 5 798 0.79 4 136 0.46 9 236 0.56 5 499 0.74 3 737 0.41

South America 76 609 1.64 44 878 2.12 31 731 1.23 67 312 1.42 39 106 1.80 28 206 1.08
Northern America 253 537 3.99 129 086 4.32 124 451 3.70 159 641 2.29 83 945 2.61 75 696 1.99

Eastern Asia 1 012 021 4.14 670 827 5.66 341 194 2.65 841 174 3.38 558 235 4.67 282 939 2.12
South-Eastern Asia 123 309 2.02 85 795 3.06 37 514 1.10 109 520 1.81 76 521 2.76 32 999 0.97
South-Central Asia 121 369 0.80 88 130 1.17 33 239 0.42 109 356 0.72 79 920 1.06 29 436 0.37

Western Asia 58 437 2.93 47 146 4.99 11 291 1.01 52 467 2.71 42 542 4.69 9 925 0.87
Central and Eastern Europe 151 632 3.49 111 986 6.26 39 646 1.46 130 596 2.97 96 769 5.39 33 827 1.20

Western Europe 146 460 4.07 89 646 5.05 56 814 3.15 113 524 2.91 72 486 3.80 41 038 2.09
Southern Europe 104 391 3.61 74 009 5.38 30 382 2.00 85 635 2.71 61 692 4.10 23 943 1.44
Northern Europe 75 051 3.63 39 413 3.96 35 638 3.33 54 421 2.39 29 072 2.67 25 349 2.13

Australia and New Zealand 15 587 3.06 8 372 3.33 7 215 2.80 10 791 1.89 6 104 2.14 4 687 1.65
Melanesia 918 1.63 588 2.22 330 1.09 798 1.41 515 1.93 283 0.93
Polynesia 268 4.90 188 6.91 80 2.87 229 4.16 157 5.76 72 2.56

Micronesia 202 4.38 129 5.96 73 2.92 194 4.20 126 5.86 68 2.66
Low HDI 16 418 0.40 9 713 0.51 6 705 0.31 15 108 0.37 8 987 0.48 6 121 0.28

Medium HDI 165 943 0.96 116 316 1.39 49 627 0.55 149 887 0.87 106 011 1.27 43 876 0.48
High HDI 1 047 707 3.21 697 411 4.51 350 296 1.99 918 661 2.81 610 626 3.95 308 035 1.74

Very high HDI 975 665 3.68 611 867 4.96 363 798 2.54 711 630 2.49 462 513 3.54 249 117 1.55
World 2 206 771 2.74 1 435 943 3.78 770 828 1.77 1 796 144 2.18 1 188 679 3.08 607 465 1.34

Incidence, both sexes

Asia
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Africa

 (2.1%)

Mortality, both sexes

Asia
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Africa

 (2.3%)

5-year prevalence, both sexes

Asia

 (58.2%)
Europe

 (22.4%)

N.America*

 (12.6%)

LAC**

 (4.1%)

Africa

 (1.9%)

Population Number

Asia 1 315 136
Europe 477 534

*Northern America 253 537
**Latin America and the Caribbean 97 601

Africa 45 988
Oceania 16 975

Total 2 206 771

Population Number

Asia 1 112 517
Europe 384 176

*Northern America 159 641
**Latin America and the Caribbean 86 627

Africa 41 171
Oceania 12 012

Total 1 796 144

Population Number

Asia 1 515 321
Europe 582 924

*Northern America 328 224
**Latin America and the Caribbean 106 459

Africa 50 186
Oceania 21 677

Total 2 604 791
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http://doi.org/10.3322/caac.21660


Netter, Netter‘s Internal Medicine, 2008. 

Figure 78-1 Annual Mortality Rate (in Thousands).Figure 78-1 Annual Mortality Rate (in Thousands).

From Detterbeck FC, Rivera MP, Socinski MA, Rosenman JG (eds): Diagnosis and Treatment of  LungFrom Detterbeck FC, Rivera MP, Socinski MA, Rosenman JG (eds): Diagnosis and Treatment of  Lung
Cancer: An Evidence-Based Guide for the Practicing Clinician. Philadelphia, WB Saunders, 2001Cancer: An Evidence-Based Guide for the Practicing Clinician. Philadelphia, WB Saunders, 2001..

Annual death rate
in the US



60 Krebs in Deutschland Lunge

Tabelle 3.10.2
Erkrankungs- und Sterberisiko in Deutschland nach Alter und Geschlecht, ICD-10 C33 – C34, Datenbasis 2012

Erkrankungsrisiko Sterberisiko

Männer im Alter von in den nächsten 10 Jahren jemals in den nächsten 10 Jahren jemals

35 Jahren 0,1 % (1 von 1.600) 6,9 % (1 von 14) <0,1 % (1 von 2.600) 6,1 % (1 von 16)
45 Jahren 0,4 % (1 von 220) 6,9 % (1 von 14) 0,3 % (1 von 310) 6,2 % (1 von 16)

55 Jahren 1,5 % (1 von 66) 6,8 % (1 von 15) 1,1 % (1 von 87) 6,1 % (1 von 16)

65 Jahren 2,6 % (1 von 38) 5,8 % (1 von 17) 2,2 % (1 von 45) 5,5 % (1 von 18)

75 Jahren 3,0 % (1 von 34) 4,0 % (1 von 25) 2,8 % (1 von 35) 4,1 % (1 von 24)

Lebenszeitrisiko 6,8 % (1 von 15) 6,1 % (1 von 17)

Frauen im Alter von in den nächsten 10 Jahren jemals in den nächsten 10 Jahren jemals

35 Jahren 0,1 % (1 von 1.700) 3,4 % (1 von 29) <0,1 % (1 von 2.800) 2,9 % (1 von 35)

45 Jahren 0,3 % (1 von 300) 3,4 % (1 von 30) 0,2 % (1 von 450) 2,8 % (1 von 35)

55 Jahren 0,8 % (1 von 120) 3,1 % (1 von 32) 0,6 % (1 von 170) 2,7 % (1 von 37)

65 Jahren 1,1 % (1 von 89) 2,4 % (1 von 42) 0,9 % (1 von 110) 2,2 % (1 von 46)

75 Jahren 1,0 % (1 von 100) 1,5 % (1 von 69) 0,9 % (1 von 110) 1,5 % (1 von 68)

Lebenszeitrisiko 3,4 % (1 von 29) 2,8 % (1 von 35)

Abbildung 3.10.4a
Absolute Überlebensraten bis 10 Jahre nach Erstdiagnose,
nach Geschlecht, ICD-10 C33 – C34, Deutschland 2011 – 2012

Abbildung 3.10.4b
Relative Überlebensraten bis 10 Jahre nach Erstdiagnose,
nach Geschlecht, ICD-10 C33 – C34, Deutschland 2011 – 2012

Abbildung 3.10.3
Verteilung der T-Stadien bei Erstdiagnose nach Geschlecht (oben: inkl. fehlender Angaben und DCO-Fälle; unten: nur gültige Werte)
ICD-10 C33 – C34, Deutschland 2011 – 2012

keine Angaben
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Low relative 5-year survival

Ø22 % Women
Ø17 % Men

Krebs in Deutschland 2017/2018, RKI 2021

Men Women Years

%

https://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebs_in_Deutschland/kid_2021/krebs_in_deutschland_2021.pdf?__blob=publicationFile
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Tabelle 3.12.2
Erkrankungs- und Sterberisiko in Deutschland nach Alter und Geschlecht, ICD-10 C33 – C34, Datenbasis 2016

Erkrankungsrisiko
Sterberisiko

Frauen im Alter vonin den nächsten 10 Jahren
jemalsin den nächsten 10 Jahren

jemals

35 Jahren
0,1 %(1 von 1.500)3,9 %

(1 von 25)< 0,1 %(1 von 3.700)3,1 %
(1 von 32)

45 Jahren
0,3 %

(1 von 340)3,9 %
(1 von 26)0,2 %

(1 von 520)3,1 %
(1 von 32)

55 Jahren
0,9 %

(1 von 110)3,7 %
(1 von 27)0,7 %

(1 von 150)3,0 %
(1 von 33)

65 Jahren
1,4 %

(1 von 70)2,9 %
(1 von 35)1,0 %

(1 von 97)2,5 %
(1 von 40)

75 Jahren
1,2 %

(1 von 87)1,7 %
(1 von 60)1,1 %

(1 von 94)1,6 %
(1 von 61)

Lebenszeitrisiko
 

3,9 %
(1 von 26) 

3,1 %
(1 von 32)

Männer im Alter vonin den nächsten 10 Jahren
jemalsin den nächsten 10 Jahren

jemals

35 Jahren
0,1 %(1 von 1.300)6,7 %

(1 von 15)< 0,1 %(1 von 3.100)5,9 %
(1 von 17)

45 Jahren
0,4 %

(1 von 270)6,7 %
(1 von 15)0,3 %

(1 von 380)5,9 %
(1 von 17)

55 Jahren
1,5 %

(1 von 69)6,6 %
(1 von 15)1,1 %

(1 von 88)5,8 %
(1 von 17)

65 Jahren
2,7 %

(1 von 37)5,7 %
(1 von 17)2,1 %

(1 von 48)5,2 %
(1 von 19)

75 Jahren
2,9 %

(1 von 35)3,9 %
(1 von 26)2,7 %

(1 von 37)4,0 %
(1 von 25)

Lebenszeitrisiko
 

6,6 %
(1 von 15) 

5,7 %
(1 von 17)

Abbildung 3.12.4
Absolute und relative Überlebensraten bis 10 Jahre 
nach Erstdiagnose, nach Geschlecht, ICD-10 C33 – C34, 
Deutschland 2015 – 2016

Abbildung 3.12.5
Relatives 5-Jahres-Überleben nach UICC-Stadium 
und Geschlecht, ICD-10 C33 – C34, Deutschland 2015 – 2016

Abbildung 3.12.3
Verteilung der UICC-Stadien bei Erstdiagnose nach Geschlecht, ICD-10 C33 – C34, Deutschland 2015 – 2016
(oben: inkl. fehlender Angaben und DCO-Fälle; unten: nur gültige Werte)

unbekannt

DCO

0%10%20%30%40%50%60%70%80%90%100%

17%
8%

22%
53%

14%10%
24%

52%

FrauenMänner
IIIIIIIV

20 40 60 80 100 Prozent

Jahre
Frauen abs. Überleben
Frauen rel. Überleben

Männer abs. Überleben
Männer rel. Überleben 10

8
6

4
2

0

20 40 60 80 100 Prozent

UICC-Stadium
Frauen Männer 

unbekannt
IV

III
II

I 75585342241753 1310

I 15%

9%

25%

52%

II

III

IV

Krebs in Deutschland 2017/2018, RKI 2021; Rami-Porta R et al, Staging Manual in Thoracic Oncology, IASLC, 2016.

Tumour stage distribution

http://doi.org/10.25646/8353
https://s3.us-east-1.amazonaws.com/fonteva-customer-media/00D3i000000D3mbEAC/qpDjqzbp_8th_staging_manual_2016_hi_res_pdf


Multidisciplinary team discussion

KONTAKTAUFNAHME 
MIT DEM UNIVERSITÄREN LUNGENKREBSZENTRUM 

AM UNIVERSITÄTSKLINIKUM LEIPZIG 

§ Pneumologie: 
�  Professor Dr. med. Hubert Wirtz, Leiter des universitären Lungenkrebszentrums 
�  Sekretariat : Frau Sylvia Böhme, Liebigstraße 20, Haus 4, 04103 Leipzig 
�  Telefon mit direktem Arztkontakt: 0341 – 97 20920 
�  Fax: 0341 – 97 12609 
�  E-Mail:  lunge@medizin.uni-leipzig.de 
�  www.uniklinikum-leipzig.de/Seiten/lungenkrebszentrum.aspx 

§ Thoraxchirurgie: 
�  Dr. med. Sebastian Krämer, stellvertretender Leiter des universitären Lungenkrebszentrums 
�  Telefon mit direktem Arztkontakt: 0341 – 97 20933 

WELCHE INFORMATIONEN UND UNTERSUCHUNGEN SIND ÜBER DEN LUNGENKREBS FÜR EINE 
BESTMÖGLICHE THERAPIE NOTWENDIG? 

§ Stadium (TNM) 

�  Größe des Krebs: 

 

�  Lymphknoten im Brustkorb 

�  Ausbreitung in andere Organe 
Ø  sog. Metastasen, vor allem Leber, Nebenniere, Knochen, Gehirn 
Ø  definiert spätes/fortgeschrittenes Stadium 

§ Die Art des Lungenkrebs ist therapieentscheidend (Histologie) 

Ø  z.B. Adeno-, Plattenepithel-, kleinzelliges Karzinom 

Ø  Gewebeentnahme aus dem Lungengewebe 

Ø  Von innen: 

Ø  Von außen: 

§ Alter, Fitness und Vorerkrankungen des Patienten 
Ø  wie COPD (Rauchen), Herzerkrankungen (Herzschwäche, 

Herzkranzgefäßverengung) 

WIE HÄUFIG IST LUNGENKREBS UND WER IST BETROFFEN? WIE  KANN ER SICH BEMERKBAR MACHEN? 

§ Kaum Frühsymptome, allgemeine Schwäche, Abgeschla-
genheit, Fieber 

§ Husten, Bluthusten, Schmerzen im Brustkorb, wiederkeh-
rende Lungenentzündungen, Luftnot 

§ Knochenschmerzen, neurologische Ausfälle 

Krebs in Deutschland 2011/2012, RKI 2015. 

 Das Robert Koch-Institut ist ein Bundesinstitut im Geschäftsbereich des Bundesministeriums für Gesundheit 

„Krebs in Deutschland” 2015 – Aktuelles zum Krebsgeschehen 
      

Bertz J., Wolf U., Barnes B., Kraywinkel K., Haberland J., Dahm S.  
Zentrum für Krebsregisterdaten (ZfKD), Robert Koch-Institute Berlin 

Im Jahr  2012 traten insgesamt 478.000 Krebserkrankungen in Deutschland auf 
(252.100 bei Männern und 225.900 bei Frauen). In den letzten Jahren nahm die 
Zahl der Krebserkrankungen um jährlich 1% bei Frauen und 2% bei Männern zu. 
Brustkrebs, die häufigste Krebserkrankung von Frauen in Deutschland (69.550), 
macht  mehr als 30%  aller neu auftretenden Krebskrankheiten aus. Die häufigste 
Krebskrankheit der Männer ist der Prostatakrebs (63.700) mit 25% aller entdeckten 
Krebskrankheiten. 

Brustkrebs  – Trends der altersstandardisierten Raten Prostatakrebs  –  Altersspezifische Inzidenz und Mortalität: 2003, 2012 

Methoden 
 
Die Daten der EKR in Deutschland der Diagnosejahre bis 2012 wurden 
dem RKI in anonymisierter Form übermittelt, auf Plausibilität und 
Vollzähligkeit geprüft und zusammenfassend ausgewertet. Die hier 
dargestellten Ergebnisse sind dem Bericht “Krebs in Deutschland” 2015 
entnommen.  

Seit den 1980er Jahren sind die Sterberaten an Prostatakrebs rückläufig, während 
die Erkrankungsraten infolge des vermehrten Einsatzes einer  Blutuntersuchung  auf 
Prostata-Spezifisches- Antigen (PSA-Test) zur Früherkennung zunahmen. Sowohl 
die aktuellen Sterberaten (Mort 2012, Fläche) wie auch die Erkrankungsraten (Inz 
2012, Linie) fallen aktuell niedriger aus als im Jahr 2003. 

Lungenkrebs  – Trends der altersstandardisierten Raten  

Die Sterberaten der Frauen haben sich seit 1980 nahezu verdoppelt, steiler als 
die Sterberaten sind die Erkrankungsraten in den 2000er Jahren angestiegen. 
Der steilere Anstieg der Inzidenz wird durch vergleichsweise günstigere 
Überlebensraten der Frauen unterstrichen. Die zeitliche Entwicklung von 
Mortalität und Inzidenz verläuft bei Männern im Vergleich zu der Entwicklung 
bei Frauen entgegengesetzt.  

Zusammenfassung 
 
Verlässliche Informationen zur Inzidenz von Krebs und deren 
zeitlichen Entwicklung (Trend) sind unverzichtbar, wenn das 
Ausmaß der Belastung unserer Gesellschaft durch Krebs 
beschrieben werden soll. Das gilt insbesondere, wenn 
Maßnahmen zur Minderung dieser Belastung (Prävention) 
unternommen und beurteilt werden sollen.  
Deshalb ist der Beitrag bevölkerungsbezogener Krebsregister 
zur Erforschung der Ursachen von Krebs und zur Verbesserung 
der Versorgung Krebskranker wichtig.  
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Einleitung 
 
Bevölkerungsbezogene (epidemiologische) Krebsregister erfassen,  
halten, verarbeiten, analysieren und interpretieren Daten über das  
Auftreten und die Häufigkeit von Krebs und deren zeitlichen Verlauf. 
Seit mehr als 20 Jahren berichtet das heutige “Zentrum für 
Krebsregisterdaten” Im Robert Koch Institut (RKI) regelmäßig über  
das Krebsgeschehen in Deutschland. Die Berichte beruhen auf  den 
Daten der epidemiologischen Krebsregister (EKR) der Bundesländer. 
Von insgesamt 16 Bundesländern tragen 15 zum aktuellen Bericht bei. 

Mit der Einführung des Mammographiescreening-Programms 2005 bis 2009 
sind die Erkrankungsraten zunächst  bis zu einem Maximum angestiegen und 
danach gefallen, während die Sterberaten im gesamten Zeitraum kontinuierlich 
zurückgingen.  

Männer Frauen 

WIE ERNST IST DIE DIAGNOSE? 

§  niedrige relative 5-Jahres-
Überlebensrate 

-  21 % bei Frauen 
-  16 % bei Männern 

60 Krebs in Deutschland Lunge

Tabelle 3.10.2
Erkrankungs- und Sterberisiko in Deutschland nach Alter und Geschlecht, ICD-10 C33 – C34, Datenbasis 2012

Erkrankungsrisiko Sterberisiko

Männer im Alter von in den nächsten 10 Jahren jemals in den nächsten 10 Jahren jemals

35 Jahren 0,1 % (1 von 1.600) 6,9 % (1 von 14) <0,1 % (1 von 2.600) 6,1 % (1 von 16)
45 Jahren 0,4 % (1 von 220) 6,9 % (1 von 14) 0,3 % (1 von 310) 6,2 % (1 von 16)

55 Jahren 1,5 % (1 von 66) 6,8 % (1 von 15) 1,1 % (1 von 87) 6,1 % (1 von 16)

65 Jahren 2,6 % (1 von 38) 5,8 % (1 von 17) 2,2 % (1 von 45) 5,5 % (1 von 18)

75 Jahren 3,0 % (1 von 34) 4,0 % (1 von 25) 2,8 % (1 von 35) 4,1 % (1 von 24)

Lebenszeitrisiko 6,8 % (1 von 15) 6,1 % (1 von 17)

Frauen im Alter von in den nächsten 10 Jahren jemals in den nächsten 10 Jahren jemals

35 Jahren 0,1 % (1 von 1.700) 3,4 % (1 von 29) <0,1 % (1 von 2.800) 2,9 % (1 von 35)

45 Jahren 0,3 % (1 von 300) 3,4 % (1 von 30) 0,2 % (1 von 450) 2,8 % (1 von 35)

55 Jahren 0,8 % (1 von 120) 3,1 % (1 von 32) 0,6 % (1 von 170) 2,7 % (1 von 37)

65 Jahren 1,1 % (1 von 89) 2,4 % (1 von 42) 0,9 % (1 von 110) 2,2 % (1 von 46)

75 Jahren 1,0 % (1 von 100) 1,5 % (1 von 69) 0,9 % (1 von 110) 1,5 % (1 von 68)

Lebenszeitrisiko 3,4 % (1 von 29) 2,8 % (1 von 35)

Abbildung 3.10.4a
Absolute Überlebensraten bis 10 Jahre nach Erstdiagnose,
nach Geschlecht, ICD-10 C33 – C34, Deutschland 2011 – 2012

Abbildung 3.10.4b
Relative Überlebensraten bis 10 Jahre nach Erstdiagnose,
nach Geschlecht, ICD-10 C33 – C34, Deutschland 2011 – 2012

Abbildung 3.10.3
Verteilung der T-Stadien bei Erstdiagnose nach Geschlecht (oben: inkl. fehlender Angaben und DCO-Fälle; unten: nur gültige Werte)
ICD-10 C33 – C34, Deutschland 2011 – 2012
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Computertomographie (CT) 

Positronen-Emissions-Tomographie (PET) 

Lungenspiegelung (Bronchoskopie) 

CT-gesteuerte oder Ultraschall-gesteuerte Punktion 

Krebs 

Bronchoskop 

Zange 

With far-advanced disease, structural changes result in chronic alveolar hypoxia, which in turn produces pulmonary hypertension and cor pulmonale
(see Fig. 23-2). These patients, described as “blue bloaters,” have cyanosis, edema, cardiomegaly, recurrent respiratory failure, hypoventilation, and
carbon dioxide retention (Fig. 22-3). Patients at this stage require frequent hospitalization and have a poor prognosis. The more obese patients may
have overlapping obstructive sleep apnea syndrome.

Figure 22-3 The Blue Bloater.Figure 22-3 The Blue Bloater.

Patients in whom emphysema predominates are hyperinflated, resulting in severe dyspnea, and are called “pink puffers” (Fig. 22-4). They maintain
relatively normal arterial oxygen and carbon dioxide tensions despite advanced lung disease but have clear evidence of systemic disease, including a
cachectic appearance with marked weakness, fatigue, and poor muscle function. Pink puffers are usually thin and barrel-chested without cyanosis or
edema, until the terminal stage of the disease. Most patients with COPD fall into a mixed bronchitis-emphysema clinical category (see Fig. 22-2).

Figure 22-4 The Pink Puffer.Figure 22-4 The Pink Puffer.

Differential DiagnosisDifferential Diagnosis

There is a considerable overlap between COPD and asthma. Both conditions are characterized by obstruction, airway inflammation, and bronchial
hyperresponsiveness, and there is an overlap in the response to inhaled β-adrenergic agonist bronchodilators. However, unlike obstruction in asthma,
the obstruction in COPD is not completely reversible, and the inflammation is characterized predominantly by neutrophil, macrophage, and CD8
cellular infiltrates rather than eosinophils and CD4 lymphocytes. Hyperresponsiveness, although greater than that in the general population, is not
nearly as marked as in asthma. Other obstructive lung diseases that may mimic COPD include bronchiectasis with dilation and inflammation of the
airways complicated by recurrent respiratory infections. Cystic fibrosis, an inherited disease primarily affecting children and younger adults, is
characterized by an abnormal sweat chloride test, susceptibility to repetitive infections with organisms like Pseudomonas aeruginosa, much thicker
mucopurulent secretions, and a lack of a relationship to cigarette smoking. Obliterative bronchiolitis with obstruction of the small airways is another
obstructive lung disease sometimes seen spontaneously, but it is also a complication of transplant rejection. This entity shares features with COPD, as
does panbronchiolitis, a small airway obstructive disease primarily seen in Asia.

Diagnostic ApproachDiagnostic Approach

A diagnosis of COPD warrants consideration in any patient who has symptoms of cough, sputum production, or dyspnea or a history of exposure to risk
factors. The diagnosis is usually confirmed by spirometry. The standards for staging by spirometry continue to evolve. The recent Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines used the presence of a postbronchodilator FEV1 of less than 80% of the predicted value in

combination with an FEV1/forced vital capacity (FVC) ratio of less than 70% to confirm the presence of airflow limitation that is not fully reversible. Clinical

symptoms and signs, including progressive shortness of breath, hyperinflation, and increased forced expiratory time, are useful to support the diagnosis.

The diagnosis of COPD should be considered in a middle-aged patient with symptoms of cough, sputum production, or dyspnea or a history of exposure
to risk factors. Women in their 50s are frequently misclassified as asthmatic. Spirometry confirms the diagnosis and is useful for assessing severity (Fig. 22-
5). Bronchodilator testing of reversibility is indicated to rule out asthma. The management of COPD is largely symptom driven, and there is a correlation
between the degree of airflow limitation and the presence of symptoms.

Figure 22-5 Pulmonary Function in Obstructive Disease.Figure 22-5 Pulmonary Function in Obstructive Disease.

FEF25-75%, forced expiratory flow, midexpiratory phase; FVL, forced vital capacity; FEV1, forced expiratory volume in 1 second; MEFV, maximal expiratory

flow volume; TLC, total lung capacity.

Quelle: Mitteldeutsche Zeitung 

Die Pneumologie hat sich in den letzten 40 Jahren aus den Tuberkulose Wald- und Berg-
sanatorien heraus langsam an den Universitätskliniken als zentrales Fachgebiet der Inneren 
Medizin etablieren können. Die vorliegende 4. Auflage des ersten deutschsprachigen Stan-
dardwerkes für klinische Pneumologie umfasst die breite Fächerung und die zunehmende 
Bedeutung der Erkrankungen der Atemorgane. Insbesondere wurden in Analogie zur Na-
mensergänzung der DGP in »Deutsche Gesellschaft für Pneumologie und Beatmungsmedi-
zin« die nichtinvasive Ventilation und das Versagen der Atempumpe bei Lungenkrankheiten, 
sowie neuromuskulären, thorakalen und zentralen Atemantriebsstörungen auch im Schlaf 
gebührend berücksichtigt. Die evolutionäre Spezialisation als Preis für jeden naturwissen-
schaftlichen Fortschritt wird auch unser Berufsbild in Zukunft nicht schonen (⊡ Abb. 1). Die 
darin schlummernden zentrifugalen Kräfte werden nur durch Zusammenarbeit im Rahmen 
der gesammten Medizin zum Wohle unserer Patienten gelöst werden können und nicht durch 
Omnipotenz einzelner Personen oder Fachgebiete. Auch der Pflege- und Heimversorgungs-
bereich wird im Zuge der immer komplexeren therapeutischen Aufgaben nicht um eine fach-
orientierte Spezialisierung (respiratory therapist etc) herumkommen.

Die Ausbildung von Medizinstudenten, Ärzten, Spezial- und Assistenzpersonal  wird 
in Zukunft weiterhin vermehrt von qualifizierten pneumologischen Einheiten an Schwer-
punktskrankenhäusern und Universitätskliniken mit selbständiger Forschung, Lehre und 
Krankenversorgung wahrgenommen werden müssen. Diesem Ziel soll dieser Band »Klinische 
Pneumologie« vermehrt zum Durchbruch verhelfen.

Für die Herausgeber möchte ich allen Autoren und Mitarbeiterinnen welche zum Gelin-
gen dieses Buches beigetragen haben meinen herzlichsten Dank aussprechen.

Universitätsprofessor Dr. med. Heinrich Matthys
Professor Dr. med. W. Seeger

Vorwort zur 4. Auflage

⊡ Abb. 1. Zentripetale und Zentrifugale Kräfte des breitgefächerten pneumologischen Fachgebietes
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Nuklearmedizin 
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Palliativmedizin 

Psychosoziale 
Onkologie 

Thoraxchirurgie 

Optimale 
Therapie des 
Lungenkrebs-

patienten 

INTERDISZIPLINÄRE ZUSAMMENARBEIT ZUM WOHLE DES LUNGENKREBSPATIENTEN 

CT-geführte Nadel zur 
Gewebeentnahme 

Ø  Größe des Lungenkrebs 
Ø  Befall und Anzahl von Lymphknoten 
Ø  Metastasen: ausgebreitete Erkrankung 

ALLGEMEINE BEHANDLUNGSSTRATEGIEN DES LUNGENKREBS 

Frühes Stadium 

Chirurgische Entfernung von 
Ø  Lungenkrebs mit 

Lungenlappen und 
Lymphknoten 

ggf. Nachbehandlung 
Ø  Chemotherapie 
Ø  Bestrahlung 

Voraussetzungen: Patientenwille, Therapiefähigkeit 

Genetische Veränderungen des Lungenkrebs 
(Mutation) 

Zielgerichtete Therapie 
Ø  tägliche Tablette 

Behandelbare molekulare 
Veränderungen: 

Ø  EGFR, ALK, ROS1, BRAF 

JA Nein 

Anteil der Krebszellen mit Immunmarker 
(PD-L1) 

hoch 
> 50% 

niedrig 
< 50% 

Immuntherapie 
Ø  Infusion 

ggf. mit Bestrahlung 

Chemotherapie 
Ø  Infusion 

ggf. mit Bestrahlung 

Regelmäßige Kontrollen... 
Ø  der Verträglichkeit der Therapie 
Ø  des Therapieerfolgs durch CT 

Rückgang der Erkrankung Erkrankung unverändert Zunahme der Erkrankung 

Fortführung dieser Therapie Individuelle Entscheidung... 

Ø  über Fortführung dieser Therapie 
Ø  über Kontrolle der Histologie durch erneute 

Gewebeentnahme / ggf. Blutentnahme 
Ø  über Wechsel der Therapie 

Operation möglich 

Voraussetzungen: 
Ø  Patientenwille 
Ø  Operationsfähigkeit 

 

Spätes Stadium 

Voraussetzungen: 
z.B. Patientenwillen, Stadium, Histologie, Fitness, Alter. 
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INTERDISZIPLINÄRE THERAPIEKONZEPTE 

LITERATUR: 
Die blauen Ratgeber, Lungenkrebs, publiziert durch Stiftung Deutsche Krebshilfe, Stand 2016. 

DGHO, Deutsche Gesellschaft für Hämatologie und Medizinische Onkologie e.V., Leitlinie Lungenkarzinom, Stand April 2017. 
ERS, European Respiratory Society , Monograph, publiziert Charlesworth Press, Wakefield, UK, Stand 2015. 

ESMO: European Society for Medical Oncology, publiziert in Annals of Oncology, Stand 2014. 
ACCP, American Chest College of Physician, Lung cancer guidelines, publiziert in CHEST, Stand 2013. 
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Abbildung 3.10.1b
Absolute Zahl der Neuerkrankungs- und Sterbefälle, 
nach Geschlecht, ICD-10 C33 – C34, Deutschland 1999 – 2012

Abbildung 3.10.1a
Altersstandardisierte Erkrankungs- und Sterberaten, 
nach Geschlecht, ICD-10 C33 – C34, Deutschland 1999 – 2012
je 100.000 (Europastandard)

Abbildung 3.10.2
Altersspezifi sche Erkrankungsraten nach Geschlecht, ICD-10 C33 – C34, Deutschland 2011 – 2012
je 100.000
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§ Medianes Erkrankungsalter: 

-  bei Frauen mit 68 Jahren 
-  bei Männern mit 70 Jahren 

LUNGENKREBS 

OPTIMALE THERAPIE DURCH INTERDISZIPLINÄRE ZUSAMMENARBEIT 

Respiratory medicine

Oncology

Nuclear medicine

RadiologyRadiotherapy

Palliative care

Thoracic surgery

Psycho-oncology

Multidisciplinary
decision-
making

Hardavella G, Frille A et al., Breathe, 2020
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•65-yo female patient, 
stage IV lung cancer

•Loss of appetite, bloated 

•Height 1,68 m, weight 50 kg, 
BMI 17,7 kg/m2

•Weight loss (6 months):
-10 kg (ca. 16%)
(60 kg à 50 kg)

•Laboratory workup:
CRP 20 mg/L (<5 mg/L),
Albumin 35 g/L (>30 g/L),



cd

ef

•60-yo female patient, 
stage IV lung cancer

•neither appetite, nor energy, 
bedridden 

•Height 1,65 m, weight 85 kg, 
BMI 31.2 kg/m2

•Weight loss (6 months):
-15 kg (ca. 15%)
(100 kg à 85 kg)

•Laboratory workup:
CRP 60 mg/L (<5 mg/L),
Albumin 25 g/L (>30 g/L),

•65-yo female patient, 
stage IV lung cancer

•Loss of appetite, bloated 

•Height 1,68 m, weight 50 kg, 
BMI 17,7 kg/m2

•Weight loss (6 months):
-10 kg (ca. 16%)
(60 kg à 50 kg)

•Laboratory workup:
CRP 20 mg/L (<5 mg/L),
Albumin 35 g/L (>30 g/L),



Definitions

Cederholm T et al., Clin Nutr. 2019: ESPEN guidelines on definitions and terminology of clinical nutrition

http://www.doi.org/10.1016/j.clnu.2016.09.004


§ Multifactorial syndrome, chronic disease-related malnutrition with inflammation

§ Ongoing and unintended loss of skeletal muscle mass (± loss of fat mass)

§ That cannot be fully reversed by conventional nutritional support

Ø Progressive functional impairment (ê mobility)
Ø Can be aggravated by tumor therapy
Ø ê quality of life
Ø é mortality

Fearon K et al, Lancet Oncol, 2011, Muscaritoli M et al., Clinical Nutrition, 2023

Cachexia – „bad condition“

https://doi.org/10.1016/s1470-2045(10)70218-7
https://doi.org/10.1016/j.clnu.2023.05.013


Fearon K et al, Lancet Oncol 2011

www.thelancet.com/oncology   Vol 12   May 2011 491
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artifi cial nutritional support are likely to outweigh any 
potential benefi t. Therapeutic interventions focus typically 
on alleviating the consequences and complications of 
cachexia—eg, symptom control (appetite stimulation, 
management of nausea or eating-related distress of 
patients and families).

Severity
The severity of depletion can be classifi ed according to 
the rate of ongoing loss of weight in combination with 
the concurrent degree of depletion of energy stores and 
body protein mass (which can be compounded by a low 
initial reserve). Thus, a fall of 5 kg/m² in BMI from an 
initial value of 22 has more severe implications than the 
same loss from an initial value of 35. Furthermore, a 
patient with a BMI of 30 and a history of weight loss is 
more at risk if muscle wasting has led to sarcopenia, and 
less at risk if muscle protein mass remains intact.33

Assessment
The following key features should be assessed to 
characterise a patient: anorexia or reduced food intake; 
catabolic drivers; muscle mass and strength; and eff ect of 
cachexia on the patient. An individualised management 
plan can then be based on the patient’s baseline 
characteristics and the mechanisms most likely to 
contribute to weight loss and their potential reversibility.

Anorexia or reduced food intake
The underlying factors contributing to reduced food 
intake should be assessed. These include decreased 
central drive to eat, chemosensory disturbances (eg, in 
taste and smell), decreased upper gastrointestinal motility 
(eg, early satiety and nausea), and distal tract dysmotility 
(after treatment of constipation). Food intake should be 
assessed routinely (especially protein). At a minimum 
this might be the patient’s own estimate of overall food 
intake in relation to normal intake. Quantifi cation of 
protein and calorie intake might sometimes be 
appropriate. Secondary causes of impaired food intake, 
such as stomatitis, constipation, dyspnoea, pain, and 
poor dietary habits should be recognised early, because 
they might prove readily reversible.

Catabolic drivers
A key but often variable component of cachexia is 
hypercatabolism caused by tumour metabolism directly, 
systemic infl ammation, or other tumour-mediated 
eff ects. The most widely accepted index of systemic 
infl ammation is serum C-reactive protein (CRP). 
However cachexia can exist without overt systemic 
infl ammation, so indirect indices refl ecting the catabolic 
drive such as responsiveness to chemotherapy and the 
rate of progression should also be assessed.

No consensus was reached about the usefulness of 
other factors contributing to catabolism.  These include 
insulin resistance, prolonged high-dose corticosteroid 

therapy, hypogonadism, and increased resting energy 
expenditure. Disagreement was not related to the 
relevance of these elements, which was agreed, but rather 
to the paucity of evidence, clinical practicality, and cost.

Muscle mass and strength
Although routine assessment of muscle mass and 
strength were advocated there was no clear consensus as 
to methodology. The order of preference for muscle mass 
assessment was cross-sectional imaging (CT or magnetic 
resonance imaging [MRI]), dual energy x-ray imaging 
(DEXA), anthropometry (mid-arm muscle area), and 
bioimpedance analysis. This last technique was regarded 
as only useful for group comparisons in patients without 
grossly altered body composition. For practical reasons 
in testing muscle strength, upper-limb hand-grip 
dynamometry was preferred to lower-limb extension 
strength testing.

Functional and psychosocial eff ects
Both physical functioning and components of the 
psychosocial eff ect should be assessed. To estimate the 
eff ect on physical functioning, routine assessment of 
physical activity is recommended. The method of choice 
was patient-reported physical functioning (eg, European 
Organisation for Research and Treatment of Cancer 
[EORTC] Quality of Life Questionnaire [QLQ]-C30 or 
patient-completed Eastern Cooperative Oncology Group  
questionnaire). The order of preference for other 
methods was physician reported activity (eg, Karnofsky 
score) followed by objective methodologies, such as 
activity meter and checklists of specifi c activities. The 
psychosocial eff ect of cachexia should also be assessed 
routinely by questions such as: “how much do you feel 
distressed about your inability to eat” or “have you 
experienced feelings of pressure, guilt or relational 
stress with regard to food intake and weight-loss”.

Figure 3 is a management algorithm based on the con-
sensus. Established tools, such as the Patient–Generated 
Subjective Global Assessment Instrument,35 can provide 

Figure 2: Stages of cancer cachexia
Cachexia represents a spectrum through which not all patients will progress. At present there are no robust 
biomarkers to identify those precachectic patients who are likely to progress further or the rate at which they will do 
so. Refractory cachexia is defi ned essentially on the basis of the patient’s clinical characteristics and circumstances. 
BMI=body-mass index.

Precachexia

Normal Death

Weight loss ≤5%
Anorexia and
metabolic change

Cachexia

Weight loss >5% or
BMI <20 and weight loss >2%
or sarcopenia and weight 
loss >2%
Often reduced food intake/
systemic inflammation

Refractory cachexia

Variable degree of cachexia
Cancer disease both procatabolic 
and not responsive to anticancer 
treatment
Low performance score
<3 months expected survival

Cachexia – consensus criteria

https://doi.org/10.1016/s1470-2045(10)70218-7


Martin L et al., Journal of Clinical Oncology, 2015.

BMI – weight loss – survival – correlation



Martin L et al., Journal of Clinical Oncology, 2015.

cancer diagnostic purposes offer a new opportunity to 
precisely quantify skeletal muscle and fat and to evalu-
ate their changes over time23. Because these images are 
almost never of the whole body, a convention has been 
adopted to use a single lumbar image anchored at the 
third lumbar vertebra as the cross-sectional areas of 
muscle, visceral fat and total fat in this area are highly 
correlated with whole-body volumes of these tissues. 
Using this approach, low levels of muscle mass associ-
ated with treatment complications and mortality have 
been characterized3,23. CT-defined skeletal muscle mass 
measurements have been increasingly reported in the 
literature (including >20,000 patients with  cancer to 
date since 2008), with calls for this approach to be used 
more widely97. Data are available in different diseases, 
cancer sites, cancer stages and ethnic groups; some 
provisional sex-specific cut-off values are available as 
benchmarks to identify patients with muscle deple-
tion23,93,98. These cut-off values have been determined 
using statistical methods to identify risks (such as mor-
tality, toxicity and quality of life) that emerge at specific 
threshold levels of skeletal muscle loss. As CT data con-
tinue to accumulate, these can be aggregated to develop 
sex-specific and age-specific reference values for skeletal 
muscle depletion3.

The specific abnormalities of metabolism that define 
cachexia in a given individual are not routinely assessed. 
Although pro-inflammatory cytokines signal catabolic 
effects via their tissue receptors in muscle, adipose  tissue 
and hypothalamic neurons, serum cytokine levels have 
been proven to be inconsistent as biological criteria 
in cachexia diagnosis. As a consequence, laboratory 
measures of the acute phase response (which involves 
proteins that are part of the innate immune system 
response to neoplasia) are used as surrogate indices 
of the inflammation-associated catabolic drive2,95. The 
acute phase response is characterized by leukocytosis, 
fever and changes in the plasma concentrations of pos-
itive acute phase proteins (namely, fibrinogen, α1-acid 
glycoprotein, serum amyloid A and C-reactive protein 
(CRP)) and negative acute phase proteins (namely, 
albumin and transferrin)99. Typical laboratory values 
associated with cachexia are albumin of <35 g per litre, 
transthyretin of <110 mg per litre and CRP of >10 mg 
per litre. Used alone or in composite indices such as the 
Glasgow Prognostic Score (which provides scores based 
on albumin (<35 g per litre), CRP (>10 mg per litre) 
or both), acute phase response proteins correlate with 
weight loss and are powerful prognostic indicators of 
tumour progression, survival and symptom burden in 
multiple cancers100,101. CRP testing is not routine every-
where, but neutrophil to lymphocyte ratios offer similar 
prognostic information102,103.

Various pro-cachectic mediators suggested by pre-
clinical investigations are being evaluated in patient 
populations at risk of cachexia. For example, PTHLH 
was shown to be independently prognostic for weight 
loss104, whereas increased levels of GDF15, IL-6 and IL-8 
are correlated with weight loss105. In the future, changes 
of inflammatory markers over time might also be useful 
as markers of the effectiveness of cachexia therapy106.

Screening
Cachexia screening is performed with the aim of increas-
ing awareness and enabling early recognition and treat-
ment. To detect cachexia at an early stage and to detect 
its acceleration, regular evaluation of weight change 
and BMI is needed, beginning at cancer diagnosis and 
repeated depending on the stability of the clinical situ-
ation. Cancer sites, stages and treatment plans with 
higher prevalence of cachexia are a priority for screening.

Height and weight are routine, if not mundane, clin-
ical measures, but the continuity of these measures over 
time is essential to avoid large cumulative weight loss 
going unnoticed. Screening for weight loss is performed 
as part of an evaluation of nutritional risk within clin-
ical nutritional services of cancer centres and is linked 
with nutritional therapy and monitoring of outcomes. 
Mandatory screening for weight loss in patients with 
cancer has been established in some countries13, with the 
intent of detecting in-hospital malnutrition. Screening 
can be efficient, brief and inexpensive. Patient-reported 
outcomes are of value in the assessment of various facets 
of cachexia; evidence supports the reliability of patient 
self-reported height, weight and weight history 13. 
Weight loss history and an index of food intake may be 
obtained directly or via validated nutritional screening 
tools13,107 (BOX 2).

Abnormal screening results alone do not provide 
enough information to design individualized cachexia 
care pathways. Patients with a history of substantial 
weight loss, therefore, need to be followed-up with specific 
assessments to determine the origin and severity of food 
intake impairment and metabolic derangements. Within 
the conventional organization of cancer care, clinical 
 services might exist that have aspects of the management 
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Figure 5 | Grading scheme for WL on the basis of risk 
of mortality in patients with advanced-stage cancer. 
The grading scheme was developed based on groupings 
of body mass index (BMI) and weight loss (WL), showing 
distinct median survival durations. The analysis was laid 
out in a 5 × 5 matrix representing 5 different WL categories 
within each of the 5 different BMI categories, producing 
25 possible combinations of WL and BMI. A multivariate 
survival model was adjusted for age, sex, cancer site, 
cancer stage and performance status. Grade 0 was 
assigned to the subgroups in the matrix with the lowest risk 
(longest survival), and grades 1–4 were assigned to the 
subgroups according to decreasing survival. Grades were 
developed based on 8,160 patients and an external 
validation cohort of 2,683 patients. Reprinted with 
permission. © 2017 American Society of Clinical Oncology. 
All rights reserved. Martin, L. et al. J. Clin. Oncol. 33 (1), 
90–99 (2015).
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Prevalence of weight loss in cancer patients

Baracos VE et al, Nature Reviews, 2018
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Metabolic characteristics of patients with lung cancer

Nein Ja
10-1

100

101

102

103

104

105

TL
G

 (S
U

V
*c

m
3 )

 L
og

10

✱✱✱

No Yes

To
ta

l l
es

io
n 

gl
yc

ol
ys

is

Nein Ja
10-2

10-1

100

101

102

103

104

M
TV

 (c
m

3 )
 L

og
10

✱✱✱

No Yes Nein Ja
10-2

10-1

100

101

102

103

104
✱✱✱

No Yes 0 1 2 3 4
10-2

10-1

100

101

102

103

104 ✱✱✱

0 1 2 3 4
10-1

100

101

102

103

104

105 ✱✱✱

Nein Ja
10-1

100

101

102

103

104

105 ✱✱✱

No Yes

M
et

ab
ol

ic
 tu

m
or

 v
ol

um
e

Cachexia BMI-WL gradeAnorexia

Frille A et al., in preparation



Lee K et al., The Korean Society of Radiology, 2019

DXA CT BIA

211

Body Composition Imaging for Sarcopenia

https://doi.org/10.3348/kjr.2018.0479kjronline.org

limited (37). In addition, the reliability of CT to evaluate 
quantitative and qualitative changes in fat and muscle mass 
has been well documented over the last 25 years (2, 43). 

Beyond the mere quantification of the muscle mass, CT 
can evaluate the quality of muscle based on identifying 

the fat portion within the muscle. For example, decreased 
attenuation indicates an increased fat portion within the 
muscle; gross fat infiltration can be separated from the 
muscle fibers. This aspect of CT also makes it suitable 
for assessment of fat infiltration in muscle, known as 

Fig. 4. Body composition evaluation CT image with artificial intelligence segmentation technique. 
In clinically acquired axial CT images at L3 vertebral body level TAMA, visceral fat area, subcutaneous fat area are segmented in 43-year-old male 
(A), and 55-year-old obese male (B). TAMA = total abdominal muscle area

A B

Fig. 3. Dual-energy x-ray absorptiometry results for body composition in healthy 47-year-old male. ASM is sum of lean muscle mass 
of both arms and legs. ASM is adjusted using height squared (ASM/ht2), weight (ASM/wt), or BMI (ASM/BMI). ASM = appendicular skeletal 
muscle, BMC = bone mineral content, BMI = body-mass index
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C. Physikalische Grundlagen der B.I.A.
Der elektrische Widerstand Z (Impedanz) eines Zylinders ist abhängig von seiner Länge L und seinem
Querschnitt A, gemäß der Formel Z = L/A .

Das Volumen eines Zylinders wird aus der Länge mal Querschnitt berechnet:

V = A x L

Die Formel Z = L / A kann zu A = L / Z umgestellt und in obige Formel eingesetzt werden; dabei entfällt A.
Die Formel lautet dann:

V = L2 / Z

So ist es möglich, nur durch Kenntnis über die Länge und den elektrischen Widerstand, den Inhalt eines
Zylinders berechnen.

Der menschliche Körper besteht messtechnisch aus 5 Zylindern (Arme, Torso, Beine), die elektrisch in Serie
geschaltet sind.

Auf den Menschen übertragen lautet die Formel daher:

Körperlänge2
Wassergehalt = Impedanz                bzw. 

Height2
Total Body Water = Impedance    , abgekürzt

Ht2
TBW = Z  

Diese Formel ist die Grundlage zur Berechnung des Körperwassers

GRUNDLAGEN

Abb. C1 Der Widerstand eines Zylinders

A

L

Z = L / A

wobei

Z = Impedanz
L = Länge des Leiters (cm)
A = Querschnitt (cm2)

Abb. C2 Das elektrische Schema des menschlichen Körpers 
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Role of the funding source
The sponsor of the study had no role in study design, 
data collection, analysis, interpretation, or writing of the 
report. CMMP, JRL, LM, and VEB had access to the raw 
data. The corresponding author had full access to all 
the data in the study and had fi nal responsibility for the 
decision to submit for publication. 

Results
Our initial cohort of 2115 patients included 325 (15%) 
obese patients. Notably, prevalence of obesity is aff ected 

by the trends in weight loss of the population. Many 
patients reported a history of weight loss in the 6 months 
preceding the assessment date, and had recently changed 
BMI category as a consequence. Although 15% of the 
inception cohort was obese on the assessment date, 
6 months earlier 571 (27%) patients had been obese, a 
decrease of 12%. 

Of patients classifi ed as obese, 250 had CT images that 
met the criteria for analysis (fi gure 1). The remaining 
75 patients were recorded as without assessable scans 
because they had no scans on record (n=27), a scan over 
30 days from the assessment date (n=23), L3 was not 
included in the scan (n=15), or their large size meant that 
they did not fi t in the scanner or had a substantial part of 
their images cut off  (n=10). 

The sex-specifi c cut-off s for L3 skeletal muscle index 
associated with mortality ascertained by optimum strati-
fi cation were 52·4 cm²/m² for men and 38·5 cm²/m² for 
women; patients below these values were classifi ed as 
having sarcopenia. Table 1 shows features of the 250 obese 
patients. Overall, of the 250 obese patients with assessable 
CT images, 38 (15%) had sarcopenia and 212 (85%) did 
not have sarcopenia. 

Mean muscle cross-sectional area, L3 skeletal muscle 
index, and estimated total body fat-free mass were 
diff erent between obese patients who had sarcopenia and 
those who did not have sarcopenia (p<0·0001; table 2). 
Muscle attenuation (in HU) was lower in obese patients 
who had sarcopenia, and this is suggestive of fatty 
infi ltration (ie, abnormal accumulation of fat droplets in 
the cell cytoplasm). Sarcopenic obesity was more 
prevalent in male patients compared with female patients 
(p=0·013), in those who had colorectal cancer compared 
with other cancer sites (p=0·019), and in patients aged 
65 years or older compared with younger patients 
(p=0·008; table 2). Sarcopenic obesity was independent 
of TNM stage and history of previous weight loss. 

Univariate analysis Multivariate analysis

Coeffi  cient (SE) Hazard ratio (95% CI) p Coeffi  cient (SE) Hazard ratio (95% CI) p

Sarcopenic obesity* 0·89 (0·24) 2·4 (1·5–3·9) <0·0001 1·42 (0·23) 4·2 (2·4–7·2) <0·0001

Functional status score† 0·96 (0·20) 2·6 (1·8–3·8) <0·0001 0·92 (0·20) 2·6  (1·7–3·7) <0·0001

Respiratory tract cancer‡ 1·08 (0·22) 3·0 (1·9–4·6) <0·0001 1·35 (0·26) 3·9 (2·3–6·4) <0·0001

Other cancer diagnosis‡ 1·00 (0·25) 2·7 (1·7–4·5) <0·0001 0·94 (0·27) 2·6 (1·5–4·4) 0·001

Stage IV cancer§ 1·08 (0·40) 2·9 (1·3–6·4) 0·007 1·25 (0·41) 3·5 (1·6–7·8) 0·002

Age¶ 0·31 (0·19) 1·4 (0·9–2·0) 0·102 .. .. ..

Sex 0·21 (0·19) 1·2 (0·9–1·8) 0·260 .. .. ..

Weight change||

≥10% loss –0·45 (0·45) 0·6 (0·3–1·6) 0·328 .. .. ..

No change** –0·77 (1·02) 0·5 (0·1–3·4) 0·450 .. .. ..

≥10% gain –0·29 (0·23) 0·8 (0·5–1·2) 0·217 .. .. ..

*Versus obese patients who did not have sarcopenia. †Versus patients with functional status scores 0–1. ‡Versus patients with colorectal cancer. §Versus stage I cancer. 
¶Versus patients aged <65 years. ||Versus no weight change. **No weight change or <10% loss or gain. A univariate and multivariate Cox regression model was used. Age, 
sex, and weight change were not signifi cant prognostic factors.

Table 3: Hazard ratios and 95% CIs for proportional hazards model assessing the eff ect of variables associated with survival 

Obese patients without sarcopenia
Obese patients with sarcopenia
p<0·0001

 Number at risk
 Obese patients with sarcopenia 38 14 4 1 0
 Obese patients without sarcopenia 212 102 52 25 0 
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Figure 3: Survival of obese patients who had sarcopenia and obese patients who did not have sarcopenia
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emotional function (HR1.05, P¼ 0.02), pain (HR1.05, P¼
0.004), anddiarrhea (HR0.99,P¼0.048) addedprognostic
information about survival.

Performance status and mGPS independently predicted
survival and were the strongest predictors of survival in
the test sample. This was confirmed in the validation
sample. Furthermore, performance status and mGPS
were consistently similar across both datasets. EORTC
PROs were not consistent prognostic factors across both
datasets.

The relationship betweenmGPS, performance status, and
survival in the test sample is shown in Fig. 1. Increasing
mGPS was significantly associated with poorer survival (P <
0.001). Worsening performance status was associated with
poorer survival (P < 0.001). These findings were supported
in the validation sample (Fig. 2). Increasing mGPS was
significantly associated with poorer survival (P < 0.001).
Worsening performance status was associated with poorer
survival (P < 0.001).

The relationship between themGPS, performance status,
and survival at 3months in the test sample is shown inTable
3. Survival at 3 months varied from 82% (mGPS 0) to 39%
(mGPS 2) and from 75% (PS 0–1) to 15% (PS 4). When
used in combination, survival ranged from 88% (mGPS 0,
PS 0–1) to 10% (mGPS 2, PS 4), P < 0.001. In all patients,
using 3-monthmortality as an endpoint, the area under the
receiver operator curvewas formGPS: 0.667 (95%CI, 0.64–
0.69; P < 0.001) and PS: 0.703 (95% CI, 0.68–0.73; P <
0.001).

The relationship between themGPS, performance status,
and survival at 3 months is confirmed in the validation
sample, shown in Table 4. Survival at 3months varied from
87%(mGPS0) to 46%(mGPS2) and from88%(PS 0–1) to
23% (PS 4). When used in combination, survival ranged
from 93% (mGPS 0, PS 0–1) to 18% (mGPS 2, PS 3), P <
0.001. In all patients, using 3-month mortality as an end-
point, the area under the receiver operator curve was for

mGPS: 0.720 (95%CI, 0.67–0.77; P < 0.001) and PS: 0.717
(95% CI, 0.67–0.76; P < 0.001).

Discussion
The results of the present study show that perfomance

status and the systemic inflammation-based score, the
mGPS, are strong prognostic factors in advanced cancer.
The mGPS independently predicts survival in patients with
advanced cancer and this supports our pilot work examin-
ing the mGPS. Of particular interest, however, is that the
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use of the mGPS in isolation, and an approach combining
mGPS and performance status, have been tested and vali-
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remains the gold standard; a finding supported by the
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for quantifying the functional status of patients with cancer
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and may not be reproducible (2, 3). It is also difficult to
categorize accurately in the busy clinical setting, relying
heavily on patient-reported information.
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Figure 1. Kaplan–Meier curves
examining the relationship
between mGPS and survival, and
performance status (ECOG
grouping) and survival. Test
sample (n ¼ 1,825). Both mGPS
and performance status predict
survival P < 0.001.
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of severity.1 Das and colleagues tested the effect 
of ablation of lipolysis at the onset of tumor 
growth. Thus, their model does not address the 
scenario that frequently occurs in clinical prac-
tice, in which both cancer and cachexia are well 

established. Finally, patients generally receive 
systemic antineoplastic therapy until a late stage 
in their disease trajectory, and the interaction of 
this treatment with the development of cachexia 
(some treatments may induce muscle wasting) 

Figure 1. Model of Cachexia and Lipolysis in Tumor-Bearing Mice with Wild-Type Atgl or Atgl−/−.
In tumor-bearing mice with the wild-type gene for adipose triglyceride lipase (Atgl, also known as Pnpla2), a variety 
of circulating mediators, including cytokines (tumor necrosis factor α and interleukin-6) and zinc-α2-glycoprotein, 
activate Atgl, which triggers lipolysis, resulting in net mobilization of white adipose tissue and an increase in plasma 
levels of free fatty acids. Concomitantly, cachexia — the process of protein catabolism, apoptosis, and muscle atro-
phy — begins and may be modulated by cross-talk between muscle and adipose tissue mediated by free fatty acids 
or by various adipokines or myokines. In tumor-bearing mice in which the Atgl −/− gene has been ablated, the same 
pattern of mediator release fails to activate lipolysis, plasma levels of free fatty acids remain normal, and both white 
adipose tissue mass and skeletal-muscle mass are maintained. The mechanism through which skeletal-muscle mass 
is maintained in the presence of the systemic mediators is unknown but may involve muscle-adipose cross-talk 
through free fatty acids, myokines, or adipokines. Alternatively, the maintenance of skeletal-muscle mass may be a 
direct consequence of autonomous lipolysis in defective tissue.
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with pharmacological agents has emerged as a multimodal approach 
that is more effective than relying on a single drug or ‘magic bullet.’ In 
addition, patients with cancer-associated cachexia require an adequate 
physical exercise programme96–98, which improves QOL and can also 
have beneficial anti-inflammatory effects99.

Nutritional interventions
Data from a number of clinical trials, as well as systematic reviews and 
meta-analyses of small-cohort studies, provide evidence support-
ing the fact that nutritional interventions improve body weight, food 
(both energy and protein) intake and OS, and reduce the incidence of  
treatment-related adverse events in patients with various types  
of cancer undergoing different antitumour treatments, leading to 
decreased hospitalization and mortality rates100–105. Therefore, nutri-
tional interventions are essential in preventing muscle loss in patients 
with cancer106,107; these interventions include nutritional counselling 
and education, and administration of oral dietary supplements and 
enteral and/or parenteral nutrition, depending on the patient (Figs. 1, 4).

In patients with cancer-associated cachexia, the administration 
of specialized nutrition (that is, enriched in certain nutrients) (Fig. 4) 
decreases muscle wasting by reducing inflammation and mitigating 
metabolic changes. For example, supplementation with eicosapen-
taenoic acid, an ω-3 fatty acid present in fish oil, can increase food 
intake, muscle mass and body weight in patients with cancer-associated 
cachexia receiving chemotherapy108,109. This observation led to the 
use of oral high-protein dietary supplements enriched with fish oil 
or ω-3 fatty acids110. A systematic review and meta-analysis of several 
clinical trials testing the incorporation of ω-3 polyunsaturated fatty 
acids into the diet of patients receiving chemotherapy111 concluded 

that this approach can attenuate lean soft-tissue loss and improve 
some QOL domains, such as cognitive and physical, global health 
status and social function, but also revealed variability among studies, 
which were limited in number and inadequately powered to show any 
effects on treatment toxicity or OS111 (Fig. 4). Interestingly, in a clinical 
randomized study involving patients with cervical cancer, ω-3 fatty 
acid supplementation improved skeletal muscle quality (measured 
as preservation of low-radiodensity and high-radiodensity skeletal 
muscle index) and reduced myosteatosis (or adipose infiltration in 
skeletal muscle) in patients with cervical cancer112.

L-Carnitine helps the body to turn fat into energy by facilitating 
the entry of fatty acids into the mitochondrial compartment and, 
therefore, β-oxidation. L-Carnitine is another nutritional supplement 
that might be beneficial for patients with cancer-associated cachexia. 
In preclinical models of cancer-associated cachexia, carnitine sup-
plementation led to reduced muscle wasting113–115. This effect seems 
to be caused by a decrease in systemic inflammation (measured as 
serum levels of IL-1β and IL-6) together with decreased degradation 
and increased synthesis of muscle protein114. In a multicentre, placebo-
controlled, randomized and double-blind trial involving patients with 
advanced-stage pancreatic cancer, L-carnitine supplementation led to 
benefits in terms of body weight, body composition and some aspects 
of QOL, even though the study was under-powered to determine the 
statistical significance of other secondary end points116.

β-Hydroxy β-methylbutyrate (HMB), a metabolite of the essential 
amino acid leucine, is one of the dietary supplements promoted to 
enhance gains in strength and lean body mass associated with resist-
ance training. HMB has also been used in nutritional interventions in 
patients with cancer-associated cachexia117. In the randomized phase II 
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Fig. 4 | Investigational treatment options. Patients with cancer-associated 
cachexia should receive multidisciplinary care, ideally from teams involving 
oncologists, nutritionists, dietitians, psychologists, dentists and nurses. 
Management should comprise, among others, nutritional interventions, 
exercise programmes and pharmacological approaches, either modulating 

appetite, blocking systemic inflammation or mitigating metabolic alterations 
induced by the tumour. HMB, β-hydroxy β-methylbutyrate; MitoQ, mitoquinone 
mesylate; NSAID, non-steroidal anti-inflammatory drug; SARM, non-steroidal 
selective androgen receptor modulator.
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Data from a number of clinical trials, as well as systematic reviews and 
meta-analyses of small-cohort studies, provide evidence support-
ing the fact that nutritional interventions improve body weight, food 
(both energy and protein) intake and OS, and reduce the incidence of  
treatment-related adverse events in patients with various types  
of cancer undergoing different antitumour treatments, leading to 
decreased hospitalization and mortality rates100–105. Therefore, nutri-
tional interventions are essential in preventing muscle loss in patients 
with cancer106,107; these interventions include nutritional counselling 
and education, and administration of oral dietary supplements and 
enteral and/or parenteral nutrition, depending on the patient (Figs. 1, 4).

In patients with cancer-associated cachexia, the administration 
of specialized nutrition (that is, enriched in certain nutrients) (Fig. 4) 
decreases muscle wasting by reducing inflammation and mitigating 
metabolic changes. For example, supplementation with eicosapen-
taenoic acid, an ω-3 fatty acid present in fish oil, can increase food 
intake, muscle mass and body weight in patients with cancer-associated 
cachexia receiving chemotherapy108,109. This observation led to the 
use of oral high-protein dietary supplements enriched with fish oil 
or ω-3 fatty acids110. A systematic review and meta-analysis of several 
clinical trials testing the incorporation of ω-3 polyunsaturated fatty 
acids into the diet of patients receiving chemotherapy111 concluded 

that this approach can attenuate lean soft-tissue loss and improve 
some QOL domains, such as cognitive and physical, global health 
status and social function, but also revealed variability among studies, 
which were limited in number and inadequately powered to show any 
effects on treatment toxicity or OS111 (Fig. 4). Interestingly, in a clinical 
randomized study involving patients with cervical cancer, ω-3 fatty 
acid supplementation improved skeletal muscle quality (measured 
as preservation of low-radiodensity and high-radiodensity skeletal 
muscle index) and reduced myosteatosis (or adipose infiltration in 
skeletal muscle) in patients with cervical cancer112.

L-Carnitine helps the body to turn fat into energy by facilitating 
the entry of fatty acids into the mitochondrial compartment and, 
therefore, β-oxidation. L-Carnitine is another nutritional supplement 
that might be beneficial for patients with cancer-associated cachexia. 
In preclinical models of cancer-associated cachexia, carnitine sup-
plementation led to reduced muscle wasting113–115. This effect seems 
to be caused by a decrease in systemic inflammation (measured as 
serum levels of IL-1β and IL-6) together with decreased degradation 
and increased synthesis of muscle protein114. In a multicentre, placebo-
controlled, randomized and double-blind trial involving patients with 
advanced-stage pancreatic cancer, L-carnitine supplementation led to 
benefits in terms of body weight, body composition and some aspects 
of QOL, even though the study was under-powered to determine the 
statistical significance of other secondary end points116.

β-Hydroxy β-methylbutyrate (HMB), a metabolite of the essential 
amino acid leucine, is one of the dietary supplements promoted to 
enhance gains in strength and lean body mass associated with resist-
ance training. HMB has also been used in nutritional interventions in 
patients with cancer-associated cachexia117. In the randomized phase II 

Drugs that modulate appetite
Megestrol acetate
Ghrelin mimetics
Cannabinoids

Drugs that block inflammation
Bermekimab
Tocilizumab
Clazakizumab
Ruxolitinib
NSAIDs
Etanercept
Infliximab
Anti-GDF15 antibodies

Drugs that counteract
metabolic abnormalities
β2-Adrenergic receptor blockers
β2-Adrenergic receptor agonists
SARMs
Anti-myostatin strategies
MEK inhibitors
Erythropoietin
Angiotensin receptor blockers
Proteasome inhibitors
Physiactisome
MitoQ

Nutrition supplements 
and targeted nutrition
ω3-fatty acids
Carnitine
HMB

Nutrition assessment 
and counselling

Best supportive
care

Anti-tumour
treatment

Diagnostic
awareness

Psychological
support

Physical 
exercise programme

Nutritional
interventions

Pharmacological
interventions

Management of
cancer-associated
cachexia

Importance of 
intervention as 
early as possible

Tested in clinical studies

Tested in preclinical studies

Fig. 4 | Investigational treatment options. Patients with cancer-associated 
cachexia should receive multidisciplinary care, ideally from teams involving 
oncologists, nutritionists, dietitians, psychologists, dentists and nurses. 
Management should comprise, among others, nutritional interventions, 
exercise programmes and pharmacological approaches, either modulating 

appetite, blocking systemic inflammation or mitigating metabolic alterations 
induced by the tumour. HMB, β-hydroxy β-methylbutyrate; MitoQ, mitoquinone 
mesylate; NSAID, non-steroidal anti-inflammatory drug; SARM, non-steroidal 
selective androgen receptor modulator.

Argilés JM et al., nature reviews clinical oncology, 2023

https://doi.org/10.1038/s41571-023-00734-5


Nature Reviews Clinical Oncology | Volume 20 | April 2023 | 250–264 256

Review article

with pharmacological agents has emerged as a multimodal approach 
that is more effective than relying on a single drug or ‘magic bullet.’ In 
addition, patients with cancer-associated cachexia require an adequate 
physical exercise programme96–98, which improves QOL and can also 
have beneficial anti-inflammatory effects99.

Nutritional interventions
Data from a number of clinical trials, as well as systematic reviews and 
meta-analyses of small-cohort studies, provide evidence support-
ing the fact that nutritional interventions improve body weight, food 
(both energy and protein) intake and OS, and reduce the incidence of  
treatment-related adverse events in patients with various types  
of cancer undergoing different antitumour treatments, leading to 
decreased hospitalization and mortality rates100–105. Therefore, nutri-
tional interventions are essential in preventing muscle loss in patients 
with cancer106,107; these interventions include nutritional counselling 
and education, and administration of oral dietary supplements and 
enteral and/or parenteral nutrition, depending on the patient (Figs. 1, 4).

In patients with cancer-associated cachexia, the administration 
of specialized nutrition (that is, enriched in certain nutrients) (Fig. 4) 
decreases muscle wasting by reducing inflammation and mitigating 
metabolic changes. For example, supplementation with eicosapen-
taenoic acid, an ω-3 fatty acid present in fish oil, can increase food 
intake, muscle mass and body weight in patients with cancer-associated 
cachexia receiving chemotherapy108,109. This observation led to the 
use of oral high-protein dietary supplements enriched with fish oil 
or ω-3 fatty acids110. A systematic review and meta-analysis of several 
clinical trials testing the incorporation of ω-3 polyunsaturated fatty 
acids into the diet of patients receiving chemotherapy111 concluded 

that this approach can attenuate lean soft-tissue loss and improve 
some QOL domains, such as cognitive and physical, global health 
status and social function, but also revealed variability among studies, 
which were limited in number and inadequately powered to show any 
effects on treatment toxicity or OS111 (Fig. 4). Interestingly, in a clinical 
randomized study involving patients with cervical cancer, ω-3 fatty 
acid supplementation improved skeletal muscle quality (measured 
as preservation of low-radiodensity and high-radiodensity skeletal 
muscle index) and reduced myosteatosis (or adipose infiltration in 
skeletal muscle) in patients with cervical cancer112.

L-Carnitine helps the body to turn fat into energy by facilitating 
the entry of fatty acids into the mitochondrial compartment and, 
therefore, β-oxidation. L-Carnitine is another nutritional supplement 
that might be beneficial for patients with cancer-associated cachexia. 
In preclinical models of cancer-associated cachexia, carnitine sup-
plementation led to reduced muscle wasting113–115. This effect seems 
to be caused by a decrease in systemic inflammation (measured as 
serum levels of IL-1β and IL-6) together with decreased degradation 
and increased synthesis of muscle protein114. In a multicentre, placebo-
controlled, randomized and double-blind trial involving patients with 
advanced-stage pancreatic cancer, L-carnitine supplementation led to 
benefits in terms of body weight, body composition and some aspects 
of QOL, even though the study was under-powered to determine the 
statistical significance of other secondary end points116.

β-Hydroxy β-methylbutyrate (HMB), a metabolite of the essential 
amino acid leucine, is one of the dietary supplements promoted to 
enhance gains in strength and lean body mass associated with resist-
ance training. HMB has also been used in nutritional interventions in 
patients with cancer-associated cachexia117. In the randomized phase II 

Drugs that modulate appetite
Megestrol acetate
Ghrelin mimetics
Cannabinoids

Drugs that block inflammation
Bermekimab
Tocilizumab
Clazakizumab
Ruxolitinib
NSAIDs
Etanercept
Infliximab
Anti-GDF15 antibodies

Drugs that counteract
metabolic abnormalities
β2-Adrenergic receptor blockers
β2-Adrenergic receptor agonists
SARMs
Anti-myostatin strategies
MEK inhibitors
Erythropoietin
Angiotensin receptor blockers
Proteasome inhibitors
Physiactisome
MitoQ

Nutrition supplements 
and targeted nutrition
ω3-fatty acids
Carnitine
HMB

Nutrition assessment 
and counselling

Best supportive
care

Anti-tumour
treatment

Diagnostic
awareness

Psychological
support

Physical 
exercise programme

Nutritional
interventions

Pharmacological
interventions

Management of
cancer-associated
cachexia

Importance of 
intervention as 
early as possible

Tested in clinical studies

Tested in preclinical studies

Fig. 4 | Investigational treatment options. Patients with cancer-associated 
cachexia should receive multidisciplinary care, ideally from teams involving 
oncologists, nutritionists, dietitians, psychologists, dentists and nurses. 
Management should comprise, among others, nutritional interventions, 
exercise programmes and pharmacological approaches, either modulating 

appetite, blocking systemic inflammation or mitigating metabolic alterations 
induced by the tumour. HMB, β-hydroxy β-methylbutyrate; MitoQ, mitoquinone 
mesylate; NSAID, non-steroidal anti-inflammatory drug; SARM, non-steroidal 
selective androgen receptor modulator.

Argilés JM et al., nature reviews clinical oncology, 2023

(= progesterone)

(= anti-IL-1 alpha)
(= anti-IL-6 receptor)
(= anti-IL-6)
(= JAK ½ TKI)

(= TNF alpha/beta
(= anti-TNF alpha)

(= anti-TNF alpha)

https://doi.org/10.1038/s41571-023-00734-5


Nature Reviews Clinical Oncology | Volume 20 | April 2023 | 250–264 256

Review article

with pharmacological agents has emerged as a multimodal approach 
that is more effective than relying on a single drug or ‘magic bullet.’ In 
addition, patients with cancer-associated cachexia require an adequate 
physical exercise programme96–98, which improves QOL and can also 
have beneficial anti-inflammatory effects99.

Nutritional interventions
Data from a number of clinical trials, as well as systematic reviews and 
meta-analyses of small-cohort studies, provide evidence support-
ing the fact that nutritional interventions improve body weight, food 
(both energy and protein) intake and OS, and reduce the incidence of  
treatment-related adverse events in patients with various types  
of cancer undergoing different antitumour treatments, leading to 
decreased hospitalization and mortality rates100–105. Therefore, nutri-
tional interventions are essential in preventing muscle loss in patients 
with cancer106,107; these interventions include nutritional counselling 
and education, and administration of oral dietary supplements and 
enteral and/or parenteral nutrition, depending on the patient (Figs. 1, 4).

In patients with cancer-associated cachexia, the administration 
of specialized nutrition (that is, enriched in certain nutrients) (Fig. 4) 
decreases muscle wasting by reducing inflammation and mitigating 
metabolic changes. For example, supplementation with eicosapen-
taenoic acid, an ω-3 fatty acid present in fish oil, can increase food 
intake, muscle mass and body weight in patients with cancer-associated 
cachexia receiving chemotherapy108,109. This observation led to the 
use of oral high-protein dietary supplements enriched with fish oil 
or ω-3 fatty acids110. A systematic review and meta-analysis of several 
clinical trials testing the incorporation of ω-3 polyunsaturated fatty 
acids into the diet of patients receiving chemotherapy111 concluded 

that this approach can attenuate lean soft-tissue loss and improve 
some QOL domains, such as cognitive and physical, global health 
status and social function, but also revealed variability among studies, 
which were limited in number and inadequately powered to show any 
effects on treatment toxicity or OS111 (Fig. 4). Interestingly, in a clinical 
randomized study involving patients with cervical cancer, ω-3 fatty 
acid supplementation improved skeletal muscle quality (measured 
as preservation of low-radiodensity and high-radiodensity skeletal 
muscle index) and reduced myosteatosis (or adipose infiltration in 
skeletal muscle) in patients with cervical cancer112.

L-Carnitine helps the body to turn fat into energy by facilitating 
the entry of fatty acids into the mitochondrial compartment and, 
therefore, β-oxidation. L-Carnitine is another nutritional supplement 
that might be beneficial for patients with cancer-associated cachexia. 
In preclinical models of cancer-associated cachexia, carnitine sup-
plementation led to reduced muscle wasting113–115. This effect seems 
to be caused by a decrease in systemic inflammation (measured as 
serum levels of IL-1β and IL-6) together with decreased degradation 
and increased synthesis of muscle protein114. In a multicentre, placebo-
controlled, randomized and double-blind trial involving patients with 
advanced-stage pancreatic cancer, L-carnitine supplementation led to 
benefits in terms of body weight, body composition and some aspects 
of QOL, even though the study was under-powered to determine the 
statistical significance of other secondary end points116.

β-Hydroxy β-methylbutyrate (HMB), a metabolite of the essential 
amino acid leucine, is one of the dietary supplements promoted to 
enhance gains in strength and lean body mass associated with resist-
ance training. HMB has also been used in nutritional interventions in 
patients with cancer-associated cachexia117. In the randomized phase II 

Drugs that modulate appetite
Megestrol acetate
Ghrelin mimetics
Cannabinoids

Drugs that block inflammation
Bermekimab
Tocilizumab
Clazakizumab
Ruxolitinib
NSAIDs
Etanercept
Infliximab
Anti-GDF15 antibodies

Drugs that counteract
metabolic abnormalities
β2-Adrenergic receptor blockers
β2-Adrenergic receptor agonists
SARMs
Anti-myostatin strategies
MEK inhibitors
Erythropoietin
Angiotensin receptor blockers
Proteasome inhibitors
Physiactisome
MitoQ

Nutrition supplements 
and targeted nutrition
ω3-fatty acids
Carnitine
HMB

Nutrition assessment 
and counselling

Best supportive
care

Anti-tumour
treatment

Diagnostic
awareness

Psychological
support

Physical 
exercise programme

Nutritional
interventions

Pharmacological
interventions

Management of
cancer-associated
cachexia

Importance of 
intervention as 
early as possible

Tested in clinical studies

Tested in preclinical studies

Fig. 4 | Investigational treatment options. Patients with cancer-associated 
cachexia should receive multidisciplinary care, ideally from teams involving 
oncologists, nutritionists, dietitians, psychologists, dentists and nurses. 
Management should comprise, among others, nutritional interventions, 
exercise programmes and pharmacological approaches, either modulating 

appetite, blocking systemic inflammation or mitigating metabolic alterations 
induced by the tumour. HMB, β-hydroxy β-methylbutyrate; MitoQ, mitoquinone 
mesylate; NSAID, non-steroidal anti-inflammatory drug; SARM, non-steroidal 
selective androgen receptor modulator.

Argilés JM et al., nature reviews clinical oncology, 2023

(= progesterone)

(= anti-IL-1 alpha)
(= anti-IL-6 receptor)
(= anti-IL-6)
(= JAK ½ TKI)

(= TNF alpha/beta
(= anti-TNF alpha)

(= anti-TNF alpha)

https://doi.org/10.1038/s41571-023-00734-5


Nature Reviews Clinical Oncology | Volume 20 | April 2023 | 250–264 256

Review article

with pharmacological agents has emerged as a multimodal approach 
that is more effective than relying on a single drug or ‘magic bullet.’ In 
addition, patients with cancer-associated cachexia require an adequate 
physical exercise programme96–98, which improves QOL and can also 
have beneficial anti-inflammatory effects99.

Nutritional interventions
Data from a number of clinical trials, as well as systematic reviews and 
meta-analyses of small-cohort studies, provide evidence support-
ing the fact that nutritional interventions improve body weight, food 
(both energy and protein) intake and OS, and reduce the incidence of  
treatment-related adverse events in patients with various types  
of cancer undergoing different antitumour treatments, leading to 
decreased hospitalization and mortality rates100–105. Therefore, nutri-
tional interventions are essential in preventing muscle loss in patients 
with cancer106,107; these interventions include nutritional counselling 
and education, and administration of oral dietary supplements and 
enteral and/or parenteral nutrition, depending on the patient (Figs. 1, 4).

In patients with cancer-associated cachexia, the administration 
of specialized nutrition (that is, enriched in certain nutrients) (Fig. 4) 
decreases muscle wasting by reducing inflammation and mitigating 
metabolic changes. For example, supplementation with eicosapen-
taenoic acid, an ω-3 fatty acid present in fish oil, can increase food 
intake, muscle mass and body weight in patients with cancer-associated 
cachexia receiving chemotherapy108,109. This observation led to the 
use of oral high-protein dietary supplements enriched with fish oil 
or ω-3 fatty acids110. A systematic review and meta-analysis of several 
clinical trials testing the incorporation of ω-3 polyunsaturated fatty 
acids into the diet of patients receiving chemotherapy111 concluded 

that this approach can attenuate lean soft-tissue loss and improve 
some QOL domains, such as cognitive and physical, global health 
status and social function, but also revealed variability among studies, 
which were limited in number and inadequately powered to show any 
effects on treatment toxicity or OS111 (Fig. 4). Interestingly, in a clinical 
randomized study involving patients with cervical cancer, ω-3 fatty 
acid supplementation improved skeletal muscle quality (measured 
as preservation of low-radiodensity and high-radiodensity skeletal 
muscle index) and reduced myosteatosis (or adipose infiltration in 
skeletal muscle) in patients with cervical cancer112.

L-Carnitine helps the body to turn fat into energy by facilitating 
the entry of fatty acids into the mitochondrial compartment and, 
therefore, β-oxidation. L-Carnitine is another nutritional supplement 
that might be beneficial for patients with cancer-associated cachexia. 
In preclinical models of cancer-associated cachexia, carnitine sup-
plementation led to reduced muscle wasting113–115. This effect seems 
to be caused by a decrease in systemic inflammation (measured as 
serum levels of IL-1β and IL-6) together with decreased degradation 
and increased synthesis of muscle protein114. In a multicentre, placebo-
controlled, randomized and double-blind trial involving patients with 
advanced-stage pancreatic cancer, L-carnitine supplementation led to 
benefits in terms of body weight, body composition and some aspects 
of QOL, even though the study was under-powered to determine the 
statistical significance of other secondary end points116.

β-Hydroxy β-methylbutyrate (HMB), a metabolite of the essential 
amino acid leucine, is one of the dietary supplements promoted to 
enhance gains in strength and lean body mass associated with resist-
ance training. HMB has also been used in nutritional interventions in 
patients with cancer-associated cachexia117. In the randomized phase II 

Drugs that modulate appetite
Megestrol acetate
Ghrelin mimetics
Cannabinoids

Drugs that block inflammation
Bermekimab
Tocilizumab
Clazakizumab
Ruxolitinib
NSAIDs
Etanercept
Infliximab
Anti-GDF15 antibodies

Drugs that counteract
metabolic abnormalities
β2-Adrenergic receptor blockers
β2-Adrenergic receptor agonists
SARMs
Anti-myostatin strategies
MEK inhibitors
Erythropoietin
Angiotensin receptor blockers
Proteasome inhibitors
Physiactisome
MitoQ

Nutrition supplements 
and targeted nutrition
ω3-fatty acids
Carnitine
HMB

Nutrition assessment 
and counselling

Best supportive
care

Anti-tumour
treatment

Diagnostic
awareness

Psychological
support

Physical 
exercise programme

Nutritional
interventions

Pharmacological
interventions

Management of
cancer-associated
cachexia

Importance of 
intervention as 
early as possible

Tested in clinical studies

Tested in preclinical studies

Fig. 4 | Investigational treatment options. Patients with cancer-associated 
cachexia should receive multidisciplinary care, ideally from teams involving 
oncologists, nutritionists, dietitians, psychologists, dentists and nurses. 
Management should comprise, among others, nutritional interventions, 
exercise programmes and pharmacological approaches, either modulating 

appetite, blocking systemic inflammation or mitigating metabolic alterations 
induced by the tumour. HMB, β-hydroxy β-methylbutyrate; MitoQ, mitoquinone 
mesylate; NSAID, non-steroidal anti-inflammatory drug; SARM, non-steroidal 
selective androgen receptor modulator.

Argilés JM et al., nature reviews clinical oncology, 2023

(= progesterone)

(= anti-IL-1 alpha)
(= anti-IL-6 receptor)
(= anti-IL-6)
(= JAK ½ TKI)

(= TNF alpha/beta
(= anti-TNF alpha)

(= anti-TNF alpha)



Treatmentstrategies

§ Corticosteroids
- Increase appetite, intended for 2-3 weeks (I, B)

§ Synthetic Gestagene (Medroxyprogesteron and Megestrol)
- Increase appetite and weight, but not muscle mass, QoL, mobility (I, B)

§ Olanzapin
- Increase appetite, reduce nausea (II, B)

§ Androgenes
-Not recommended (II, D)

§ Insufficient data: Cannabis, NSAR, MCP, Domperidon, 

§ Ghrelin receptor agonist
- Increase appetite, & lean body weight, but not grip strength or survival, 

approved only in Japan
Muscaritoli M et al., Clin Nutr. 2021. Arends J et al., ESMO Open, 2021



§ Cancer associated cachexia is a multifactorial syndrome with 
huge impact on prognosis

§ Systemic inflammation affects many organ systems (mGPS)

§ Repeated screening for malnutrition

§ Adequate multi-professional nutrition counselling with multimodal  
treatment strategy

§ Unmet needs: early detection of cachexia, molecular basis 
for improving treatment options

Conclusions
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