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Jävsdeklaration

• Föreläsararvoden
– Roche Sverige AB (Lungcancerkurs Lejondal)

• Reagens
– Roche Sverige AB, AstraZeneca

• Forskningsstöd
– Unrestricted research grant, Amgen Sverige

• Medicinsk rådgivare:
– Nej

• Ekonomiskt intresse/aktieninhehav:
– Inget

• Övrigt:
– Processledare lungcancer RCC Norr
– Ordförande i Svenska planeringsgruppen för lungcancer
– Ordförande i vårdprogramsgruppen lungcancer



Medicinsk lungcancerbehandling är långt 
ifrån bara cytostatikabehandling…

• Målriktad behandling
– Proteinkinashämmare
– Antikroppar

• Immunterapi
– Monoterapi
– Kemoimmunterapi

• Cytostatika
– Kemoimmunterapi
– Relapasbehandling



Medicinsk behandling har inte alltid varit
standard vid lungcancerbehandling
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Medicinsk behandling vid lungcancer

Stadium Intention Modalitet Preparat
Ib-IIIA

II-IIIA

Kurativ Adjuvant cytostatika 
Adjuvant målriktad beh
Adjuvant immunterapi

Cis/karbo + vinorelbin
Adjuvant osimertinib
Adjuvant immunterapi

IIIA-IIIB Kurativ Kemoradioterapi
Adjuvant immunterapi

Platinumdubblett under strålbeh
Adjuvant durvalumab

IV Palliativ Målriktad behandling Proteinkinashämmare
Palliativ Kemoimmunterapi Platinumdubblett + pembrolizumab, 

atezolizumab eller ipilimumab/nivolumab
Palliativ Immunterapi mono PD1/PDL1 hämmare
Palliativ Cytostatika Platinumdubblett

Monoterapi
Palliativ Cytostatika + målriktad 

behandling
Platinumdubblett + VEGF(R) mab eller 
TKi



Hur fungerar cytostatika?

• Oändlig delningsförmåga
• Minskad apoptos
• Invasivitet
• Metastasering
• Tillväxtfaktorstimulering
• Kärlnybildning

Denna skillnad ger ett 
terapeutiskt fönster för 
klassisk kemoterapi

Vad karakteriserar cancer?

Hanahan&Weinberg Cell 2011



Hur ges cytostatika?

• Intravenöst
– (Perifer infart)
– Central infart

• CVK
• Venport
• PICC line

• Peroralt
• Monoterapi
• Kombination
• Olika cykellängd



Dosering av klassiska cytostatika

• Ofta mkt smalt 
terapeutiskt fönster

• Ges vanligen som
maximalt tolererad dos 
med 2-4 (6) veckors
intervall

• Ingen steady state…
• Doseras med hjälp av

– Kroppsyta (BSA)  (m2)
– Vikt (kg)
– Njurfunktion (GFR)

C

t

veckor

m
g/

m
L

BSA=M0.425 x H0.725 x 71.84
DuBois & DuBois 1916

Dos (mg)= (GFR+25)* AUC (4-7)
Calvert et al JCO 1989



Indelning av cytostatika efter verkningsmekanism

I. Direkt påverkan av DNA
a. Alkylerande cytostatika
b. Platinumföreningar

II. Indirekt påverkan av DNA
a. Topoisomerashämmare
b. Antimetaboliter

III. Mitoshämmare
a. Vinka alkaloider
b. Taxaner
c. Halikondriner

IV. Övriga cytostatika



I. Direkt påverkan av DNA

• Alkylerande cytostatika
Kemiska föreningar som reagerar
kovalent med DNA. Brett 
användningsområde.

• Platinumföreningar
Platinaföreningar bildar intracellulärt
starkt reaktiva joner som bildar
jonbindningar mellan DNAs baser.

www.ericharshbarger.org/lego/mini_dna.html

http://www.ericharshbarger.org/lego/mini_dna.html


Ia Alkylerare

Mustin

Cyklofosfamid

Ifosfamid

Melfalan



Verkningsmekanismer alkylerare

Reagerar med baserna i DNA och bildar kovalenta korsbindningar 
vilket interfererar med såväl transkription som replikation.
• Intersträng och intrasträng korskopplingar  (G-X-C/C-G-X) 
• Basmodifiering (Guanin O6)

Alkylering och modifiering av proteiner

Verkningsmekanismer alkylerare

De Vita 2001



www.regimbiblioteket.cancercentrum.se

COAV Översikt Sida 1(2)

Antitumoral regim - Lungcancer Behandlingsavsikt: Kurativ, Palliativ

COAV (Cyklofosfamid-Doxorubicin-Etoposid-Vinkristin)

Indikation: Småcellig lungcancer C34
Kurintervall: 21 dagar Översikt

Läkemedel

Substans Administrering Spädning Infusionstid
Grunddos/
admtillfälle

Beräknings-
sätt

Maxdos/
admtillfälle

Max ack.
dos

1. Cyklofosfamid
(monohydrat)

Intravenös infusion
250 ml Natriumklorid
9 mg/ml infusion

30 min. 800 mg/m2 kroppsyta

2. Doxorubicin Intravenös infusion
250 ml Natriumklorid
9 mg/ml infusion

30 min. 40 mg/m2 kroppsyta 550 mg/m2

3. Etoposid Intravenös infusion
500 ml Natriumklorid
9 mg/ml infusion

60 min. 80 mg/m2 kroppsyta

4. Vinkristin Intravenös infusion
100 ml Natriumklorid
9 mg/ml infusion

10 min. 1,4 mg/m2 kroppsyta 2 mg

Regimbeskrivning

Dag 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Ny kur dag

22

1. Cyklofosfamid (monohydrat) x1

2. Doxorubicin x1

3. Etoposid x1 x1 x1

4. Vinkristin x1

Emetogenicitet: Medel

Anvisningar för regimen

Villkor för start av regimen
Kontroll av blod-, lever och elektrolytstatus med clearance (Cystatin C, Iohexol, kreatininclearence eller motsvarande).

Villkor och kontroller för administration
Doxorubicin: Starkt vävnadsretande. Central infart rekommenderas.

Anvisningar för ordination
Kontroll av blodstatus inkl. neutrofila.

Dosreduktion rekommendation
Hematologisk toxicitet

NADIR-värde för leukocyter < 2,0 och/eller neutrofila < 1,0 - ge nästa kur med 80 % av doserna.
Om NADIR-värden efter dosreduktion fortsatt är leukocyter < 2,0 och/eller neutrofila < 1,0 - dosreducera ytterligare 10-15 % eller byt regim.

Albumin

Vid P/S albumin < 30 g/L reduceras dosen Etoposid till 75 % pga högre biotillgänglighet.

Övrig information
Doxorubicin och Vinkristin är blandbara i samma infusion.
Inbördes ordning av de olika substanserna är valfri.

Utfärdad av: regim0fyan
Uppdaterad datum: 2017-06-09

Version: 1
Vårdprogramsgruppen för Lungcancer

Fastställd av: regim0ohro
Fastställd datum: 2017-06-08



Biverkningar Alkylerare

Vanligtvis den dosberoende toxiciteten. 
Cyklofosfamid har en kort period och
nitrosureapreparat en lång period av
benmärgshämning.

Illamående och kräkningar mycket vanligt. Mellan
30-90% beroende på drog och dos.

Lungfibros framför allt vid busulfan men även efter
nitrosurepreparat och cyklofosfamid

Sekundära leukemier (upp till 5% incidens
rapporterad) och sekundära solida tumörer.

Benmärg

Mage & tarm

Lungtoxicitet

Cancer….



Ib. Platinaföreningar

www.3dchem.com www.jonthanpmiller.com
Coste et al NRA 1999

Cisplatin Cisplatin DNA addukt

http://www.3dchem.com
http://www.jonthanpmiller.com


Platinaföreningar
Cisplatin

Bildar starkt reaktiv jon efter administrering. Njurtoxiskt
och neurotoxiskt. Kräver omfattande prehydrering. Brett 
användningsområde.

Karboplatin

Omvandlas till samma aktiva substans som cisplatin.
Mindre njur och neurotoxicitet. Mer benmärgstoxiskt.
Inte samma behov av prehydrering. Doseras enligt
Calverts formel.

Oxaliplatin
Används framförallt vid gastrointestinal cancer 
tillsammans med 5FU. Neurotoxiskt.



Biverkningar Platinaföreningar

Cisplatin

Neurotoxiskt. Kumulativ neurotoxicitet vid doser över
300 mg/m2. Ofta irreversibelt. Hörselskador.

Nefrotoxiskt. Kräver prehydrering med 2000 mL NaCl iv 
samt övervakad diures efter administration. 

Illamående. Högemetogent

Karboplatin
Benmärg Risk för neutropeni och trombocytopeni

Övrigt Mindre risk för neuro/nefrotox än vid 
cisplatinbehandling. Inget krav på prehydrering. 
Medel/högemetogent



www.regimbiblioteket.cancercentrum.se

Cisplatin-Vinorelbin po Översikt Sida 1(2)

Antitumoral regim - Lungcancer Behandlingsavsikt: Adjuvant, Kurativ

Cisplatin-Vinorelbin po
Indikation: Icke-småcellig lungcancer C34
Kurintervall: 21 dagar Översikt

Läkemedel

Substans Administrering Spädning Infusionstid
Grunddos/
admtillfälle

Beräknings-
sätt

Maxdos/
admtillfälle

Max ack.
dos

1. Vinorelbin Per oral kapsel 60 mg/m2 kroppsyta

2. Cisplatin Intravenös infusion
1000 ml
Natriumklorid 9
mg/ml infusion

60 min. 80 mg/m2 kroppsyta

Regimbeskrivning

Dag 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Ny kur dag

22

1. Vinorelbin x1 x1

2. Cisplatin x1

Emetogenicitet: Hög

Behandlingsöversikt: Behandling startas inom 60 dagar efter operation, 3-4 kurer och därefter utvärdering.
Vid nedsatt tolerans för Cisplatin kan Karboplatin övervägas.

Anvisningar för regimen

Villkor för start av regimen
Kontroll av blod-, lever och elektrolytstatus med clearance (Cystatin C, Iohexol, kreatininclearance eller motsvarande).
Hörselkontroll enligt lokal rutin.

Villkor och kontroller för administration
Cisplatin - Vikt eller diureskontroll.
Vinorelbin - Den perorala dosen motsvarar intravenös dos 25 mg/m2.
Vid kräkning efter intag av Vinorelbin kapslar f̊ar inga nya kapslar tas.

Vinorelbin
Dosering i förh̊allande till måltid: Tas i samband med måltid

Anvisningar för ordination
Kontroll av blodstatus inkl. neutrofila, elektrolytstatus inklusive kreatinin. För behandlingsstart neutrofila >1,5 och TPK >75.
Om S-kreatinin över normalvärde görs kontroll av njurfunktion med clearancebestämning enligt lokal metod (Cystatin C, Iohexol,
kreatininclearance eller motsvarande). Riktvärde GFR > 60.
Cisplatin - under behandlingsdygnet ges minst 4 liter vätska. Intravenös posthydrering kan bytas mot dryck.
Vinorelbin - Vid peroral administrering - ordinera antiemetika, t.ex tablett Ondansetron 8 mg ca 1 timme före Vinorelbin.

Dosreduktion rekommendation
Hematologisk toxicitet

NADIR-värde för leukocyter < 2,0 och/eller neutrofila < 1,0 - ge nästa kur med 80 % av doserna för b̊ada läkemedlen.
Om NADIR-värden efter dosreduktion fortsatt är leukocyter < 2,0 och/eller neutrofila < 1,0 - dosreducera ytterligare 10-15 % eller byt regim.

Neurotoxicitet

Grad 2 - ge 80 % av b̊ada substanserna
Grad 3-4 - behandlingen avslutas

Utfärdad av: regim0fyan
Uppdaterad datum: 2018-01-17

Version: 1
Vårdprogramsgruppen för Lungcancer

Fastställd av: regim0ohro
Fastställd datum: 2017-06-08



II. Indirekt påverkan av DNA

• Topoisomerashämmare
Hämmar toposiomeras och 
förhindrar normalt underhåll av 
kromsomens DNA 

• Antimetaboliter
Interfererar med olika faser av 
DNA syntesen och förhindrar 
replikation.



IIa. topoisomerashämmare



Topoisomerashämmare
Irinotekan
Används framförallt vid kolorektalcancer
men även vid ventrikelcancer och småcellig
lungcancer.

Topotekan
Används framförallt vid ovarialcancer och
småcellig lungcancer

Camptotheca acuminataAntracykliner
Doxorubicin, epirubicin med flera hämmar
topoisomeras 2 med alkylerar även DNA och
inducerar bildning av fria syreradikaler. 
Mycket brett användningsområde.

Podofyllotoxinderivat
Etoposid hämmar enbart topoisomeras 2.
Kan ges peroralt. Används bl a vid SCLC



Biverkningar topoisomerashämmare

De flesta topoisomeras hämmare ger dosberoende
neutropeni som dosbegränsande toxicitet.

Illamående och kräkningar vanligt. Irinotekan kan
ge svåra diarrébesvär såväl akut som fördröjt.

Antracykliner ger dosberoende kardiotoxicet till 
följd av bildning av fria radikaler.

Antracykliner är starkt vävnadsretande och ger stora
skador vid extravasering.

Benmärg

Mage och tarm

Cirkulation

Vävnadstoxicitet



Karboplatin-Etoposid Översikt Sida 1(2)

Antitumoral regim - Lungcancer Behandlingsavsikt: Kurativ

Karboplatin-Etoposid
Indikation: Småcellig lungcancer C34
Kurintervall: 21 dagar Översikt

Läkemedel

Substans Administrering Spädning Infusionstid
Grunddos/
admtillfälle

Beräknings-
sätt

Maxdos/
admtillfälle

Max ack.
dos

1. Karboplatin Intravenös infusion
500 ml Natriumklorid

9 mg/ml infusion
30 min.

5 x (GFR+25)

mg

njurfunktion

(AUC Calvert)
1000 mg

2. Etoposid Intravenös infusion
500 ml Natriumklorid

9 mg/ml infusion
60 min. 100 mg/m2 kroppsyta

Regimbeskrivning

Dag 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Ny kur dag

22

1. Karboplatin x1

2. Etoposid x1 x1 x1

Emetogenicitet: Medel

Behandlingsöversikt: Standardbehandling är 4 kurer och därefter utvärdering.

Anvisningar för regimen

Villkor för start av regimen
Kontroll av blod-, lever och elektrolytstatus med clearance (Cystatin C, Iohexol, kreatininclearance eller motsvarande).

Anvisningar för ordination
Karboplatin - Calverts formel: Dos = AUC x (GFR+25). AUC=5 mg/ml x min; GFR=.... ml/min, okorrigerat värde; Dos=....mg, totaldos.

Kontroll av blod inkl. neutrofila och elektrolytstatus inklusive kreatinin. För behandlingsstart neutrofila >1,5 och TPK >75.

Om S-kreatinin över normalvärde görs kontroll av njurfunktion med clearancebestämning enligt lokal metod (Cystatin C, Iohexol,

kreatininclearance eller motsvarande).

Dosreduktion rekommendation
Hematologisk toxicitet

NADIR-värde för leukocyter < 2,0 och/eller neutrofila < 1,0 - ge nästa kur med 80 % av doserna för b̊ada läkemedlen.

Om NADIR-värden efter dosreduktion fortsatt är leukocyter < 2,0 och/eller neutrofila < 1,0 - dosreducera ytterligare 10-15 % eller byt regim.

Albumin

Vid P/S albumin < 30 g/L reduceras dosen Etoposid till 75 % pga högre biotillgänglighet.

Utfärdad av: regim0fyan

Uppdaterad datum: 2017-06-09

Version: 1

Vårdprogramsgruppen för Lungcancer

Fastställd av: regim0ohro

Fastställd datum: 2017-06-08

www.regimbiblioteket.cancercentrum.se



IIb. Antimetaboliter

www.ericharshbarger.org/lego/mini_dna.html

http://www.ericharshbarger.org/lego/mini_dna.html


Folsyraantagonister

Metotrexat

Binder dihydrofolatreduktas och hämmar
folsyracykeln. Kalciumfolinat används
som antidot vid höga doser metotrexat.

Används vid sarkom, blåscancer och
lymfom bla.

Pemetrexed

En multitarget antimetabolit som
hämmar tre olika enzymer i pyrimidin
och purinsyntesen.

Används vid lungcancer och
mesotheliom



Pyrimidinanaloger
5-Flourouracil

En konstgjord uracil molekyl som binder och hämmar
tymidylatsyntetas och stoppar därmed DNA syntesen. 

Capecitabin (Xeloda®) och Tegafur (Teysuno®) är
prodroger som metaboliseras till 5FU i levern

5FU används framför allt vid gastrointestinal cancer. 
Tegafur används mycket vid lungcancer I Asien.

X

Gemcitabin

Binds in som en felaktig bas i DNA och stoppar
därmed DNA replikationen. Brett 
användningsområde. Används vid lungcancer, 
pankreascancer, blåscancer mm.



Biverkningar antimetaboliter

Besvärliga slemhinnebiverkningar med sår i
munhålan, diarréer och sväljningsbesvär vid 
metotrexat och 5FU behandling.

Hand-fot syndrom med erytem vid 
långtidstillförsel av 5FU

Kardiotoxicitet, koronarspasm/hjärtinfarkt

Övergående feber efter cytarabin eller
gemcitabintillförsel

Högre doser metotrexat ger
benmärgspåveran med neutropenier.

Benmärg

Feber

Hud

Slemhinnor

Hjärta



www.regimbiblioteket.cancercentrum.se

Karboplatin-Gemcitabin Översikt Sida 1(3)

Antitumoral regim - Lungcancer Behandlingsavsikt: Palliativ

Karboplatin-Gemcitabin
C45, C34
Kurintervall: 21 dagar Översikt

Läkemedel

Substans Administrering Spädning Infusionstid
Grunddos/
admtillfälle

Beräknings-
sätt

Maxdos/
admtillfälle

Max ack.
dos

1. Gemcitabin Intravenös infusion
250 ml Natriumklorid

9 mg/ml infusion
30 min. 1250 mg/m2 kroppsyta

2. Karboplatin Intravenös infusion
250 ml Glukos 50

mg/ml infusion
30 min.

5 x (GFR+25)

mg

njurfunktion

(AUC Calvert)
1000 mg

Regimbeskrivning

Dag 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Ny kur dag

22

1. Gemcitabin x1 x1

2. Karboplatin x1

Emetogenicitet: Medel

Behandlingsöversikt: Till patienter med nedsatt tolerans för Cisplatin. Malignt pleuramesoteliom, 4-6 kurer ges.

Icke små-cellig lungcancer, utvärdering efter 3-4 kurer.

Anvisningar för regimen

Villkor för start av regimen
Kontroll av blod-, lever och elektrolytstatus med clearance (Cystatin C, Iohexol, kreatininclearance eller motsvarande).

Anvisningar för ordination
Karboplatin - Calverts formel: Dos = AUC x (GFR+25). AUC=5 mg/ml x min; GFR=.... ml/min, okorrigerat värde; Dos=....mg, totaldos.

Kontroll av blod inkl. neutrofila och elektrolytstatus inklusive kreatinin. För behandlingsstart neutrofila >1,5 och TPK >75.

Om S-kreatinin över normalvärde görs kontroll av njurfunktion med clearancebestämning enligt lokal metod (Cystatin C, Iohexol,

kreatininclearance eller motsvarande).

Gemcitabin ger ökad str̊alkänslighet. Minst en vecka mellan infusion och str̊albehandling mot thorax (lunga), b̊ade före och efter infusionen.

L̊ag emetogenicitet dag 8.

Dosreduktion rekommendation
Hematologisk toxicitet

NADIR-värde för leukocyter < 2,0 och/eller neutrofila < 1,0 - ge nästa kur med 80 % av doserna för b̊ada läkemedlen.

Om NADIR-värden efter dosreduktion fortsatt är leukocyter < 2,0 och/eller neutrofila < 1,0 - dosreducera ytterligare 10-15 % eller byt regim.

Vid NADIR-värde för trombocyter < 75 överväg dosreduktion alternativt byte av regim.

Utfärdad av: regim0fyan

Uppdaterad datum: 2018-02-01

Version: 2

Vårdprogramsgruppen för Lungcancer

Fastställd av: regim0ohro

Fastställd datum: 2018-01-26



III. Mitoshämmare



IIIa. Vinkaalkaloider

Vinkaalkaloider

Förhindrar uppbyggnad av mikrotubuli.

• Vinkristin
• Vindesin
• Vinblastin
• Vinorelbin
• Vinflunin

Växtalkaloider fån Vinca Rosea. Ingår i
kombinationer vid många olika maligniteter.
Vinorelbin (Navelbine®) används ofta
tillsammans med platinumpreparat vid 
lungcancer.

Vinca Rosea

Vinkristin



IIIb Taxaner

Paklitaxel (Taxol®) 
Docetaxel (Taxotere®)
Cabazitaxel (Jevtana®)
nab-paklitaxel (Abraxane®)

Förhindrar nedbrytning av mikrotubuli.

Utvanns ursprungligen ur barken från
idegran (amerikans resp europeisk).

Används vid ovarialcancer, bröstcancer, 
lungcancer och prostatacancer.

Monoterapi eller i kombination med 
framförallt platinumpreparat

docetaxel

Taxus Baccata



Biverkningar mitoshämmare

Perifera neuropatier vanligt. Dosbegränsande vid
vinkristin och paklitaxel.

Muskelvärk och ledsmärtor ffa vid paklitaxel.

Ovanligt frånsett vid docetaxelbehandling där
neutropenier vanligen är dosbegränsande.

Trötthet och vätskeretention vid taxaner, ffa
tdocetaxel.

Benmärg

Rörelseapparaten

Neurotoxicitet

Allmänna symtom



Karboplatin-Paklitaxel Översikt Sida 1(2)

Antitumoral regim - Lungcancer Behandlingsavsikt: Palliativ

Karboplatin-Paklitaxel
Indikation: Icke-småcellig lungcancer C34
Kurintervall: 21 dagar Översikt

Läkemedel

Substans Administrering Spädning Infusionstid
Grunddos/
admtillfälle

Beräknings-
sätt

Maxdos/
admtillfälle

Max ack.
dos

1. Paklitaxel Intravenös infusion
1000 ml
Natriumklorid 9
mg/ml infusion

3 tim. 200 mg/m2 kroppsyta

2. Karboplatin Intravenös infusion
500 ml Glukos 50
mg/ml infusion

30 min.
6 x (GFR+25)
mg

njurfunktion
(AUC Calvert)

1000 mg

Regimbeskrivning

Dag 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Ny kur dag

22

1. Paklitaxel x1

2. Karboplatin x1

Emetogenicitet: Medel

Anvisningar för regimen

Villkor för start av regimen
Kontroll av blod-, lever och elektrolytstatus med clearance (Cystatin C, Iohexol, kreatininclearance eller motsvarande).

Villkor och kontroller för administration
Paklitaxel - Ökad beredskap för anafylaktisk reaktion. Överkänslighetsreaktioner är vanliga, särskilt kur 1 och 2.
Blodtryck och puls.

Anvisningar för ordination
Karboplatin - Calverts formel: Dos = AUC x (GFR+25). AUC=6 mg/ml x min; GFR=.... ml/min, okorrigerat värde; Dos=....mg, totaldos.
Kontroll av blod inkl. neutrofila och elektrolytstatus inklusive kreatinin. För behandlingsstart neutrofila >1,5 och TPK >75.
Om S-kreatinin över normalvärde görs kontroll av njurfunktion med clearancebestämning enligt lokal metod (Cystatin C, Iohexol,
kreatininclearance eller motsvarande).
Paklitaxel - Premedicinering med kortison, antihistaminer och H2- blockare t.ex. peroral behandling med Betametason 8 mg, Cetirizin 10 mg,
Ranitidin 150 mg.
Kontroll av perifer neuropati.

Dosreduktion rekommendation
Hematologisk toxicitet

NADIR-värde för leukocyter < 2,0 och/eller neutrofila < 1,0 - ge nästa kur med 80 % av doserna för b̊ada läkemedlen.
Om NADIR-värden efter dosreduktion fortsatt är leukocyter < 2,0 och/eller neutrofila < 1,0 - dosreducera ytterligare 10-15 % eller byt regim.

Utfärdad av: regim0fyan
Uppdaterad datum: 2017-06-13

Version: 1
Vårdprogramsgruppen för Lungcancer
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Cytostatikabehandling vid lungcancer
Mekanism Typ Exempel

Direkt DNA 
påverkan

Alkylerare
cyklofosfamid,ifosfamid, prokarbazin, DTIC, 
temozolomid, CCNU, klorambucil, tiotepa, 
mitomycin C, busulfan, bendamustin

Platinumprep cisplatin, karboplatin, oxaliplatin

Indirekt DNA 
påverkan

Topoisomeras-
hämmare

doxorubicin, epirubicin, daunorubicin, idarubicin, 
mitoxantron, pixantron, etoposid, irinotekan, 
topotekan

Antimetaboliter
metotrexat, 5FU, capecitabin, tegafur, gemcitabin, 
cytarabin, trifluridin, fludarabin, kladribin, 
trabectidin

Mitos-
hämmare

Vinka-alkaloider vinkristin, vinorelbin, vindesin, vinblastin
Taxaner paklitaxel, docetaxel, cabazitaxel, nab-paklitaxel
Halikondriner eribulin

Övriga 
cytostatika

bleomycin, estramustin mfl



Biverkningar vid cytostatikabehandling

• Benmärgstoxicitet
• Illamående
• Gastointestinal toxicitet
• Håravfall och

hudbiverkningar
• Njurtoxicitet
• Neurotoxicitet
• Överkänslighetsreaktioner



Benmärgshämning

• Vanlig dosbegränsande toxicitet för flera klassiska
cytostatika som alkylerare och antracykliner

• Behandlingsorsakad anemi är vanligt men sällan
dosbegränsande. Åtgärdas med transfusioner.

• Leukopeni vanligaste dosbegränsningen. LPK<1,0 x 109/L 
eller neutrofiler <0,5 x 109/L är ett observandum. 

• Kan förebyggas:
– Vid kurativ behandling: med G(M)-CSF i samband med 

behandlingen (inte vid neutropenin) 
– Vid palliativ behandling: I första hand med dosreduktion vid 

nästa behandling
• Trombocytopeni ibland dosbegränsande. Åtgärdas med 

transfusioner.



Handläggning av febril neutropeni

• Feber över 38° i en timme efter cytostatika-behandling skall 
bedömas på sjukhus. Kontrollera blodstatus + diff!

• Feber och neutrofiler < 0,5 x 109/L
• Handläggningsförslag

– Lägg in patienten!
– Rundodla (blod, urin, sputa, infarter) 
– Ge vätska vid behov
– Utred eventuellt infektionsfokus (inspektera hud, infarter, lungrtg)
– Ge iv antibiotika (meropenem, tazobaktam samt ev

aminoglykosidtillägg)
– Vid utebliven effekt byt antibiotika och överväg behandling mot 

svamp och virus!
– Överväg dosreduktion eller GM-CSF inför nästa kur!



Illamående

1. Akut illamående (inom 24 timmar)
Hög risk (>30%)
Platinaföreningar
Antracykliner
Cyklofosfamid
CCNU
DTIC

Mellanrisk (10-30%)
Taxaner
Etoposid
Irinotekan
Gemcitabin

Låg risk (<10%)
5Fu
Metotrexat
Vinkristin
Vinorelbin

Efter: Bartlet et al Int Med J 2002:32 401-407

2. Fördröjt illamående (efter 24 tim)

3. Anticipatoriskt illamående



Illamåendets faser

Dagar0 1 2 3



Riskfaktorer för illamående

• Kvinnor
• Rörelsesjuka
• Tidigare cytosatikainducerat illamående
• Ålder < 50 år
• Ångest och oro
• Nedsatt allmäntillstånd
• Postoperativt illamående
• Stor tumörbörda

Efter: Riktlinjer för antiemetikaprofylax Region Östergötland, 
Riktlinjer antiemtikabehandling www.cancercentrum.se



Moderna antiemetika har varit viktiga! 

• 5 HT3 antagonisten
ondansetron (Zofran®) 
utvecklades under sent 
80 tal.

• Revolutionerade cyto-
statikabehandlingen!

• NK1 blockerararen
aprepitant (Emend®) 
godkändes 2003



Antiemetika i praktiken
5HT3 inhibitorer
Potenta hämmare av akut
cytostatikainducerat illamående

Kortikosteroider
Verksamt mot såväl akut som fördröjt illam.

Benzamider (Dopamin antagonism)
Verksamt mot såväl akut som fördröjt illam.

NK1 receptor blockerare (substans P)
God effekt på fördröjt illamående.

Neuroleptika och bensodiazepiner
Används ffa som tilläggsbehandling

Ondansetron 4-8mg x1-2 po/iv
Granisetron 5mg x1 po/iv
Palonosetron 0,5 mg x 1 po, inj 0,25 mg iv

Betametason 4-8 mg x1-2 (1-5 dagar)

Metoklopramid 10-20 mg x 1-3.

Aprepitant 125 mg d1, 80 mg d2-4 po
Akynzeo (netupitant/palonosetron) d1 po

Olanzapin 2,5  mg 1-2 tn dag 1-5 po
Lorazepam 1 mg 1 tn vb po



Gastrointestinal toxicitet

Diarré

Toxisk effekt på snabbt
prolifererande tarmepitel.

Flourouracil

Irinotekan

Akut diarré

Fördröjd diarré

Förstoppning

Orsakas vanligen av neurotoxicitet
med påverkan på det autonoma
nervsystemet.

Vincaalkaloider

Vinorelbin

Vinkristin



Hudbiverkningar
Håravfall
Cytostatika Frekvens håravfall

Cyklofosfamid Vanligt
Ifosfamid Vanligt
Doxorubicin Vanligt
Paklitaxel Vanligt

Bleomycin Ofta
Etoposid Ofta
Metotrexate Ofta

5-FU Ovanligt
Vinkristin Ovanligt
Cisplatin Ovanligt
Alley et al Curr Opinion in Onc 2002:14 21-216

Dock mycket stor individuell variation!



Övriga hudbiverkningar

Palmoplantar erytrodysestesi

Från rodnade och svullna handflator och
fotsulor till hudavlossning och sårbildningar. 
Ses framför allt efter behandling med 
liposomalt doxorubicin (Caelyx®) och vid 
långtidsbehandling med antimetaboliter
som 5FU.

Nagelbiverkningar

Nagelförändringar är vanligt vid
cytostatikabehandling. Nagelavlossning ses
bland annat vid behandling med taxaner

Slee NEJM 1997



Nefrotoxicitet

• Cisplatin
• Ifosfamid
• Metotrexat
• Karboplatin
• Pemetrexed

Sally Fong 2004



Neurotoxicitet

Vinkaalkaloider
Cisplatin
Oxaliplatin
Paklitaxel
Docetaxel

Ifosfamid
Metotrexat
Purinatagonister
Kladribin
Fludarabin

Perifer polyneuropati CNS biverkningar



Överkänslighetsreaktioner

• Paklitaxel
• Etoposid
• Cisplatin
• Karboplatin
• Gemcitabin
• Antikroppar

Allergiska reaktioner är ganska
ovanliga vid cytostatikabehandling. 

Visar sig ofta under infusionen som

-Feber och frossa
-Blodtrycksfall
-Takykardi
-Bronkospasm

Upphör vanligen då infusionen
stoppas. Behandlas vid behov som
en allergisk reation med 
antihistaminer, steroider och
eventuellt adrenalin.



Text

Robert Nyberg



Målriktad behandling

• Signaltransduktions-
hämmare
– Proteinkinashämmare

• Tyrosinkinashämmare
• Övriga proteinkinashämmare

• Antikroppar
– Okonjugerade
– Konjugerade

• Övriga
– Proteasomhämmare



Hanahan & Weinberg Cell 2000, 2011

Nya möjligheter till behandling



Receptortyrosinkinaser

Blume-Jensen & Hunter Nature 2001



RAS/RAF

• Aktiveras av RTK som 
EGFR,PDGFR,VEGFR

• Inducerar proliferation, 
migration och angiogenes

• K-RAS mutationer vanliga 
vid lungcancer

• RAS/RAF inhibitorer finns 
men har hittills varit en 
besvikelse

• Sotorasib, en ny RAS 
hämmare (G12C) nyligen 
presenterad… MAPK

RAF

Ras

SORAFENIB

SOTORASIB



JAK/STAT

• Janus kinas aktiverar STAT 
familjen av 
transkriptionsfaktorer

• Stimulerar bla
– överlevnad (bcl2),
– proliferation (c-myc)
– angiogenes (VEGF)

• Aktiverad vid ett flertal 
maligniteter

• Ruxolitinib vid 
myelofibros

JAK

JAKSTAT
STAT

STAT

STAT

RUXOLITINIB



PI3K

• Ett kinas som  aktiveras 
av ett flertal RTK

• Inducerar translation
och cellltillväxt

• Stimulerar överlevnad, 
proliferation

• PI3K inhibitorer vid KLL
• Effektiva mTOR

inhibitorer vid 
njurcancer

PI3K

AKT

mTOR

IDEALISIB

TEMSIROLIMUS
EVEROLIMUS



Det börjde med Epidermal growth factor

• EGF och dess receptor EGFR 
uttrycks i de flesta epiteliala
tumörtyper

• Så gott som alltid uttryckt vid 
lungcancer (70 -90%)

• Stimulerar proliferation och
förlängd cellöverlevnad

• Har även effekt på stromala
celler



EGFR inhibitorer vid NSCLC

Gefitinib

Fas II



EGFR mutationer

Mutationer i EGFR ökar
ligandberoende kinasaktivitet
och ökar också sensitiviteten för
tyrosinkinasinhibitorer

Dessa mutationer förefaller
vanligare hos icke rökare, 
kvinnor och patienter av
asiatiskt ursprung.

Lynch et al NEJM 2004
Paez et al Science 2004

Pao et al PNAS 2004

De flesta (90%) återfinns i exon 
19 och 21



IPASS

Mok et al NEJM 2009



EGFR TKi i första linjen

and consisted primarily of rash, diarrhea, stomatitis, and paronychia,
as expected from EGFR inhibition.2-6 Despite higher frequencies of
such AEs in our trial, these AEs rarely led to drug discontinuation,
indicating that proactive supportive treatment and dose modification
were an adequate strategy to properly manage the expected class
effects associated with EGFR inhibition. In addition, the results of the
pharmacokinetic analysis indicate that afatinib dose modification
based on individual tolerability optimized the exposure to afatinib and
maintained efficacious plasma levels.

Cisplatin plus pemetrexed is widely considered the optimal
chemotherapy doublet for patients with nonsquamous NSCLC.
The efficacy of this regimen is supported by the PFS observed in
our control arm, which exceeded the results observed in other

studies comparing EGFR TKIs with first-line chemotherapy.2-6

One of the limitations of our study is that the chemotherapy arm
was devoid of maintenance pemetrexed and/or bevacizumab.
However, at the time of study design, cisplatin plus pemetrexed
without maintenance was considered an efficacious treatment
choice for patients with adenocarcinoma.31a The prevailing treat-
ment standard changed after LUX-Lung 3 accrual was completed,
when the results of a trial of maintenance pemetrexed after cispla-
tin plus pemetrexed showed significant improvement compared
with placebo, with a median PFS of 6.9 months.32 Another limita-
tion is that bevacizumab treatment was not included in the
comparator arm of this study. There were two reasons for this: first,
although addition of bevacizumab to paclitaxel plus carboplatin is

Factors HR 95% CI P Interaction
No. of

Patients

0.49345Total

Sex
Male
Female

121

61414/161/1

Favors afatinib Favors cisplatin plus pemetrexed

Hazard Ratio

224
0.45
0.51

.61

Age at baseline, years
< 65
≥ 65

211
134

0.43
0.63

.40

Race stratification factor
Non‐Asian
Asian

96
249

0.62
0.45

.62

EGFR mutation category
Del19/L858R (common)
Del19
L858R

308
170
138

0.41
0.27
0.60

.02

Baseline ECOG score
0
1

133
211

0.47
0.53

.64

Smoking history
Never smoked
< 15 packet years + stop > 1 year
Other current/ex‐smoker

236
30
79

0.48
0.34
0.54

0.37 to 0.65

0.28 to 0.70
0.36 to 0.72

0.30 to 0.61
0.40 to 0.98

0.36 to 1.06
0.33 to 0.62

0.31 to 0.55
0.18 to 0.41
0.39 to 0.93

0.30 to 0.75
0.38 to 0.75

0.34 to 0.69
0.14 to 0.85
0.33 to 0.91

.64

A

B

No. at risk
Afatinib
Cisplatin/pemetrexed

Afatinib
Cisplatin/pemetrexed

HR, 0.49; 95% CI, 0.37 to 0.65; P < .001

Events, n (%)
Median (months)

155 (67)
11.07

83 (72)
6.70

Afatinib
(n = 230)

Cisplatin/pemetrexed
(n = 115)
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Fig 3. (A) Progression-free survival (PFS) by investigator review for all randomly assigned patients. (B) Forest plot of subgroups of patients showing PFS by investigator
review. HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group.

Sequist et al
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afatinib

Sequist et al JCO 2013
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dacomitinib group and 12·0 months (7·3–18·4) in the 
gefitinib group. At data cutoff, 66 (29%) patients in the 
dacomitinib group and 38 (17%) in the gefitinib group 
were still receiving study treatment.

Median duration of follow-up for progression-free 
survival in the intention-to-treat population, at data 
cutoff, was 22·1 months (95% CI 20·3–23·9; 
dacomitinib group 22·1 months [20·2–23·9] and 
gefitinib group 23·0 months [20·3–25·8]). According to 
masked IRC review, 136 (60%) of 227 patients in the 
dacomitinib group and 179 (80%) of 225 patients in the 
gefitinib group had progressed. Median progression-
free survival was 14·7 months (95% CI 11·1–16·6) in the 
dacomitinib group and 9·2 months (9·1–11·0) in the 
gefitinib group (HR 0·59 [95% CI 0·47–0·74]; p<0·0001; 
figure 2A). We noted no evidence of non-proportional 
hazards based on the Kaplan-Meier curves and the 
Schoenfeld residuals plot of progression-free survival 
per IRC review (appendix p 12). Estimated progression-
free survival per IRC review at 24 months was 30·6% 
(95% CI 23·8–37·5) in the dacomitinib group and 9·6% 
(5·6–15·0) in the gefitinib group. Progression-free 
survival based on investigator assessment was 
consistent with progression-free survival according to 
IRC review (figure 2B).

Subgroup analyses of progression-free survival based 
on IRC review were conducted in patient subgroups 
according to prespecified baseline characteristics; the 
findings were generally consistent with our main analysis 
(figure 3). We also did a post-hoc exploratory analysis of 
progression-free survival in Asian and non-Asian 
patients who responded to treatment (259 [75%] of 
346 Asian patients and 72 [68%] of 106 non-Asian patients 
achieved a best overall response of complete or partial 
response; appendix p 13). In a prespecified subgroup 
analysis, we assessed progression-free survival, by IRC 
review, in patients with the exon 19 deletion at 
randomisation and in patients with the Leu858Arg 
mutation at randomisation (appendix p 14).

The proportion of patients who achieved an objective 
response according to masked IRC review was similar 
between the two groups (table 2, figure 4). The number 
of patients with the exon 19 deletion achieving an 
objective response, based on IRC review, was 102 of 134 
patients (76%; 95% CI 68–83) in the dacomitinib group 
and 93 of 133 patients (70%; 61–78) in the gefitinib group 
(p=0·2541). For patients with the Leu858Arg mutation, 
these numbers were 68 of 93 patients (73%; 95% CI 
63–82) in the dacomitinib group and 68 of 92 patients 
(74%; 64–83) in the gefitinib group (p=0·9025). In 
patients who responded to treatment, the duration of 
response based on IRC review was longer in the 
dacomitinib group than in the gefitinib group (HR 0·40, 
95% CI 0·31–0·53, p<0·0001; table 2). Results based on 
investigator assessment were consistent with those based 
on IRC review (171 of 227 patients [75%; 95% CI 69–81] in 
the dacomitinib group had an objective response vs 

158 of 225 patients [70%, 64–76] in the gefitinib group, 
p=0·2224; median duration of response was 15·9 months 
[95% CI 13·8–17·6] in the dacomitinib group vs 
9·2 months [8·2–11·0] in the gefitinib group, HR 0·55, 
95% CI 0·42–0·71, p<0·0001).

Analysis of time to treatment failure based on IRC 
review showed that patients in the dacomitinib group 
remained longer on study treatment than did those in 
the gefitinib group (median time to treatment failure 
11·1 months [95% CI 9·2–14·6] in the dacomitinib group 
vs 9·2 months [7·6–9·4] in the gefitinib group; HR 0·67, 
95% CI 0·54–0·83, p=0·0001). Results based on 
investigator assessment were consistent with those 
according to IRC review (median 13·0 months [95% CI 
11·1–16·6] vs 11·0 months [9·3–11·1]; HR 0·70, 95% CI 
0·56–0·86, p=0·0006). Restricted mean survival time 
based on IRC review with a truncation time of 
33·1 months (selected as the minimum of the maximum 
progression-free survival time in the two groups) was 
longer with dacomitinib than with gefitinib (16·9 months 
[95% CI 15·3–18·5] vs 11·9 months [10·7–13·1]; difference 

Figure 2: Progression-free survival (intention-to-treat population)
Assessed by masked independent review (A) and investigators (B).

Number at risk
(number censored)

Dacomitinib
Gefitinib

0 6 12 18 24 30 36 42

227 (0)
225 (0)

154 (23)
155 (15)

106 (31)
69 (23)

73 (36)
34 (27)

20 (74)
7 (40)

6 (88)
1 (45)

0 (91)
0 (46)

0 (91)
0 (46)

0

20

40

60

80

100

Pr
og

re
ss

io
n-

fre
e s

ur
vi

va
l (

%
)

Number at risk
(number censored)

Dacomitinib
Gefitinib

0 6 12 18 24 30 36 42

227 (0)
225 (0)

166 (21)
172 (12)

124 (28)
89 (17)

85 (32)
48 (23)

19 (69)
9 (40)

7 (81)
1 (47)

2 (85)
0 (48)

0 (87)
0 (48)

Time since randomisation (months)

0

20

40

60

80

100

Pr
og

re
ss

io
n-

fre
e s

ur
vi

va
l (

%
)

B

Hazard ratio 0·62 (95% CI 0·50–0·78; 
p<0·0001)
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Wu  et al Lancet Onc 2017

dakomitinib
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Figure 1. Progression-free Survival and Overall Survival.

Shown are Kaplan–Meier estimates of the duration of progression-free survival in the full analysis set as assessed by investigators (Panel A), 
in patients with known or treated central nervous system (CNS) metastases at trial entry (Panel B), and in patients without known or 
treated CNS metastases at trial entry (Panel C). Also shown are Kaplan–Meier estimates of overall survival (Panel D). Censored data are 
indicated by tick marks. For the analysis of progression-free survival, data for patients who had not had a progression event or had not 
died at the time of the analysis were censored at the time of their last assessment (according to Response Evaluation Criteria in Solid 
 Tumors) that could be evaluated. For the analysis of overall survival, data for any patients who were not known to have died at the time 
of the analysis were censored at the last recorded date that the patient was known to be alive. CI denotes confidence interval, EGFR-TKI 
epidermal growth factor receptor tyrosine kinase inhibitor, and NC could not be calculated.
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EGFR Tki resistens

• Nya mutationer
– T790M
– C797S
– BRCA1

• Alternativa signalvägar
– MET amplifiering
– HER2 amplifiering
– HGF uppreglering
– AXL uppreglering

• EMT
• Transformation till SCLC

n engl j med 376;7 nejm.org February 16, 2017634
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were insufficient to correlate the presence of the 
EML4-ALK breakpoint with either smoking his-
tory or response rate (Fig. 3). Immunohistochemi-

cal analysis of ALK in FFPE tumor sections with 
an anti-ALK rabbit monoclonal antibody21 revealed 
positive ALK protein expression in all 25 samples 
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Figure 2. Response to ALK Inhibition.

Panel A shows the best response of patients with ALK-positive tumors who were treated with crizotinib, as compared with pretreatment 
baseline. Numbers along the x axis indicate arbitrarily assigned subject numbers from 1 to 79. The bars indicate the percent change in 
tumor burden from baseline. Three study patients are not included in this plot: one patient was clinically assessed as having had a par-
tial response, although the response was primarily in areas of nonmeasurable disease, so the patient was classified as having stable dis-
ease; two patients with abrupt clinical deterioration could not be assessed. Four patients had complete resolution of their target lesions 
but were classified as having had a partial response on the basis of stability in nontarget lesions. Eight patients had tumor shrinkage of 
more than 30% but were classified as having stable disease either because confirmatory scans were not available by the data-cutoff 
point (for five patients) or early restaging was performed at 6 weeks after crizotinib initiation (for three patients). The dashed line indi-
cates a tumor reduction of 30% from baseline, the minimal percent decrease that constitutes a partial response, according to Response 
Evaluation Criteria in Solid Tumors. Panel B shows the results of CT with coronal reconstruction in a representative patient at baseline 
(left) and after two cycles of therapy (right). This patient had undergone previous left lower lobectomy.
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ALK Tki fungerar också 

• Aktiverande ALK 
re-arrangemang 
hos 5 - 7% av 
NSCLC pat

• Förekommer 
vanligen inte 
samtidigt som 
EGFR mutationer

• Crizotinib den 
första registrerade 
ALK hämmaren

Sasaki et al EJC 2010
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Background
Oncogenic fusion genes consisting of EML4 and anaplastic lymphoma kinase (ALK) are 
present in a subgroup of non–small-cell lung cancers, representing 2 to 7% of such 
tumors. We explored the therapeutic efficacy of inhibiting ALK in such tumors in an 
early-phase clinical trial of crizotinib (PF-02341066), an orally available small-molecule 
inhibitor of the ALK tyrosine kinase.

Methods
After screening tumor samples from approximately 1500 patients with non–small-cell 
lung cancer for the presence of ALK rearrangements, we identified 82 patients with 
advanced ALK-positive disease who were eligible for the clinical trial. Most of the pa-
tients had received previous treatment. These patients were enrolled in an expanded 
cohort study instituted after phase 1 dose escalation had established a recommended 
crizotinib dose of 250 mg twice daily in 28-day cycles. Patients were assessed for 
adverse events and response to therapy.

Results
Patients with ALK rearrangements tended to be younger than those without the re-
arrangements, and most of the patients had little or no exposure to tobacco and had 
adenocarcinomas. At a mean treatment duration of 6.4 months, the overall response 
rate was 57% (47 of 82 patients, with 46 confirmed partial responses and 1 confirmed 
complete response); 27 patients (33%) had stable disease. A total of 63 of 82 patients 
(77%) were continuing to receive crizotinib at the time of data cutoff, and the esti-
mated probability of 6-month progression-free survival was 72%, with no median for 
the study reached. The drug resulted in grade 1 or 2 (mild) gastrointestinal side effects.

Conclusions
The inhibition of ALK in lung tumors with the ALK rearrangement resulted in tu-
mor shrinkage or stable disease in most patients. (Funded by Pfizer and others; 
ClinicalTrials.gov number, NCT00585195.)
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Figure 2. Efficacy Outcomes in the Intention-to-Treat Population.

Panel A shows Kaplan–Meier estimates of investigator-assessed progression-free survival, according to treatment group. The hazard ra-
tio was estimated by means of Cox regression. The Brookmeyer and Crowley method was used to compute confidence intervals for the 
median progression-free survival times. The hazard ratio and P value were stratified according to race (Asian vs. non-Asian) and the 
presence or absence of CNS metastases at baseline, as assessed by the independent review committee. Panel B shows progression-free 
survival (investigator-assessed) across predefined patient subgroups. Values for the Eastern Cooperative Oncology Group (ECOG) per-
formance status are on a 5-point scale, with higher numbers reflecting greater disability. Panel C shows the cumulative incidence of 
CNS progression, as assessed by the independent review committee according to Response Evaluation Criteria in Solid Tumors, version 
1.1. Values were adjusted for the competing risks of non-CNS progression and death. Panel D shows overall survival.
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ALK TKI resistens

Figure 6. 
Lorlatinib potently inhibits ALK resistance mutations, including ALK G1202R. Absolute 
IC50 values of crizotinib, ceritinib, alectinib, brigatinib, and lorlatinib on cellular ALK 
phosphorylation in Ba/F3 cells harboring wild-type EML4-ALK variant 1 or various EML4-
ALK resistance mutants are depicted. aIn Ba/F3 cells, ALK F1174C and ALK I1171T 
appear sensitive to ceritinib and alectinib, respectively; however, these mutations may not be 
susceptible to these agents in vivo based upon prior clinical reports.
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Figure 2. Efficacy Outcomes in the Intention-to-Treat Population.

Panel A shows Kaplan–Meier estimates of investigator-assessed progression-free survival, according to treatment group. The hazard ra-
tio was estimated by means of Cox regression. The Brookmeyer and Crowley method was used to compute confidence intervals for the 
median progression-free survival times. The hazard ratio and P value were stratified according to race (Asian vs. non-Asian) and the 
presence or absence of CNS metastases at baseline, as assessed by the independent review committee. Panel B shows progression-free 
survival (investigator-assessed) across predefined patient subgroups. Values for the Eastern Cooperative Oncology Group (ECOG) per-
formance status are on a 5-point scale, with higher numbers reflecting greater disability. Panel C shows the cumulative incidence of 
CNS progression, as assessed by the independent review committee according to Response Evaluation Criteria in Solid Tumors, version 
1.1. Values were adjusted for the competing risks of non-CNS progression and death. Panel D shows overall survival.
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B Subgroup Analysis
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Crizotinib BetterAlectinib Better

Hazard Ratio for Disease Progression
or Death (95% CI)Subgroup

Overall
Age

<65 yr
≥65 yr

Sex
Female
Male

Race
Asian
Non-Asian

Smoking status
Active smoker
Nonsmoker
Former smoker

ECOG performance 
status

0
1
2

CNS metastases
at baseline

Yes
No

Previous brain
radiation

Yes
No

0.1

0.48 (0.35–0.66)

0.48 (0.34–0.70)
0.45 (0.24–0.87)

0.39 (0.25–0.60)
0.61 (0.38–0.98)

0.46 (0.28–0.75)
0.49 (0.32–0.75)

1.16 (0.35–3.90)
0.44 (0.29–0.66)
0.42 (0.23–0.77)

0.40 (0.21–0.77)
0.48 (0.32–0.71)
0.74 (0.25–2.15)

0.40 (0.25–0.64)
0.51 (0.33–0.80)

0.33 (0.14–0.74)
0.52 (0.36–0.73)

164/303

125/233
39/70

  91/171
  73/132

  72/138
  92/165

12/17
103/190
49/96

44/97
105/186

15/20

  78/122
  86/181

26/47
138/256

No. of Events/
No. of Patients

Alectinib

Crizotinib

Alectinib

Crizotinib
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Alectinib i första linjen
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Generell princip för målriktad behandling 
Lungcancer – cytostatika finns kvar

Första linjen Andra linjen Tredje linjen

Osimertinib Osimertinib + 
erlotinib ?

1L Kemoterapi?

1L Kemoterapi?

Osimerinib igen? eller 
afatinib/dakomitinib?

Fjärde linjen

afatinib/dakomitinib?

2L kemoterapi?

• Vid lokal progress: överväg lokal behandling 
(strålbehandling) och fortsatt systemisk behandling

• Vid systemisk progress: överväg rebiopsi/ctDNA analys 
inför skifte av systemisk behandling

Alektinib
Brigatinib
Lorlatinib

Brigatinib
Alektinib
Kemoterapi

Lorlatinib
Lorlatinib
Återintroduktion av ALK 
TKI?

1L Kemoterapi
1L KemoterapiAL
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TKi vid ovanligare mutationer fungerar
Crizotinib in ROS1-Rearr anged Lung Cancer

n engl j med nejm.org 5

25 patients (50%) undergoing follow-up for 
progression. Median follow-up for overall sur-
vival was 16.4 months (95% CI, 13.8 to 19.8). 
Nine of the 50 patients (18%) had died by the 
time of data cutoff. The overall survival rate at 
12 months was 85% (95% CI, 72 to 93); the me-
dian had not been reached.

Adverse Events
The safety profile of crizotinib in this study was 
similar to that reported previously.22,24 Treat-
ment-related adverse events (as determined by 
the investigators) that were seen in at least 10% 
of the patients are listed in Table 2; the most 
common events were visual impairment (82%), 
diarrhea (44%), nausea (40%), peripheral edema 
(40%), constipation (34%), vomiting (34%), an 
elevated aspartate aminotransferase level (22%), 
fatigue (20%), dysgeusia (18%), and dizziness 
(16%). Of the 388 treatment-related adverse 
events that were reported, 365 (94%) were grade 
1 or 2. Of the 42 visual-impairment events that 
were reported, all were grade 1; they were often 

described as brief image persistence triggered by 
dark-to-light adaptation, as reported previous-
ly.22 One patient (2%) discontinued crizotinib be-
cause of treatment-related nausea.

The most common treatment-related grade 3 
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B Effect of Crizotinib Therapy

Baseline After 7 Weeks

A Best  Response

C Duration of Response

Disease progression

M* A

Stable disease
Partial response
Complete response

Months

0 5 10 35 40

A

25 3015 20

Figure 1. Tumor Responses to Crizotinib in ROS1-
Rearranged Non–Small-Cell Lung Cancer.

Panel A shows the best response of patients treated 
with crizotinib in the ROS1 expansion cohort. The bars 
indicate best percent change in the target tumor bur-
den from baseline. Two patients died within 6 weeks 
after receiving the first dose of crizotinib, so the tumor 
response was unknown. The asterisk indicates the tu-
mor burden in a patient who had an atypical result on 
fluorescence in situ hybridization (FISH) for ROS1 (an 
isolated 5′ green signal). Since this tumor was subse-
quently shown to be negative for ROS1 rearrangement 
on next-generation sequencing, an isolated green sig-
nal is probably not indicative of a ROS1 rearrange-
ment. The letter A denotes a FISH-positive tumor that 
was negative for ROS1 rearrangement on next-genera-
tion sequencing but positive for ALK rearrangement on 
FISH and next-generation sequencing. The letter M de-
notes a FISH-positive tumor that was also positive for 
MET amplification on FISH (MET-to-CEP7 ratio, 5.34). 
Panel B shows positron-emission tomographic scans 
obtained at baseline (left panel) and after 7 weeks of 
crizotinib treatment (right panel) in a representative 
patient. On the basis of Response Evaluation Criteria 
in Solid Tumors, this patient had a partial response (a 
decrease in tumor burden of 46%), which was ongoing 
at the time of data cutoff. Panel C shows the duration 
of response among the 36 patients with a partial or 
complete response. Arrows indicate patients who had 
an ongoing response at the time of data cutoff. The 
letter A indicates that the patient’s tumor was positive 
for ALK rearrangement.
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all 18 patients in the analysis of overall survival), 
these data are not mature.

In the cohort of patients with colorectal can-

cer who received vemurafenib monotherapy, no 
responses were observed, and the median pro-
gression-free survival and overall survival were 
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• Bra respons för behandlingar
mot ovanligare mutationer
• ROS1 (crizotinib, entrektinib)
• BRAF (dabrafenib/trametinib)

ROS1

BRAF (V600E)
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Eastern Cooperative Oncology Group performance 
status (0–1 vs ≥2); TNM stage, as defi ned by the seventh 
edition of the American Joint Committee on Cancer;21 
patho logical diagnosis, as defi ned by the 2011 
International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory 
Society classi fi cation;22 and the method of sample 
collection (bronchoscopy, transthoracic biopsy, thoracic 
surgery, or other). The following information was 
obtained and reported per investigator review: the type of 
treatment (standard chemotherapy, type of chemotherapy 
or targeted therapy, or, if applicable, the clinical trial 
along with the type of treatment); the eff ect of the 
molecular results on the treatment decision; and 
outcomes (overall response assessed by treating 
physician, usually according to Response Evaluation 
Criteria in Solid Tumors [RECIST], which defi ne a 
response by a decrease in target lesions by at least 30% 
and disease progression by an increase of target lesions 
by at least 20%; fi rst-line treatment and, when applicable, 
second-line treatment and date[s] of disease progression; 
and survival status).

Patients were treated on a routine basis after review by 
a local multidisciplinary tumour board and in accordance 
with national and international guidelines.23–25 At the 

time the study was done, erlotinib and gefi tinib were 
approved for the treatment of patients with EGFR 
mutations (including fi rst-line treatment), whereas 
crizotinib was available only for the second-line treatment 
of patients with ALK rearrangements. KRAS, BRAF, 
HER2, and PIK3CA mutations were targetable by drugs 
available through clinical trials. Connection to and 
completion of the database was done voluntarily by the 
treating physicians.

Outcomes
The primary objective of this study was to describe the 
frequency of the molecular alterations in six genes that 
were routinely screened via a nationwide approach in 
consecutive patients with NSCLC. The secondary 
objectives were to combine the clinical and biological 
databases, document the turnaround time in obtaining 
molecular results, assess the ability of the treating 
physician to use these data to select an ad-hoc therapy 
(on a standard basis or via inclusion in a clinical trial), 
and measure patients’ outcomes (progression-free 
survival and overall survival).

Statistical analysis
Descriptive statistics, including median and range or 
quartiles for continuous variables or frequencies, and 
percentages for categorical variables, were used. Median 
duration of follow-up was defi ned as the time from date 
of molecular analysis assessment to the closing date of 
the analysis. Median time until results were obtained was 
expressed to fi rst and third quartiles (IQR) to avoid 
excessive data dispersion. First-line progression-free 
survival was defi ned as the time from the date of 
molecular analysis assessment to the date of the fi rst 
progression or death from any cause. Second-line 
progression-free survival was defi ned as the time from 
initiation of second-line treatment to the date of the 
second progression or death from any cause. Overall 
survival was defi ned as the date of the molecular analysis 
assessment to the date of death or fi nal follow-up. 
Survival curves were estimated for the total population 
and for groups of interest by the Kaplan-Meier method. 
We compared the groups of interest by use of the two-
sided log-rank test. Patient characteristics (with or 
without gene alteration of each biomarker) were 
compared with the χ² test for qualitative variables or with 
a non-parametric test for quantitative variables. 
Univariate Cox models were applied to select the most 
promising prognostic variables (threshold p=0·20). A 
multivariate Cox model was then applied to adjust for 
potential confounders (clinical or molecular 
characteristics associated with progression-free survival 
or overall survival). Adjusted hazard ratios (HRs) with 
95% CIs were calculated. All statistical tests were two-
sided, and a p value of less than 0·05 was deemed 
statistically signifi cant. All analyses were done with SAS 
software, version 9.3 (SAS Institute).

A

C

B

D

EGFR 11%

KRAS
29%

BRAF 2%
HER2 1%
PIK3CA 2%
ALK 5%

Unknown
35%

Full WT 15% EGFR 12%

KRAS
32%

BRAF 2%
HER2 1%
PIK3CA 2%ALK 5%

Unknown
32%

Full WT 15%

EGFR 21%

KRAS
27%

BRAF 2%
HER2 1%

ALK 6%
PIK3CA 3%

Unknown
28%

Full WT 12%

EGFR
44%

KRAS 9%

PIK3CA 4%
HER2 4%
BRAF 3%

ALK 
14%

Unknown
13%

Full WT 9%

Overall Adenocarcinoma

Women Never smokers

Figure 2: Frequency of genetic alterations
Frequency of molecular alterations in six genes from 18 679 analysed samples (expressed as the percentage of 
positive samples for each molecular alteration relative to the number of available analyses, with unknown 
representing the cases with at least one unknown result after assessment of the six genes). Full WT=patients with 
an established molecular profi le without an EGFR, KRAS, BRAF, HER2 (ERBB2), or PIK3CA mutation or ALK 
rearrangement. (A) Overall population, (B) adenocarcinoma only, (C) women only, and (D) never smokers only.



Målriktad behandling fungerar vid  många 
mindre vanliga genetiska förändringar

• Målriktad behandling bör idag övervägas i första linjen till patienter med:
– RET rearrangemang (kabozantinib, selpercatinib mm)
– BRAF (non V600E) (dabrafenib och/eller trametinib)
– NTRK rearrangemang (larotrektinib, entrektinib)

• Målriktad behandling bör idag övervägas i andra linjen till patienter med:
– KRAS G12C (sotorasib)
– EGFR exon 20 mut (amivantamab)
– MET ex14 och ampl (tepotinib)

• Målriktad behandling kan (snart) övervägas i andra linjen till patienter med:
– Erbb2 mut och ampl (afatinib, trastuzumab, TDM1, TDX)



Antikroppar

Okonjugerade Konjugerade

Radioaktiv isotop
Toxin

Rituximab CD20
Cetuximab EGFR**
Bevacizumab VEGF*
mfl..

Ibritumomab CD20 90Y
Brentuximab CD30 Vedotin
TDM1  Her2  Mertansin**
TDX   Her2  Deruxtecan**

*Används vid lungcancer. **Teoretiskt användbara vid lungcancer



Borde inte en EGFR mab fungera vid 
lungacancer?

• Randomiserad fas III 
(n=1125).
– Cis/vino vs
– Cis/vino/cetuximab

• EGFR IHC+
• mOS 11,3 vs 10,1 m)
• Mer biverkningar, 

bättre effekt
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quality of life questionnaire C30 (EORTC QLQ-C30, 
version 3.0), EORTC lung cancer specifi c QLQ-LC13, 
and EuroQoL (EQ-5D) questionnaires. Complete blood 
counts were done at baseline and every week during the 
treatment phase, and serum chemistry was done at 
baseline and before every cycle. Clinical adverse events 
and changes in the laboratory parameters were assessed 
according to the National Cancer Institute’s common 
toxicity criteria (version 2).

Statistical analysis
The primary endpoint was overall survival. Secondary 
endpoints included progression-free survival, best overall 
response, quality of life, and safety. Time-to-treatment 
failure was assessed in a posthoc analysis. Calculation of 
the sample size of 1100 patients (845 deaths) was made on 
the assumption of a hazard ratio (HR) of 0·8 (or an 
increase in overall survival time from 8 months in the 
chemotherapy-alone group to 10 months in the 
chemotherapy-plus-cetuximab group), a power of 90%, a 
two-sided signifi cance level of 5%, a recruitment period of 
17 months, and an additional follow-up period of 
14 months. Analysis of the study was planned after 
845 deaths had been reported. Effi  cacy analysis was by 
intention to treat. All statistical tests for comparison of 

treatment groups were two-sided with a signifi cance level 
α of 5%. Subgroup analyses of overall survival time, which 
had been prespecifi ed in the statistical analysis plan, were 
done for the prognostic factors and for ethnic origin.

Diff erences in survival times were assessed with 
stratifi ed log-rank tests (stratifi ed by randomisation strata). 
HRs were calculated with Cox regression stratifi ed for 
random isation strata. A Cox regression model with 

Cisplatin and 
vinorelbine plus 
cetuximab (N=557)

Cisplatin and 
vinorelbine 
(N=568)

Age (years)

Median (range) 59 (18–78) 60 (20–83)

≥65 172 (31%) 179 (32%)

Sex

Men 385 (69%) 405 (71%)

Women 172 (31%) 163 (29%)

Ethnic origin

White 466 (84%) 480 (85%)

Asian 62 (11%) 59 (10%)

Other 29 (5%) 29 (5%)

ECOG performance status

0 132 (24%) 121 (21%)

1 333 (60%) 343 (60%)

2 92 (17%) 104 (18%)

Tumour stage

IIIB 35 (6%) 33 (6%)

IV 522 (94%) 535 (94%)

Histology

Adenocarcinoma 255 (46%) 277 (49%)

Squamous cell carcinoma 190 (34%) 187 (33%) 

Other* 112 (20%) 104 (18%)

Never smoked 121 (22%) 123 (22%)

Data are number (%), unless otherwise indicated. ECOG=Eastern Cooperative 
Oncology Group. *Includes large cell, adenosquamous, and undiff erentiated 
carcinomas.

Table 1: Baseline characteristics

Figure 2: Kaplan-Meier estimates of overall survival time in the intention-to-treat population
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ITT  
Age (years)
     <65
     ≥65
Sex 
     Men
     Women
Ethnic origin
     White
     Asian
     Other
Histology
     Adenocarcinoma
     Squamous cell carcinoma
     Other
Tumour stage
     IIIB
     IV
Smoking
     Never smoked
     Former or current smoker
ECOG PS at baseline
     0/1
     2

1125

774
351

790
335

946
121
58

532
377
216

68
1057

244
879

929
196

0·87 (0·76–1·00)

0·85 (0·72–0·99)
0·93 (0·73–1·20)

0·95 (0·81–1·12)
0·73 (0·57–0·95)

0·80 (0·69–0·93)
1·18 (0·73–1·90)
1·83 (0·94–3·55)

0·94 (0·77–1·15)
0·80 (0·64–1·00)
0·81 (0·60–1·10)

1·06 (0·59–1·91)
0·86 (0·75–0·99)

0·79 (0·58–1·08)
0·89 (0·77–1·03)

0·93 (0·80–1·07)
0·74 (0·55–1·01)

Number Hazard ratio
(95% CI)

0·5
Chemotherapy plus 
cetuximab

Chemotherapy
 

1·0 2·0

Figure 3: Hazard ratios for death on the basis of prespecifi ed subgroup analysis of intention-to-treat (ITT) 
population
Only the interaction between the treatment and the ethnic origin was signifi cant (p=0·011). Almost all Asian patients 
were accrued in the southeast Asian countries (Hong Kong, Singapore, South Korea, Taiwan). Sizes of the circles are 
proportional to the number of patients. ECOG PS=Eastern Cooperative Oncology Group performance status.

Pirker et al Lancet 2009
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Anti-angiogenes i första linjen

Sandler et al NEJM 2006

Subsequent Lines of Anticancer Therapies
A total of 70% of B!CP patients and 71% of Pl!CP patients re-

ceived subsequent anticancer therapies. The proportion of subsequent
linesoftherapywasbalancedoverallbetweenthetwoarms,otherthanthe
open-label bevacizumab treatment (36% B!CP arm only). The most
commonsubsequenttherapyotherthantheopen-labelbevacizumabwas
pemetrexed (31% of B!CP patients and 34% of Pl!CP patients). EGFR
tyrosine kinase inhibitors were also common and balanced between the
arms (erlotinib, gefitinib, icotinib, afatinib, or epitinib in 36% of B!CP
patients and 38% of Pl!CP patients).

Asensitivityanalysiswasperformedassessingthepotential impactof
the open-label bevacizumab phase on the OS benefit conferred by the
B!CP combination. When patients who received open-label bevaci-
zumabwerecensored, theresultswereconsistentwiththose fromtheITT
analysis, with approximately a 10-month difference in median OS in the

sensitivity analysis (median OS, 28.5 months for B!CP and 17.7 months
for Pl!CP; HR, 0.58; 95% CI, 0.41 to 0.82; P " .002).

Biomarkers
A total of 151 patients (85 patients in the B!CP arm and 66

patients in the Pl!CP arm) contributed tissue to the optional tumor
biomarker analysis to assess EGFR mutation status using the cobas
EGFR FFPET test (Roche Molecular Systems, Pleasanton, CA). The
observed EGFR mutation–positive rates were 27% and 26% for B!CP
and Pl!CP, respectively. PFS was prolonged for patients receiving
B!CP regardless of EGFR mutation status. Median PFS in patients
with EGFR mutation–positive disease was 12.4 months in the B!CP
arm and 7.9 months in the Pl!CP arm (HR, 0.27; 95% CI, 0.12 to
0.63). Median PFS in patients with EGFR wild-type disease was 8.3
months in the B!CP arm and 5.6 months in the Pl!CP arm (HR,

Hazard Ratio
321.00.2 0.4 0.6

  Lower  Upper
Category No. CI Estimate CI
 

All 276 0.29 0.40 0.54
 

Age, years
  < 65 223 0.26 0.36 0.51
  ≥ 65 53 0.24 0.47 0.89
 

Gender
  Female 124 0.25 0.39 0.61
  Male 152 0.26 0.39 0.58
 

ECOG performance status
  0 61 0.20 0.36 0.66
  1 215 0.25 0.36 0.52
 

Smoking status
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Prior curative intent
  cancer therapy
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Fig 2. (A) Kaplan-Meier curve of

progression-free survival (PFS) in the intent-to-
treat population. (B) Forest plot of PFS by
subgroup. B!CP, bevacizumab, carboplatin,
and paclitaxel; ECOG, Eastern Cooperative
Oncology Group; HR, hazard ratio; Pl!CP,
placebo, carboplatin, and paclitaxel.
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Bevacizumab: Anti VEGF mab
ges med cytostatika
• Varierande studie resultat
• Inga prediktiva markörer
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and 64 in the docetaxel plus placebo group), overall 
survival was longer in the docetaxel plus nintedanib 
group compared with the docetaxel plus placebo group 
(median overall survival 9·8 months [95% CI 6·1–15·5] 
vs 6·3 months [5·0–8·1]; HR 0·62 [95% CI 0·41–0·94], 
p=0·0246). The HR for PFS at the time of the fi nal 
overall survival analysis was 0·67 (95% CI 0·43–1·04, 
p=0·0725) for this subgroup of patients; median PFS 
was 4·2 months (95% CI 2·8–4·5) in the docetaxel plus 
nintedanib group versus 1·6 months (95% CI 1·4–2·8) 
in the docetaxel plus placebo group.

Subsequent anticancer treatments were balanced 
between both groups across all populations of patients; 
slightly fewer patients with squamous-cell carcinoma 
(265 of 555 [48%]) received follow-up anticancer drugs 
than did patients with adenocarcinoma (367 of 658 [56%]; 
appendix p 14).

Investigator-assessed PFS results were much the same 
as those of the independent central review analysis 
(appendix p 6). Objective responses by central review at 
the time of the fi nal analysis were noted in much the same 
proportion of patients in the two groups for the overall 
study population (29 of 655 [4·4%] with docetaxel plus 
nintedanib vs 22 of 659 [3·3%] with docetaxel plus placebo; 
odds ratio [OR] 1·34 [95% CI 0·76–2·39], p=0·3067) and 
in patients with adenocarcinoma (15 of 322 [4·7%] vs 12 of 
336 patients [3·6%]; OR 1·32 [95% CI 0·61–2·93], 
p=0·4770), but were more common in patients with 
adenocarcinoma and time since start of fi rst-line therapy 
of less than 9 months in the docetaxel plus nintedanib 
group than in the docetaxel plus placebo group (ten of 206 
[4·9%] vs three of 199 [1·5%]; OR 3·54, 95% CI 1·06–16·03, 
p=0·0393; table 2). Investigator-assessed tumour response 
results were much the same as those of the central review 
analysis (appendix p 6). Disease control was more 
common in the docetaxel plus nintedanib group than in 
the docetaxel plus placebo group for all patients (354 of 
655 [54·0%] vs 272 of 659 [41·3%]; OR 1·68 [95% CI 
1·35–2·09], p<0·0001), in patients with adenocarcinoma 
(194 of 322 [60·2%] vs 148 of 336 [44·0%]; OR 1·93 [95% CI 
1·42–2·64], p<0·0001), and in patients with adeno-
carcinoma and time since start of fi rst-line therapy of less 
than 9 months (122 of 206 [59·2%] vs 66 of 199 [33·2%]; 
OR 2·90 [95% CI 1·94–4·38]; p=0·0009). Similarly, in 
patients with squamous-cell carcinoma, disease control 
was more common in the docetaxel plus nintedanib group 
than in the docetaxel plus placebo group (136 of 276 
[49·3%] vs 99 of 279 [35·5%]; OR 1·78 [95% CI 1·26–2·51], 
p<0·0001), although the proportion of patients who 
achieved an objective response was much the same in 
both groups (13 of 276 [4·7%] vs seven of 279 patients 
[2·5%]; OR 1·93 [95% CI 0·78–5·20], p=0·1594; 
appendix p 15).

Docetaxel plus nintedanib also led to a signifi cant 
decrease from baseline in tumour size of the target lesions 
in the total population of patients, in patients with 
adenocarcinoma, and in patients with adenocarcinoma 

and time since start of fi rst-line treatment of less than 
9 months (appendix p 23).

Adverse events that were more common (≥5% 
diff erence) in the docetaxel plus nintedanib group than 

Figure 3: Kaplan-Meier curves for overall survival at the time of fi nal analysis
(A) Patients with adenocarcinoma histology and time since start of fi rst-line therapy of less than 9 months. (B) All 
patients with adenocarcinoma histology. (C) Total population. Patients without documented death were censored 
at the date of last contact when the patient was known to be alive. HR=hazard ratio.
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Number at risk
Nintedanib 206 167 119 92 73 51 35 16 9 3 

Placebo 199 154 91 62 42 25 17 12 5 1 

201684 120 3224 28

A

B

C

Docetaxel plus nintedanib
Docetaxel plus placebo

HR 0·75, 95% CI 0·60–0·92, p=0·0073

HR 0·83, 95% CI 0·70–0·99, p=0·0359

HR 0·94, 95% CI 0·83–1·05, p=0·2720

36

Number at risk
Nintedanib 322 263 203 163 131 96 72 46 25 10 

Placebo 336 269 184 139 101 73 55 33 15 7 

201684 120 3224 28 36

Number at risk
Nintedanib 655 516 374 271 200 147 106 67 34 14 

Placebo 659 511 344 250 162 120 91 58 28 13 

201684 120 3224 28 36
Time (months)

Nintedanib och ramucirumab i andra linjen?

Docetaxel ± nintedanib
– PFS tot 3,5 vs 2,7 m
– OS (adeno) 12,6 m vs 10,3 m

Reck et al Lancet Oncol 2014

Nintendanib (VEGFR Tki)
Articles
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platinum treatment (11·2 months [5·6–24·5] vs 
10·3 months [5·2–20·3]; 0·84, 0·71–0·99; appendix). 
Treatment response in non-responders to fi rst-line 
platinum treatment was similar in both groups 
(8·3 months [4·2–16·3] vs 6·3 months [2·6–13·6]; 0·86, 
0·68–1·08; appendix).

Median PFS was 4·5 months (IQR 2·3–8·3; 11·1% 
censoring) for the ramucirumab group compared with 
3·0 months (1·4–6·9; 6·7% censoring) for the control 
group (HR 0·76, 95% CI 0·68–0·86; p<0·0001; fi gure 3). 
This eff ect was maintained after adjustment for other 
signifi cant baseline prognostic factors (appendix). The 
eff ect of ramucirumab-docetaxel on PFS was consistent 
across most subgroups on the basis of baseline 
characteristics (appendix) including squamous and 
non-squamous histology.

144 (23%) of patients in the ramucirumab group had an 
investigator-assessed ORR compared with 85 (14%) 
controls (odds ratio [OR] 1·89, 95% CI 1·41–2·54]; 
p<0·0001). We also noted this benefi t in the disease 
control rate (402 [64%] patients in the ramucirumab 
group vs 329 [53%] controls; 1·60, 1·28–2·01; p<0·0001). 
Non-squamous and squamous subgroups had much the 
same response rate benefi t (appendix). 

Median treatment duration was 15·0 weeks (IQR 6·1–
26·6) with ramucirumab (median 4·5 infusions [IQR 
2·0–8·0]) and 12·0 weeks (6·0–21·0) with placebo 
(median 4·0 infusions [2·0–7·0]), and we noted a relative 
mean dose intensity of 94·6% (SD 11·0) for ramucirumab. 
Patients received a median of 4·0 docetaxel infusions 
(IQR 2·0–7·0 in the ramucirumab group, 2·0–6·0 in the 
placebo group) in both groups (appendix). 

204 (33%) of 627 patients treated with ramucirumab-
docetaxel had an adverse event resulting in at least one 
dose adjustment (ie, reduction, delay, or omission of any 
study drug during a cycle). 139 (23%) of 618 patients in 
the placebo-docetaxel group had at least one dose 
adjustment. The most common adverse events leading to 
dose adjustments for ramucirumab compared with 
placebo were neutropenia (77 [12%] patients in the 
ramucirumab group vs 55 [9%] controls), fatigue (54 [9%] 
patients vs 34 [6%] controls), and febrile neutropenia 
(44 [7%] patients vs 28 [5%] controls). 

Grade 3 or worse haematological adverse events 
occurring in at least 10% of patients in the ramucirumab 
group included neutropenia, febrile neutropenia, and 
leucopenia (table 2). 75 patients in each group had grade 
3 neutropenia. 231 (37%) of patients in the ramucirumab 
group and 171 (28%) controls had grade 4 neutropenia. 
Incidence of febrile neutropenia was higher in patients 
treated with ramucirumab than controls (grade 3: 
61 [10%] patients vs 40 [6%] controls; grade 4: 39 [6%] 
patients vs 22 [4%] controls). Use of granulocyte colony-
stimulating factors and granulocyte macrophage colony-
stimulating factors did not diff er between groups 
(262 [42%] patients vs 226 [37%] controls). 82 (13%) 
patients in the ramucirumab group and 50 (8%) controls 

were admitted to hospital for febrile neutropenia. Rates 
of sepsis did not diff er between groups, with three 
deaths in each group. Incidence of anaemia was higher 
in the control group than the ramucirumab group, with 
62 (10%) patients in the ramucirumab group and 
76 (12%) controls receiving a transfusion.
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Figure 2: Kaplan-Meier estimates of overall survival in the intention-to-treat population
HR=hazard ratio.
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Figure 3: Kaplan-Meier estimates of progression-free survival in the intention-to-treat population
HR=hazard ratio.

Garon et al Lancet 2014

Ramucirumab (VEGFR2 mab)
Docetaxel ± ramucirumab

– PFS tot 4,5 vs 3,0 m
– OS 10,5 m vs 9,1 m



Kinas inhib Target/s Kinas inhib Target/s

Imatinib Bcr-abl,c-kit, PDGFR Axitinib VEGFR-1,-2,-3

Dasatinib Bcr-abl,c-kit,src, PDGFR Regorafenib VEGFR1-3,TIE2,BRAF,KIT

Nilotinib Bcr-abl,c-kit, PDGFR Vandetanib VEGFR2, EGFR,RET

Bosutinib Bcr-Abl, SRC Nintendanib VEGFR1, PDGFR, FGFR

Ponatinib BCR-ABL mfl Entrektinib NTRK,ROS1

Gefitinib EGFR Cabozantinib

Erlotinib EGFR Temsirolimus mTOR

Afatinib EGFR Everolimus mTOR

Dakomitinib EGFR Ruoxolitinib JAK1/2

Osimertinib EGFR Antikropp Target

Crizotinib ALK, ROS1 Bevacizumab VEGF-A

Ceritinib ALK Ramucirumab VEGFR2

Alectinib ALK Rituximab CD20

Brigatinib ALK Trastuzumab Her2

Lorlatninb ALK Cetuximab EGFR

Lapatinib EGFR, Her2 Panitumumab EGFR

Vemurafenib BRAF Alemtuzumab CD52

Dabrafenib BRAF Ofatumumab CD20

Sunitinib VEGFR1-3,PDGFR,KIT,RET Katumaxomab EPCAM, CD3

Sorafenib VEGFR1-3,PDGFR,KIT,RAF Trastuzumab-emtansin-1 Her2

Pazopanib VEGFR1-3,PDGFR,KIT Trastuzumab-deruxtecan Her2



Biverkningar vid målriktad behandling

• Biverkningar ofta kopplade till den specifika 
verkningsmekanismen, tex:
– EGFR: Hudbiverkningar, diarrér
– VEGF: Blödningar, hypertoni
– ALK: systörningar, CNS påverkan

• Ofta låggradiga biverkningar som nöter under 
lång tid.

• Hanteras oftast med: 
– Understödjande vård och behandling. 
– Dosreduktioner och behandlingsuppehåll



Immunterapi

• Cytokiner
– IFN/IL2

• Antikroppar
• Vacciner

– Cellfraktioner (lysat)
– Specifika tumörantigen (TAA)

• Cellbaserad immunoterapi
– Tumörinfiltrerande lymfocyter
– Autologa dendritiska celler
– CAR-T 

• Immunstimulerande
antikroppar
– CTLA4 inhibitorer
– PD1/PDL1 inhibitorer



Immunterapi ett nytt verktyg vid 
lungcancer

• Immunterapi etablerades 
först  vid malignt melanom

• Flera indikationer för 
lungcancer idag
– Monoterapi i första linjen
– Kemoimmunterapi i första linjen
– Andra linjens behandling
– Adjuvant  vid stadium III
– Fler indikationer?

• Breddinförande vid en stor 
diagnosgrupp pågår sedan 
några år

• Nya biverkningar – nya 
utmaningar



CTLA4 vs PD1/PDL1

CTLA-4
• Hämmar T cells aktivering 

tidigt (i lymfkörteln)
• Uttrycks på T celler inkl Treg

celler
• Ligander uttrycks endast av 

antigen presenterande 
celler (APCs)

• Hämning leder till en ökad 
aktivering och diversifiering 
av T cells kloner

PD-1/PDL1
• Hämmar T cells aktivering 

sent (i perifer vävnad)
• PD1 uttrycks av många 

typer immunceller
• Liganden PD-L1 uttrycks i 

många vävnadstyper
• Hämning rekonstituerar ett 

hämmat immunsvar i 
perifer vävnad



TABLE 1. CTLA-4 and PD-1 Pathway Inhibitors Approved or in Phase II and/or III Clinical Trial Stage of Development41–44

Target Name Status* Company

CTLA-4 Ipilimumab Approved for the treatment of unresectable or metastatic melanoma
Phase III: lung cancer, kidney cancer, and prostate cancer
Phase II: cervical cancer, colorectal cancer, gastric cancer, pancreatic cancer, ovarian cancer, and

urothelial cancer

Bristol-Myers
Squibb

CTLA-4 Tremelimumab Phase II studies in lung cancer MedImmune/
AstraZeneca

PD-1 Pembrolizumab Approved in the United States for treatment of unresectable or metastatic melanomaw
Phase III: gastric/GEJ cancer, lung cancer, head and neck cancer, and urothelial cancer
Phase II: colorectal cancer, glioblastoma, Merkel cell cancer, pancreatic cancer, and hematologic

malignancies

Merck

PD-1 Nivolumab Approved in the United States for second-line/third-line treatment of unresectable or metastatic
melanomaw and for the treatment of metastatic non–small cell lung cancerz

Phase III: gastric cancer, glioblastoma, head and neck cancer, kidney cancer, and lung cancer
(nonsquamous)

Phase II: cervical cancer, colorectal cancer, pancreatic cancer, and hematologic malignancies

Bristol-Myers
Squibb

PD-1 Pidilizumab Phase II: kidney cancer and hematologic malignancies CureTech/
Medivation

PD-L1 Durvalumab Phase III: head and neck cancer and lung cancer
Phase II: colorectal cancer and glioblastoma

MedImmune/
AstraZeneca

PD-L1 Atezolimab Phase III: bladder cancer and lung cancer
Phase II: kidney cancer

Roche

*Only most advanced phase of development for any tumor type is listed; phase I or phase I/II indications are not listed. Includes both monotherapy and combination
trials. Information from clinicaltrials.gov.

wWith disease progression following ipilimumab and, if BRAF V600 mutation positive, a BRAF inhibitor. Or in combination with ipilimumab in BRAF WT
patients.
zWith disease progression on or after platinum-based chemotherapy. Patients with EGFR or ALK genomic tumor aberrations should have disease progression on

FDA-approved therapy for these aberrations prior to receiving pembrolizumab or nivolumab.
CTLA-4 indicates cytotoxic T-lymphocyte–associated antigen 4; GEJ, gastroesophageal junction; PD-1, programmed death 1; PD-L1, programmed death ligand 1.

FIGURE 4. CTLA-4 and PD-1 pathway blockade. CTLA-4 blockade allows for activation and proliferation of more T-cell clones, and
reduces Treg-mediated immunosuppression. PD-1 pathway blockade restores the activity of antitumor T cells that have become
quiescent. A dual pathway blockade could have a synergistic effect, resulting in a larger and longer lasting antitumor immune response.
CTLA-4 indicates cytotoxic T-lymphocyte–associated antigen 4; MHC, major histocompatibility complex; PD-1, programmed death 1;
PD-L1, programmed death ligand 1; TCR, T-cell receptor; Treg, regulatory T cell.

Buchbinder and Desai American Journal of Clinical Oncology ! Volume 39, Number 1, February 2016
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Ipilimumab
Tremelimumab

Nivolumab
Pembrolizumab
Durvalumab
Cemiplimab



Predikitiva markörer för immunterapi?

percentages of patients in each categorical scoring class for
each assay for both the TPS and ICPS, as well as the percent-
age positive using only the 50% and 1% cut points to gener-
ate a binary score for the TPS and using the 10% and 1% cut
points for the ICPS.

To assess interassay variability, we first determined the
mean score for the 13 pathologists for each antibody assay, then
compared each antibody in pairwise comparisons to show the
mean difference for each antibody, and then tested for signifi-
cance using the Wilcoxon signed rank test and a mixed-
effects model. Table 1 shows the mean difference and statis-
tical significance of each for both the TPS and ICPS. Only the
28-8 assay and the E1L3N assay were not statistically signifi-
cantly different by this method, and the SP142 test had the
greatest magnitude of difference compared with the other 3
antibody assays. The tumor means by assay are 22c3, 2.96;
28-8, 3.26; SP142, 1.99; and E1L3N, 3.20. The immune cell
means by assay are 22c3, 2.15; 28-8, 2.28; SP142, 1.62; and
E1L3N, 2.28. The difference in the means for the tumor cells
that were significant were as follows: 22c3 was significantly
lower than both 28-8 (mean difference, −0.3; P < .001) and
E1L3N (mean difference, −0.246; P < .001). SP142 was signifi-
cantly lower than all other assays as shown in Table 1. The ICC
is perhaps a better method to compare these assays. Again using
the mean of the 13 pathologists’ scores, we found that the ICCs
for the TPS and ICPS were 0.813 (95% CI, 0.815-0.839) and 0.277
(95% CI, 0.222-0.334), respectively, which increased to 0.971
and 0.804 when SP142 was excluded.

Although it is interesting to use the mean of the 13 pa-
thologists’ scores to compare the assays, the scoring of indi-
vidual pathologists is more important since, in practice, a case

is usually only examined by a single pathologist. The ICC for
each pathologist and each antibody assay was measured to
assess variability between pathologists in scoring both tumor
and immune cells. Table 2 shows the ICCs for each antibody
assay for both tumor cell scoring and immune cell scoring.
The concordance between pathologists’ scores for tumor cells
had an ICC of 0.882 (95% CI, 0.873-0.891) for 22c3, 0.832
(95% CI, 0.820-0.844) for 28-8, 0.869 (95% CI, 0.859-0.879)
for SP142, and 0.859 (95% CI, 0.849-0.869) for E1L3N. In con-
trast, the ICCs for immune cells were markedly decreased,
with an ICC of 0.207 (95% CI, 0.190-0.226) for 22c3, 0.172
(95% CI, 0.156-0.189) for 28-8, 0.185 (95% CI, 0.169-0.203) for
SP142, and 0.229 (95% CI, 0.211-0.248) for E1L3N. A second
important variable to determine for comparison of patholo-
gists’ scores is concordance around the cut point at which cli-
nicians decide to prescribe drugs. At the time of this submis-
sion, there are FDA-approved cut points at greater than 50%
and greater than 1%. The concordance, as measured by the
Fleiss κ statistic for the mean of all 4 antibody assays at the
cut point of greater than 50%, is 0.749 and at the cut point of
greater than 1% is 0.537. The Kendall concordance for the
mean of all 4 antibody assays at the cut point of greater than
50% is 0.775 and at the cut point of greater than 1% is 0.612.
Our study does not have outcome information for anti–PD-1 or
anti–PD-L1 therapies. As such, the sensitivity and specificity
of the assay could not be determined. However, in efforts to
evaluate the ability of any given pathologist to correctly
assess each assay, we defined the median pathologist’s score
as “truth” and calculated the correctly predicted proportion
of positive cases as an analogue for sensitivity and a correctly
predicted proportion negative as an analogue for specificity.
Figure 3 shows these statistics as each of 3 possible cut points:
greater than 1%, greater than 5%, and greater than 50%.

Discussion
The SP142 assay was associated with statistically signifi-
cantly lower levels of PD-L1 staining than the other 3 assays
for both the TPS and ICPS. The 22c3 assay also showed statis-
tically significantly lower levels of PD-L1 expression com-
pared with both the 28-8 and E1L3N assays, but this slightly
lower level of PD-L1 staining was detected when only a mean
of the 13 pathologists’ scores was used. Also, we found that pa-
thologists were highly concordant for each assay, with ICCs of
approximately 0.8 for the TPS across any single assay, but
poorly concordant for the ICPS, with ICCs of approximately 0.2.
This finding suggests that IHC may be a good method for as-
sessment of PD-L1 in tumor cells but is probably inadequate
for assessment of immune cell expression independent of
which assay is selected. In tumor cells, we found higher con-
cordance at the 50% cut point than at the 1% cut point. The
1% cut point may require the use of automated systems or train-
ing regimens for pathologists to improve assay precision.

Because we used a unified scoring system, it allowed us
to assess the pathologists’ ability to score at various TPS lev-
els. The absence of “truth” or data on response to therapy lim-
its our observations, but definition of a surrogate for “truth,”

Figure 1. Immunohistochemical Images With Tumor Cell
and Immune Cell Staining

22c3A 28-8B

SP142C E1L3ND

200 µm

200 µm 200 µm

200 µm

The original magnification for all images is ×20.
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• PD-L1 uttryck är en prediktiv markör
för immunterapi

• Varierande resultat och
metodologiska problem.

• Första linjens monoterapi
– PD-L1 >50% för första linjens monoterapi

behandling med pembrolizumab (SP263, 
22C3)

– PD-L1 >50% i tumörceller eller >10 % i 
immunceller för första linjens monoterapi
med atezolizumab (SP142)

– PDL1>50% för behandling med 
cemiolimab

• Första linjens kemoimmunterapi
– PDL1>1% för behandling med 

cemiplimab+kemo 1L (22C3)
• Andra linjens monoterapi

– PD-L1 >1% för andra linjens behandling av
adenocarcinoma pembrolizumab (SP263)



Vi behöver nya prediktiva markörer! 

• Tumour Mutational
Burdon (TMB)?

• Mikro Satellit instabilitet 
(MSI)?

• Tumör Infiltrerande 
Lymfocyter (TIL)

• Mutationer
– STK11, KEAP1?
– Genpaneler?

Articles
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than in non-responders in the overall patient population 
and across the remaining tumour types, with few outliers 
noted in any cohort (appendix p 6). Excluding 
14 participants with MSI-H status (all of whom were in the 
tTMB-high group) and seven partici pants with missing 
MSI status from the analysis of objective response, 
23 (28%; 95% CI 19–40) of 81 partici pants with tTMB-high 
status had an objective response (table 2; appendix p 7).

TMB score was not associated with PD-L1 combined 
positive score, either in the overall efficacy population 
(ρ=0·18) or in patients with a response (ρ=0·07) or without 
a response (ρ=0·15; appendix p 8). Objective responses 

were observed in 24 (35%; 95% CI 24–48) of 68 participants 
who had both tTMB-high status and PD-L1-positive 
tumours (ie, PD-L1 combined positive score of ≥1) and in 
six (21%; 8–40) of 29 participants who had tTMB-high 
status and PD-L1-negative tumours (ie, PD-L1 combined 
positive score of <1; appendix p 7). Among participants 
with non-tTMB-high status, objective response was 
observed in 33 (9%; 6–12) of 383 who had PD-L1-positive 
tumours and nine (3%; 2–6) of 274 who had PD-L1-negative 
tumours (appendix p 7).

As of data cutoff, 78 (76%) of 102 participants in 
the tTMB-high group and 645 (94%) of 688 in the 
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Figure 3: Progression-free survival per RECIST (version 1.1) by independent central review (A) and overall survival (B) in the efficacy population
 Vertical lines on each curve denote censored patients. RECIST=Response Evaluation Criteria in Solid Tumors. tTMB-high=high tissue tumour mutational burden.

Marabelle et al L0 2020

Keynote 158



Immunterapi i första linjen

• Immunterapi som 
monoterapi 

• En möjlighet i första 
linjen vid stadium IV

• PDL1>50%

event, grade 1 hypothyroidism, was an immune-mediated
AE.

DISCUSSION

First-line pembrolizumab monotherapy produced clinically
meaningful improvements in OS, PFS, ORR, and durable
responses versus platinum-based chemotherapy among
patients with metastatic NSCLC with PD-L1 TPS of at least
50% without sensitizing EGFR or ALK alterations. Notably,
the 5-year OS rate in the pembrolizumab group (31.9%)
was approximately double that in the chemotherapy group

(16.3%), and median OS was more than 1 year longer in
the pembrolizumab group (26.3 months) than in the
chemotherapy group (13.4 months; HR, 0.62; 95% CI,
0.48 to 0.81). In addition to those with an objective re-
sponse, pembrolizumab also improved OS among patients
with a best-response assessment of SD. These data confirm
the 5-year OS outcomes in the single-arm KEYNOTE-001
study among previously untreated patients with PD-L1 TPS
of at least 50% and represent a clinically meaningful im-
provement in survival for patients whose prognosis has
historically been very poor.1,11
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FIG 2. Kaplan-Meier estimates of (A) OS and (B) PFS in the pembrolizumab group and the chemotherapy group. For
each treatment group, the Kaplan-Meier method was used to estimate OS and PFS, with censoring of data for
patients alive or lost to follow-up at the time of last contact for OS or without disease progression or death at last
disease assessment without documented disease progression prior to initiation of second-line therapy for PFS. Tick
marks indicate censoring times. HR, hazard ratio; NR, not reached; OS, overall survival; PFS, progression-free
survival.
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and 287 to chemotherapy. A total of 18 patients with
EGFR or ALK alterations in their tumors were excluded;
thus, the primary analysis population (any PD-L1
expression WT group) included 554 patients (277 per
arm; Supplementary Fig. A1).10 Overall, baseline char-
acteristics were balanced between arms (Table 1).

The high PD-L1 expression WT group included 107
(38.6%) and 98 patients (35.4%) in the atezolizumab
and chemotherapy arms, respectively; the high-or-

intermediate PD-L1 expression WT group comprised
166 (59.9%) and 162 patients (58.5%) in the respective
treatment arms.

Overall Survival
At the cutoff date (February 4, 2020), median OS

follow-up was 31.3 (range: 0–52), 31.0 (range: 0–52),
and 30.0 months (range: 0–52) in the high, high-or-

Figure 2. Kaplan-Meier estimates of OS in (A) the high PD-L1 expression (!50% PD-L1 expression on TC or !10% PD-L1 expression
on IC) WT group (exploratory analysis) and (B) the high PD-L1 expression WT group, adjusting for NPT immunotherapy using the
RPSFT method. CI, confidence interval; HR, hazard ratio; IC, tumor-infiltrating immune cell; NPT, nonprotocol therapy; OS, overall
survival; PD-L1, programmed death-ligand 1; RPSFT, rank-preserving structural failure time; TC, tumor cell; WT, wild type.
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Results
As of data cutoff, 3662 patients across 188 sites in 
24 countries were screened for enrolment. Between 

June 27, 2017 and Feb 27, 2020, 710 patients from 
138 clinics in 24 countries who met eligibility criteria 
were randomly assigned to receive cemiplimab (n=356) 
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Immunterapi har mindre biverkningar
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Pembrolizumab vs. Chemother apy for PD-L1–Positive Lung Cancer

Adverse Event
Pembrolizumab Group 

(N = 154)
Chemotherapy Group 

 (N = 150)

Any Grade Grade 3, 4, or 5 Any Grade Grade 3, 4, or 5

number of patients (percent)

Treatment-related†

Any 113 (73.4) 41 (26.6) 135 (90.0) 80 (53.3)

Serious 33 (21.4) 29 (18.8) 31 (20.7) 29 (19.3)

Led to discontinuation 11 (7.1) 8 (5.2) 16 (10.7) 9 (6.0)

Led to death 1 (0.6) 1 (0.6) 3 (2.0) 3 (2.0)

Occurred in ≥10% of patients in either group‡

Nausea 15 (9.7) 0 65 (43.3) 3 (2.0)

Anemia 8 (5.2) 3 (1.9) 66 (44.0) 29 (19.3)

Fatigue 16 (10.4) 2 (1.3) 43 (28.7) 5 (3.3)

Decreased appetite 14 (9.1) 0 39 (26.0) 4 (2.7)

Diarrhea 22 (14.3) 6 (3.9) 20 (13.3) 2 (1.3)

Neutropenia 1 (0.6) 0 34 (22.7) 20 (13.3)

Vomiting 4 (2.6) 1 (0.6) 30 (20.0) 1 (0.7)

Pyrexia 16 (10.4) 0 8 (5.3) 0

Constipation 6 (3.9) 0 17 (11.3) 0

Stomatitis 4 (2.6) 0 18 (12.0) 2 (1.3)

Decreased neutrophil count 0 0 20 (13.3) 6 (4.0)

Increased blood creatinine level 3 (1.9) 0 15 (10.0) 1 (0.7)

Decreased platelet count 0 0 18 (12.0) 9 (6.0)

Thrombocytopenia 0 0 17 (11.3) 8 (5.3)

Decreased white-cell count 1 (0.6) 0 16 (10.7) 3 (2.0)

Dysgeusia 1 (0.6) 0 15 (10.0) 0

Immune-mediated§

Any 45 (29.2) 15 (9.7) 7 (4.7) 1 (0.7)

Hypothyroidism 14 (9.1) 0 2 (1.3) 0

Hyperthyroidism 12 (7.8) 0 2 (1.3) 0

Pneumonitis 9 (5.8) 4 (2.6) 1 (0.7) 1 (0.7)

Infusion reaction 7 (4.5) 0 2 (1.3) 0

Severe skin reaction 6 (3.9) 6 (3.9) 0 0

Thyroiditis 4 (2.6) 0 0 0

Colitis 3 (1.9) 2 (1.3) 0 0

Myositis 3 (1.9) 0 0 0

Hypophysitis 1 (0.6) 1 (0.6) 0 0

Nephritis 1 (0.6) 1 (0.6) 0 0

Pancreatitis 1 (0.6) 1 (0.6) 0 0

Type 1 diabetes mellitus 1 (0.6) 1 (0.6) 0 0

*  The as-treated population included all patients who received at least one dose of a trial treatment. For the patients in 
the chemotherapy group who crossed over to the pembrolizumab group after disease progression, only events that oc-
curred during treatment with the assigned chemotherapy regimen are included.

†  Events were attributed to treatment by the investigator and are listed as indicated by the investigator on the case-report 
form. Although decreased neutrophil count and neutropenia may reflect the same condition, they were listed by the in-
vestigators as two distinct events; this is also the case for decreased platelet count and thrombocytopenia.

‡  Events are listed in descending order of frequency in the total population.
§  The immune-mediated events, both those that were and those that were not attributed to study treatment by the inves-

tigator, are listed in descending order of frequency in the pembrolizumab group. In addition to specific preferred terms, 
related terms are also included.

Table 3. Adverse Events in the As-Treated Population.*

The New England Journal of Medicine 
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Immune-mediated§

Any 45 (29.2) 15 (9.7) 7 (4.7) 1 (0.7)
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Severe skin reaction 6 (3.9) 6 (3.9) 0 0

Thyroiditis 4 (2.6) 0 0 0

Colitis 3 (1.9) 2 (1.3) 0 0

Myositis 3 (1.9) 0 0 0

Hypophysitis 1 (0.6) 1 (0.6) 0 0
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*  The as-treated population included all patients who received at least one dose of a trial treatment. For the patients in 
the chemotherapy group who crossed over to the pembrolizumab group after disease progression, only events that oc-
curred during treatment with the assigned chemotherapy regimen are included.

†  Events were attributed to treatment by the investigator and are listed as indicated by the investigator on the case-report 
form. Although decreased neutrophil count and neutropenia may reflect the same condition, they were listed by the in-
vestigators as two distinct events; this is also the case for decreased platelet count and thrombocytopenia.

‡  Events are listed in descending order of frequency in the total population.
§  The immune-mediated events, both those that were and those that were not attributed to study treatment by the inves-

tigator, are listed in descending order of frequency in the pembrolizumab group. In addition to specific preferred terms, 
related terms are also included.
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number of patients (percent)

Treatment-related†

Any 113 (73.4) 41 (26.6) 135 (90.0) 80 (53.3)
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Severe skin reaction 6 (3.9) 6 (3.9) 0 0

Thyroiditis 4 (2.6) 0 0 0

Colitis 3 (1.9) 2 (1.3) 0 0

Myositis 3 (1.9) 0 0 0

Hypophysitis 1 (0.6) 1 (0.6) 0 0

Nephritis 1 (0.6) 1 (0.6) 0 0

Pancreatitis 1 (0.6) 1 (0.6) 0 0

Type 1 diabetes mellitus 1 (0.6) 1 (0.6) 0 0

*  The as-treated population included all patients who received at least one dose of a trial treatment. For the patients in 
the chemotherapy group who crossed over to the pembrolizumab group after disease progression, only events that oc-
curred during treatment with the assigned chemotherapy regimen are included.

†  Events were attributed to treatment by the investigator and are listed as indicated by the investigator on the case-report 
form. Although decreased neutrophil count and neutropenia may reflect the same condition, they were listed by the in-
vestigators as two distinct events; this is also the case for decreased platelet count and thrombocytopenia.

‡  Events are listed in descending order of frequency in the total population.
§  The immune-mediated events, both those that were and those that were not attributed to study treatment by the inves-

tigator, are listed in descending order of frequency in the pembrolizumab group. In addition to specific preferred terms, 
related terms are also included.
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Adverse Event
Pembrolizumab Group 

(N = 154)
Chemotherapy Group 

 (N = 150)

Any Grade Grade 3, 4, or 5 Any Grade Grade 3, 4, or 5

number of patients (percent)

Treatment-related†

Any 113 (73.4) 41 (26.6) 135 (90.0) 80 (53.3)

Serious 33 (21.4) 29 (18.8) 31 (20.7) 29 (19.3)

Led to discontinuation 11 (7.1) 8 (5.2) 16 (10.7) 9 (6.0)

Led to death 1 (0.6) 1 (0.6) 3 (2.0) 3 (2.0)

Occurred in ≥10% of patients in either group‡

Nausea 15 (9.7) 0 65 (43.3) 3 (2.0)

Anemia 8 (5.2) 3 (1.9) 66 (44.0) 29 (19.3)

Fatigue 16 (10.4) 2 (1.3) 43 (28.7) 5 (3.3)

Decreased appetite 14 (9.1) 0 39 (26.0) 4 (2.7)

Diarrhea 22 (14.3) 6 (3.9) 20 (13.3) 2 (1.3)

Neutropenia 1 (0.6) 0 34 (22.7) 20 (13.3)

Vomiting 4 (2.6) 1 (0.6) 30 (20.0) 1 (0.7)

Pyrexia 16 (10.4) 0 8 (5.3) 0

Constipation 6 (3.9) 0 17 (11.3) 0

Stomatitis 4 (2.6) 0 18 (12.0) 2 (1.3)

Decreased neutrophil count 0 0 20 (13.3) 6 (4.0)

Increased blood creatinine level 3 (1.9) 0 15 (10.0) 1 (0.7)

Decreased platelet count 0 0 18 (12.0) 9 (6.0)

Thrombocytopenia 0 0 17 (11.3) 8 (5.3)

Decreased white-cell count 1 (0.6) 0 16 (10.7) 3 (2.0)

Dysgeusia 1 (0.6) 0 15 (10.0) 0

Immune-mediated§

Any 45 (29.2) 15 (9.7) 7 (4.7) 1 (0.7)

Hypothyroidism 14 (9.1) 0 2 (1.3) 0

Hyperthyroidism 12 (7.8) 0 2 (1.3) 0

Pneumonitis 9 (5.8) 4 (2.6) 1 (0.7) 1 (0.7)

Infusion reaction 7 (4.5) 0 2 (1.3) 0

Severe skin reaction 6 (3.9) 6 (3.9) 0 0

Thyroiditis 4 (2.6) 0 0 0

Colitis 3 (1.9) 2 (1.3) 0 0

Myositis 3 (1.9) 0 0 0

Hypophysitis 1 (0.6) 1 (0.6) 0 0

Nephritis 1 (0.6) 1 (0.6) 0 0

Pancreatitis 1 (0.6) 1 (0.6) 0 0

Type 1 diabetes mellitus 1 (0.6) 1 (0.6) 0 0

*  The as-treated population included all patients who received at least one dose of a trial treatment. For the patients in 
the chemotherapy group who crossed over to the pembrolizumab group after disease progression, only events that oc-
curred during treatment with the assigned chemotherapy regimen are included.

†  Events were attributed to treatment by the investigator and are listed as indicated by the investigator on the case-report 
form. Although decreased neutrophil count and neutropenia may reflect the same condition, they were listed by the in-
vestigators as two distinct events; this is also the case for decreased platelet count and thrombocytopenia.

‡  Events are listed in descending order of frequency in the total population.
§  The immune-mediated events, both those that were and those that were not attributed to study treatment by the inves-

tigator, are listed in descending order of frequency in the pembrolizumab group. In addition to specific preferred terms, 
related terms are also included.

Table 3. Adverse Events in the As-Treated Population.*
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median confirmed duration of response was longer in 
the atezolizumab plus chemotherapy group (8·4 months 
[95% CI 6·9–11·8]; n=220) than in the chemotherapy 
group (6·1 months [5·5–7·9]; n=72; appendix pp 8–9).

At the time of the analysis, 473 patients in the 
atezolizumab plus chemotherapy group and 232 patients 
in the chemotherapy group received at least one cycle of 
treatment (appendix p 10). Mean treatment duration 
in the atezolizumab plus chemotherapy group was 
8·9 months (SD 7·2) for atezolizumab, 2·8 months (1·3) 
for nab-paclitaxel, and 2·4 months (1·2) for carboplatin. 

In the chemotherapy group, mean treatment duration 
was 2·6 months (SD 1·3) for nab-paclitaxel, 2·2 months 
(1·2) for carboplatin, and 4·9 months (4·1) for 
pemetrexed. Mean number of doses in the atezolizumab 
plus chemotherapy group was 12·8 (SD 9·8) for 
atezolizumab, 10·6 (4·4) for nab-paclitaxel, and 4·0 (1·4) 
for carboplatin. In the chemotherapy group, the mean 
number of doses was 10·0 (SD 4·4) for nab-paclitaxel, 
3·7 (1·5) for carboplatin, and 7·7 (5·6) for pemetrexed. 
Mean dose intensities in the atezolizumab plus 
chemotherapy group were 92·4% (SD 8·2) for 

Figure 2: Kaplan-Meier plots for progression-free survival (A) and overall survival (B) in the intention-to-treat wild-type population
HR=hazard ratio.
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Median overall survival was 15·6 months (95% CI 
13·9–20·0) in the experimental group and 10·9 months 
(9·5–12·6) in the control group (stratified HR 0·66; 
95% CI 0·55–0·80; figure 2B). 12-month overall 
survival rates were 63% (95% CI 57·7–67·6) in the 
experimental group versus 47% (41·6–51·9) in the 
control group (appendix p 16).

Overall survival in most prespecified subgroups 
favoured the experimental group (figure 3). Improved 
overall survival in the experimental group versus the 
control group was observed across all PD-L1 expression 

levels (figure 4A, B; appendix pp 35–36). Similar benefit 
was seen in the experimental group in patients with non-
squamous and squamous histology (figure 4C, D).

With longer follow-up, 249 (69%) patients in the 
experimental group and 265 (74%) patients in the 
control group had progressive disease or died by 
the time of data cutoff. Median progression-free 
survival was 6·7 months (95% CI 5·6–7·8) in the 
experimental group versus 5·0 months (4·3–5·6) in 
the control group (HR 0·68 [95% CI 0·57–0·82]; 
appendix p 37). Longer progression-free survival in 
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Figure 2: Overall survival
Overall survival in all randomly assigned patients at interim analysis (A) and with longer follow-up (B). The hazard ratios for overall survival presented on the graphs 
are stratified.
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Tumor response. The key secondary endpoint of ORR per inde-
pendent central review was 43.3% (95% CI, 37.7–49.0) with 
cemiplimab plus chemotherapy treatment, with complete response 
(CR) observed in 2.6% of patients (8/312) and partial response (PR) 
observed in 40.7% of patients (127/312) (Table 2 and Extended 

Data Fig. 1a). With placebo plus chemotherapy treatment, the ORR 
was 22.7% (95% CI, 16.4–30.2), and all responses were PR (Table 2  
and Extended Data Fig. 1b). The median duration of response 
(DOR) with cemiplimab plus chemotherapy was 15.6 months (95% 
CI, 12.4–NE) versus 7.3 months (95% CI, 4.3–12.6) for the placebo 
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Fig. 2 | Survival data for the cemiplimab plus chemotherapy and placebo plus chemotherapy arms. a, Kaplan–Meier OS curves of all patients. b, Forest 
plots of OS by subgroups. c, Kaplan–Meier PFS curves of all patients. d, Forest plots of PFS by subgroups. Median OS and PFS and corresponding two-sided 
95% CIs were estimated by the Kaplan–Meier method. HRs and corresponding two-sided 95% CIs for OS and PFS were calculated using a stratified Cox 
proportional hazard model with Efron’s method of tie handling. Cemi, cemiplimab; chemo, chemotherapy; met, metastasis; PBO, placebo.

Table 2 | Summary of tumor response per RECIST 1.1 by independent review committee in the intention-to-treat patient population

Response Cemiplimab!+!chemotherapy (n!=!312) Placebo!+!chemotherapy (n!=!154)

Objective response
!Patients, n 135 35
!% (95% CI) 43.3 (37.7–49.0) 22.7 (16.4–30.2)
!Odds ratio (95% CI) 2.68 (1.72–4.19); P"<"0.0001
Best overall response, n (%)
!Complete response 8 (2.6) 0
!Partial response 127 (40.7) 35 (22.7)
!Stable disease 121 (38.8) 74 (48.1)
!Progressive disease 22 (7.1) 24 (15.6)
!NE 30 (9.6) 20 (13.0)
Kaplan–Meier estimated DOR, median (95% CI), months 15.6 (12.4–NE) 7.3 (4.3–12.6)

Observed time to response, median (IQR), months 2.1 (2.0–2.3) 2.1 (2.1–3.9)

Objective response and the corresponding two-sided 95% CI were calculated using the Clopper–Pearson method. The odds ratio and corresponding two-sided 95% CI of the objective response 
were calculated by the Cochran–Mantel–Haenszel method. The median DOR and corresponding two-sided 95% CI were estimated by the Kaplan–Meier method. Observed time to response and the 
corresponding IQR were summarized descriptively.
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FIG 1. Kaplan-Meier estimates of OS in the (A) ITT, (B) PD-L1 TPS$ 50%, (C) PD-L1 TPS 1%-49%, and (D) PD-L1 TPS, 1% populations and
PFS by RECIST version 1.1 by blinded independent central review in the (E) ITT, (F) PD-L1 TPS$ 50%, (G) PD-L1 TPS 1%-49%, and (H) PD-L1
TPS , 1% populations. Chemo, chemotherapy; ITT, intention-to-treat; OS, overall survival; PD-L1, programmed cell death ligand 1; PFS,
progression-free survival; TPS, tumor proportion score.
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Biverkningshantering vid immunterapi

• Immunrelaterade 
biverkningar är vanliga
– Allvarliga  biverkningar 

dock mindre vanliga
• Andra typer av 

biverkningar
• Vanligen debut 3- 6 

månader efter start
• Sen debut inte ovanligt
• Viktigt med tidig 

intervention

display elevated (>10 mIU/l) thyroid-stimulating hor-
mone (TSH) levels, an additional assay for free T4 and T3
is required, and hormone replacement therapy (e.g. levo-
thyroxine) should be initiated [26,27]. A few cases of hy-
perthyroidism have been reported; in this setting, non-
selective beta-blockers (e.g. propranolol) are suggested as
the initial treatment. Hyperthyroidism resolves spontane-
ously in almost all cases, with the subsequent appearance
of hypothyroidism [24].

6.3.2. Hypophysitis
Hypophysitis is mainly observed with anti-CTLA-4
therapy and can affect up to 10% of patients [41].
Hypophysitis results in low release of all or some of the
following pituitary gland hormones: adrenocorticotro-
pic hormone (ACTH), TSH, follicle-stimulating hor-
mone (FSH), luteinising hormone (LH), growth
hormone or prolactin. Hypophysitis is difficult to di-
agnose because its symptoms are non-specific: head-
aches, fatigue and muscle weakness, paleness or
constipation, weight loss, anorexia, nausea. Additional
symptoms reflecting specific hormonal deficiency could
be helpful for the diagnosis: weight gain, constipation,
bradycardia, attention or cognitive difficulties for the
thyrotropin axis; erectile dysfunction or amenorrhoea
for the gonadotropin axis defect (LH/FSH); orthostatic
hypotension and hypoglycaemia/hyponatraemia for the
corticotrophin deficiency (ACTH) [41]. The central hy-
pothyroidism appears to be the most frequent hormone
deficiency [41]. Serum pituitary auto-antibodies could be
present [25]. Pituitary magnetic resonance imaging im-
aging with gadolinium and selective slides should be

considered, searching enlargement or heterogeneity of
the gland [40]. Treatment is based on the replacement of
appropriate hormones deficiency (e.g. levothyroxine and
hydrocortisone) is required [25,41].

6.4. Liver disorders

Immune-relatedhepatitismust be consideredwhenever the
physician is confronted with an unexplained elevation of
serum levels of hepatic alanine aminotransferase or
aspartate aminotransferase enzymes, which occurs in less
than 5% of patients [4,31,33]. Most patients are asymp-
tomatic and present with abnormal laboratory test results
[34]. Viral infection with hepatitis A (primary infection), B
or C (primary or chronic infection) and emergent hepatitis
E should be ruled out. A CT scan or an ultrasound of the
liver and biliary tract may help to rule out liver metastases
or cholelithiasis. Some patients with IRAE hepatitis may
have mild hepatomegaly, periportal oedema or lympha-
denomegaly [34]. Serum assays for ANAs, anti-smooth
muscle antibodies, anti-liver kidney microsomal antibody
type 1 and anti-liver cytosol type 1 are often negative [23].
The formal diagnosis of autoimmune hepatitis requires a
liver biopsy showing a diffuse T-cell infiltrate in all lobes,
prominent sinusoidal histiocytic infiltrates and central vein
damagewith endothelialitis [23]. Patients should be treated
with corticosteroids [23], and in steroid-refractory cases,
adding the azathioprine orMMF is in accordance with the
management of autoimmune hepatitis [35].

6.5. Lung disorders

Immune-related pneumonitis (including sarcoidosis [36,37]
and organising inflammatory pneumonitis [38]) occurs in
around1%ofpatients takinganti-PD-1/PDL-1orCTLA-4
antibodies [11,33,39]. This condition can be severe and life
threatening, and thus requires the physician to pay partic-
ular attention to respiratory symptoms [22]. Alerting
symptoms are dry cough, progressive shortness of breath
andfine inspiratorycrackles. In casesof suspected immune-
related pneumonitis, a chest CT scan and spirometry (with
measurement of the carbon monoxide diffusing capacity)
are useful. Immune-related pneumonitis shows ground-
glass lesions and/or disseminated nodular infiltrates, pre-
dominantly in the lower lobes [22,38]. Cardiac abnormal-
ities with left ventricular dysfunction must be ruled out in
this setting. A bronchoscopy with bronchoalveolar lavage
should be considered to search infectious agents such as
Pneumocystis jirovecii and respiratory virus as influenza,
metapneumovirus or the syncytial virus. Other atypical in-
fectious agents, such as Legionella pneumophilia, Chla-
mydia and Mycoplasma pneumoniae, should be also
screened. The treatment of immune-related pneumonitis is
basedon the systemic steroids [26,27]. If a courseof steroids
does not reduce the severity of the initial symptoms, addi-
tional immunosuppression with infliximab could be
considered [22].

Fig. 3. The clinical spectrum of IRAEs. IRAEs: immune-related

adverse events.
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not significantly) for fatal (grade V) irAEs (41 days
[0e567]) than that for grade I to IV irAEs (89 days
[0e1123]; p Z 0.0699, Fig. 2C).

3.4. Fatal irAEs (grade V)

Fifteen patients presented with a fatal irAE: 10
patients died of interstitial pneumoniae, 1 died of
thrombocytopenia, 1 died of myocarditis, 1 died of

acute renal injury, 1 died of mitochondrial
cytopathy and 1 died of colitis. The highest incidences
of fatal irAEs were found for the respiratory system
(26.3%), heart (16.7%) and renal system (14.3%)
(Fig. 1). Eight of 10 patients with fatal respiratory
irAEs had lung cancer. Five of them (50.0%) received
previous lung radiotherapy. All patients with fatal
irAEs were receiving monotherapy with antiePD-1 or
PD-L1.
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Allvarliga biverkningar kommer tidigare

• REISAMIC, en prospektiv
fransk biverkningsstudie
– 1187 patienter (2014-

2020)
– Riskfaktorer för allvarlig 

toxicitet:
• PS≥2
• Albumin<35 g/L
• Hög 

neutrofil/lymfocytratio
• Lungcancer

Ruste et al EJC 21



Generella åtgärder

• Identifiera och gradera biverkan
• Överväg uppehåll i behandlingen
• Sätt in steroider (metylprednisolon).
• Trappa ner steroiderna och observera förloppet
• Återuppta behandlingen så snart som möjligt
• Avsluta behandlingen vid långdragna eller allvarliga 

biverkningar
– Kvarstående CTCAE grad II-III biverkningar trots uppehåll
– Återkommande CTCAE grad III
– Alla CTCAE grad IV biverkningar



Gradera biverkningarna!

Common Terminology Criteria for 
Adverse Events (CTCAE)

Grad 1 Milda symtom. Oftast 
  ingen åtgärd
Grad 2 Moderata symtom som 
  påverkar ADL. Enklare 
  åtgärder krävs.
Grad 3 Svåra men inte omedelbart 

 livshotande symtom. 
  Inneliggande vård krävs.
Grad 4 Livshotande tillstånd. Akut 

 intervention. Invasiva 
  åtgärder.
Grad 5 Död
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GENERAL ASPECTS OF IMMUNE-RELATED ADVERSE EVENT
MANAGEMENT

Overview

Adverse events (AEs) related to the use of immune check-
point inhibitor (ICI) therapy are defined as immune-related
(IR) AEs (irAEs). irAEs are graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0
(Supplementary Table S1, available at https://doi.org/10.
1016/j.annonc.2022.10.001).1 The aim of this European
Society for Medical Oncology (ESMO) Clinical Practice
Guideline (CPG) is to provide specific guidance on irAE
management. Recommendations provided are based on
evidence from the scientific literature, clinical experience
and analogy to the treatment of autoimmune diseases
(ADs), where appropriate. Consensus for the recommen-
dations was obtained by direct communication, scientific
debate and agreement.

Further information regarding the provision of patient
information, routine baseline screening before ICI initiation,
monitoring during ICI therapy, management of outpatients

versus inpatients and that of corticosteroid (CS)-refractory
patients and patients with specific conditions can be found
in Section 1 of the Supplementary Material, available at
https://doi.org/10.1016/j.annonc.2022.10.001.

General guidance for immunosuppression

irAE management generally consists of four sequential
steps: (i) diagnosis and grading of irAEs, (ii) ruling out dif-
ferential diagnoses and pre-immunosuppression work-up,
(iii) selecting the appropriate immunosuppression strategy
for grade !2 events and (iv) active evaluation at 72 h to
adapt treatment. See Supplementary Table S2 and Section 1
of the Supplementary Material, available at https://doi.org/
10.1016/j.annonc.2022.10.001.

To minimise the occurrence of CS-induced AEs, the
following general guidance is proposed2:
" The lowest effective CS dose should be prescribed for
the shortest possible duration, which, in general will
be several weeks for grade !3 irAEs, including tapering

" CS therapy tapering or discontinuation only on medical
advice

" Lifestyle adaptations tominimise the riskof CS-induced AEs

Immunosuppressive drugs

Optimising the choice of immunosuppressive agents.
Prospective studies evaluating the safety and efficacy of
immunosuppressant agents in irAE management are

*Correspondence to: ESMO Guidelines Committee, ESMO Head Office, Via
Ginevra 4, CH-6900 Lugano, Switzerland
E-mail: clinicalguidelines@esmo.org (ESMO Guidelines Committee).

5Note: Approved by the ESMO Guidelines Committee: July 2017, last update
October 2022. This publication supersedes the previously published ver-
siondAnn Oncol. 2017;28(suppl 4):IV119-IV142.
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0923-7534/© 2022 European Society for Medical Oncology. Published by

Elsevier Ltd. All rights reserved.
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ABSTRACT

The aim of the NCCNGuidelines for Management of Immunotherapy-
Related Toxicities is to provide guidance on the management of
immune-related adverse events resulting from cancer immunotherapy.
The NCCN Management of Immunotherapy-Related Toxicities Panel
is an interdisciplinary group of representatives from NCCN Member
Institutions, consisting of medical and hematologic oncologists with
expertise across a wide range of disease sites, and experts from the
areas of dermatology, gastroenterology, endocrinology, neurooncology,
nephrology, cardio-oncology, ophthalmology, pulmonary medicine,
and oncology nursing. The content featured in this issue is an excerpt
of the recommendations for managing toxicities related to CAR T-cell
therapies and a review of existing evidence. For the full version of the
NCCNGuidelines, including recommendations for managing toxicities
related to immune checkpoint inhibitors, visit NCCN.org.
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NCCN CATEGORIES OF EVIDENCE AND CONSENSUS
Category 1: Based upon high-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.
Category 2A: Based upon lower-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.
Category 2B: Based upon lower-level evidence, there is
NCCN consensus that the intervention is appropriate.
Category 3: Based upon any level of evidence, there is major
NCCN disagreement that the intervention is appropriate.
All recommendations are category 2A unless otherwise
noted.

Clinical trials: NCCN believes that the best management of
any patient with cancer is in a clinical trial. Participation in
clinical trials is especially encouraged.
PLEASE NOTE
The NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®) are a statement of evidence and consensus of the
authors regarding their views of currently accepted approaches
to treatment. Any clinician seeking to apply or consult the NCCN
Guidelines is expected to use independent medical judgment in
the context of individual clinical circumstances to determine any
patient’s care or treatment. The National Comprehensive Cancer
Network® (NCCN®) makes no representations or warranties of
any kind regarding their content, use, or application and disclaims
any responsibility for their application or use in anyway.

The complete NCCN Guidelines for Management of Immuno-
therapy-Related Toxicities are not printed in this issue of
JNCCN but can be accessed online at NCCN.org.
© National Comprehensive Cancer Network, Inc. 2022. All
rights reserved. The NCCN Guidelines and the illustrations
herein may not be reproduced in any form without the express
written permission of NCCN.
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Kolit

Symtom
• Lös avföring
• Diarrér
• Buksmärtor (tecken på kolit)
• Blod i avföringen

• Uteslut annan orsak
• Överväg CT buk och koloskopi

Behandling

• Grad II (4-6 diarrér)
– Behandlingsuppehåll
– Överväg budesonid po
– Överväg steroider 40 - 60 mg/d

• Grad III (>6 diarrér)
– Behandlingsuppehåll
– Sätt in steroider motsvarande 

metylprednisolon 1-2 mg/kg/d
• Grad IV (behov av sjukhusvård)

– Seponera behandlingen
– Sätt in steroider motsvarande 

metylprednisolon 1- 2 mg/kg/d
– Överväg infliximab 5 mg/kg eller 

vedolizumab 300 mg i samråd 
med gastroenterolog



Dermatit

Symtom
• Vitiligo
• Erythem
• Blåsor
• Klåda

• Hudbiopsi 
• Dermatolog 

konsultation

Behandling
• Grad II (10-30% av hudytan)

– Antihistamin
– Lokala steroider
– Överväg på steroider 0,5 – 1mg/kg

• Grad III (>30 % av hudytan)
– Behandlingsuppehåll
– Lokala steroider klass III
– Överväg steroider motsvarande 0,5 -

1 mg metylprednisolon/kg/d
• Grad IV (allvarlig dermatit)

– Sätt ut behandlingen
– Sätt in steroider motsvarande 1- 2 mg 

metylpresnisolon/kg/d
– Överväg infliximab 5 mg/kg eller 

tocilizumab 8 mg i samråd med 
hudspecialist

considerably since the introduction of ICPis. Both hyper- and
hypothyroidism have been reported, although hypothyroid dis-
orders are more common than hyperthyroidism. The latter is often
transient and may precede hypothyroidism. Still, little is known
about the pathogenesis of thyroid disorders following ICPis. It is
thought to be mediated by T cells and not by B cell autoimmunity.
Recently, a cohort of 51 NSCLC patients treated with pembrolizu-
mab in the Keynote-001 study was prospectively followed by
thyroid-stimulating hormone (TSH), triiodothyronine and thyro-
xine (FT3, FT4) and anti-thyroid antibodies (Abs) measurement
[28]. The incidence of thyroid dysfunction requiring thyroid hor-
mone replacement was 21% (in 80% of these patients, anti-thyroid
Abs were detected), compared with 8% in patients that did not de-
velop thyroid dysfunction. These results suggest that the pathogen-
esis of autoimmune thyroid disease and thyroid gland dysfunction
as irAEs might have a similar pathogenesis.

Thyroid dysfunction is most common upon treatment with
anti-PD-1/PD-L1 or combination of anti-CTLA4 and agents
blocking the PD-1/PD-L1 axis. With ipilimumab (3 mg/kg), the
incidence was reported to be between 1% and 5% [1, 2], but
higher incidence (up to 10%) has been observed with the higher
doses of ipilimumab (10 mg/kg) [4].

With anti-PD-1 (either pembrolizumab or nivolumab) or anti-
PD-L1 (atezolizumab) therapy, the reported thyroid dysfunction

rate varies from 5% to 10% (irrespective of tumour type) [6, 10,
12]. With combination immunotherapy (ipilimumab 3 mg/kg
plus nivolumab 1 mg/kg), the frequency of thyroid disorders in-
creases to 20% [2]. These events are rarely higher than grade 2. In
most cases, thyroid dysfunction is found by routine blood tests
(TSH and FT4); they should be carried out before every infusion or
at least once a month (in the case of 2-weekly infusions).

Management

Even with subclinical hypothyroidism, substitution with thyroid
hormone should be considered in the case of fatigue or other
complaints that could be attributed to hypothyroidism [IV–V,
B]. In symptomatic patients, especially in the case of hyperthy-
roidism, treatment with beta-blockers should be started (pro-
pranolol or atenolol) [IV–V, B]. Rarely, carbimazole or steroids
are required. In those cases, treatment with ICPis should be inter-
rupted until recovery from symptoms. Hormone replacement
therapy (HRT) is usually long lasting (see Figure 5).

Hypophysitis

Before introduction of anti-CTLA4 therapy, hypophysitis, an in-
flammation of the anterior lobe of the pituitary gland, was ex-
tremely rare. Now, incidence rates of hypophysitis have been
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therapies. For example, the deployment of apoptosis-inducing
drugs may induce cancer cells to hyperactivate mitogenic
signaling, enabling them to compensate for the initial attrition
triggered by such treatments. Such considerations suggest
that drug development and the design of treatment protocols
will benefit from incorporating the concepts of functionally
discrete hallmark capabilities and of the multiple biochemical
pathways involved in supporting each of them. Thus, in partic-
ular, we can envisage that selective cotargeting of multiple
core and emerging hallmark capabilities and enabling character-
istics (Figure 6) in mechanism-guided combinations will result in
more effective and durable therapies for human cancer.

CONCLUSION AND FUTURE VISION

We have sought here to revisit, refine, and extend the concept of
cancer hallmarks, which has provided a useful conceptual
framework for understanding the complex biology of cancer.

The six acquired capabilities—the hallmarks of cancer—have
stood the test of time as being integral components of most
forms of cancer. Further refinement of these organizing princi-
ples will surely come in the foreseeable future, continuing the
remarkable conceptual progress of the last decade.
Looking ahead, we envision significant advances during the

coming decade in our understanding of invasion andmetastasis.
Similarly, the role of aerobic glycolysis in malignant growth will
be elucidated, including a resolution of whether this metabolic
reprogramming is a discrete capability separable from the core
hallmark of chronically sustained proliferation. We remain
perplexed as to whether immune surveillance is a barrier that
virtually all tumors must circumvent, or only an idiosyncrasy of
an especially immunogenic subset of them; this issue too will
be resolved in one way or another.
Yet other areas are currently in rapid flux. In recent years, elab-

orate molecular mechanisms controlling transcription through
chromatin modifications have been uncovered, and there are

Figure 6. Therapeutic Targeting of the Hallmarks of Cancer
Drugs that interfere with each of the acquired capabilities necessary for tumor growth and progression have been developed and are in clinical trials or in some
cases approved for clinical use in treating certain forms of human cancer. Additionally, the investigational drugs are being developed to target each of the
enabling characteristics and emerging hallmarks depicted in Figure 3, which also hold promise as cancer therapeutics. The drugs listed are but illustrative
examples; there is a deep pipeline of candidate drugs with different molecular targets and modes of action in development for most of these hallmarks.
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