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Zugelassene Checkpointinhibitoren

m PD-1/PD-L1 Inhibitoren (FDA Approval):

10

Pembrolizumab (MSD): Melanom, NSCLC

Nivolumab (BMS): Melanom, NSCLC, RCC,
Hodgkin Lymphom, beantragt 2HNSCC

Avelumab (Merck Serono):
beantragt>Merkelzellkarzinom

Durvalumab (AstraZeneca):
beantragt2>Urothelkarzinom

Atezolizumab (Roche):
beantragt>Urothelkarzinom




Deng, Liang, Burnette et. al: Irradiation and anti-PD-L1 treatment synergistically promote antitumor

immunity in mice. J Clin Invest. 2014;124(2):687-695.

PD-1 Inhibitoren und RT: Lokale Wirkung
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Deng, Liang, Burnette et. al: Irradiation and anti-PD-L1 treatment synergistically promote antitumor

immunity in mice. J Clin Invest. 2014;124(2):687-695.

PD-1 Inhibitoren und RT: Immunitat
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Deng, Liang, Burnette et. al: Irradiation and anti-PD-L1 treatment synergistically promote antitumor

immunity in mice. J Clin Invest. 2014;124(2):687-695.

PD-1 Inhibitoren und RT: Systemische
Wirkung
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Dovedi, Adlard, Lipowska Bha//a et. al: Acquired Resistance to Fractionated Radiotherapy Can Be

PD-1 Inhlbltoren und RT: Zeltverlauf
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Hecht, Buttner-Herold, Distel et. al: PD-L1 is Upregulated by Radiochemotherapy in Rectal Adenocarcinoma Patients

and Associated with a Favorable Prognosis. Under Revision.

PD-1 Inhibitoren und RT: Zeitverlauf

m Retrospektive Auswertung PD-L1 bei neo. RCT von

Rektumkarzinomen

m 199 Pat. (103 pratherapeutische Biopsien, 159
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Dovedi, Adlard, Lipowska-Bhalla et. al: Acquired Resistance to Fractionated Radiotherapy Can Be

PD-1 Inhibitoren und RT: Zeltverlauf
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Dewan, Galloway, Kawash/ma et. a/ Fract/onated but Not S/ng/e -Dose Rad/otherapy Induces an Immune-Mediated

PD-1 Inhlbltoren und RT: Dosis / Fraktlonlerung

m Praklinisch verschiedene wirksame Schemata zur RT +
PD-1 Inhibitor:

= Deng et al: 1x12Gy
= Dovedi et al: 5x2Gy
->wohl wegen des geringeren Aufwandes haufiger Einzeit-RT

4 05 1x20Gy 3x8Gy 5x6Gy
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Derer, Spiljar, Bdumler et. al: In particular fractionated radiation in combination with respective chemotherapy

increases PD-L1 protein surface and mRNA expression of melanoma and glioblastoma cells. Under Revision.

PD-1 Inhibitoren und RT: Dosis / Fraktionierung
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Das, Haraf, Brisson et. al: Evaluation of patients with metastatic head and neck cancer treated with PD-1 inhibition

with Pembrolilzumab and radiation therapy. European Cancer Congress 2015

PD-1 Inhibitoren und RT: klinische Daten

m / Pat. mit HNSCC unter Pembrolizumab progredient

m Strahlentherapie und FortfUhrung Pembrolizumab

Patient Number of Location of RT Fractionation Response at Response at
Irradiated Sites Irradiated Sites Irradiated Site Distant Sites

1t Course: PD
2nd Course: PD

15t Course: PD
2nd Course: SD

1t Course: 2 1t Course: L CW & LLL
2nd Course: 1 « 20 Course: LUL

15t Course: 3.5 Gy x10
2" Course: 8 Gy x1

2 1 « Left frontal metastasis 20 Gy x1 sSD PD
3 1 « Left pectoral mass 10 Gy x1 sD PD
4 3 « 2 Liver lesions 8 Gy x1 sD sD

Right hip/femur

5 2 + LLL mass 3 Gy x10 PR PD
- T10

6 1 + LUL mass 10 Gy x1 NE NE

7 1 + R hip/femur 4 Gy x5 sD PD

Table 2. Treatment outcomes. PD = progressive disease. PR = partial response. SD = stable disease. NE = not evaluated.



Zugelassene Checkpointinhibitoren

m CTLA-4 Inhibitoren (FDA Approval):

= Ipilimumab (BMS): Melanom

= Tremelimumab (AstraZeneca): Pleuramesotheliom

m -



Du Four, Hong, Chan et al. Symptomatic Histologically Proven Necrosis of Brain following Stereotactic Radiation and Ipilimumab
in Six Lesions in Four Melanoma Patients. Case Reports in Oncological Medicine, Volume 2014, Article ID 417913.

CTLA4-Antagonisten und RT:
Hirnmetastasen beim Melanom —>Toxizitat

vor STX 6Mo. nach STX 9Mo. nach STX
(1x20Gy) Hirnnekrose




Knisely, Yu, Flanigan et al. Radiosurgery for melanoma brain metastases in the ipilimumab era and the possibility of

longer survival. J Neurosurg 117:227-233, 2012

CTLA4-Antagonisten und RT:
Hirnmetastasen beim Melanom =>STX

m Retrospektive Auswertung: STX (£WBRT) bei cerebralen
Melanommetastasen

= 27 Patienten simultan Ipilimumab
= 50 Patienten ohne Ipilimumab

= m CAVE:
! Logrank p=.044 -
W\_Llﬁ o = ohne Ipilimumab:

tendenziell mehr
Metastasen und
schlechterer Karnowski

= mit Ipilimumab:

1.00

0.75

Proportion Surviving
0.50

S Tendenziell haufiger
A Kombination mit WBRT

Months Surviving

—————— Mot treated with Ipilimumab Treated with Ipilimumab
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Mathew, Tham, Ott et al. Ipilimumab in melanoma with limited brain metastases treated with stereotactic

radiosurgery. Melanoma Research 2013, 23:191-195

CTLA4-Antagonisten und RT:
Hirnmetastasen beim Melanom =>STX

m Retrospektive Auswertung: STX bei cerebralen Melanommetastasen

= 25 Patienten simultan Ipilimumab
= 33 Patienten ohne Ipilimumab

1 m CAVE:
- = Insgesamt ausgeglichene
| T Kollektive!
. —1 Ipilimumab . m|t Ip|||mumab:
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; X
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Silk, Bassetti, West et al. Ipilimumab and radiation therapy for melanoma brain metastases. Cancer Medicine 2013,

2(6): 899-906

CTLA4-Antagonisten und RT:
Hirnmetastasen beim Melanom =>STX

B Retrospektive Auswertung: STX oder WBRT bei cerebralen
Melanommetastasen

= 33 Patienten simultan Ipilimumab
= 37 Patienten ohne Ipilimumab

m CAVE:
~-------= No ipilimumab

Ipilimumab = mit Ipl'lmumab
BRAF-Inhibitor 39%
(vs. 3%)

= ohne Ipilimumab
WBRT+Bortezomib

= ohne Ipilimumab:
mehr
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Patel, Shoukat, Oliver et al. Ipilimumab and Stereotactic Radiosurgery Versus Stereotactic Radiosurgery Alone for

Newly Diagnosed Melanoma Brain Metastases. Am J Clin Oncol 2015,00:000-000

CTLA4-Antagonisten und RT:
Hirnmetastasen beim Melanom =>STX

B Retrospektive Auswertung: STX bei Erstdiagnose cerebraler
Melanommetastasen

20 Patienten simultan Ipilimumab
34 Patienten ohne Ipilimumab
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CTLA4-Antagonisten und RT:
Hirnmetastasen beim Melanom =>STX

Knisely
2012

Mathew
2013

Silk
2013

Patel
2015
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WBRT:
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Kwon, Drake, Scher et al. Ipilimumab versus placebo after radiotherapy in patients with metastatic castration-resistant prostate cancer that had progressed

after do

cetaxel chemotherapy (CA184-043): a multicentre, randomised, double-blind, phase 3 trial. Lancet Oncol. 2014 June ; 15(7): 700-712.

CTLA4-Antagonisten und RT: Prostatakarzinom

27

Randomisierte doppelblinde Phase III

799 Patienten hormonrefraktarem Prostatakarzinom nach
Progress auf Docetaxel

Strahlentherapie 1x8Gy (Knochenmetastase) * Ipilimumab

Akzeptable Toxizitat (V.a. autoimmune Colitis)

Hochsignifikanter Vorteil im PFS




Kwon, Drake, Scher et al. Ipilimumab versus placebo after radiotherapy in patients with metastatic castration-resistant prostate cancer that had progressed

after docetaxel chemotherapy (CA184-043): a multicentre, randomised, double-blind, phase 3 trial. Lancet Oncol. 2014 June ; 15(7): 700-712.

CTLA4-Antagonisten und RT: Prostatakarzinom

50

40

Overall survival (%)

30

—— Ipilimumab
—— Censored
---- Placebo
-L-. Censored

HR 0-85, 95% 0-72-1.00; p=0-053

Number at risk

Ipilimumab 399
Placebo 400
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CTLA4-Antagonisten und RT: Abskopale Effekte

Melanom Systemisches Ansprechen nach RT bei
langsamen Progress unter Ipilimumab

Melanom Complete Response (RECIST) auf gezielte
Kombination von Ipilimumab und RT

Adeno-Ca Therapieansprechen auf gezielte
Lunge Kombination von Ipilimumab und RT

29

Postow, Gallaha, Barker et al.
Immunologic Correlates of the
Abscopal Effect in a Patient with
Melanoma. N Engl J Med
2012;366:925-31.

Hiniker, Chen, Reddy et al. A
Systemic Complete Response

of Metastatic Melanoma to Local
Radiation and Immunotherapy.
Translational Oncology (2012) 5,
404-407

Golden, Demaria, Schiff et al. An
Abscopal Response to Radiation
and Ipilimumab in a Patient

with Metastatic Non-Small Cell
Lung Cancer. Cancer Immunol
Res. 2013 December 1; 1(6):
365-372.




Grimaldi, Simeone, Giannarelli et al. Abscopal effects of radiotherapy on advanced melanoma patients who

progressed after ipilimumab immunotherapy. OncoImmunology 3, e28780; May 2014.

CTLA4-Antagonisten und RT: Abskopale Effekte

Retrospektive Auswertung

21 Patienten mit metastasiertem Melanom
Strahlentherapie nach Progress auf Ipilimumab
Abskopale Effekte bei 11 Patienten (9 PR, 2 SD)

100 Abscopal response
E Median OS5, months

| (95% CI): 22.4 (2.5-50.3)

804
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40 L S

20 Mo abscopal response
Median OS5, months
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P =0.002 Months
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Grimaldi, Simeone, Giannarelli et al. Abscopal effects of radiotherapy on advanced melanoma patients who

progressed after ipilimumab immunotherapy. OncoImmunology 3, e28780; May 2014.

CTLA4-Antagonisten und RT: Abskopale Effekte

Patient, # RT site (type) RTfrgf:fJ.iw Response Site of abscopal response (distant target lesions)
1. Brain (WBRT) 30/10 PR Liver metastases
2. Brain (WBRT) 30/10 PR Pelvic relapse
3. Chest wall E?;Iigi[i:;gs relapse) + 50/25 PR Liver and cutaneous metastases
a Right inguinal lymph node 20/5 PR Gastric,cultaneous, Iung,llymphnodal and
retroperitoneal abdominal metastases
L. Brain (WBRT) 30/10 PR Liver, bilateral axillary and right ovaric metastases
6. Brain (WBRT) 30/10 PR Lung, cutaneous, lymphnodal and abdominal
metastases
7. Right chest wall (cutaneous relapse) 30/10 SD Lymphnodal, cutaneous and chest wall metastases
8. Vertebral metastasis 30/10 sD Lung metastases
9. Brain (SRT) 2411 PR Cutaneous metastases
10. Brain (SRT) 20/1 PR Liver metastases
11. Brain (SRT) 24N PR Lung metastases

31




Schoenfeld, Mahadevan, Floyd et al. Ipilmumab and cranial radiation in metastatic melanoma patients: a case

series and review. J Immunother Cancer 2015 Dec 15,3:50.

CTLA4-Antagonisten und RT: Abskopale Effekte

m 16 Patienten mit metastasiertem Melanom
m 51 Stereotaxien von Hirnmetastasen, 5 Ganzhirnbestrahlungen
B Monitoring von extrakraniellen ,Index Lesions"
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Chandra, Wilhite, Balboni et al. A systematic evaluation of abscopal responses following radiotherapy in patients

with metastatic melanoma treated with ipilimumab. OncolImmunology, 4:11, e1046028.

CTLA4-Antagonisten und RT: Abskopale Effekte

m Retrospektive Auswertung: 47 Patienten unter
Ipilimumab erhielten 65 Strahlentherapien

B Nicht bestrahlte ,Index Lesion™ wurde bewertet
B Bei 68% nach RT Verkleinerung der ,Index Lesion"
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Kiess, Wolchock, Barker et al. Stereotactic radiosurgery for melanoma brain metastases in patients receiving

ipilimumab: safety profile and efficacy of combined treatment. Int J Radiat Oncol Biol Phys. 2015 Jun 1;92(2):368-75

CTLA4-Antagonisten und RT: Abskopale Effekte

B 46 Patienten mit metastasiertem Melanom

= 19 Patienten: STX vor Ipilimumab
15 Patienten: STX wahrend Ipilimumab
12 Patienten: STX nach Ipilimumab

Table 3  Adverse events in patients receiving SRS plus ipilimumab (n=46)

Grade 1 Grade 2 Grade 3 Grade 4
SRS before/ SRS during | SRS before/ SRS during SRS before/ SRS during SRS before/ SRS during

Adverse event after Ipi Ipi after Ipi Ipi after Ipi Ipi after Ipi Ipi
Diarrhea or nausea 11 (35%) 8 (53%) 3 (10%) 4 (27%) 0 0 0 0
Pruritus or rash 13 (42%) 6 (40%) 5 (16%) 4 (27%) 0 1 (7%) 0 0
Cardiopulmonary 6 (19%) 1 (7%) 0 2 (13%) 0 0 0 1 (7%)
Hepatitis 0 0 1(3%) 0 2 (6%) 1{7%) 0 0
Fatigue 16 (52%) 8 (53%) 3 (10%) 3 (20%) 0 0 0 0
Headache 1 (3%) 3 (20%) 1 (3%) 1 (7%) 0 ] 0 0
CNS bleeding 2 (6%) 1 (7%) 1 (3%) 3 (20%) 2 (6%) 2 (13%) 1 (3%) ]

(from treated BM)

Seizure 0 0 2 (6%:) 1 (7%) 0 2 (13%) 0 0
Cognitive change 2 (69%) 2 (13%) 0 1 (7%) 0 0 0 0
Neurologic dysfunction 2 (6%) 2 (13%) [} 0] 0 0 0 0

Abbreviations: BM = brain metastasis; CNS = central nervous system; Ipi = ipilimumab; SRS = stereotactic radiosurgery.



Kiess, Wolchock, Barker et al. Stereotactic radiosurgery for melanoma brain metastases in patients receiving

ipilimumab: safety profile and efficacy of combined treatment. Int J Radiat Oncol Biol Phys. 2015 Jun 1;92(2):368-75

CTLA4-Antagonisten und RT: Timing

B 46 Patienten mit metastasiertem Melanom
= 19 Patienten: STX vor Ipilimumab

15 Patienten: STX wahrend Ipilimumab

12 Patienten: STX nach Ipilimumab
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Kiess, Wolchock, Barker et al. Stereotactic radiosurgery for melanoma brain metastases in patients receiving

ipilimumab: safety profile and efficacy of combined treatment. Int J Radiat Oncol Biol Phys. 2015 Jun 1;92(2):368-75

CTLA4-Antagonisten und RT: Abskopale Effekte

B 46 Patienten mit metastasiertem Melanom
= 19 Patienten: STX vor Ipilimumab

15 Patienten: STX wahrend Ipilimumab

12 Patienten: STX nach Ipilimumab

A 1 - === SRS after Ipi
e SRS before Ipi
0.8 - m— SRS during Ipi
p i
E 0.6
= 0.4 |
Z 0.2 -
0 T T .
0 10 20 30 40 50

Time (mo) from diagnosis of BM
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Twyman-Saint Victor, Rech, Maity et. al: Radiaiton and dual checkpoint blockade activate non-redundant immune

mechanisms in cancer. Nature 2015 Apr 16;520(7547):373-7.

Ausblick:
Doppelte Checkpointblockade +Strahlentherapie
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Ausblick:
laufende Studien Chekpiontinhibitoren + RT

= Osophagus (3)
PD-1 / = Gliome (5)
‘ = HNO (8)

PD-L1

Inhibition / NSCLC (11)

(45) ® Melanom (3)
andere (15)

CTLA-4 ' = HNO (2)

Inhibition NSCLC (2)

(26) ® Melanom (12)

® andere (10)
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Zusammenfassung

B Gute praklinische Ergebnisse zur Kombination von
PD-1 Inhibitoren und RT

m Keine adaquaten Studien zu CTLA4-Antagonisten
und RT; retrospektive Auswertung mit
unterschiedlichen Ergebnissen

B MOoglicherweise lassen sich durch Kombination von
Checkpointinhibitoren und RT , Abskopale Effekte™
auch in der Klinik erzielen

39



