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[{HJ= Goals of this talk

* Definition of AYAs/TYAs (Many!)

* Recognize that there are an increasing number of survivors
of AYA cancers

* Recognize that survivors of AYA cancers have unique health
issues long after cancer care

* Review the results of AYAs treated with proton at PSI (H&N,
sarcoma, UM and skull base tumors

* Conclusions
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(= Whats an AYA?

Adolescent and Young adult

s Typically patients aged 13-39 years, with exact age ranges varying by
countries/publications or programs

**NCCN defines as 15-39 years of age

+*U. lowa (UIHC) AYAs defined as 13-31 years T ot ek, i

+*15-29 (Netherlands)

+*NHS 15-25 years

*»Cancer Medicine: Definition of Older adolescent and Young Adult: 15 to 29 years of
age (https://www.ncbi.nlm.nih.gov/books/NBK13167/ )

s»Adolescence (10-19 years) and young (or emerging) adults (20-24 years)

https://www.thelancet.com/journals/lanchi/article/P11S2352-4642(18)30079-8/fulltext

Page 3


https://www.ncbi.nlm.nih.gov/books/NBK13167/
https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(18)30079-8/fulltext

UNIVERSITAT

RRRRRRRRRRRRRRRRRRRR

(== Adolescent and Young Adults

* Unique group of patients

—Start of adult life

—Beginning of career development

—Psychosocial and financial implications

—Unique ethical ecosystem surrounding autonomy and
medical decision making

—Under-studied population with specific needs

—Modest/no improvement of survival in high-income
countries (EUROCARE-5)
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«(J» Differencesin AYA cancers
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eI = Side effects of Cancer Therapies

h—
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[(={J=» Late effects of Surgery

Abdominal Adhesions

Retroperitoneal Adrenal insufficiency
Solitary kidney
Hypertension

Musculoskeletal Amputation effects (phantom pain,
mobility issues, infection)
Skin strictures
Weakness

Thoracic Lung scarring

CNS Learning disabilities
Ataxia

Speech
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(13 Late effects ptf Chemotherapy

Alkylators

Anthracyclines

Busulfan, Carboplatin,
carmustine, Cisplatin,
Cyclophosphamide,
Ifosfamide, Lomustine,
Melphalan, Thiotepa,
temozolomide

Daunorubicin, Doxorubicin,
Epirubicin, Idarubicin

Corticosteroids Dexamethasone, Prednisone

Secondary MDS/AML

Gonadal dysfunction/infertility
Pulmonary Fibrosis

Urinary tract abnormalities
Renal dysfunction

Ototoxicity

Dyslipidemia

LV dysfunction
Cardiomyopathy

Reduced bone density
Osteonecrosis
Cataracts
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(= Late effects ptf Chemotherapy

Vinca Alkaloids Vincristine, Peripheral sensory and motor neuropathy
Vinblastine
Anti-metabolites Methotrexate Neurocognitive impairment
Leukoencephalopathy
Liver dysfunction
Renal toxicity

Decreased bone density
Epipodophyllotoxins Etoposide AML
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==

Late effects of radiation therapy

System Exposed to RT Wfeets |

CVS

CNS

Endocrine

GI

Cardiomyopathy

Carotid artery disease
Conduction disorders
Pericardial fibrosis/pericarditis

Neurocognitive deficits
Cerebrovascular disease (stroke,
moyamoya)

Clinical leukoencephalopathy
Neurosensory deficits

Pituitary dysfunction/altered puberty
Thyroid dysfunction
Diabetes

Esophageal strictures
Chronic enterocolitis
Bowel Obstruction
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(13 Late effects of radiation therapy (Ctnd)

System Exposed toRT | Bffects |

Female Reproductive System

Male Reproductive System

Pulmonary

Urinary Tract

Any System

Uterine vascular insufficiency-> SAB, LBW
infants, prematurity
Ovarian dysfunction

Leydig cell dysfunction-> delayed/arrested

puberty
Sertoli dysfunction-> oligospermia/infertility

Pulmonary fibrosis
Interstitial pneumonitis
Restrictive/obstructive lung disease

Bladder fibrosis
Vesicoureteral reflux
Hydronephrosis
Hypertension

Secondary neoplasms (basal cell carcinoma,
breast, thyroid, brain cancer)
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w1 )= Risk of developping CHF after TX with Anthracyclines, Radiation or Both
Cc

0.154 —nNoCTX therapy

== Ant only
RTX

w= Ant & RTX

0.10-

0.05-

Cause-Specific

Cumulative Incidence

0 5 10 15 20 25 30 35 40

Time Since Diagnosis (years)
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e(HJ» AYAs & survivorship

5-Year Survival Rate, Age 0-19

Overall | 53.9%
Acute Lymphoblastic Levkemia | 20%

ub Acute Myeloid Leukemia I 65.7%

Hodgkin Lymphoma Q229

b
UNIVERSITAT
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Non-Hodgkin Lymphoma | £5.9%
e e 7AL6%
Brainand CNS e —=. - - 74.4%
Neuroblastoma |G 74.1%

Soft Tissue | 77.9%
Wilms Tumor 93.1%

0 20 40 60 80 100

Survival Percentage

Source: Surveillance, Epidemiology, and End Results (SEER) Program (seer.cancer.gov)
SEER 9 area. Based on follow-up of patients into 2012
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e(HJ» AYAs & survivorship

100
b 90 -
u g 2005
E:;\'I‘EHSITKT ‘g 80 - 2m
g 1995
2 70~ — 1990
S 1985-1989
§ 60 - 1980-1984
© 1975-1979
Q.
50
01 I | | ]
5 10 15 20

Survival from diagnosis (years)
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aH» AYAs & survivorship (Estimated Numbers of Cancer Survivors)

Estimated and projected number cancer survivors in the United States from 1977-2022 by years since diagnosis

20
16
b
u 14
]
:mwsnsnh é 12
BERN .5 ™ 15. m
= 10 » 10-<15 yeary
% 5-<10 years
s u 1< years
=<l
6
4
’ 'J_
o - Y T

1977 1982 1987 1992 1997 2002 2007 2012 2017 202

Year

de Moor JS, Mariotto AB, Parry C, Alfano CM, Padgett L, Kent EE, Forsythe L, Scoppa S, Hachey M, and Rowland JH. Cancer
Survivors in the United States: Prevalence across the Survivorship Trajectory and Implications for Care. Cancer Epidemiol
Biomarkers Prev. 2013 Apr;22(4):561-70. doi: 10.1158/1055-9965.EPI-12-1356. Epub 2013 Mar 27.
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n

—

Phillips et al. CEBP 24(4):653-63 (2015)

in Survivors AYA Cancers

Impaired cognitive function 34%
33%
10%
Compromised HRQOL-physical 16% -
20%
Compromised HRQOL-mental
Poor general heaith
Impaired mental health
Functional impairment
Limitations in activity
21%
10%
Pain 12%
15%
13%
Anxiety 13%
14%
N T L T 1 B .| 1 L
0% 5% 10% 15% 20% 25% 30% 35% 40%

% Impaired

jm Estimates of Prevalence of Compromised Health
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((I={» Modeled IQ scores after EBRT Cranial Radiation
(by age at which RT was delivered)

100 +

b 98
u
., 96 -

TTTTTTTTT

94 -

w2 years
92 - 11 years
— 10 years

9years
90 - —_— 8;66!’5
w— 7 QIS
88 == Byears
— 5 years

Modeled 1Q Scores

86

0 12 24 36 48 60
Time Since CRT (months)
Merchant T. et al. JCO 27;3691-97 (2009) page 17
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Relative Dose

(= Pencil beam scanning Proton Therapy

Protons

BEragg

range-shifter

wheel compensator

. collimator
scatter foils

100% dose target volume

Traditional Passive Scatter
Proton Therapy

Depth

Proton
pencil
beam

"~ Peak
Critical
organ

Magnetic

scanner

_/

Pencil Beam
Proton Therapy

Courtesy of D Meer
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(== SB Ch/Chsain AYAs: PSI experience : Methods

e Aims of study:
— Clinical Outcome and Late Toxicity
b — Prognostic Factors
— Employment status

UNIVERSITAT

e October 1998 to July 2017
* Median Age 30 years (Range, 15-39)
» 108 Skull Base Chordomas (n=58) / Chondrosarcomas (n=50)
e All AYAs treated with PBS-PT
* Dose:
— High risk areas: 74Gy (RBE) Ch; 70Gy (RBE) ChSa
— Low risk areas: 54Gy
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= SB Ch/Chsa in AYAs: Characteristics

B

Characteristics N | 108

Female

Male
Age at PT <24

>=24

Optic apparatus compession 4

Timing of PT Primary diagnosis

I << CUITTENCE ] PTOgressive disease

Resection Status GTR / Microscopic disease
Macroscopic Subtotal resection

61 (56.5%)
47 (43.5%)
25 (23.1%)
83 (76.9%)
86 (79.6%)
22(20.4%)
7 (6.5%)

101 (93.5%)

66 (62.3%)

at Diagnosis (n=106) Abutment

18 (17%)

Compression
Optic apparatus compression 4

22 (20.8%)
76 (70.4%)

Abutment

71 (19.4%)

Compression
Brainstem compressionat LIS

11 (10.2%)
40 (37.7%)

Diagnosis (n=106) Abutment

18 (17%)

Compression
Brainstem compression at PT Rleils

48 (45.3%)
75 (69.4%)

Abutment

19 (17.6%)

Compression

14 (13%)
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(== SB Ch/Chsain AYAs: Survival Outcomes

Local Control Distant failure free survival Overall Survival
1.0 — = 1.0 1.0 .
< 0.8- = 0.8 = 087
S 06 7-yrLC (all) 82.9% | 5 o5  7-yr DFFS (all) 96.4% 2 o6 7-yr OS (all) 91.1%
P ol ChSa 93.6%| 2 ., Chsa 100% | 2 4 ChSa 95.5%
3 Ch 73.7%| 3 Ch93.1%| S | Ch 87.2%
0.2— 0.2- 0.2
0.0+ Chorioma p=0.019| 0.0 enomona p=0095| (.| Chordoma p=0.078
| | T | |
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Follow up time (months) Follow up time (months) Follow up time (months)
18 Local failures (17%) 3 Distant failures (3%) 12 Deaths (11%)
-2 after LF, 1 distant only failure -1 from PT toxicity

-Spine, multifocal brain,
leptomeningeal

Median follow up 86 months (range, 12-236)
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LC - Timing of PT

-
(e»]

0.8

at Diagnosis (n=106)

Cum Survival

Brainstem compression at

Diagnosis (n=106)

0.4

Cum Survival

0.2

~Minitial Diagnosis

. j 7-yrLC 87 4%

WMOptic apparatus compession QRIeli=

0.0 Recurrence I Progression p=0.009
I

| | I I

0 20 40 60 80

Follow up time (months)

LC - Optic apparatus at PT

1 Oj 7-yrLC 87.3%
o 0.8 7-yrLC 82.4%

Abutment

(={J=» SB Ch/Chsain AYAs: Prognostic factors

LC - Brainstem at PT

1.0 7-yr LC 89.8%
= o,
_ 038 7yrLC 72.3%

66 (62.3%)
18 (17%)

1 64.3%

Compression

22 (20.8%) |

Optic apparatus compression 4=

Abutment

76 (70.4%)

Compression

None
Abutment

40 (37.7%)
18 (17%)

Compression

T

96.6%

48 (45.3%) |

75 (69.4%)
19 (17.6%)

88.5%

21 (19.4%) / 0.081
11 (10.2%) | 30
)

14 (13%) |

—MClear

~IMAbutment

0.0— —Compression p=0.002

Cum

[ [ [ [ I
0 20 40 60 80

Follow up time (months)

0.4
0.2

~MClear
—I1Abutment
0.0— —1Compression p=0.045

[ | [ I I
0 20 40 60 80

Follow up time (months)
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(={J=» SB Ch/Chsain AYAs: Prognostic factors

1.0 _
Tyr-0S 98.8%
b — 0.8
u S
vensiar c 0.6—
@
Tyr-0S5 50.6%
£ 0.4- w08 506% |
3
0.2
~INo Local Failure
0.0— —Local Failure p=0.000

| | | | | |
0 20 40 ©60 80 100

Follow up time (months)
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(== SB Ch/Chsain AYAs: Late Toxicity

e 7-yr 2 G3 Late Toxicity Free Survival 85.3%
o N=16 patients (15%) > G3 Late Toxicity
— n=1G5
» 35 year old treated for clival chordoma.
> Stroke at 88 months post PT. Fatal brainstem haemorrhage 99 months post PT. Evolving changes

brainstem unclear if stroke / radionecrosis).
> No recurrence

— n=15G3
» 10 ototoxicity, 2 CSF leaks, 1 Optic Neuropathy, 1 Epiphoria, 1 Fatigue

o No significant factors influencing high grade toxicity on univariate analysis
— Number of surgeries, optic apparatus or brainstem compression

* Neuro moderate G2 tox (n=9; 9%):
— 1 Neurocognition deficit, 4 Memory impairment, 4 CNS Necrosis, 2 Seizures
* No secondary malignancy

No Late toxicity data for 2 patients, therefore calculated out of 106 patients Page 25
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(= SB Ch/Chsain AYAs: Employment Hx

Employmentat Employment at time of

time of PT last follow up
Available data 60 42
(32 with initial data)
Unemployed 5 (8%) 13 (31%)
Employed, at work 30 (50%) 25 (60%)
Employed, 100% sick leave 8 (13%) 0 (0%)
In education 17 (28%) 4 (9.5%)

* > (3 late tox was significantly higher in unemployed group (33%) vs employed /
in education (7%); p=0.05
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B

SARCOMA (non RMS) and AYAs

Table 1 Patient characteristics and tumor entities (n=67)

n (%)

Age at diagnosis (range) [years] Median (range) 22 (11-139)

Age at PT (range) [years] Median (range) 24 (15-39)

Sex female 36 (53.7)

male 31 (46.3)

NM Status at diagnosis N+ at diagnosis 4(6.0)

M+ at diagnosis 7 (10.4)

Tumor site CNS/skullbase 7 (10.4)

Head and Neck 16 (23.9)

Thorax/Abdomen 6 (9.0)

Spine/paraspinal 17 (25.4)

sacral/pelvic bones 11 (16.4)

extremities 5(7.5)

several sites 5(7.5)

Malignant bone tumors Ewing Sarcoma 15(22.4)
Osteosarcoma 9(13.4) |

Soft tissue sarcoma alveolar Rhabdomyosarcoma 7 (10.4)

embryonal Rhabdomyosarcoma 6 (9.0)

Hemangiopericytoma 4(6.0)

Synovial sarcoma 3(4.5)

Leiomyosarcoma 2(3.0)

other STS 12 (17.9)

Bening tumors Desmoid tumor 4 (6.0)

other benign 5(7.5)

Total 67 (100.0)
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e J» SARCOMA and AYAs

OS@3yo: 69%

ub
10 = Lacal controd 10
b —+— Cansorad
UNIVERSITAT
BERN
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Time from PT (menths) Time from PT (months)
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15 SARCOMA and AYAs

Type Time to toxicity Tumor entity Tumor site PT dose

(months) (Gy RBE)
Cataract (n=3) 20 Embryonal RMS CNS 46.8

39 Ewing sarcoma Epipharynx/nasopharynx 59.4

41 Osteosarcoma Epipharynx/nasopharynx 70.0
Mastoiditis 52 STS Skullbase 76.0
(n=1)
Osteonecrosis 63 Embryonal RMS Mandibula 74.0
(n=1)
Paraplegia 12 Hemangioperizytoma  Spinal 64.0
(n=1)
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()= UM & AYAs

Proton therapy for uveal melanoma in
adolescents/young adults (AYAs) and adults:
u' a matched cohort analysis

Variables used in matching

cvar <- C(
"Country",

sex .,
"Familial_melanoma",
"wear_treated",
"Reduced_safety_margin”,
“LTD",

"mMTD",

"Thickness",
"Exteriorisation",
"ant_margin",
"iris_origin",

15_0r |
"other_known_tumors",
nr cat”
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n
Country (%)
CH
border
other
Male (%)
_melanoma = TRUE (%)
year_treated (mean (SD))
b Reduced_safety_margin = FALSE
lL LTD (mean (sSD))
MTD (mean (SD))
buvensirar Thickness (mean (sSD))
Exteriorisation = TRUE (%)
Ant_margin (%)
anterior choroid
ciliary body
iris
posterior choroid
iris_origin (%)
no i
unlikely
yas
Other_known_tumors = TRUE (%)
T_cat (%)
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Cumulative incidence

1.0+

0.8

o
o
|

o
=
|

0.2

0.0

Fine-Gray model for clustered data: p=0.214

---- Adults metastasis
—— AYA metastasis

5 10 15 20
Time after treatment (years)
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1.0

0.0

Survival (Kaplan-Meyer)

Time after treatment (years)

---- Adults
Logrank test for matched data: p=0.602 — AYA
1 [ | | |
0 5 10 15 20
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()= UM & AYAs

Provisional conclusions
b * No significant differences in OS ans local

recurrences between AYAs and ADULTS
* No significant difference between DMFS
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(= H&N Tumors & AYAs

119 AYA patients with the diagnosis of H&N sarcoma | -2 (Start of treatment in July 2021)

b treated until June 2021

u

‘:mlv:nsmh 34 5|(U||—bE|SE tlJmOI'S

6 non H&N sarcomas

— 2 Primary EWS CNS (+1)
3 Mixed treatment with photons
1 Non sarcomas

1 Rejected consent for research

71 patients selected
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~=" Demographic data

Simple Bar of Age

Demographic data 150
Sex male 53.5% (38)
10,0
3
Age 8.9 (0.3-37.9)
8
> 18 yo 19.7% (14) 50
Anesthesia 40.8% (29)
0'0-2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
QoL 43.1% (31) Age

Seite 36
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(== Primary tumor (n= 71)

N /22.5
L% N 1% ‘ %
4.2% /
u’ 15.5% - 71.8% —
b RMS 4.2%
m Ewing's Sarcoma 451
m Osteosarcoma RMS Alveolar  ® RMS Embryona%

m RMS-Spindle cell m Non-RMS
® Chondrosarcoma pindle ce on

m Fibrosarcoma
n=71
Median tumor size 42 mm

Seite 37
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Male sex

Age

Adult

Subtype

. Emrbyonal

. Alveolar

. Spindle cell
Stage

* 1A

. 1]

. v

52.9%
8.2

13.7%

62.7%
31.4%
5.9%

7.8%

82.4%

9.8%

27
(0.3-35.9)
7

32
16

42

(1= Tumor characteristics

Rhabdomyosarcoma (n=51)

FOX03-PAX1 status avaliable in 60% of RMS

21.60%

39.20%

39.20%

m Positive m Negative = NA

Seite 38
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(I ]J» Tumor site

Orbit

Nasal cavity/Nasopharynx
Infratemporal fossa

Oral cavity/Oropharynx
Pterygoid fossa
Retroauricular/Middle ear

Paranasal Sinus
Parapharyngeal space

Submandibular

31.2%
27.8%
11.1%
9.3%
5.6%
5.6%
3.7%

3.7%

1.9%

Soft tissue sarcomas (n= 54)

17
15
5

Ethmoid
Maxilar
Mandible
Frontal
Cygomatic
Nasal

Middle ear

Orbit

35.3%
23.5%
11.8%
5.9%
5.9%
5.9%
5.9%

5.9%

Bone sarcomas (n=17)

6
4
2

Seite 39
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(= Treatment characteristics: Protocol

82% were treated inside or according to a protocol

Patients treated according to a protocol (n=58)

CWS 48.3% 28
epSSG RMS 25.9% 15
EuroEwing 13.8% 8
EURAMOS 3.4% 2
MKCC 03-099A 3.4% 2
COG D9502 1.7% 1
MMT-95 1.7% 1
rEECur 1.7% 1
ARST 0331 1.7% 1

Seite 40
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(= Treatment characteristics: Surgery

Most of the patients did not undergo surgery

Surgery Surgery 43.7% 31
Biopsy 56.3% 40

Number of surgeries 0 56.3% 40
1 35.2% 25
2 7% 5
3 1.4% 1

Margin last surgery Biopsy 56.3% 40
RO 9.9% 7
R1 14.1% 10
R2 29.7% 14

Seite 41
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(= Treatment characteristics: Chemotherapy

93% received chemothgrppy as part of the treatment

%
Response (RECIST) to initial
ub Chemotherapy
7.00%
“ 29.60%
Chemotherapy
25.40
ChT at Yes 93% 66 o
enytime 7% s % 11.30
or IX
— %
Timing ChT-prePRT 90.1% 64
ChT- 76.1% 54 SD mPR mCR mPD
concomitant o - o
ChT-postPRT  60.6% 43 & oy &
O S &
v v N

Seite 42
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B Gantryl ®m Gantry2 m®mGantry3

(= Treatment characteristics: Proton therapy

Gy (RBE)
Total dose 54 (36—73.8)
Dose per Fr 1.8(1.8-2.2)
Boost dose 9(3.6—-19.8)
Size (cc)
GTV 32.9+37
CTV_Low 139.5+122
PTV_Low 266 £ 203

All patients were treated with SFO
PRT to a metastasis in the H&N area of 1 patient (1.4%)
Lymph node irradiationin 21.1 %

Vertebrae irradiation in 8.5%

Seite 43
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(= Acute toxicity

All patients presented acute toxicity

- 18%30 26.80
Acute toxicity %
Only Grade 1 26.8% 19
Grade 2 54.9% 39
Grade 3 18.3% 13
54.90

On%6Grade 1 = Grade 1-2
Grade 3

Seite 44
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5 Late toxicity

63.9% of all patients presented late toxicity (n=

46)
18.10 5.60%
b :

u % 35.20
— ’ %

No toxicity 35.2% 25

Only Grade 1 40.8% 29 40.80

Grade 2 18.3% 13 "N o toxicity Only Grade 1

5.6% 4
Grade 3 Grade 2 Grade 3

Seite 45
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(F=J» Follow-up and events

Distant Failures

HNSa-11 Peritoneal, Liver

Median follow-up: 37 months (3.5 -220)

HNSa-12 Leptomeningeal

HNSa-16 Leptomeningeal

b * 12 Deaths (16.9%) of which 11 were due to disease

u HNSa-17 Soft tissue

* 13 Local failures (18.3%)

HNSa-22 Lymph nodes

b
UNIVERSITAT
BERN

* 12 in-field local failures HNsaap  Brain

Brain

1 marginal HNSa-37

HNSa-40 Paguimeningeal

* 12 Distant failures 16.9%

HNSa-43  lunes

HNSa-50 Soft tissue

HNSa-65  -unes

HNSa-74  Brain

Seite 46
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==

Overall survival

—

3y 0S 85 %
5y 0S 82%

Time

Follow-up and events

09

08

07

06

05

Provisional data
(6 patients pending for an update of the follow-up)

Local Failure Free Survival

= FSunvival Functian
—+— Censored

3y LFFS 81 %
5y LFFS 78%

60 72

09

08

0,7

06

05

3y DPFS 82%
5y DPFS 77%

Distant progression free survival

= ¥Sunvival Function
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Take home messages

Definition of AYAs varies
* PSl treats a fair amount of AYAs with proton therapy
IIIIIIIIIII * PT offers good toxicity profile with high RT doses
* Clinical outcome of AYA patients identical to adults (skull base tumors)
* Decompression of Optical structures and Brainstem at RT -> Value of surgery

e Qutcome of adults and AYAs with Ums seems to be identical

* OS@3yo of sarcoma (non-RMS and RMS) 69-85%
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(F={J» Thank you for your attention

Many thanks to:
u” * Dr Sebastien Tran
wese * Dr Stephanie Kroeze
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e Dr Christina Schroder




