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• 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

Goals of this talk
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Adolescent and Young adult

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. Iowa (UIHC) AYAs defined as 13-31 years

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/ )

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

https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(18)30079-8/fulltext

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


• 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)

Adolescent and Young Adults
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Differences in AYA cancers
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Side effects of Cancer Therapies
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Late effects of Surgery
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Late effects pf Chemotherapy
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Late effects pf Chemotherapy
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Late effects of radiation therapy
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Late effects of radiation therapy (Ctnd)
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Risk of developping CHF after TX with Anthracyclines, Radiation or Both
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AYAs & survivorship
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AYAs & survivorship
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AYAs & survivorship (Estimated Numbers of Cancer Survivors)
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Estimates of Prevalence of Compromised Health
in Survivors AYA Cancers
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Modeled IQ scores after EBRT Cranial Radiation 
(by age at which RT was delivered)
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Pencil beam scanning Proton Therapy
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Critical 

organ

Traditional Passive Scatter 

Proton Therapy

Pencil Beam 

Proton Therapy Courtesy of D Meer

Tumour



• Aims of study:

 Clinical Outcome and Late Toxicity

 Prognostic Factors

 Employment status

• October 1998 to July 2017

• Median Age 30 years (Range, 15-39)

• 108 Skull Base Chordomas (n=58) / Chondrosarcomas (n=50)

• All AYAs treated with PBS-PT

• Dose: 

 High risk areas: 74Gy (RBE) Ch; 70Gy (RBE) ChSa

 Low risk areas: 54Gy 

SB Ch/Chsa in AYAs: PSI experience : Methods

Page 20



SB Ch/Chsa in AYAs: Characteristics
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Characteristics N 108

Gender Female 61 (56.5%)

Male 47 (43.5%)

Age at PT <24 25 (23.1%)

>=24 83 (76.9%)

Timing of PT Primary diagnosis 86 (79.6%)

Recurrence / Progressive disease 22 (20.4%)

Resection Status GTR / Microscopic disease 7 (6.5%)

Macroscopic Subtotal resection 101 (93.5%)

Optic apparatus compession

at Diagnosis (n=106)

None 66 (62.3%)

Abutment 18 (17%)

Compression 22 (20.8%)

Optic apparatus compression

at PT

None 76 (70.4%)

Abutment 21 (19.4%)

Compression 11 (10.2%)

Brainstem compression at 

Diagnosis (n=106)

None 40 (37.7%)

Abutment 18 (17%)

Compression 48 (45.3%)

Brainstem compression at PT None 75 (69.4%)

Abutment 19 (17.6%)

Compression 14 (13%)



SB Ch/Chsa in AYAs: Survival Outcomes
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7-yr LC (all) 82.9%

ChSa 93.6%

Ch 73.7%

7-yr DFFS (all) 96.4%

Chsa 100%

Ch 93.1%

7-yr OS (all) 91.1%

ChSa 95.5%

Ch 87.2%

Median follow up 86 months (range, 12-236) 

18 Local failures (17%) 3 Distant failures (3%) 
-2 after LF, 1 distant only failure

-Spine, multifocal brain, 

leptomeningeal

12 Deaths (11%)
-1 from PT toxicity



SB Ch/Chsa in AYAs: Prognostic factors
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SB Ch/Chsa in AYAs: Prognostic factors
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SB Ch/Chsa in AYAs: Late Toxicity
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• 7-yr ≥ G3 Late Toxicity Free Survival 85.3% 

o N=16 patients (15%) ≥ G3 Late Toxicity

 n=1 G5 
 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=15 G3
 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



Employment at 

time of PT

Employment at time of 

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%)

SB Ch/Chsa in AYAs: Employment Hx
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• ≥ G3 late tox was significantly higher in unemployed group (33%) vs employed / 

in education (7%); p=0.05 



SARCOMA (non RMS) and AYAs
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SARCOMA and AYAs
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SARCOMA and AYAs
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UM & AYAs
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UM & AYAs
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Provisional conclusions

•No significant differences in OS ans local 

recurrences between AYAs and ADULTS

•No significant difference between DMFS

UM & AYAs
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H&N Tumors & AYAs
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Demographic data

Demographic data

Sex male 53.5% (38)

Age 8.9 (0.3-37.9)

≥ 18 yo 19.7% (14)

Anesthesia 40.8% (29)

QoL 43.1% (31)
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22.5
%

45.1
%

4.2%

28.2
%

RMS Alveolar RMS Embryonal

RMS-Spindle cell Non-RMS

Primary tumor (n= 71)

71.8%15.5%
4.2%

4.2%1.4% 1.4%

RMS

Ewing's Sarcoma

Osteosarcoma

Chondrosarcoma

Fibrosarcoma
n= 71

Median tumor size 42 mm
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Tumor characteristics

Rhabdomyosarcoma (n= 51)
Male sex 52.9% 27

Age 8.2 (0.3-35.9)

Adult 13.7% 7

Subtype

• Emrbyonal 62.7% 32

• Alveolar 31.4% 16

• Spindle cell 5.9% 3

Stage

• IIA 7.8% 4

• III 82.4% 42

• IV 9.8% 5

FOXO3-PAX1 status avaliable in 60% of RMS 

21.60%

39.20%

39.20%

Positive Negative NA
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Tumor site

Soft tissue sarcomas (n= 54)
Orbit 31.2% 17

Nasal cavity/Nasopharynx 27.8% 15

Infratemporal fossa 11.1% 5

Oral cavity/Oropharynx 9.3% 5

Pterygoid fossa 5.6% 3

Retroauricular/Middle ear 5.6% 3

Paranasal Sinus 3.7% 2

Parapharyngeal space 3.7% 2

Submandibular 1.9% 1

Bone sarcomas (n= 17)
Ethmoid 35.3% 6

Maxilar 23.5% 4

Mandible 11.8% 2

Frontal 5.9% 1

Cygomatic 5.9% 1

Nasal 5.9% 1

Middle ear 5.9% 1

Orbit 5.9% 1
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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
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Treatment characteristics: Surgery

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

R0 9.9% 7

R1 14.1% 10

R2 29.7% 14

Most of the patients did not undergo surgery
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Treatment characteristics: Chemotherapy

Chemotherapy

ChT at 
any time 
of Tx

Yes 93% 66

No 7% 5

Timing ChT-prePRT 90.1% 64

ChT-
concomitant

76.1% 54

ChT-postPRT 60.6% 43

93% received chemotherapy as part of the treatment90.10
%

25.40
% 11.30

%

29.60%

42.30%

11.30%
7.00%

Response (RECIST) to initial 
Chemotherapy

SD PR CR PD
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Treatment characteristics: Proton therapy

60.60%

35.20%
4.20%

Gantry 1 Gantry 2 Gantry 3 • All patients were treated with SFO

• PRT to a metastasis in the H&N area of 1 patient (1.4%)

• Lymph node irradiation in 21.1 %

• Vertebrae irradiation in 8.5%

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 presented acute toxicity
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Acute toxicity

Acute toxicity

Only Grade 1 26.8% 19

Grade 2 54.9% 39

Grade 3 18.3% 13

26.80
%

54.90
%

18.30
%

Only Grade 1 Grade 1-2

Grade 3



63.9% of all patients presented late toxicity (n= 

46)
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Late toxicity

Late toxicity

No toxicity 35.2% 25

Only Grade 1 40.8% 29

Grade 2 18.3% 13

Grade 3 5.6% 4

35.20
%

40.80
%

18.10
%

5.60%

No toxicity Only Grade 1

Grade 2 Grade 3
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Follow-up and events

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

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

• 13 Local failures (18.3%)

• 12 in-field local failures

• 1 marginal

• 12 Distant failures 16.9%

Distant Failures

HNSa-11 Peritoneal, Liver

HNSa-12 Leptomeningeal

HNSa-16 Leptomeningeal

HNSa-17 Soft tissue

HNSa-22 Lymph nodes

HNSa-31 Brain

HNSa-37 Brain

HNSa-40 Paquimeningeal

HNSa-43 Lungs

HNSa-50 Soft tissue

HNSa-65 Lungs

HNSa-74 Brain
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Follow-up and events

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

3y OS 85 %

5y OS 82%

3y LFFS 81 %
5y LFFS  78%

3y DPFS 82%
5y DPFS 77%

Overall survival Local Failure Free Survival Distant progression free survival



Page 48

Take home messages

• Definition of AYAs varies 

• PSI treats a fair amount of AYAs with proton therapy

• 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

• Outcome of adults and AYAs with Ums seems to be identical

• OS@3yo of sarcoma (non-RMS and RMS) 69-85%
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Thank you for your attention

Many thanks to:

• Dr Sebastien Tran

• Dr Stephanie Kroeze

• Dr Alessia Pica

• Dr Marc Walser

• Dr Barbara Bachtiary

• Dr Jan Hrbacek

• Dr Miriam Vaszquez

• Dr Christina Schröder


