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Trends in Cancerincidence and Death Rates* in Children and
Adolescents (0-19 Years), 1975-2012
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*Age-adjustedtothe 2000 standard population. Incidence rates are adjusted to account for delays in reporting.
Sources: Incidence — Surveillance, Epidemiology, and End Results (SEER) Program, Mational Cancerlnstitute, 2015. Mortality — Mational Centerfor
Health Statistics, Centers for Disease Control and Prevention, 2015.




Cancer Incidence and Death Rates® in Children 0-19 Years,
1975-2009

18 - Incidence 18.0

Rate Per 100,000

i __""'-—-_—.._,_‘__ Mortality

r i 2.4

u 1 1 ] i 1 ¥ 1 1 I 1 i | ¥ 1 1 1 1 1 ] | 1 I 1 1 ] 1 1 I 1 1 1 1 1

1976 1978 1981 1984 1887 1980 1983 1996 1988 2002 2005 2008 2012
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Souwrce: Incidence Surveillance, Epidemiology, and End Resulis Program, Delay-adjusted Incidence database:
SEER Incidence Delay-adjusted Rates, 3 Regletries, 19752008, Natlonal Cancer Institute, 2012.
Martality = Mational Centar for Healih Statistics, 2012.
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Percentage having first pregnancy after cancer by diagnosis
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A Patient

March 2011 (age 15
years)

Six month H/O of intense
pruritis of her feet

Three month H/O fever,
night sweats, lethargy,
pallor, poor appetite and
weight loss

Widespread LN — lower
cervical, mediastinum,
abdomen
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Diagnosis and Staging

Mediastinal lymph node biopsy
Hodgkin’s lymphoma

Insertion of double lumen
portacath

Laparoscopic ovarian biopsy and
cryopreservation of ovarian
cortical strips




EuroNet-PHL-C1
Protocol:

Treatment Group 3
(TG3)

Two cycles of OEPA

Four cycles of
COPDAC or COPP
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Early Response Assessment
PET scan
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Radiotherapy Field and

estimated doses to_oraans at

Organs at risk l kN

Maximium dose received ~ Mean Dose

- spinalcord 2139.7 cGy 1916.2 Gy

- et 2116106y 014Gy Faay | Y
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- right breast 2195.1 cGy 4767 Gy
- leftbreast 21564 cGy 634.6 cCy
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Risk of infertility

Loy rigic (520%) Wlaclivirrl risic clign rigic (>80%)
ALL AML Total Body
Wilms’ tumour Osteosarcoma [rradiation
Brain tumour Ewing’s sarcoma Pelvic/testes RT

Sx, RT < 24Gy | STS: stage II/III Chemo pre BMT
Soft tissue sarcoma | Neuroblastoma Metastatic Ewing's
(stagel) NHL HL (Pelvic RT)
Eodglflin’s Brain tumour
H)]"..I?Eo:vlglcaage) RT>%4GY

HL (High Stage)

Wallace, Anderson, Irvine. Lancet Oncology 2005




Panel 1: Intrinsic and extrinsic factors for fertility
preservation strategies in children and young adults®

Intrinsic factors
Health status of patient
Psychosocial factors

Consent (patient or parent)
Assessment of pubertal status
Assessment of ovarian reserve (female patients)

Extrinsic factors
Risk of predicted treatment (high, medium, low, or
uncertain risk)
Time available
Expertise and technical options available




Fertility risk assessment
(includes intrinsic and extrinsic factors)

v v v v v

Prepubertal Pubertal Postpubertal Prepubertal Postpubertal

v v v

Able to produce a suitable Ovarian
sermen sarmple stimulation

1 No I Ovarian tissue

Testis biopsy Testis biopsy/ biopsy
gamete extraction

vy v %
Testis tissue Sperm
cryopreservation cryopreservation

C Experimental [ Established




Ovarian Reserve?
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10,000,000

Max. average population at
18-22 weeks post-conception
of 300,000

{95% PI135,000 - 2,534,000)

Age 13: average population 180,000
/ (95%P121,300 - 1,512,000)

Wallace-Kelsey maodel
—— Lower 95% prediction interval

= Upper 95% prediction interval

1,000,000

(95% PI 7,700 - 546,000)

Age 25: average population 65,000

Age 35: average population 16,000
/ {95% PI1 1,900 - 135,000)

100,000

MGF
population
{logyq scale)

Rapid NGF
establishment

!
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fromconception ——= ,

Average population at birth 295,000
(95% PI 34,800 - 2,508,000)
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Average age at menopause 49.6 years
(95% PI 38.7 - 60.0 years)
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B Age-related effective sterilising doses [ Lower doses
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--=- 50th centile NGFs: no treatment
---- 75th centile NGFs: no treatment
---- 25th centile NGFs: no treatment
— 50th centile NGFs: at 22 years
—— 75th centile NGFs: at 22 years
—— 25th centile NGFs: at 22 years
— 50th centile NGFs: at & years
— 75th centile MGFs: at 6 years
— 25th centile NGFs: at G years
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Prediction of Ovarian
Reserve (AMH)

Anti Mullerian Hormone (AMH) 1s an important
product of the adult ovary, produced by the
granulosa cells of small growing follicles

AMH has little variation across and between
menstrual cycles

AMH 1s the best currently available marker of
the number of small-growing follicles in the
ovary

But there was no validated reference model for
AMH available

Anderson, Nelson, Wallace (2011) Maturitas



n= 3,260

r2=0.34

Peak AMH at 24.5 years

Logio(AMH+1)
(ng/ml)

25
Age (years)

4 AMHdata
==AMH model
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22 girls age 0.3-15yr

17 prepubertal

Brougham et al 2012 JCE&M
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AMH (ng/ml)

AMH 1n 3 girls with
cancer
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Summary

AMH 1s detectable before puberty

AMH falls rapidly during cancer
treatment in both pre-pubertal and
pubertal girls

AMH levels recover in those patients at
low/medium risk of gonadotoxicity

AMH fails to recover in those at high
risk. This could be indicative of
future reproductive 1impairment

Brougham et al 2012 JCE&M






Ovarian Cryopreservation &
Ovarian Function

Edinburgh experience 1in children (<
18 yrs) 1996-2012



Panel 2: The Edinburgh Selection Criteria for gonadal tissue cryopreservation

These criteria were established with ethics committee review and approval because

they refer to experimental procedures, and should be regarded as a starting point for
future discussion, research, and refinement.

Female patients™
Age younger than 35 years
No previous chemotherapy or radiotherapy if aged 15 years or older at diagnosis, but

mild, non-gonadotoxic chemotherapy is acceptable if younger than 15 years
A realistic chance of 5-year survival

A high risk of premature ovarian insufficiency (>50%)
Informed consent (parent and, when possible, patient)
Negative HIV, syphilis, and hepatitis serology

Not pregnant and no existing children

Male patients
Age 0-16 years
A high risk of infertility (>80%)
Unable to produce a semen sample by masturbation
No clinically significant pre-existing testicular disease (eg, cryptorchidism)
Informed consent (parent and, when possible, patient)
Negative HIV, syphilis, and hepatitis serology
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Female cancer patients
age <18 at diagnosis

01/01/1996 - 30/6/2012
n =410

Offered cryopreservation Not offered cryopreservation
n=34 n =376
5 d 5 d 5 m Deceased
Tissue cryopreserved rocedure rocedure ecease _
ry_;;o declined unsuccessful n=8l
n= n=13 n=1 n=1
<12 years old
n=91
Deceased Poor Uterine Parental Too unwell
communication factor choice On COCP
n=1 n=1 n=1 n=2 n=9
n=17
<12 years old <12 years old Deceased
n=4 n=1 n=3
d Insufficient
On COCP <12 years o information on
n=2 follow-up
n=1
n=42

Lost to follow-up

the ‘Offered’ group have a higher prevalence of P(

Still on
treatment
n=4
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Not offered

15-year probability 35% [95% CI 10-53] vs 1% [0-2] p<0.0001

Hazard ratio 56.8 [95% CI 6.2-521.6] at 10 years

Offered

| |
8 9 10 M1 12 13 14 15

Years since diagnosis




Conclusion

Ovarian cryopreservation was offered to
% of our patients, and performed 1n 5%

The procedure was safe and without
complications

No patients have asked for re-
implantation of their tissue — to date

All patients who have thus far developed
premature ovarian insufficiency were
identified except one patient

The Edinburgh Selection Criteria have
proved to be helpful in selecting those
patients at highest risk of POI

Wallace WH.....and Anderson 2014 Lancet Oncology



Challenges

Provide fertility counseling to all
young patients with cancer

Cryopreserve ovarian and pre-pubertal
testicular tissue from the right (high
risk) patients

Define the success rate of the
procedures

Develop IVG/M as a safe alternative to
re-implantation through basic research



ra\ \cknowledgements

Richard Anderson Rod Mitchell
David T Baird Louise Bath
Tom Kelsey Angela Edgar
Evelyn Telfer Mark Brougham

Marie McLaughlan Fraser Munro
Alice Grove Smith




Thank You




The Uterus
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Uterine volume and age at
irradiation (TBI)

O

2| a6 s
Age at Irradiation (years)
Bath et al. BJOG (1999)




Uterine function after cancer
treatment

No reports of uterine damage due to
chemotherapy

Radiotherapy:

Uterine damage, manifest by impaired growth and
blood flow.

Uterine volume correlates with age at
irradiation.

Exposure of the pelvis to radiation 1s
associated with an increased risk of
miscarriage, mid-trimester pregnancy loss, PPH,
pre-term birth and low birth weight.



Reimplantation?

It is important to be aware that
reimplantation of ovarian cortical tissue 1is a
separate procedure at a time distant from the
treatment of the original cancer

Consent for harvesting ovarian tissue from
children often will have been obtained from
thelir parents

Informed consent for reimplantation can be
obtained from the patients at a much later
date when they are competent to assess the
complex issues themselves.






Re-implantation or IVG and
maturation?

Contamination of the cryopreserved tissue
with malignant cells, particularly 1n
haematological malignant disease — shown 1in
a rodent lymphoma model — to cause
recrudescence of the original disease

Oocyte maturation in vitro, followed by IVF,
potlAd ATdimina+a +his gk -

Antral development from in vitro grown
human primordial follicles within 10 days

Telfer et al., 2008: A two step serum free culture system supports
development of human oocytes from primordial follicles in the presence of

Telfer et al. (2008) Human Reproduction



Figure 3.1: Survival of childhood cancer patients diagnosed 1966-2000, by

peried of diagnosis
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Figure 1.
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Faddy M], Gosden RG [1996) A model conforming the decline in follicle
numbers to the age of menopause in women. Human Reproduction 11:
1464 1486.
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Follicle stage affected

Cancer treatment
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Cisplatin and doxorubicin: a mouse ovary culture system
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Cisplatin and Doxorubicin
(Mouse ovary)

Cisplatin showed oocyte-specific damage

Doxorubicin preferentially caused damage to
the granulosa cells

Suggestion:

Imatinib protected the mouse ovary against
damage by cisplatin but not doxorubicin

Morgan et al, 2013, PlosOne
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