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Cryopreservation landmarks

A 1776: successful freezing and rewarming of
human spermatozoa (using snow)

A 1949: cryopreservation of bovine and avian
spermatozoa

A 1972: mammalian embryos cryopreserved

A 1983: Trounson and Mohr report the first
pregnancy resulting from cryopreserved
human embryos

A 1999: first birth from vitrified embryo



Current status of cryopreservation

A Routine: sperm, embryos
I Sperm following SSR
i Sperm for o6distanto treat




Vitrification

A Low conc of cryoprotectants
A VERY rapid cooling: directly into LN2
A Rapid thawing

A Technically simple but skill required!
I more operator dependant
I quick for a few eggs, more difficult for lots
I no controlled freezer
I sterile LN2, open vs closed containers?
I vapour vs liquid phase LN2
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Comparison of fresh and vitrified

oocytes
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RCT of oocyte vitrification vs cryo
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Pregnancy outcomes?

A Edgar and Gook 2007

38 birt
136 fo

ns following vitrification

lowing cryopreservation

vs reports of 800

A last gasp for egg cryopreservation?



Immature oocyte cryopreservation

ANo stimulation
Immature oocyte retrieval in the luteal phase to preserve fertility in cancer patients.
Demirtas et al 2008 RBMOnline 17, 520

Live birth after vitrification of in vitro matured human oocytes.

18 GV oocytes, 18 vitrified at MIl, 4 survived, 3 embryos
Chian et al 2009 Fertil Steril 91, 372

IVM to MII gives better vitrification results than at GV stage



(o]
o
]

(*2]
o
]

/f

Annual cancer mortality
/100,000 women at ages 35-69 years
S

0_ I I |
1950 1960

I I | I

I I I
1970 1980 1990
Age at diagnosis (Year:

polychemotherapy reduces the
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Early Breast Cancer Trialists' Collaborative Group. Lancet 2005;365:1687.



Semen cryostorage

A Too ill/time/poor quality
A Infrequently used?
A Major follow -up issues



Information barriers

091% of respondents agreed tha
should be offered to all men at risk of infertility as a
result of cancer treatment

guar
Schrover et al 2002

Barriers: time, cost, availability



Embryo cryopreservation

established option
But e.
Alime
A\ man
AVloney




Embryo cryopreservation

A Since 1996: egg recovery for 36
patients

A 3 spont pregnancies
A 4 dead
A 5 replacements: 1 pregnancy (twin)

Is this any better than sperm cryo?
It IS expensive, invasive,
and stops other people having babies



5yr UK survivors by current age
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Long -term survival rate from childhood cancer is 70%

By 2010, onein 715 adults will be along -term survivor of childhood cancer

Skinner et al 2006 Lancet Oncology 7:489



Do doctors discuss fertility with
young people with cancer?

A Prospective analysis of 1 year of UK CCLG registrations

A N=1030 (68%) from 17 centres, age and diagnoses
representative
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Discussion on risk to fertility

Male (%) Female (%)
Prepubertal 61 60
Pubertal 71 55
Post-pubertal ( 76) 86
P=0.05 P=0.001

Data are percentage of those at specified pubertal
stage with whom risk to fertility was discussed

83% of postpubertal and 39% of pubertal boys

Oat ri sko

referred

Anderson et al 2008 Hum Reprod 23, 2246



Who is at risk?

I 60-80% with CMF (Bines et al 1996)
I Dependent on age, regimen
I But no consistent definition of CRA

Odds ratio for POF

Alkylating Cisplatin Antimetabolites  Plant alkaloids

Meirow et al., 1997



Ovarian tissue cryopreservation

Strip reimplantation
on ovarian pedicle s

Gosden, Baird, Wade & Webb, 1994 Hum Reprod ; 9:597 -603



Restoration of fertility after autotransplantation
of cryopreserved ovarian biopsies
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Radford etal . 2001 Lancet 357




Selection criteria for cryopreservation

A Under 30 (35) yrs of age

A No existing children
I Reflecting NHS funding for IVF

A Reasonable chance of 5 yr survival
A >50% chance of ovarian destruction

A No previous chemo/radiotherapy
i I f age <15 o0l ow riskoé chemo all

A HTA-accredited storage at SNBTS -TS
First 1993






Indications for cryopreservation

n=

A Lymphoma 7
A Leukaemia 4
A Sarcoma 10
A Cervical Ca 3
A Ependymoma 1
A Breast Ca 3
A Wilms tumour 1
A SLE 5
A Other Rheumatol 2

Shwachmann Diamond Syndrome
Bechet ds syndr ome

Total 36

Other groups: Sickle Cell disease, Turner syndrome



Oocyte guality in Turner mosaic

A B

Oocytes analysed following stim cycle

-All normal
Subsequent cycle for oocyte cryo

Further cycle for embryo cryo:
-20 oocytes

- 13 fertilised

-11 cryopreserved

Polar body

Balen et al 2009 BJOG 117, 238



Frequency

Age at cryopreservation

I I I
10 20 30

Age atbx

Median age 19.2yr

40

Frequency

I I |
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Age now

Median age 24.4yr

Mean =25.30
Std. Dev. =E.23402
M =25



First few babies

Diagnosis | Age ‘ Surgery | Reimplantation ‘ Pregnancy Reference
Hodgkin’s 25 Unilateral bx Orthotopic Spontaneous, LB Donnez, 2004
Non Hodgkin’s 28 Unilateral bx Orthotopic IVF, LB Meirow 2005; 2007
Hodgkin’s 29 oophorectomy Ortho and heterotopic | Spontaneous, miscarriage Demeestre, 2006
Hodgkin’s 28 oophorectomy Ortho and heterotopic | Oocyte from heterotopic/biochem | Rosendahl, 2006
Hodgkin’s 31 Unilateral bx Ortho and heterotopic | Spontaneous, LB Demeestre, 2007
Hodgkin’s 25 oophorectomy Ortho and heterotopic | IVF, miscarriage Andersen, 2008
Hodgkin’s 26 oophorectomy Orthotopic IVF, LB Andersen, 2008
Ewing sarcoma 27 oophorectomy Orthotopic IVF, LB Andersen, 2008

And the denominator i sééé




Spontaneous pregnancies

6025 of the women desired pregnancy.

Four women received autotransplantation of ovarian tissue.
One had a biochemical pregnancy
One had a blighted ovum that was terminated in week 7 of gestation.
Two women conceived and gave birth to two healthy children. One of the
women subsequently conceived spontaneously and is currently pregnant.

Preserved fertility in 15/21 = 71%

Rosendahl M et al 2008 Hum Reprod 23 2475



Spontaneous conception in a young woman who had
ovarian cortical tissue cryopreserved before chemotherapy
and radiotherapy for a Ewing’s sarcoma of the pelvis:
Case report

L.E.Bath!, G.Tydeman?, H.O.D.Critchley', R.A.Anderson’, D.T.Baird' and
W.H.B.Wallace"*

'Department of Reproductive and Developmental Sciences, University of Edinburgh, “Department of Obstetrics and Gynaecology,
Fife Acute Hospitals NHS Trust and *"MRC Human Reproductive Sciences Unit, Edinburgh, UK

*To whom correspondence should be addressed. E-mail: hamish.wallace @luht.scot.nhs.uk

We report the case of a 14 year old girl who presented with a non-metastatic Ewing’s sarcoma involving her
superior pubic ramus. She received 14 courses of alkylating agent-based chemotherapy and direct radiation to her
hemi-pelvis (55Gy) and is alive and disease-free 8 years later. Multiple biopsies of ovarian cortical tissue were
cryopreserved, with her written consent, before treatment began. Ovarian failure was confirmed on completion of
treatment with cessation of menses and persistently elevated serum gonadotrophin and low estradiol levels on
repeated measurement over 2 years. HRT was initiated. Irregular vaginal bleeding occurred due to radiation vagi-
nitis. Reimplantation of ovarian cortical tissue was considered at 19 years as fertility was desired, but the decision
deferred. A spontaneous conception occurred 1 year later and a healthy boy (birthweight 2.9 kg, 3rd-10th centile)
was delivered at term by elective Caesarean section. This is the first case of a spontaneous conception occurring in
a young woman with documented ovarian failure in whom ovarian cortical tissue had been cryopreserved. Clini-
cians should be aware of the possibility of spontaneous conception despite confirmed ovarian failure in young
women successfully treated for cancer.



Orthotopic oocyte gquality

A Andersen: 44% fertilisation rate

10 embryos transferred, 3 implantations
A Sanchez - Serrano: 78% fertilisation

2 embryos transferred, twins

A Dolmans:50% fertilisation (n=10)

no pregnancy

Silber: vitrif is better than cryopres



Heterotopic autotransplantation

Age 37, cervical Ca
Bilateral oophorectomy, cryostorage

Transplanted to subrectus sheath

Menopausal for 10 weeks, then
USS: follicle 16 x 11 mm
LH surge
E2 41000pmol /|
P4 35nmol/l

Menopausal from 28 weeks

Kim et al. Fertil Steril 2004



Heterotopic oocyte development,
IVF/ICSI

A 20 oocytes from
8 retrievals

A 8 suitable for
fertilisation, 1
fertilised

A 4C embryo

Oktay et al 2004 Lancet 363; 837



To To Iw

What to do?

Lines of communication
Patient selection (multidisciplinary)
What operation?
I oophorectomy vs biopsy
Storage
I Lab methodology (eg cryoprotectant, vitrification)
I Validation
I Keeping in touch with the patient
Who is paying?
Ethical review: is this experimental ie research?



Future prospects

A Boys

I extracts of immature testis?
A Contaminated tissue

| can you separate?
A Non -medical indications



Restoration of spermatogenesis and fertility by
transplantation of freeze -thawed testis cells
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Unpurified testis cells. More efficient in immature than mature recipients

Kanatsu-Shinohara, M. et al. Hum. Reprod. 2003 18:2660



Sperm from neonatal mammalian
testis grafted in mice

Neonatal piglet testis

Sperm after 17 weeks

Honaramooz A et al Nature 2002;418:778



Human fetal testis transplants

6 week graft b
/

First trimester testis el UL ve .
SCID mic.e, 6 weeks Graft: Oct4
With R Mitchell, R Sharpe, P Saunders, MRC HRSU




In vitro follicle growth
cryopreservation vs vitrification

In vitro grown human follicles cultured first in cortical strips for 6 days then isolated at the
pre-antral stage and cultured for a further 4 days with 100 ng/ml activin A.

Telfer EE et al. Hum. Reprod. 2008 23:1151-1158



VG follicles resemble In vivo

follicles
In vitro
alginate for 14 days
day 5
day 15 day 30

Xu, M. et al. Hum. Reprod. 2009 24:2531-2540



