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Abstract

The aim of this systematic review study is to summarize the current knowledge of ovarian tissue transplantation

and provide insight on ovarian function, fertility and reproductive outcome following ovarian tissue transplantation.
Relevant studies were identified by searching through PubMed, Cochrane Library, Embase, ProQuest, and Scopus
databases until August 2018. Ovarian function by examination of the hormonal level was evaluated, together with fol-
licular growth, the return of menstrual cycle and assessment of reproductive consequences: pregnancy, miscarriage
rates and live birth after transplantation. Studies including female patients aged between 22 and 49 years that were
subjected to ovarian tissue transplantation were considered. A total of 1185 studies were identified in the primary
search. Titles and abstracts were screened for assessment of the inclusion criteria. Finally, twenty-five articles met the
criteria and were included in this study. In general, 70% of patients that underwent ovarian tissue transplantation
had ovarian and endocrine function restoration as well as follicular growth. Pregnancy was reported with 52% of the
patients. The available evidence suggests that ovarian tissue transplantation is a useful and an applied approach to
restore hormonal function, endocrine balance and eventually fertility outcomes in patients that are predisposed to
lose their fertility, diagnosed with premature ovarian failure (POF), as well as women undergoing cancer treatments.
Identification of the techniques with the lowest invasions for follicular and oocyte development after ovarian tissue
transplantation aiming to reduce probable adverse effects after treatment is indispensable.
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Introduction

In the past decades, the life expectancy of patients diag-
nosed with most forms of cancers has increased due to
improved and novel therapeutics [1], highlighting the
importance of quality of life after treatment. Besides the
increased efficiency of anti-cancer treatments such as
chemotherapy and radiotherapy, there are also negative
side effects, especially on the reproductive system that
affect fertility [2, 3]. Following the use of alkylating agents
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and ionizing radiation in cancer treatment, endocrine
activity and ovarian function can be severely compro-
mised. A profound reduction in ovarian follicle numbers
coincides with ovarian damage following chemotherapy,
and close relationships exist between patient’s age, drug
dosage and risk of losing ovarian function [2]. Chemo-
therapy, particularly when alkylating agents are used,
can lead to premature ovarian failure (POF) as one of the
complications [3]. POF is known as an ovarian function
insufficiency affecting about 1% of women before the age
of 40 [4], whereas over one-third of women undergoing
chemotherapy procedures suffer from POF [5]. Male can-
cer patients are not exempt from post-treatment compli-
cations and also require attention to assist the return of
their reproductive function [2].
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Various assisted reproductive techniques are being
offered for female patients before and after therapy such
as oophoropexy for radiation shielding, fertility-sparing
surgery, egg and embryo freezing, ovarian tissue cryo-
preservation and transplantation [6]. Despite the fertil-
ity preservation options present today, in some cases
it is important to begin treatment without any delay. In
addition, in prepubertal patients, ovarian stimulation to
obtain oocytes is not considered. For those patients it can
be beneficial to remove the ovarian tissue via laparoscopy
followed by tissue cryopreservation. When the patients
are recovered the preserved tissue could be transplanted
to its original or heterotopic site [7]. Ovarian tissue
transplantation can restore endocrine function and fer-
tility in women with premature ovarian insufficiency [8].
The first successful fresh ovarian tissue transplantation
leading to living birth in primates was reported in 2004
[9]. In another study, Donnez et al. transplanted ovarian
tissue 6 years after the diagnosis of Hodgkin’s lymphoma.
An improved ovarian function was observed 5 months
after transplantation and was followed by a live birth
[7]. About type of transplant, in auto-transplantation,
fresh or cryopreserved ovarian tissue is transplanted to
the same person, or to identical twin sister, [10] whereas
in allotransplantation the patient receives tissue from a
genetically different HLA matched-donor. Both fresh and
frozen ovarian tissue transplantations have been reported
to yield similar outcomes considering menstrual cycle
return and ovarian function restoration [11]. In Fig. 1,
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the processes of cryopreservation and transplantation are
summarized. Vitrification and slow freezing are two com-
mon techniques applied for ovarian tissue cryopreser-
vation. In slow freezing technique, low level of follicular
degradation and higher degree of tissue survival and folli-
cular counts were notified, however, no significant differ-
ences were reported between these techniques [12, 13].
This study makes an inventory and summarizes the cur-
rent knowledge of ovarian tissue transplantation and its
success or failure to maintain fertility, restore reproduc-
tive capacity and preserve ovarian function. The current
systematic review evaluates the success rate of ovarian
transplantation and proposes a guideline for fertility
preservation in the future.

Methods

The paper was prepared based on the standards and
guidelines of the Preferred Reporting Items for System-
atic Reviews (PRISMA) [14]. All data originate from
previously published experiments in international peer-
reviewed journals.

Search strategy, data extraction, and eligibility criteria

Relevant studies were identified by searching through
PubMed, Cochrane Library, Embase, ProQuest, and
Scopus databases until August 2018 with the fol-
lowing keywords: “ovarian tissue transplantation’,
“ovary transplantation’, “ovarian implantation’, “ovary
implantation’, “ovarian tissue allografting’, “ovarian
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Fig. 1 Schematic presentation of ovarian tissue cryopreservation and transplantation
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auto-transplantation’, “ovary allografting’, “birth rate’,
“live birth’, “pregnancy’, “pregnancy rate’, “chemical
pregnancy’; “clinical pregnancy’;, “AMH’, “anti Mullerian
hormone’, “follicular stimulating hormone”, “FSH’, “atrial
follicle count’, “fertilization”, “fertility rate”, “reproductive
capacity’, and “treatment of infertility” in human studies.
References were collected in EndNote X7.1 (Thomson

Reuters, USA).

Study selection

After the primary search, title and abstract of studies
were first evaluated by three authors of this paper (H.M,
S.SH, and SH.A). If the abstracts fulfilled the general
aspect of the review, the full text was considered. Inclu-
sion criteria such as written language (English), article
type (original article), intervention (ovarian tissue trans-
plant) and outcome (hormone and ovarian tissue func-
tion and fertility) were regarded to select the full text of
the remaining articles in the study. The term transposi-
tion instead of transplantation, non-English language
and cryopreservation of ovarian tissue without trans-
plantation were used as the exclusion criteria. Authors
independently reviewed the selected published articles.
The eligible studies had the methodological characteris-
tics such as type of the study, number of participants and
their disease condition, type of interventions, number of
patients that underwent ovarian tissue transplantation,
age at the time of intervention, outcomes and an approxi-
mate follow-up duration in the post-intervention period.
Any disagreements that arose between the review-
ers were resolved through discussion, or with a fourth
reviewer (M. M). Relevant data were summarized in a
tabular format in a systematic manner (Table 1).

Outcomes measures

The primary outcome of this systematic review was to
assess systemic levels of follicle stimulating hormone
(FSH), Luteinizing hormone (LH), anti Mullerian hor-
mone (AMH), and inhibin as well as follicular growth,
and the return of a menstrual cycle after ovarian tissue
transplantation. Pregnancy rates, live births, and in vitro
fertilization (IVF) consequences were considered as sec-
ondary outcomes.

Results

A total of 1192 studies were identified in the primary
search (Fig. 2). Among these studies, titles and abstracts
were carefully reviewed by independent reviewers
assessing whether they could meet the Eligibility Crite-
ria. At this stage, 612 studies were excluded since they
did not match the inclusion criteria of the study. Finally,
29 unique reports, including cohort articles and case
reports, were enrolled in this study. The selected articles
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were critically appraised by reviewers for methodological
quality.

Clinical characteristics of the selected studies

In the included studies, a total of 693 patients under-
went ovarian cryopreservation whereas only 210 patients
were subjected to ovarian tissue transplantation. Among
transplant recipients, 29 patients received fresh ovarian
tissue, out of which 26 received transplants from their
twin sisters or HLA-matched donors and 3 cases received
their own ovaries; 11 patients received allogenic frozen
tissue, and 170 received their own frozen ovarian tissue.
The mean age for transplantation was 31 years; with the
youngest patient being a 22 years old women cured from
Hodgkin lymphoma, without children. The oldest patient
in the included manuscripts was 49 years old and ovarian
tissue was grafted ectopically in her arm to prevent the
occurrence of menopause [26].

The most common reason for ovarian tissue transplan-
tation was fertility preservation cancer treatment (165
cases), followed by women suffering from POF (40 cases).
One patient diagnosed with a hemi-uterus had her fal-
lopian tubes removed by laparotomy [41]. In 4 patients
diagnosed with uterine leiomyoma and candidate for
ovarian cancer, abdominal hysterectomy was performed
with bilateral salpingo-oophorectomy and subsequently,
the ovarian tissues were cryopreserved [26].

Various sites have been used for ovarian transplanta-
tion such as the abdominal rectus muscle, peritoneum,
abdominal wall, adjacent ligament of the ovary, ovarian
cavity and fallopian tube (Table 2). Only in one study, the
transplant group was compared with ten peri-menopau-
sal patients as a control group for hormonal evaluation
[26]. Some subjects were excluded from the studies since
they either had less follow-up duration or were lost to
follow-up [30, 34, 37, 40].

In total, 210 patients underwent a single transplan-
tation procedure whereas 27 patients received second
transplantation as well. A second transplantation proce-
dure was performed either because of recurrence of the
disease or because of short-term function of the trans-
planted tissue.

Primary outcomes

A summary of the initial data is presented in Table 2.
Return to menstruation as one of the primary outcomes
was reported to take place between 2 months [26, 28,
31, 35, 40] to 1 year after transplantation [38]. The onset
of ovarian activity and hormonal function at the clos-
est time after transplantation was 1 week; estradiol and
FSH levels showed an increase and decrease patterns,
respectively [41]. Some of the recipients, however, did
not respond to transplantation [26, 28, 34, 36, 40]. For



(2019) 17:396 Page 4 of 15

Sheshpari et al. J Transl Med

[GZ1 S1OT '[e 12 uiselg

[l 110T e 13 Aepj0

[€21010Z Te1915ug

[01] 10T '[e 19 aum1599Wa(

[c2] SLOT '|e 19 eAR|RSIY

(L2l €10T 1212 ljjonsy

[07] €10T "[e 32 J3slauling

l6l]
S00C '[e 19 UISSUBH-I2U|@AN

[81]ZL0T 812 49NN

[£1]1 5102 e 39 younIQ

[911Z10z e 19 younia

(511800 '[e 3 Younia

S[9A9] 3 PUE HINY
'HS4 AQ uoIdUNY [PPRUOD)
awod1no Aoueubaud
pue Ayj1149} ‘uonouny

UBLIEAO JO UOIRIOISSY

yuiq oAl pue Adueubaid
YHiq oAl pue
Koueubaid 91240 enns
-Usw pue juawdolanap
Je|NdI||0} |9A3] [BUOULIOY
AQ uonouny ueleAQ

Aoueubaud

puUe HWY pue 73 'H1
'HS4 Ag uondUNy UBLIEAQ

YHIq oAl

pue ‘Aoueubaid ‘uonouny
UPLIBAO JO UONBIO1SDY

Aoueubaid quawdoPasp
J1e|NDI||04 pUe ABSSE [RUOW
-10y Ag uonsuny ueLeAQ

1uaWdoaAap Jendl||04

A3 'H1 pue 23
'HSH YuM ANAIDE UBLRAO

Aoueubaud
pue uolIduNy ueleAQ

AKoueubaid pue
A)[113) 'UonouNy UeLeAQ

a
pue H1'HS4 pue ymolb
9|21||0} Ag uoIDUNy UBLIBAQ

s1eak 9

SIeak

SIeak

sieak

sleak 7

syuow 7|

syiuow /

skep ¢

1eak |

Apnis jo a1ep 01 bulobuQ

payiodal JoN

skep sz

sieak 67

sieak G0¢

sieak gz

sieak /¢

sleak 9z

sieak 67

sieak pi

sieak 7y

sieak z¢

sieak 7€ abe ueapy

sleak ¢¢

sieak G 0¢

anssi
uszoyjyuoneiue|dsues-ony

anssi

Uaz0Jj/uoneiue[dsues-oiny
anssi

UazoJj/uoneiue[dsues-oiny

anssn
Uaz0Jj/uopeiue[dsues-ony

anssi
uazoJy/uonejue(dsues-oiny

anssn
USz0Jj/uoneIuR[dsuUeRI-01NY

anssi
UazoJj/uoneiue|dsues-ony

anssiy

USz0Jj/uoeiuR|dsue-0INy
anssiy

udzol/uolieiue|dsueil-0Iny

anssi
udzoly/uolieiue|dsues-oiny

anssn
uazol/uolieiue|dsuesl-ony

anssi
uszZol/uoneIuR|dSURA-0INY

BIWISSE[BY1 YIIM UBLLIOM Y

ewoyduwiA|
UIBPOH YiM Uewom

eulodies sbuimg
JO 9SOUBRIP YlM UBWIOM Y

eIWSUE [|92-3P4DIS
4O 9SOUbeIP YlM UBWOM Y
spou
YdwiA| 323U Jo saseiseraul
pue ewioudIed pIoJAY}
Alejjided yim uewom v

BILISSSe|RY}-]
JO asoubelp Yim Uewom
eUIOUIDIBD
15831q] [PIONP SAISLAUL JO
9soubelp YIM UBWOM Y

SUWOIPUAS
sua1bols Arewnd jo
Ss0ubeIp Ylm UBLIOM VY
ewoydwiA| subpoH
JO 9soubeIp Yim uewom y
192UED UBLIBAO Y3IM
OM] pUe Ja2Ued [eue YiIm
9311 J2dued 15a1g Y1m
Inoj ‘Aoueubijew [ed1bo|
-03BWaY YIM USWIOM | |
asde|al
pue 35e3sIp UBpoH Jo
3soubelp Ylim Ueuom v

J9dued |eue
JO as0uUbeIP YIM URLIOM

110402 9A123ds0ld

1jodal ase)

1jodal ase)

podal ased)

1lodal ase)

1odai ased)

11odal ase)

1odas ased)

1odas ased)

siskjeue aAndadsolay

2]0U [eoIuyYda|

1odai ased)

(1eak “oyny)

(s)awodno

(9buel ueipaw) dn mojjo4

2inpasoud jo swiy

UOIUAAIDIU|

uopnejuejdsuesy
aNss|} ueleAo
jJuamiapun syueddiyed

ubisap Apnis

24n)eJ3}1| 3Y3 JO MIIAI d1JRW)SAS @ Ul PIaLIIUSP] SIIIMIR PApN|dUl 6T WO4 S}NsaJ 3y} jo Kiewwng | djqeL



(2019) 17:396 Page 5 of 15

Sheshpari et al. J Trans| Med

(6] 110T "|e 39 asuer

[87] ¥10T e 19 qqed

[£21010T "|e 1@ zauuo(

[9¢] 100T ‘e 12 03|eD

HWY pue ‘z3 ‘g uiqyui ‘4
'HS JO S|9A3] JIWSAS AQ

pazA|eue uoidUN UBLRAQ sieak g7

JuaWdolASP JeNDI||04
pue UoieUILIEXS PUNOS
-eJ}|N ‘JUSWSSISSE [PUOW

-10y Ag uopouny ueleAQ SO 16

Juswdojansp
1e|NDI||O} PUE [9A3] [eUOW
-10Y Ag uonduUNy UeLIeAQ 1eaf |

ymmolb
1enoljjo} pue HSH pue ¢3
wnJas Ag uonouny uelleAQ 1eaf |

sieak Ge—¢

SIeak 6E pue |71 € USzolj/uonejue|dsues-ony

7€ 7€ 's€ Ajnidadsay

sieak 649t

VENREREINGIN

TNV ‘elwasse|eyi-iofew

'SISOLIIDWOPUS ‘sSadsge

UelIPAO-OQgN] JowN)

|B1g243D ‘sisolewolnuelb

S Jauaba ‘euoyduA|

uPBpPOH-UOU ‘euoyduwA|

aNssiy S U BpPOH ‘eILISUE [|9D

USZ01) pue Ysaij/uoliel SPYDIS ‘ewoyduwA| suy
-ue|dsuell-oj|e pue oy -BpoH yum uswom |

2dA1-gns Aie|n|@2-paxiw

‘euwoydwlA| subpoH

UM URWIOM P|O SIBK 67

puUe ewoUIDJeD JejNgo| bul

-1BJ}|YUI YLUM UBWIOM PO

SIeAA 1€ ‘7q NP J9dURD

[B1D310J0D Y}IM UBWIOM

anssi p|O SIeRA-E7 B ‘papNpUl
2I9M USWOM 931y |

1Ng 210429

191 pue Adeisayiowayd
JuaMISpUN AjRARDadSal
“IWY PUe eILUBUE [|9D
921s snobAzowoy Jofew
eIWRSSE|RYL-¢ JO 3soubelip

anssi YIM USUWIOM PO JeaA-7 |
ysalj/uoneiueidsuen-ojly  pue G| ‘0z Jo wuaned saly|
SeUIOAWOID|

aupa1n Joy Awoldaioydoo
obuid|es |ela1e|iq pue
AUWI031231915AY [RUILIOPQR
yum 1k 64-91

pabe Uswom Ino4

aNSSI} USZ0) pue
ysalj/uoneiue|dsueli-ony

Hoyoo 9A1103ds0Id

1I0Y0D 3A103ds0ld

1iodal ase)

Hoyoo 9A1123ds0ud

(1eak “loyiny)

(s)@wodnQ (9bues ueipaw) dn mojjo4

ainpasoid jo swip

uonejuejdsues
anssi} uelieno

UOIJUBAIBIU| juamiapun syueddiyied

ubisap Apnis

(panunuod) | ajqel



(2019) 17:396 Page 6 of 15

Sheshpari et al. J Transl Med

[9€] 510T ' 3@ Knzng

[Sel010T e 18 4=qiiS

(€] 910 '@ 38 MOIIB

[€€]1810C e 19 qqed

[2€] 2007 "|e 18 MOIIBIN

[LElZLOT Wiy

[0€] SL0Z '|e 3 udsusr

J9jsuely ofiquia
-4/l pue |9A3] usbonsa
winJas ‘Yimolb 31|04

UOol1eN[PAS SNSSIY Ue]
-1eAO pue ‘uopduny jueld
-SUeJ} JO UoIIeINp ‘Yuiq
9Al| ‘Aourubald ‘S|PAI)
QUOWIOY ‘3|2AD [BNIISUSIN

SYMIQ dAI| ‘SaIDURU
-bauid 4\ 's|yo.d aundopu3

punosesn
19|ddoQ pue [9A3] [euoWw

-10y Ag uonduNy ueleAQ
ymoib

J1e|noljjo4 pue Aesse |eu
-owoy Aq AuAnoe uelenQ

punosen|n
Ag ymmolb Jejnoijjoy
'3U0J9150153) PUB 'DUO
-1915960.d ‘[oIpeIIS ‘HT
'HS4) Ag uonouny ueLeAQ

auwod1no A1l
-|11J94 pUB UOIDdUNY UBLIEAQ

panodas 10N

SIeak g

SLIuoW || 01 /

pulobuo sieak 1

syuow g

sleak /

sleak 0|

anN

s1eak Oyt

sieak Gp-7¢

PlO Sieak &

juaned pjo-1eaf-1 € aup

| ¢ obe uealy

si1eak 7€ :abe ueapy

anssn
USz0Jj/uoneIuR[dsuURI-01NY

anssn
USZOJ} PUB Ysa1)/Uoiie]
-ue[dsuell-0||y pue oy

anssi
uazoj/uoneiue|dsuen-ony

anssiy
udzol/uolieiue|dsueil-0Iny

anssi
uazoly/uolieiue|dsuen-oiny

anssn
uszoJj/uonejue|dsues-ony

anssi
uazoly/uolieiue|dsuesl-ony

10d Y1 USWIOM 3j1Iajul / |

uonejue(dsuel Jo
SWI Y3 1B SNSSI) UBLIPAO
PaAI9sa1doAId UMO Jay
PAAI9IR) LIOYM UBWIOM
J9Y10UR OS|e J31SIS [PWIOU
19410 Woij syuejdsueny
UBLIEAO PIAIDIRI {Od YIM
pasoubelp Jied yoes Jo a1
=SIS 9UO YDIUM JO INO SIS)
-SIS UMY [eD13URpI JO Sited Q|

40d ol padojansp

TNV PUe BuIODIeS SHUIMT

‘euloydulA| subpoH

-uou 1adued 1sealg

‘SUBBPOH “TWD Yum
USWOM SIOAIAINS J1DUBD 07

Awoldaioydoo

-obuid|es 1ybu Jusmispun

pue BUIO1RIS] DISAD
2IN3eW YIM UBWIOM Y

eWOYdWIA|
SUBPOH-UOU |13 g YUM
87 JO 9be 231 1 UPWOM

(1) pwoydwi|

SUBpPoH pue (1) Jodued

1583.q ‘(€) 192U [EDIAIDD
Yam paruasaid USUWOM aAl4

SI9Y10 puUe I3dDURD [BUR
'J92UBD UO|0D 49DURD Ue|
-1BAO 'DUIOIPUAS DlulaeIN

J)IA|oWarH ‘BWODIES BlINU
-1gojbowaeH ‘leuinidoou
[ewisAxoJed ‘eulodles
Huim3 ‘elwiseue dnsejde
'J92UeD |BDIAID ‘U BpPOH
-uou ‘upbpPoH ‘g 19dued
15e31q YIIM USWIOM |

Hoyod ®>_puwo_m0_n_

11040D 9A112ds0ld

1J040D dA1103ds0ld

1odas ased)

110402 9AI29ds0119Y

1oyoo 9A123ds0Id

110402 2A329ds01Y

(1eak “loyiny)

(s)@wodnQ (9bues ueipaw) dn mojjo4

ainpasoid jo swip

UOIJUBAIBIU|

uonejuejdsues
anssi} uelieno
jusmiapun syueddinied

ubisap Apnis

(panunuod) | ajqel



(2019) 17:396 Page 7 of 15

Sheshpari et al. J Trans| Med

PaUIWISIBP JOU N [01PLIISD 77 dUOWIOY UeLId|INIA-UE HY ‘duowioy Buiziuiging H7 ‘duowloy Burie|nwils 3|311|0 HS4 ‘Uoliejuejdsuel) |92 wa)s di3alodojeway | ISH
‘Aouaidyynsur uetieao ainjewaid |04 ‘@in|ie) ueleAo ainjewaid 4O ‘uoljelue|dsuel} MOLIBW U] | N/g Uoieipell Apog (230} /g1 BIWS)NS| PIOjRAW d1U0IYD TAD elwayna| pioydwA| 33nde 77y elwayna| plojaAw ainde Juy

[L1]S10T e 18 4eqiiS

[1+] 9107 '|e 12 OAO(

[0%] #10T '[e 30 Laqu|

[6€£1 9007 '|e 12 ala1seawag

[8€] /10T '[e 38 uueundag

[£€] S10T "e 18 oquel

91240 |eniisusw sAep Qv
pue ‘HNY ‘|01peIss ‘H 1330 Ul pue dn-moj|o}
'HS4 Ag uonduNy UeLRAQ 1e9A-| JONO YUM 6| U]

swod1no Adueubaid pue
Juswdojanap Jejnolj|o4

'HS4 puUe |01peliSa WNnIas syuow g
STITRIET!

pue uoiduUNy UeleAQ sleak /
Aoueubaid

pue 1UN0> 3121|104 ‘H1 ‘HS4 skep /9¢

|OIPEIISS JO S|IAS|
DIUIRISAS JO UOIIRADD IO
91242 [enJIsUSW JO 195UO
‘sisAjeue [euowoy Aq
PaULIYUOD UOIDUNY URLIBAQ sieak g

Aoueubaid pue HAY pue
HS4 Ag uonouNy ueleAQ syuow oy

J9dued 1589.q
PUEB PWODIES [RIAOUAS

'J13plosig Poo|g ‘S 192

oNssiy -UeD uleiq ‘supbpoH yum

usz0Jj pue ysalj/uonel ﬂcwzma Jooued || pue
-ug|dsuel-ojle pue oy  40d | | apnjdul syudned 7z 11040 9A12ds0ld

ured

oNnssil u_>,®Q 9JoA3S 21NDOe UM
uszouj/uonejueldsuesn-ony g1 Jo 2be 2y 3e UPWOM Y 1lodal ase)

Ajiazy

10} CO_HmpCm._QmCmb oNnssi
UelRAO 1UsMIspun 40d

anssn AQ PaMO]|04 J2DUBD YIM
uazouj/uolelue|dsues-oiny pasoubelp uawom ybrg  11oyod 9Andadsonay

Al 9DR1S 95PISIP S Uy

anssn -BpoH Jo asoubelp yum
uszouj/uoneiue|dsues-omny 1uaned pjo sieak yz suQ 1iodai ase)

(1) J9oueD |edIAIRD pue (1)
195UBD UBLIBAO {(7) 3IN|IBy
ueleAO ainjewsald (g)
J130UBD [eUe ‘() Jown) pue
130UBD UBLIRAO SUl|Japioq
(01) pwouUDIED 1SRAIG

anssn Yum (/) eisejdosu o160|

Sieah 44—/ USzolj/uonejue|dsues}-ony -01PWRY UM USUWIOM 8 110Y0D 9AI1D3ds0lIay
euwloydwi|
anssn upbpoH pue ewoydwiA|

SIeaA 77 pue 7 uszouy/uolieiue|dsuell-oiny |92 1 yum syuaized om]  140Yod 9ARd3ds019Y

(1eak “oyiny)

(s)dwoding (9huel ueipsw) dn mojjo4

ainpadoud jo awi|

uonejuejdsuesy
anssi} ueeAo
UOIJUSAJIDIU|  JudMJIBpuUN sjuedidiied ubisap Apnis

(panunuod) | ajqey



Sheshpari et al. J Trans| Med (2019) 17:396

Page 8 of 15

)
c
.0
® Records identified through database Additional records identified through
5.‘:.’ searching other sources
§ (n=1192) (n=0)
S
~—
v A4
)
Records after duplicates removed
(n=612)
0o
=
; |
[}
1}
S
O
v Records screened Records excluded
(n=612) g (n=567)
~—
)
A 4
> .
2 Full-text articles assessed for Full-text articles excluded,
o T o i =
2 eligibility > with reason's'(n 16)
= (n=45) Transposition: 5
Without transplant: 7
Questionnaire: 2
Not in English: 2
S
A
-] S .
= Studies included in
= qualitative synthesis
E (n=29)
~—
PRISMA flow diagram for selection, screening and inclusion steps.
Fig. 2 PRISMA flow-chart indicated the eligible studies selection and screening process

example, in Dittrich et al. study, from 20 transplant
recipients just one patient showed no activity after trans-
plantation [17], whereas in one study about 50 percent
of the patients exhibited ovarian function restoration
after 12 months [28]. After second transplantation, ovar-
ian function improved at 2-4 months post-transplan-
tation and sustained for 9-84 months [42]. The ovarian
function return varied in different studies between 3
and 6 months in the single frozen transplants [31]. In a

28 years old woman diagnosed with cervical cancer, how-
ever, ovarian function retrieval was observed 84 months
after the second transplant. In this patient endocrine
activity was observed even 7 years after transplantation
[31]. Similarly, Silber et al. reported functional ovaries
even after 8 years in two women who underwent fresh
ovarian transplantation after the diagnosis of POF [11].
The evaluation of hormonal function after transplanta-
tion indicated that the level of FSH declined to less than
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20 IU/l in 115 subjects while E2 levels had increased to
above 100 pg/ml in 41 patients. These findings illustrate
the success of transplantation. AMH levels, however, did
not change in these cases, except for one study [11] in
which the levels of AMH had increased after transplan-
tation while the levels of FSH initially decreased, and
then returned back to the normal levels [11]. In another
study, a gradual elevation of AMH levels was observed
during follow-up examination [37]. The inhibin level was
assessed in various patients where it showed an increas-
ing pattern [29, 39].

Dietrich et al. reported that the development of trans-
planted ovarian tissue in the pelvic wall led to the typical
neo-ovarian regeneration [17]. The results from ovar-
ian transplantation at different sites illustrated that the
peritoneal cavity with a decent blood supply is a putative
location for transplantation purposes in which a higher
ratio of follicular development as well as higher number
of antral follicles was observed [43].

Evaluation of follicular growth post-transplantation has
been performed in some of the studies using ultrasonog-
raphy, abdominal doppler, or vaginal echography, either
for one or both ovaries [41]. Callejo et al. using ultra-
sonography and doppler identified the successful growth
of follicles (one follicle with a 16 mm diameter) with sur-
rounding blood flow in ovarian tissue transplanted to the
abdominal rectus muscle [26]. In this line, Muller et al.
confirmed the follicular growth (17 to 18 mm in diame-
ter) using sonography, and subsequently ovulation induc-
tion was performed. Following a natural conception and
a successful pregnancy, a healthy baby was born [18]. In
another trial, dominant follicles were detected in ovaries
transplanted to the peritoneum [39].

Secondary outcomes

From the total number of 210 subjects who received
the transplants, some failed to exhibit the desired sec-
ondary outcomes, out of which, several patients (age
range 49-46 years) underwent bilateral hysterectomy
and adnexectomy in order to prevent the symptoms of
menopause [26]. Some patients did not attempt to main-
tain fertility [27, 31] as well as a single case of bilateral
agenesis of fallopian tubes [35]. Out of remaining cases,
84 spontaneous and 36 IVF pregnancies, 80 live births,
22 abortions and 1 ectopic pregnancy were obtained
(Table 3).

Of 29 recipients of fresh ovarian tissue transplantation,
26 subjects confirmed to be pregnant out of which 19
live births were reported with one confirmed pregnancy
ongoing (20th week) at the end of the study. Of 181 fro-
zen tissue recipients, 96 pregnancies and 86 live births
were reported, with 8 continuing pregnancies at the end
of the study.
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The youngest worldwide reported case of ovarian tis-
sue preservation and transplantation before puberty was
a 9-year-old girl diagnosed with beta-thalassemia. In this
specific patient, ovarian tissue was transplanted 14 years
after cryopreservation and the normal ovarian func-
tion and pregnancy was confirmed following IVF [44].
In a similar case, a successful spontaneous pregnancy
followed by live birth was reported for a patient who
received ovarian tissue 10 years after removal at the age
of 13 [10].

Considering other secondary outcomes, 11 embryos
were obtained as a result of IVF cycles [23, 31, 40]. The
summarized illustration of cryopreservation, transplan-
tation, and IVF is shown in Fig. 3.

Regarding post-transplantation complications, among
the reported abortions, one case has been diagnosed
with chromosome 10 tetrasomy resulting in abortion at
week 7 of pregnancy [39]. Seventeen cases of spontane-
ous abortion were described [11, 17, 33-35], and abor-
tion was induced in 5 cases due to medical or personal
issues (Table 3).

Discussion

The difference between fresh and frozen tissue
transplantation

The selected papers described 181 patients that received
frozen and 29 patients received fresh tissues; in 4 stud-
ies, patients received both fresh and frozen ovarian tis-
sue [11, 26, 29, 35]. According to most studies, there was
no significant difference regarding the function of the
grafted ovaries whether fresh or frozen. In both fresh and
frozen tissue recipients, ovarian activity was rejuvenated
after 3—4 months [26]. In Janse et al. study, first menstru-
ation in both fresh and frozen tissue recipients occurred
after an average of 4.7 months [29]. In another study, no
statistically significant differences were achieved related
to FSH levels of the fresh and frozen tissue groups [35].
In a study by Silber et al. 4.5 months after the transplant,
all recipients, both fresh and frozen, reached normal
hormonal levels, exhibited ovulation and returned to a
menstrual cycle within 130 days post-transplantation and
the performance of fresh and frozen tissues was similar
in both groups at least until 2 years after transplantation
[11].

Our investigations illustrate the restoration of repro-
ductive and endocrine function in most of the patients
following ovarian tissue transplantation. In general, over
78% of the patients who received fresh or frozen ovarian
tissue showed ovarian function restoration and in over
58% of patients, pregnancies occurred. Overall, 65% of
live births were achieved in fresh tissue and 45% in frozen
tissue recipients.
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Table 3 Summary of secondary outcomes from selected studies

Total Type of tissue Pregnancy Spontaneous IVF pregnancy Livebirth Abortion (Author, year)
number (cryopreservation/ pregnancy
patients fresh)
1 Cryo - - - - - Dittrich et al. 2008 [15]
1 Cryo 1 1 - 1 - Dittrich et al. 2012 [16]
20 Cryo 7 6 1 4 1 Dittrich et al. 2015 [17]
1 Cryo 1 1 - 1 - Mdller et al. 2012 [18]
1 Cryo - - - - - Walner-Hanssen et al. 2005 [19]
1 Cryo 1 1 1 - - Burmeister et al. 2013 [20]
1 Cryo 1 1 - 1 - Revelli et al. 2013 [21]
1 Cryo 1 - 1 - - Kiseleva et al. 2015 [22]
1 Cryo 1 1 - 1 - Demeestere et al. 2015 [10]
1 Cryo 2 1 1 2 - Ernstetal. 2010 [23]
1 Cryo 4 1 - 3 1 Oktay et al. 2011 [24]
47 Cryo 1 1 - 1 - Biasin et al. 2015 [25]
14 1 cryo, 3 fresh - - - - - Callejo et al. 2001 [26]
3 Fresh - - - - - Donnezetal. 2010 [27]
3 Cryo - - - - - Fabbri et al. 2014 [28]
10 7 cryo, 3 fresh 2 2 - - - Janse etal. 2011 [29]
41 Cryo 28 13 15 13 3 Jensen et al. 2015 [30]
5 Cryo - - - - - Kim et al. 2012 [31]
56 Cryo 1 - 1 1 - Meirow et al. 2007 [32]
1 Cryo - - - - - Fabbri et al. 2018 [33]
20 Cryo 16 7 9 10 3 Meirow et al. 2016 [34]
25 11 cryo, 11 fresh 21 19 2 17 7 Silber et al. 2010 [35]
47 Cryo 3 - 3 2 1 Suzuki et al. 2015 [36]
164 Cryo 2 1 1 2 - Tanbo et al. 2015 [37]
399 Cryo 10 10 - 9 - Beckmann et al. 2017 [38]
1 Cryo 1 1 - - 1 Demeestere et al. 2006 [39]
225 Cryo 5 5 - 2 1 Imbert et al. 2014 [40]
1 Cryo - - - - - Povoa et al. 2016 [41]
22 11 cryo, 11 fresh 13 13 - 9 4 Silber et al. 2015 [11]
Cryo cryopreserved sample, - null
y ‘ Follicular stimulating -~ Hormonal and follicular evaluations
Candidate for cancer therapy ‘ l
Bilateral salpingo oophorectomy
{ Follicular extraction Transfer into uterus Embryo freezing
[029]
l \/ {Ultrasonography
_— In vitro fertilization (IVF) —_— Embryo Follow up by 4 Abdominal doppler
l Intracytoplasmic sperm injection (ICSI) Vaginal echography

Ovarian foramen

@ V' Peritoneal pocket

- Thawing Subcutaneous tunnel
Cryopreservation > -Analysing —> | Am
( - Transplantation Rectus muscle

Abdominal wall
Orthotopic site

IVF after transplantation of cryopreserved ovarian tissue

Fig. 3 Overall conception of the IVF technique after transplantation of cryopreserved ovarian tissue
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The efficacy of fresh and frozen transplanted tissues
from identical twin sisters or HLA-matched sisters was
reported for more than 2 years, and normal hormone lev-
els and successful ovulation was observed 4—5 months
after transplantation in all subjects. Serum levels of FSH
in the patients showed a decline 3 days after transplan-
tation and reached normal levels within 150 days after
transplantation [11]. These observations clearly indicate
the success of ovarian tissue transplantation.

In a study to examine the longevity of the cryopre-
served tissues, ovarian pieces obtained from a 27-year-
old woman were transplanted into Severe Combined
Immune Deficiency (SCID) mice and monitored for
22 weeks. The results confirmed by morphology and pro-
liferating cell nuclear antigen (PCNA) staining, indicated
that cryopreservation of ovarian tissue maintains enough
functionality and development of follicles, especially pri-
mordial ones post-freezing and even following transplan-
tation of ovarian tissue [45].

Follicular count at the time of preservation is another
important factor influencing ovarian tissue transplanta-
tion outcome. Biasin et al. confirmed that the function-
ality of ovarian tissue transplants with enough follicle
counts was continued for almost 7 years with an aver-
age of 4-5 years [25]. In line with these findings, Silber
reported that the duration of the ovarian function is
directly linked to the ovarian reserve (primordial and
antral follicle count) at the time of preservation [11].
These findings clearly illustrate that ovarian preservation
at early ages with a high follicular reserve will increase
the probability of success after transplantation. Indeed
ovarian tissue preservation is believed to be the foremost
clinical procedure for saving fertility in patients with pre-
pubertal cancer, in which egg or embryo freezing is not
possible [25].

Various anatomical sites have been practiced for ovar-
ian tissue transplantation, and so far no significant dif-
ferences in the outcomes such as follicular growth or
restoration of ovarian function, were reported [39]. This
is particularly important for patients who have lost their
uterus and/or ovaries and were assisted to restore their
endocrine functions [26]. In combination with IVF, fertil-
ity of the patient can be restored even if the ovarian tis-
sue is not close to the oviduct [41]. On the other hand,
Demeestere et al. described that orthotopic transplanta-
tion of ovarian tissue could provide a better environment,
improved angiogenesis and blood supply required for the
restoration of ovarian function [39]. The ovarian medulla
has also been proposed as a good site for transplantation
with high potential of angiogenesis [46].

Evaluation of the ovaries for possible malignancies
before transplantation is a matter of utmost concern. A
study done by Shaw et al. showed that transplantation of
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ovarian tissues from mice diagnosed with lymphoma into
healthy ones caused over 90% of contamination in the
recipients. Analyzing the absence or presence of malig-
nant cells in the tissues considered in this study before
tissue transplantation revealed no complications in the
ovarian tissue preservation and transplantation safety
[47].

Cryopreservation procedure: slow freezing or vitrification?
Ovarian tissue cryopreservation is offered to preserve
fertility and reproductive performance in women who
are at high risk of POF and women who are subjected to
cancer therapy in which oocyte or embryo preservation
is not considered [8]. Vitrification and slow freezing are
the general approaches proposed for cryopreservation of
the ovary [13].

Silber et al. demonstrated no significant differences
between fresh and frozen tissue transplantation (slow
freezing method) groups in reduction of FSH to the basal
levels and return of menstruation [11]. Similarly, in the
study conducted by Klocke et al. comparing the quality
of follicles immediately after freezing—thawing/vitrifica-
tion—warming ovarian tissue, no significant differences
between the two techniques were noticed [12]. In another
study, comparison between transplantation of fresh tis-
sue, vitrification, and slow-freezing tissue was performed.
The outcome revealed that slow freezing technique
caused low tissue survival as well as low follicle counts,
probably due to the lyse of the stromal cells and nuclei
density between bundles of extracellular fibers. However,
no significant differences between fresh and vitrification
groups were observed [35]. In Fabbri’s study, approxi-
mately 30% of the follicles in the slow freezing group
showed signs of degeneration, probably due to osmotic
stress [28]. In general, reports have shown that the ratio
of healthy follicles and primordial follicle density with the
vitrification method is higher than in with slow freezing
technique [13]. Due to the high survival and lower level
of follicular degeneration [36], vitrification is suggested
as the most effective procedure for reserving and freezing
ovarian tissue.

Alternatives for ovarian transplantation
Various fertility preservation options are being offered
for patients based on their health conditions. To deter-
mine the most appropriate choice, the status of the
patient is critically evaluated by the physician [6]. Sev-
eral options are available for fertility preservation such as
egg or embryo cryopreservation, in vitro oocyte/follicle
maturation and ovarian transposition or oophoropexy for
radiation shielding [6].

Embryo and egg cryopreservation have certain limi-
tations, such as the control of ovarian stimulation and,
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the time required in the ovulation stimulation process
when for instance the cancer treatment has to start
immediately after diagnosis [8].

In cases of hormone-sensitive malignancies such
as several types of breast cancer, ovarian stimulation
protocols different from the traditional protocols are
required to superovulate and collect the oocytes. How-
ever, in young patients before puberty, in which ovarian
stimulation protocols are not considered, ovarian tissue
preservation is the only possible approach [8].

According to results from various investigations,
cryopreservation of ovarian tissue before gonado-
toxic treatments for women undergoing chemotherapy
or radiotherapy is one of the available approaches to
maintain reproductive capacity. This technique is an
effective method for reserving and retaining thousands
of follicles in the early stages of cancer diagnosis [8].
Preservation of the oocytes, embryos [48] and saving
all or some part of the ovaries are steps that have been
taken so far [7].

Conclusion

After getting successful outcomes following ovarian tis-
sue transplantation, researchers have tried to implement
new technologies for transplantation surgery, aiming to
use the least invasive methods. Hence, using the tech-
niques with the lowest surgical invasion such as robot-
assisted laparoscopic surgery, present new approaches
for ovarian tissue transplantation aiming to reduce prob-
able adverse effects [49]. Considering the results of our
investigation, the ovarian tissue cryopreservation and
transplantation technique is an applied and developed
method for increasing the quality of life for women who
are about to lose their fertility, patients diagnosed with
premature ovarian failure (POF), and/or women under-
going cancer treatments. According to the results of
studies, orthotopic transplantation has been shown to be
the most effective method for resuscitation of endocrine
function and restoration of fertility.
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