Journal of Assisted Reproduction and Genetics (2019) 36:335-340
https://doi.org/10.1007/s10815-018-1341-z

FERTILITY PRESERVATION
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Deliveries following fertility preservation by ovarian tissue
cryopreservation without autotransplantation—what should
be expected?
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Abstract

Objective To evaluate the delivery rate and to characterize patients following ovarian tissue cryopreservation (OTCP) who did
not undergo auto-transplantation.

Methods and Materials All consecutive cancer patients admitted to our IVF unit, from January 2004 to December 2015, who
underwent OTCP for the purpose of fertility preservation without autotransplantation were analyzed. The cohort included 338
patients and was linked to the National Live Birth registry of the Israel Ministry of Health in order to determine whether the
women delivered following the cancer diagnosis.

Main outcome measures Delivery rate following OTCP without autotransplantation.

Results During 6.4 years of follow-up, 30% of the patients delivered, with no differences in gravity, age at first diagnosis of
cancer, type of malignancy, or the prevalence of relapse of malignancy between those who delivered and those who did not.
Moreover, in multivariate analysis, those undergoing OTCP before the age of 30 and those suffering from breast cancer had
significantly higher odds to conceive and deliver following cancer treatment without the need of autotransplantation.
Conclusions Further studies are required to elucidate the appropriate subgroup of patients with breast cancer under the age of
30 years, who will need OTCP. This information might aid both fertility specialists’ counseling and their oncological patients in
pursuing the appropriate fertility preservation strategy.
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Introduction

With improvements in long-term survival of girls and young
women diagnosed with malignancies has come increased con-
cern for preserving fertility in these patients [1]. Given the
availability of new reproductive techniques and a growing
interest in quality of life after cancer treatment have, patients
should be counseled regarding options for fertility preserva-
tion prior to the initiation of gonadotoxic cancer therapies.
Some 70% of young female cancer patients stated they were
concerned about fertility at the time of diagnosis, and 50%
wanted to have children after treatment [2].

The risk of premature ovarian failure (POF) subsequent to
cancer treatment varies with patient age, cancer type, treat-
ment regimen, and dose of chemotherapeutic drugs and radi-
ation [3]. Guidelines published by oncological and reproduc-
tive societies advocate that young patients treated with
gonadotoxic regimens be systematically informed about the
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risk of infertility and the available options to preserve their
fertility [3, 4].

Currently available fertility preservation techniques in-
clude controlled ovarian hyperstimulation (COH) or IVF with
oocytes or embryo cryopreservation, cryopreservation, and
transplantation of ovarian cortex. Ovarian tissue can be ex-
tracted by laparoscopy without any significant delay in the
initiation of gonadotoxic therapy, and the risk of transplanta-
tion of cancer cells remains very low in most types of malig-
nancies [5].

Ovarian cortex cryopreservation is undoubtedly indicated
prior to the initiation of gonadotoxic therapy in pre-pubertal
girls at risk for premature ovarian failure and in a selected
group of patients for whom chemotherapy cannot be withheld
for the required period needed to complete an IVF cycle.

A major challenge in patient selection for ovarian cortex
cryopreservation is the limited data available on the percent-
age of patients who actually benefit from this procedure. Not
all patients undergoing ovarian tissue preservation procedure
will be sterilized following chemotherapy. For this reason,
estimates of fertility outcomes following ovarian tissue pres-
ervation in patients who did not undergo ovarian tissue
autotransplantation are crucial for counseling. Prompted by
the aforementioned information, we aim to characterize those
patients who chose cryopreservation of ovarian cortex but did
not undergo transplantation and to estimate the successful
pregnancies in this patient population. This information will
help physicians and their patients to choose the appropriate
fertility preservation strategy.

Patients and methods

We reviewed the computerized files of all consecutive cancer
patients admitted to our IVF unit, from January 2004 to
December 2014, who underwent cryopreservation of ovarian
cortex for the purpose of fertility preservation. Fertility pres-
ervations and ovarian tissue autotransplantations were per-
formed using a uniform technique by our fertility preservation
service team, which consistently performed patient selection,
pre/post transplantation endocrine monitoring, fertility treat-
ments, and in vitro fertilization (IVF). Patients who underwent
autotransplant were excluded for the data file (n = 18).

Data on patient age, type of malignancy, and ovarian cortex
cryopreservation-related variables were collected from the
files.

The cohort database was linked with the database Israel
National Cancer Registry in order to verify the cancer diagno-
sis using the patient’s personal identification number. The
Israel National Cancer Registry was established in 1960 and
maintains data on all malignancies in Israel, including border-
line tumors (with the exception of basal cell and squamous
cell carcinomas of the skin) and benign tumors of the brain
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and the central nervous system. The registry receives notifica-
tions of all incident malignancies from pathology reports, hos-
pital discharge summaries, patient listings from oncology and
hematology institutes, and death certificates. Depending on
the cancer site, completeness of the data was found to be
90-95% [6]. At the time that this study was conducted, the
registry was complete through December 31, 2014. Cases of
cancer are codes in the registry according to the International
Classification of Diseases for Oncology, Version 3 (ICD-O-3)
[7]. The database was also linked to the National Live Birth
registry of the Israel Ministry of Health in order to determine
whether the women delivered following the cancer diagnosis
until December 31, 2016, to allow at least 2 years of follow-
up.

Start of follow-up for each subject was defined as date of
cancer diagnosis or the subject’s twentieth birthday, in the
event that the cancer diagnosis occurred prior to that date (girls
under age 20 were defined as being under aged for desired
pregnancy). End of follow-up was defined as the earliest of the
following dates: first delivery after malignancy, death, or
December 31, 2016. (If women delivered more than once
during follow-up, the first birth was the end of follow-up.)

Statistical analysis

Women characteristics were compared between women who
delivered and those who did not deliver after malignancy di-
agnosis by using the chi-square test for categorical variables
and by independent samples ¢ test for continuous variables.
All p values below 0.05 were considered statistically
significant.

Logistic multivariate regression analysis was calculated to
predict the likelihood of a live birth adjusted for age at first
cancer diagnosis, parity before first malignancy, cancer type,
and recurrence of malignancy. Adjusted odds ratios (OR) are
presented with 95% confidence intervals (CI). Goodness of
the fitted model was checked by the Hosmer and Lemeshow
test.

Statistical analyses were performed using SAS software,
version 9.4 (SAS institute, Inc. Cary, NC).

Ethical approval

This study was approved by the Institutional Review board
(No. 2951-16-SMC).

Results

The study cohort consisted of 338 patients who underwent
fertility preservation at the Sheba Medical Center during the

period from 2004 to 2015. Of these, 18 patients were excluded
since they underwent ovarian tissue autotransplantation. Of
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the remaining 320 patients, 117 were excluded for the reasons
detailed in Fig. 1.

Overall, 203 patients were included in our analysis. For 62
(30.5%) patients in the study cohort, the National Live Birth
Registry contained a record following malignancy diagnosis
(30 women delivered once and 32 delivered more than once
during the follow-up). Patients who delivered did not differ
from those who did not for the following characteristics: gra-
vidity/parity, the age at first diagnosis of cancer, type of ma-
lignancy, and recurrence of malignancy (Table 1). Of the 31
women diagnosed with breast cancer, 17 (54.8%) were older
than 30 years at the time of diagnosis. Of the 126 women
diagnosed with hematological cancer, 17 (13.5) were older
than 30 years at the time of cancer diagnosis.

There were no significant differences in follow-up time
between the two groups (mean 6.4 and 6.4 years, median 5.4
and 4.7 years for women who delivered and did not deliver,
respectively).

The mean age at the end of follow-up was 30.7 and
32.0 years, for those who delivered and those who did not,
respectively. The above differences were not statistically
significant.

During the follow-up period, 46 women died of cancer
(22.7%).

In a multivariate analysis, patients who were diagnosed
with cancer after the age of 30 and who underwent ovarian

Fig. 1 Details of the exclusion
criteria following malignancy
diagnosis

tissue cryopreservation were significantly less likely to deliver
(OR =0.24; 95%CI 0.07-0.85). Patients diagnosed with
breast cancer were significantly more likely to deliver follow-
ing cancer treatment than women with other cancer diagnoses
(OR =5.50; 95%CI 1.13-26.80) (Table 2).

Discussion

This study reports on the fertility potential of 203 patients who
underwent ovarian tissue cryoperservation (OTCP) without
autotransplantation of ovarian cortex during a mean of
6.4 years of follow-up. Thirty percent of the patients deliv-
ered, with no differences in gravidity, the age at first diagnosis
of cancer, type of malignancy, or relapse of malignancy be-
tween those who delivered and those who did not. Moreover,
those undergoing ovarian tissue cryopreservation who were
diagnosed with cancer before the age of 30 and those suffering
from breast cancer had significantly higher odds to deliver
following cancer treatment without the of autotransplantaion.

The risk of developing POF is related to the age of the
patient, the agents being used, and type of cancer. The youn-
ger the patient, the lower the risk of developing POF. In one
study, the rate of secondary amenorrhea for patients with
Hodgkin lymphoma receiving chemotherapy with an escalat-
ed dosage of BEACOPP (cyclophosphamide, doxorubicin,

320 Women following
malignancy diagnosis and
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> e 19 patients were not documented in the
national cancer registry

e 30 patients under age 20 in the end of
follow-up

e 25 first event (delivery, death or
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Table 1 Patient different

characteristics (who delivered and Variable All women No birth Birth p value
did not deliver) during follow-up
during follow-up during follow-up
N=203 n=141 n=62
n % n % n %

Age at 1 cancer diagnosis (start follow) 0.23
20 58 28.6 40 28.4 18 29.0
20.1 to<=25 60 29.6 39 27.7 21 339
25.1t0<=30 45 222 29 20.6 16 25.8
>30 40 19.7 33 234 7 11.3

Cancer type 0.35
Breast 31 15.3 19 13.5 12 19.4
Hematology 126  62.1 87 61.7 39 62.9
Bone and connective 26 12.8 18 12.8 8 12.9
Other 20 9.9 17 12.1 3 4.8

Cancer recurrence 0.52
Yes 13 6.4 8 57 5 8.1
No 190 936 133 94.3 57 91.9

Delivered before cancer 0.42
Yes 18 8.9 11 7.8 7 11.3
No 185 913 130 92.2 55 88.7

Table2  Data on patients diagnosed with cancer who significantly more
likely to deliver following cancer treatment compared to patients with
other cancer diagnoses

Adjusted® odds ratio  p value

n/N %

Birth 62/203  30.5
Age at 1 cancer diagnosis
20 18/58  31.0 Ref
20.1 to <=25 21/60 350 1.14[0.51-2.55] 0.74
25.1to<=30 16/45  35.6 0.85[0.34-2.13] 0.73
> 30 7/40  17.5 0.24 [0.07-0.85] 0.02
Cancer group
Breast 12/31 387 5.50[1.13-26.80] 0.03
Hematology 39/126 309 2.43[0.66-9.01] 0.18
Bone and connective 826 30.8 2.30[0.50-10.50] 0.28
Other 320 150 Ref
Cancer recurrence
Yes 513 385 1.22[0.34-44] 0.77
No 57/190 30.0 Ref
Delivered before follow-up
Yes 718 389 1.9[0.62-5.99] 0.26
No 55/185 29.7 Ref

* Logistic regression model, odds for giving birth
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etoposide, procarbazine, prednisone, vincristine, and
bleomycin) was 40.4% in those treated prior to the age of
30 years, and 70.4% among those over the age of 30 at diag-
nosis [8]. The risk of POF also increases with the total dose of
chemotherapy agents applied, especially if alkylating agents
are used. The risk of developing secondary amenorrhea is also
very high in the case of pelvic radiation; thus, 50% of oocytes
are destroyed if two Gray are applied. If around ten Gray are
applied, the risk of amenorrhea increases to > 50% [9]. Our
study demonstrated that in patients who underwent ovarian
cortex cryoperservation without autotransplantation, age over
30 at the time of treatment was an independent risk factor for
reduced fertility.

In a recent 12-year analysis [10], breast cancer and hema-
tological disease were the most frequent indications for ovar-
ian tissue cryopreservation. Overall, 90% of post-pubertal pa-
tients were diagnosed with poor ovarian reserve (AMH < =
0.5 ng/ml) after a mean of 50 months of follow-up including
30% with POF (FSH > 40 IU/ml). Ovarian function returned
in 70% of post-pubertal patients without the need for grafts of
cryopreserved tissue. Spontaneous pregnancies were reported
in almost half of them. Among the 13 pre-pubertal patients
who were included in the analysis and who reached puberty
during the follow-up period, ten had POF. Eight patients re-
ceived cryopreserved ovarian grafts to reverse POF, and three
of them have already become pregnant. The authors of this
analysis have suggested that ovarian tissue cryopreservation
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indications should be extended to patients whose treatments
have a medium risk of ovarian insufficiency. In our study of
young women diagnosed with malignancies and undergoing
cryopreservation, those with a breast cancer diagnosis were
most likely to give birth without undergoing ovarian
autotransplantation. Moreover, 38.7% of our study patients
with breast cancer gave birth without the need for ovarian
autotransplantation.

Safety of cryopreservation of ovarian tissue has been dem-
onstrated in a large cohort of 476 patients (Dolmans et al.
2013a) and did not report any severe adverse events during
laparoscopy. However, in another cohort of 92 patients who
completed a questionnaire 18 months after removal of an en-
tire ovary for cryopreservation, 27% described complications
from the operation. Three of them required additional surger-
ies for cutaneous infections or bladder lesions, and for one,
laparoscopy was converted to laparotomy (Rosendahl et al.
2008). There has also been a report of a death in a patient
undergoing laparoscopic ovarian tissue cryopreservation pro-
cedure due to a severe anesthesia complication [11].
Moreover, any wedge or cortical resection of the ovary has a
negetive affect on ovarian reserve as does any surgery involv-
ing the removal of ovarian tissue, and even to a greater extent
if thermal hemostasis is used [11].

A previous publication by Meirow et al. [12] from our unit
has also demontrated that OTCP is a highly effective tech-
nique for fertility preservation. In addition, OTCP may also
provide a good chance for future pregnancy by preserving the
possiblity of ovarian tissue autotransplantation. In this study
[12], one third (7 of 20) of graft recipients (following ovarian
tissue autotrasplantation) fulfilled their wish and delivered
their own biological child. Some managed to conceive and
deliver several times, some spantanously, and some using
IVE. Of notice, one patient had a spontaneous pregnancy al-
ready at the time of ovarian cortex transplantation, further
demonstrating the limitations of patient selection.

In the present study, while evaluating 203 patients follow-
ing OTCP, but did not undergo subsequent auto-transplanta-
tion, we could demonstrate at least one live birth occurred in
30% of these patients, a birth rate similar to those in the pop-
ulation undergoing autotransplantation in the same center
[12]. Furthemore, since we followed the entire study cohort,
rather than those who actually desired a pregnancy in our
study population, it is reasonable to assume that the rate of
live births reported here is an under-estimate. Moreover, since
we could not validate that all our patients remained residents
in Israel during follow-up, their deliveries, if any, would have
not appear in the national birth rate, actually supporting our
statement of live birth underestimation.

In the present study, we did not collect information regarding
the hormonal function and menstrual characteristics of patient
who conceived without ovarian transplantation, assuming that
patients with amenorrhea who wished to conceived would have

sought evaluation and treatment. Regardless, we recognize the
bias in our patient selection as 16 of the 20 patients that
underwent OTCP autotransplantation lacked any endocrine ac-
tivity before transplantation; 15 regained their menses (93.7%)
[12]. Moreover, in our study, we focused only on births rather
than on other indicators of ovarian function, especially since the
issue of fertility is our primary concern, and premature manpause
can be medically treated in most cases.

Although OTCP is a very important and useful tool, patient
selection remains a challenge. Our research demonstrates that
at least 30% of patients did not actually need the proceedure
and were exposed to unecessary surgery that carried not only
risks but also reduced the patient ovarian reserve making fu-
ture spontaneous pregnancy less likely. We demonstrated that
breast cancer patients and patients under 30 years of age were
less likely to need OTCP autotransplantation. Further studies
are required to define the appropriate subgroup of patients
with breast cancer under the age of 30 years, who will need
OTCP. This information will be of value to fertility specialists’
counseling and their oncologic patients determining the ap-
propriate fertility preservation strategy.
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