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Objective: To evaluate ovarian stimulation regimens and reproductive outcomes in a cohort of women undergoing ovarian tissue cryo-
preservation (OTC) and ovarian tissue transplantation (OTT).
Design: Retrospective cohort study.
Setting: University hospital and fertility clinics.
Patients: Twenty-eight women undergoing OTT and in vitro fertilization (IVF) from 2012 to 2017.
Intervention: OTC, OTT, and IVF.
Main Outcome Measures: Ovarian stimulation and IVF outcomes.
Results: In total, 99 cycles were performed in 28 patients. In 19 patients responding to stimulation, a median of 3.0 cycles per patient
(range: 1–14 cycles) was performed, and 2.0 mature oocytes were retrieved per cycle. The empty follicle rate was 35.9%. Eleven women
achieved 15 pregnancies, of which 60% were lost during the first or second trimester, resulting in 5 of 28 women havingR1 live births,
and seven healthy children being born. In breast cancer patients (mean age at OTC: 33.0 years), the pregnancy rates (PR) and live birth
rates (LBR) were 35.0% and 5.0% per embryo transfer, respectively. Patients agedR34.5 years at OTC all had breast cancer and did not
achieve any pregnancies. For all other diagnoses (mean age at OTC: 26.6 years), PR and LBR were 50.0% and 37.5% per embryo transfer,
respectively. Collectively, 39% of patients conceived at least once, and 17.9% delivered. Frozen-thawed embryo transfer (FET) resulted
in more pregnancies than did fresh embryo transfer.
Conclusion: Our results suggest that women of advanced maternal age undergoing OTC and IVF have a poor ovarian reserve, resulting
in a poor reproductive outcome. Interestingly, FET appeared to be superior to fresh transfer. (Fertil Steril� 2020;114:379–87.�2020 by
American Society for Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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safe and promising methods of fertility
preservation in prepubertal girls and
younger women (1–3). The most
frequent indication for OTC is
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gonadotoxic treatment for malignant
diseases (1). In 95% of patients, surgical
reimplantation of frozen-thawed ovarian
tissue restores ovarian endocrine func-
tion (4, 5); however, the majority of
women undergo ovarian tissue trans-
plantation (OTT) for reproductive pur-
poses (6).

The reproductive outcomes after
OTT are diverse; some women conceive
spontaneously (7), whereas others fail
to conceive even after repeated in vitro
fertilization (IVF) treatments (8). Impor-
tantly, negative outcomes are likely to
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TABLE 1

Details of autotransplantation in 28 women undergoing OTC and
OTT.

Patient

Time
between
OTC and
OTT (y)

Transplantation 1 Transplantation 2

Pieces
in the

ovary (n)

Pieces
in the

peritoneum
(n)

Pieces
in the

ovary (n)

Pieces
in the

peritoneum
(n)

1 2.1 10 5 3 12
2 3.4 0 12 0 6
3 3.1 1 9 0 6
4 2.4 0 16
5 8.5 0 9
6a 2.0 12 0
7 7.5 0 12
8 3.0 3 7
9a 5.5 10 0
10b 7.8 0 15
11 2.5 10 0
12 5.3 12 0 3 0
13 2.1 3 7
14 3.7 6 0 4 3
15 2.8 0 10
16 4.2 0 10
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be underreported, and importantly, several studies reported a
reduced ovarian response to exogenous stimulation in women
after OTT and IVF (9, 10). A recent systematic review that
included 20 studies showed an overall pregnancy rate (PR)
and live birth rate (LBR) of 14.4% and 10.7% per cycle, respec-
tively, in women undergoing OTT and IVF (10).

A common feature of women undergoing OTT is a low
ovarian reserve, resembling that of women with poor ovarian
reserve (POR) and women of advanced maternal age (11, 12).
To date, knowledge is limited regarding the efficacy of assis-
ted reproductive technology (ART) in women undergoing OTT
and, importantly, which stimulation regimen should be
preferred. Although several pregnancies have been reported,
mostly as case reports, these reports focused on patients
who underwent successful treatment while often omitting de-
tails about previous failed attempts. For future optimal
handling of these patients, it is important to report both suc-
cessful and failed cycles and to explore possible predictive
factors leading to reproductive success. The aim of the present
study was to report ovarian stimulation (OS) regimens and
IVF outcomes in a consecutive cohort of Danish women un-
dergoing OTT in a single center.
17 6.7 4 6
18 1.8 0 16
19c 10.5 0 10
20 3.3 0 7
21 2.8 0 12
22 3.4 10 0
23 3.3 10 0 0 16
24 5.8 0 15
25a 1.7 0 12 0 4
26 2.9 4 7
27 4.6 10 0 7 0
28a,c 5.3 0 14
Note: OTC ¼ ovarian tissue cryopreservation; OTT ¼ ovarian tissue transplantation.
a Irregular menses, not postmenopausal.
b Chemotherapy before cryopreservation.
c Total body radiation therapy.
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MATERIALS AND METHODS
Patients

This study was a retrospective cohort study including all 28
women undergoing OTT at Aarhus University Hospital,
Denmark, from 2012 to 2017, followed by IVF treatment at
fertility clinics in Skive, Aarhus, Horsens, Aalborg, and Odense,
Denmark. Patients underwent OTC from 2008 to 2013 at the
Laboratory of Reproductive Biology in Denmark, including
transportation on ice of the removed ovary for 4 to 6 hours
and slow freezing of ovarian cortex pieces 1–2 mm thick,
measuring approximately 5 � 5 mm (13, 14). Importantly, in
a recent Danish study, the follicular survival rate was found
to be similar in frozen-thawed ovarian tissue transported on
ice for up to 6 hours before freezing compared with ovarian tis-
sue collected and frozen at the local hospital (15).

Data on patients, transplantation, ART, and reproductive
outcomes were obtained from hospital records. The collection
of data was approved by the Danish Patient Security Author-
ity (3-3013-2790/1). The follow-up times ranged from 2 to 7
years, and at follow-up all patients had finalized their fertility
treatments based on the latest OTT.

The details of autotransplantations are shown in Table 1.
The mean age of the patients at OTC was 29.8� 5.2 (standard
deviation [SD]) (range 15.4–38.7) years and 34.0 � 5.1 (range
24.3–42.0) at OTT. The diagnoses included breast cancer (n ¼
14), hematologic malignancies (n ¼ 8), other malignancies
(n ¼ 5), and benign disease (n ¼ 1). All patients received
chemotherapy after OTC as part of their treatment, and 2 pa-
tients also received whole body radiation. All women had an
antim€ullerian hormone level <3 pmol/L before OTT. Except
for 4 women (patients 6, 9, 25, 28), all women were postmen-
opausal, with follicle stimulating hormone (FSH) levels >10
mIU/mL before OTT.
380
Transplantation Technique

Transplantations were performed after completion of onco-
logic/gonadotoxic treatment and after a remission period of
at least 1.5 years. Cryopreserved ovarian tissue was
transplanted into patients who were experiencing premature
ovarian insufficiency (POI) symptoms and into patients
without POI who did not conceive spontaneously at the
time of the first transplantation. On average, patients under-
went the first autotransplantation 4.2 years after the OTC
(range 1.7–10.5 years).

Transplantations were performed laparoscopically by 3
trained gynecologists at Aarhus University Hospital. Thawing
of the ovarian cortex pieces was initiated 30 minutes before
transplantation (14). The choice of transplantation site was
made during surgery, depending on whether the patient had
a remaining ovary suitable for transplantation, an atrophic
ovary, or no remaining ovary; the latter 2 conditions indi-
cated peritoneal transplantation. An incision was made to
fix the ovarian pieces either subcortically in the ovary or in
a subperitoneal pouch (4).
VOL. 114 NO. 2 / AUGUST 2020
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Amedian of 10 ovarian cortex pieces was transplanted at
first OTT (range 616 pieces). OTT was performed to both the
ovary and a peritoneal site in 21% of the patients; 29% of pa-
tients had OTT to the ovary only, and 50% of patients had OTT
to a peritoneal site only. All patients who did not respond to
IVF stimulation were offered a second autotransplantation.
Eight patients underwent a second transplantation. None of
the patients experienced major complications from the
transplantation.
Fertility Treatment and Data Analysis

Patients undergoing OTT were referred to fertility treatment if
no pregnancy was obtained within the first 6 months of re-
gaining ovarian function, determined by a decrease in FSH
and the return of menses. In case of transplantation to a peri-
toneal site, patients were referred to a fertility clinic immedi-
ately after regaining ovarian function. The uterus and
endometrial status of the included patients were normal. No
uterine malformations, adenomyosis, fibroids, or other uter-
ine factors were reported. No patients who had undergone
local radiation treatment of the pelvis or had surgery of the
uterus were included.

Data on fertility treatments from 2012 to 2017 at fertility
centers in western Denmark was accessed from electronic da-
tabases and by personal contact to the gynecological depart-
ments. Ovarian stimulations before OTT were not included in
the present analysis. The data analyzed included patient char-
acteristics, type of stimulation protocol, and the luteal phase
support. The major outcome parameters were the number of
antral follicles and preovulatory follicles, the number of oo-
cytes retrieved, the number of oocytes fertilized by intracyto-
plasmic sperm injection, the number of embryos frozen, the
number of embryos transferred, and the outcome of each cy-
cle in terms of biochemical or clinical pregnancy and live
birth. A positive pregnancy test result was subsequently
confirmed by ultrasonic visualization of a gestational sac
and an embryonic pole.
Statistical Analysis

The results for continuous variables are given as means and
standard deviations when normally distributed or as medians
and rangewhen not normally distributed. Groupswith contin-
uous data were compared by t tests when normally distributed
or nonparametric tests as Wilcoxon rank sum tests (Mann-
Whitney U test) when not normally distributed. Outcomes in
terms of number of oocytes retrieved, oocytes fertilized and
transferred, and pregnancies by different IVF protocols were
compared by the Kruskal-Wallis test. To evaluate fresh versus
frozen embryo transfer we used Fisher’s exact test. The
Mantel-Haenszel test was used for stratified analysis. To limit
bias, the study included analyses both per cycle and per pa-
tient. Stata 15.1 (StataCorp) was used for statistical analysis.
VOL. 114 NO. 2 / AUGUST 2020
RESULTS
Graft Function

All 28 women in the cohort regained ovarian function within
8 months by report of menses and premenopausal FSH/lutei-
nizing hormone values. All antim€ullerian hormone measure-
ments were low (<6.7 pmol/L). Of the 23 patients who lacked
ovarian endocrine activity before OTT, all regained their
menses, and all had FSH levels below 16 mIU/mL at the
time of referral to ART. However, for 5 patients, FSH was
>16 mIU/mL after the first OS.
Stimulation, Oocytes, and Embryos

In all, 99 OS cycles were performed in 28 women. Table 2 pre-
sents the IVF outcomes in each patient. Nineteen patients had
oocytes retrieved (67.9%), and 9 patients (32.1%) had no oo-
cytes retrieved after 1–3 OS cycles. There were no statistically
significant or clear differences in age at OTC, diagnosis, or
transplantation site between the 2 groups. In patients who
did not respond to IVF treatment, the mean time from the first
autotransplantation to the first IVF stimulation was 15.7
months, whereas patients who had oocytes retrieved had a
statistically significant shorter timespan from OTT to IVF
treatment: 9.9 months (P< .05).

Four of the nonresponders underwent a second OTT, and
in 2 of them both the first and the second OTT were performed
before any IVF stimulations were initiated, increasing the
timespan from OTC to IVF treatment. None of the second
OTTs resulted in pregnancies in the patients with no response
to OS after the first OTT. Four of the responders underwent a
second OTT after initial IVF stimulations, and 2 of them had
further stimulations with oocytes retrieved and pregnancy
(patient 1) after undergoing the second OTT, whereas the other
2 patients did not wish to undergo further stimulations after
the second OTT. Collectively, 5 of the 8 women underwent
OS after the second OTT, and the time from second OTT to
IVF was 7.7 months (patient 1), 8.7 months (patient 2), 9.8
months (patient 14), 1 month (patient 23), and 3.3 months
(patient 27).

In the 19 patients responding to OS, a total of 86 cycles
were performed, resulting in a total of 193 oocytes retrieved.
Supplemental Figure 1 (available online) presents the mean
number of oocytes retrieved per cycle at different time inter-
vals from the time of OTT to OS. The OS was initiated from 32
days (second autotransplantation in patient 23) to 3.2 years
after OTT, and the oocyte yield was consistently low over
time, with only 4 cycles yielding more than 8 oocytes. A me-
dian of 3 cycles per responding patient (range: 1–14 cycles)
was performed, resulting in a median oocyte yield of 2 per cy-
cle (range: 0–14 oocytes). The empty follicle rate was 35.9%
(range: 0%–90%). No associations were observed between
empty follicle rate, age at OTC, or transplantation site.

Of the 193 retrieved oocytes, 73 oocytes were fertilized by
intracytoplasmic sperm injection, and the overall fertilization
rate was 38%. A total of 46 embryos were transferred to 12 of
the 19patients, and in 28%of cases 2 embryoswere transferred.
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TABLE 2

Outcome of IVF in individual patients.

Embryo transfers,

Patient

Time from
first OTT

to IVF (mo)

OS
cycles
(n)

OS
protocola

Empty
follicles

(n)
Oocytes

(n)
Fertilized
oocytes (n)

Fertilization
rate (%)

embryos (n)
Pregnancies

(n)
Live

births (n)Fresh Frozen

1 27.7 10 1, 2, 3, 4 8 18 12 67 5 (8) 1 (2) 2 0
2 24.6 1 3 0 0 0 0 0 0 0 0
3 28.0 2 3 0 0 0 0 0 0 0 0
4 18.9 14 1, 2, 3, 4 15 29 10 34 4 (4) 1 (2) 1 0
5 3.4 8 1, 2 9 27 9 33 6 (9) 0 2 2
6 8.5 2 3, 4 3 2 1 50 0 1 (1) 0 0
7 5.7 2 1, 3 1 0 0 0 0 0 0 0
8 11.7 4 1, 3, 4 0 3 1 33 0 0 0 0
9 5.4 1 2 1 9 4 44 1 (1) 2 (2) 1 0
10 6.8 3 1, 3, 4 2 2 1 50 0 0 0 0
11 17.3 6 1, 2, 3, 4 12 16 2 13 0 0 0 0
12 8.5 2 1, 2 0 1 0 0 0 0 0 0
13 7.8 2 3, 4 1 0 0 0 0 0 0 0
14 24.3 1 1 0 0 0 0 0 0 0 0
15 7.5 3 3, 4 2 17 4 24 0 3 (3) 2 1
16 13.8 1 3 0 0 0 0 0 0 0 0
17 10.5 1 3 0 0 0 0 0 0 0 0
18 8.0 3 1, 2 12 25 8 32 0 1 (1) 1 1
19 8.4 4 3, 4 3 1 0 0 0 0 0 0
20 17.1 1 2 0 0 0 0 0 0 0 0
21 8.8 6 1, 2 12 10 5 30 4 (5) 0 1 0
22 10.2 3 2 4 3 0 0 0 0 0 0
23 17.2 6 2, 5 7 5 1 20 1 (1) 0 1 0
24 5.1 5 2 5 7 5 71 2 (2) 1 (1) 1 0
25 5.2 2 2 2 8 6 75 1 (1) 1 (1) 2 2
26 4.6 2 1 3 9 3 33 1 (2) 0 1 1
27 9.2 2 2 1 0 0 0 0 0 0 0
28 6.0 2 3, 4 5 1 1 100 0 0 0 0
Total 99 108 193 73 38 36 (33 fresh, 13 frozen) 15 7
Note: IVF ¼ in vitro fertilization; OS¼ ovarian stimulation; OTT ¼ ovarian tissue transplantation; embryo transfers ¼ numbers of transfers outside the parens; embryos (n) ¼ numbers of embryos
transfered inside the parens.
a Ovarian stimulation (OS) protocols: long gonadotropin-releasing hormone (GnRH) agonist down-regulation protocols; GnRH antagonist cotreatment protocols; duostim 1: follicular phase stim-
ulation was performed using GnRH antagonist cotreatment and a planned freeze all; duostim 2: A subsequent luteal phase stimulation, starting 4 days after the follicular phase stimulation; and
natural cycle.
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Pregnancy, Pregnancy Loss, and Live Birth

Fifteen pregnancies were achieved in 11 patients, and 5
women had R1 live births, resulting in 7 live births. One
woman (patient 5) gave birth to healthy twins, and 1 woman
(patient 25) had 2 live births (Table 3). In the cohort of 28
women, the PR per cycle and embryo transfer was 15.2%
and 41.6%, respectively, and the LBR per cycle and embryo
transfer was 7.1% and 19.4%, respectively.

First-trimester loss occurred in 40% of the pregnancies,
and 20% of the pregnancies ended in second-trimester loss
(no malformations or chromosomal abnormalities were de-
tected), resulting in a total pregnancy loss rate of 60%
(Table 3). Genetic testing of the second-trimester abortions
was performed, and no genetic abnormalities were
detected.

Collectively, 11 of 28 women (39%) conceived at least
once, and 5 of 28 women (17.9%) delivered healthy ba-
bies. Interestingly, 1 patient (patient 11) achieved a spon-
taneous pregnancy and live birth less than a year after 6
OS cycles, yielding a total of 16 oocytes, but with no em-
bryo transfer. This pregnancy was not included in the cur-
rent analysis.
382
Pregnancies were achieved after OS initiated 5.4 months
to 2.5 years after the latest OTT (Table 3). The median number
of IVF treatments leading to pregnancy was 2 (range 1–10).
The luteal phase support did not differ in patients with a
live birth and those with a first-trimester loss (Table 3). Trans-
plantation site and total number of transplanted tissue pieces
were not statistically significantly associated with number of
embryo transfers, pregnancy, or live birth.
Age at OTC, Diagnosis, and IVF Outcomes

In women who achieved a pregnancy, the mean age at OTC
(28.5 � 3.9 [SD]) and OTT (31.9 � 4.1) was not statistically
significantly lower than the mean age of women who did
not achieve a pregnancy (30.8 � 6.0) and (35.5 � 5.4). The
age at OTT of women who had a live birth was statistically
significantly lower (29.9 � 3.4) than that of women without
a live birth (35.1 � 5.0) (P¼ .02); a total of 12 women in the
age group R35 years did not achieve a live birth.

The 14 breast cancer patients had amean age of 33 years at
OTC (range: 25.9–38.7 years), whereas the remaining 14 pa-
tients with other diagnoses, including 13 malignant diseases
VOL. 114 NO. 2 / AUGUST 2020



TABLE 3

Detailed information regarding pregnancies achieved by IVF in women undergoing OTT and ART.

Patient
OS cycles

(n)
Time from

OTT to OS (y) OS protocol Luteal phase support Outcome

1 2 2.5 GnRH-a Prog vag Abortion week 13
1 8 1.9 Duostim 2

FET
Prog vag þ IM
Estrogena

Abortion week 6

4 10 2.4 Duostim 2
FET

Prog vag þ IM
Estrogena

Abortion week 6–7

5 2 0.5 GNRH-ant Prog vag Abortion week 8
5 8 2.3 GnRH-a Prog vag þ IM

Estrogena
Live birth of healthy twins

9 5 0.5 GNRH-ant
FET

Prog vag
Estrogena

Abortion week 8

15 1 0.6 GNRH-ant
FET

Prog vag þ IM
Estrogena

Abortion week 7

15 2 1.3 GNRH-ant
FET

Prog vag þ IM
Estrogena

Live birth

18 3 0.9 GnRH-a
FET

Prog vag þ IM
Estrogena

Live birth

21 6 2.5 GnRH-a Prog vag Abortion week 22
23 1 1.4 GNRH-ant Prog vag Abortion
24 2 0.7 GNRH-ant Prog vag Abortion week 16
25 2 0.8 GNRH-ant Prog vag Live birth
25 2 0.8 GNRH-ant

FET
Prog vag Live birth

26 2 0.6 GnRH-a Prog vag Live birth
Note: ART ¼ assisted reproductive technology; duostim ¼ dual stimulation; FET ¼ frozen embryo transfer; GNRH-a ¼ GNRH-agonist long protocol; GNRH-ant ¼ GNRH-antagonist short protocol;
IVF¼ in vitro fertilization; OS¼ ovarian stimulation; OTT¼ ovarian tissue transplantation; Prog vagþ IM¼ vaginal progesterone and intramuscular progesterone; Prog vag¼ vaginal progesterone.
a Estrogen was administered orally.
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and 1 benign disease, had a statistically significantly lower
mean age of 26.6 years at OTC (range: 15.4–32.9 years)
(Table 4). Overall, the IVF outcome tended to be lower in breast
cancer patients than in patients with other diagnoses. Among
breast cancer patients, only 1 live birth occurred, and this was
achieved in the youngest breast cancer patient, who was 25.9
years old at OTC. On the other hand, 6 live births in 4 women
TABLE 4

Outcomes of in vitro fertilization in breast cancer patients compared with

All patients

Patients, n 28
Mean age at OTC, y (range) 29.8 (15.4–38.7)
Mean age at OTT, y (range) 34.0 (24.3–42.0)
Stimulation cycles, n 99
Oocytes, n 193
Oocytes per cycle, n 2.0
Embryos, n 46
Embryo transfers, n 36
Pregnancies, n 15
Live births, n 7
PR per cycle, % 15.2
LBR per cycle, % 7.1
PR per embryo transfer, % 41.6
LBR per embryo transfer, % 19.4
Women with live births, % 5/28 (17.9)
Note: LBR ¼ live birth rate; NS ¼ not significant; OTC ¼ ovarian tissue cryopreservation; OTT ¼ ova
a Other diagnoses: Hodgkin’s lymphoma (n¼4), rectal cancer (n¼1), myelodysplastic syndrome (n¼1
(n¼1), leukemia (n¼1), ovarian cancer (n¼1), neuroendocrine tumor (n¼1), choriocarcinoma (n¼1
b One woman delivered twice, and 1 woman had twins.
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were achieved in patients with other diagnoses, and 28.6% of
these patients had R1 live births. Overall, PR and LBR were
35.0% and 5.0% per embryo transfer in the breast cancer pa-
tients, and 50.0% and 37.5% per embryo transfer in patients
with other diagnoses. All pregnancies were achieved in patients
<34.5 years at OTC. Pregnancy was obtained in 5 of 8 women
with breast cancer below 34.5 years of age (63%). One woman
all other diagnoses.

Breast cancer Other diagnosesa P value

14 14
33.0 (25.9–38.7) 26.6 (15.4–32.9) < .0001
37.3 (28.7–42.0) 30.7 (24.3–38.7) < .0001

54 45 NS
85 108 NS
1.6 2.4 NS

26 20 NS
20 16 NS
7 8 NS
1 6b NS

13.0 17.8 NS
1.9 13.3 NS

35.0 50.0 NS
5.0 37.5 NS

1/14 (7.1) 4/14 (28.6) NS
rian tissue transplantation; PR ¼ pregnancy rate.
), synovial sarcoma of the lung and pelvic sarcoma (n¼1), T-cell lymphoma (n¼1), B-lymphoma
), granulomatosis with polyangiitis (n¼1).
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had a live birth (13%), 2 women had a second-trimester abor-
tion, and 2 women had abortions in the first trimester. Women
older than 34 to 35 years are seldom offered OTC. However, the
cohort included 6 patients who had OTC >34.5 years. These 6
patients had breast cancer, and none of them achieved a preg-
nancy.Only1patient older than34.5years had transfer of a sin-
gle embryo. When these 6 patients were excluded from the
analysis, in the remaining 22 patients with breast cancer and
all other diagnoses the PRwas 50%perwoman (47% in patients
transplanted to the peritoneum and 57% in patients trans-
planted to the ovary), and the LBR was 23% per woman (27%
in patients transplanted to the peritoneum and 14% in patients
transplanted to the ovary). Stratified analysis showed no rela-
tion between reproductive outcome and diagnosis of breast
cancer. Age at OTC <34.5 years was not statistically signifi-
cantly related to outcome of pregnancy (P¼ .06).
Pregnancy in Frozen Versus Fresh Embryo Transfer

Frozen embryo transfer (FET) was performed 11 times in 8 pa-
tients, resulting in a total of 8 pregnancies, of which 5 ended
as miscarriages and 3 as live births (Table 3). When FET was
compared with fresh transfer, a total of 8 pregnancies were
obtained after 11 FETs, during which a total of 13 embryos
were transferred compared with 7 pregnancies obtained after
25 fresh transfers, during which a total of 33 embryos were
transferred; this was statistically significantly different per
embryo transfer (P¼ .03) and per number of embryos trans-
ferred (P¼ .007).
OS Regimens

Of the 99 OS cycles, 29 were long gonadotropin-releasing
hormone (GnRH) agonist down-regulation protocols, 68
were GnRH antagonist cotreatment protocols, 1 was a natural
cycle, and 1 cycle was not specified. In 22 cases, follicular
phase stimulation was performed by GnRH antagonist co-
treatment and a scheduled freeze-all. A subsequent luteal
phase stimulation, starting 4 days after the follicular phase
stimulation, was performed in a total of 14 cycles.

When number of oocytes retrieved after all 86 OS in re-
sponders was compared (median: 2 oocytes; range: 0–14),
there was no statistically significant difference between cy-
cles using a long GnRH agonist protocol (median: 2) and
GnRH antagonist cotreatment (median: 1). However, more
fertilized oocytes per cycle, 34 oocytes in 24 cycles (1.42
fertilized oocytes per cycle), were observed with the long
GnRH agonist protocol than with 39 oocytes in 55 cycles
(0.71 fertilized oocytes per cycle) using a GnRH antagonist
protocol (P ¼ .004, Mann-Whitney U test).

In 10 patients, 14 luteal phase stimulations were per-
formed, and a total of 19 oocytes were retrieved, resulting
in 7 fertilized oocytes. Resume here

DISCUSSION
This cohort study reports the reproductive outcomes in 28
Danish women undergoing OTC, OTT, and subsequent IVF
treatment. Eleven women achieved a total of 15 pregnancies,
of which 60% were lost during the first or second trimester,
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resulting in 5 women having R1 live births and a total of 7
healthy children being born. Overall, 39% of patients
conceived at least once, and 17.9% delivered, with 1 woman
delivering twice. Although all included women regained
ovarian function after OTT, 9 women (32%) did not respond
to OS. Thus, the overall response rate to OS in this cohort of
patients was low.

In the current cohort, PR and LBR per cycle were 15.2%
and 7.1%, respectively, clearly highlighting the fact that
women undergoing OTT and IVF represent a clinical chal-
lenge similar to that in POR patients (10). Fertility treatment
in POR patients typically consists of OS using exogenous go-
nadotropins and either long GnRH agonist or GnRH antago-
nist cotreatment (16, 17). The advantage of the long GnRH
agonist protocol is that it allows synchronization of follicular
growth, avoiding the suppression of smaller follicles by the
lead follicle, which typically results in the retrieval of more
oocytes when the long GnRHa protocol is compared with
the GnRH antagonist protocol (17). In the present analysis,
no statistically significant difference was found between the
2 GnRH analogues regarding the number of oocytes retrieved.
However, the long GnRHa protocol resulted in a higher num-
ber of fertilized oocytes, which is in line with previous obser-
vations in POR patients (18).

A novel stimulation approach to be considered in patients
with low ovarian reserve is the combined follicular and luteal
phase stimulation—called double stimulation, or duostim—fol-
lowed by subsequent FET (19). Importantly, it was previously
shown that oocytes retrieved during the luteal phase have a
similar euploid blastocyst formation rate when compared
with oocytes retrieved during the follicular phase (20).
Although the numbers are small, 2 patients in the present
cohort received FET from a duostim, and in both cases this
led to a clinical pregnancy. Another claimed advantage of du-
ostim is the retrieval of more oocytes within a shorter time in
comparison with the single standard follicular phase stimula-
tion protocol (19). Finally, from a practical and physiological
point of view, the use of follicles that would otherwise have
gone into atresia without stimulation enables economical
use of the limited ovarian reserve of the OTC patient.

Interestingly, in the current study, FET was more likely to
result in a pregnancy than was fresh embryo transfer,
although a recent meta-analysis concluded that in terms of
LBR, the only indications in favor of a freeze-all strategy
are the risk of ovarian hyperstimulation syndrome and preim-
plantation genetic testing for aneuploidy (21). Clearly, our
finding needs to be corroborated in a larger series of patients;
however, OTC-OTT patients might constitute a third group of
patients who would benefit from freeze-all. Importantly, until
now, no consensus exists on the most optimal handling of
women with OTT or diminished ovarian reserve in general,
although the use of a freeze-all strategy, followed by FET,
was previously suggested for patients with diminished
ovarian reserve (17). In particular for the OTC-OTT patient,
malfunction of the corpora lutea may lead to insufficient
circulating progesterone levels when a standard luteal phase
support is used, necessitating intensive luteal phase moni-
toring and additional steroid support after fresh embryo
transfer if a live birth is to be obtained (22). This theory could
VOL. 114 NO. 2 / AUGUST 2020
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be supported by our finding that FET yielded a higher preg-
nancy rate compared with fresh embryo transfer.

In the present study, a PR of 15.2% per cycle was compa-
rable with that in previous studies (8, 23, 24), whereas the LBR
of 7.1% per cycle was slightly lower. Thus, our results are in
line with a recent systematic review showing that PR and
LBR varied from 3.9% to 19.3% and 3.9% to 14.0% per cycle,
respectively, in 3 small cohort studies that included 5 to 15
women undergoing OTT and ART (10). The age at OTC has
been suggested to be the most important factor for reproduc-
tive success in women undergoing OTT (4, 25, 26). In the pre-
sent cohort, although not statistically significant, the mean
age at OTC was lower in women achieving a pregnancy.
Moreover, the age at OTT was statistically significantly corre-
lated to the LBR. In this cohort of 28 patients, age at OTT may
act as a proxy for age at OTC combined with other possible
nonfavorable factors such as a more severe illness and a
longer treatment period. When breast cancer patients, who
constituted half of the current cohort, were analyzed sepa-
rately, IVF outcomes seemed to be poorer in breast cancer pa-
tients, who had a statistically significantly higher average age
of 33.0 years at OTC compared with all other diagnoses, aged
26.6 years at OTC. Stratified analysis showed that the discrep-
ancy between results in the groups of breast cancer patients
(33.0 years) versus other patients (26.6 years) could be ex-
plained by the difference in age at OTC. All patients who
were older than 34.5 years at OTC had breast cancer, and
none of those patients achieved a pregnancy. Nonetheless,
the low LBR after OTT in older breast cancer patients and
higher efficiency in the younger group with all other diagno-
ses than breast cancer corroborate the recent results from
Diaz-Garcia et al. (27). By contrast, another recent study by
FertiPROTEKT (28) found that 5 of 16 live birth/ongoing preg-
nancies were obtained after OTT in breast cancer patients
aged 33 to 36 years at OTC. Thus, further studies are needed
to reveal the true efficacy of OTC and OTT in older breast can-
cer patients. Alternatively, oocyte vitrification could be
considered instead of OTC in patients of advanced maternal
age; however, the efficacy of oocyte vitrification is equally
dependent on age, with women over 35 years having poorer
reproductive outcomes (27).

The empty follicle rate was high (35.9%) in the current
study but was still comparable those in previous studies re-
porting empty follicle rates of 23% to 35% (10). Thus, current
and previous studies indicate that follicle quality and integ-
rity could be compromised, which could be due to direct dam-
age to the follicle and oocyte induced by freezing, thawing,
and transplantation (8). In line with this supposition, Dolmans
et al. (8, 29) suggested that premature follicular cell activation
is induced by ischemia after OTT, which could result in asyn-
chrony between granulosa cell maturation and oocyte matu-
ration; moreover, elevated FSH levels could potentially cause
dysfunctional folliculogenesis.

The first-trimester pregnancy loss rate was 40% in the
current cohort, and 20% of pregnancies ended in second-
trimester loss, resulting in a total pregnancy loss of 60% (9/
15). This total loss rate is higher than previously reported
(30%) (10), but it also includes 3 late abortions, which cannot
be explained because as no genetic abnormalities were de-
VOL. 114 NO. 2 / AUGUST 2020
tected. The pregnancy loss was highest in the older breast can-
cer patients, and it can only be speculated whether embryos
from these patients had a lower age-related quality or whether
corpus luteum insufficiency was the problem.

The duration of ovarian tissue function after OTT has been
reported to be approximately 4 to 5 years or shorter, ranging
from <1 year to >10 years in some patients (2, 4, 30, 31). In
our study, oocytes were retrieved from 32 days to 3.2 years af-
ter the latest transplantation, and pregnancies were achieved
in OS ranging from 5.4 months to 2.5 years after the latest
transplantation, demonstrating that the transplanted tissue
can provide fertility for several years. Furthermore, patients
who responded to IVF treatment had a shorter timespan
fromfirst transplantation to IVF treatment, and it may be rele-
vant to optimize the timing of IVF treatment to use the
possibly short-lived function of the transplanted tissue in
some patients. The increased timespan from OTT to IVF in
nonresponders was partly due to the inclusion of 2 patients
in whom the first and second OTT were performed before the
first IVF treatment. Moreover, it is likely that nonresponders
had a longer timespan fromOTT to IVF because their hormonal
values were more variable and leveled at a slower rate after
OTT in comparison with hormonal values after OTT in re-
sponders. One patient achieved a pregnancy after each of 2 au-
totransplantations. Overall, the group of patients undergoing
OTT was very heterogenous, with some women attempting
spontaneous pregnancy before IVF, others going directly to
IVF, some women having only peritoneal grafts versus the
ovarian site, and some women having repeated transplanta-
tions, adding to the complexity of these patients.

The differences in response to IVF treatment in the cohort
also highlight the highly variable graft function after OTT. In
some patients the graft function ceased shortly after the first
stimulations, whereas other patients achieved pregnancies
several years after OTT. This may be explained by several fac-
tors. First, the cryopreservation method itself may impair the
tissue and cause diminished ovarian function in comparison
with fresh tissue (32, 33). Second, the grafting process
crucially depends on rapid revascularization and oxygena-
tion, which are the most important determinators of steroido-
genic and follicular function of the ovarian tissue (15, 34).
Currently, transplantation methods are not yet fully devel-
oped, and strategies aiming at facilitating revascularization
after transplantation are pivotal because they are likely to
result in better oocyte quality and overall improved reproduc-
tive outcomes (35).

It is concluded that in the present cohort of patients un-
dergoing OTC-OTT, the LBR was lowest in older breast cancer
patients and highest in younger patients with other diagnoses.
Overall, the reproductive outcome after OTT and IVF was poor
in women of advanced maternal age, generally in line with
that of the POR patient. A freeze-all strategy followed by sub-
sequent FET resulted in more pregnancies, and we suggest
that this strategy should be further explored in women under-
going OTC-OTT.
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Resultados reproductivos post fecundaci�on in vitro en una cohorte de mujeres danesas trasplantadas con tejido ov�arico criopreservado.

Objetivo: Evaluar los esquemas de estimulaci�on ov�arica y los resultados reproductivos en una cohorte de mujeres sometidas a
criopreservaci�on de tejido ov�arico (OTC) y trasplante de tejido ov�arico (OTT).

Dise~no: Estudio retrospectivo de cohortes.

Lugar: Hospital universitario y clínicas de fertilidad.

Pacientes: 28 mujeres sometidas a OTT y fecundaci�on in vitro (IVF) desde el 2102 a 2017.

Intervenci�on: OTC, OTT y IVF.

Principales medidas de resultado(s): Resultados de estimulaci�on ov�arica y IVF.

Resultados: En total, se realizaron 99 ciclos en 28 pacientes. 19 pacientes respondieron a la estimulaci�on, con una media de tres ciclos
por paciente (rango 1-14 ciclos) y dos ovocitos maduros recuperados por ciclo. La tasa de folículo vacío fue de 35,9%. 11 mujeres log-
raron 15 gestaciones, de las cuales el 60% se perdieron en el primer o segundo trimestre, al final, 5 de 28 mujeres tuvieron uno o m�as
nacidos vivos y hubo 7 reci�en nacidos sanos. En pacientes con c�ancer de mama (edad media a la OTC: 33 a~nos), las tasas de gestaci�on
(PR) y nacido vivo (LBR) por embri�on transferido fueron 35% y 5%, respectivamente. Aquellas pacientes con 34,5 a~nos o m�as al
momento de la OTC, todas tenían c�ancer de mama y ninguna gest�o. Para el resto de los diagn�osticos (edad media a la OTC: 26,6
a~nos) PR y LBR por embri�on transferido fueron 50% y 37.5%, respectivamente. De forma global, el 39% de las pacientes gestaron al
menos una vez, y el 17,9% tuvieron parto. Se consiguieron m�as gestaciones con trasferencia de embriones descongelados (FET) que
con trasferencia de embriones frescos.

Conclusiones: Nuestros resultados sugieren que mujeres de edad materna avanzada sometidas a OTC y IVF tienen pobre reserva ov�ar-
ica que resulta en un pobre resultado reproductivo. De forma interesante, la FET parece ser superior a la trasferencia en fresco.

Palabras clave: Tecnología de reproducci�on asistida, preservaci�on de la fertilidad, crioconservaci�on de tejido ov�arico, trasplante de
tejido ov�arico, resultado reproductivo.
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