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Abstract: Purpose: To highlight the imperative of in-
formed consent in the fertility preservation of cancer
patients before ovarian tissue autotransplantation. Meth-
ods: Three papers of tumor recurrence after autotrans-
plantation of frozen-thawed ovarian tissue were com-
pared with the main papers before tumor recurrence was
reported in the cancer patients. Results: Histology was
performed before autotransplantation in cases 1 and 3,
but not in case 2. Histology alone is insufficient for the
detection of minimal residual disease (MRD). Further-
more, transplanted ovarian tissue is different from that
examined for MRD detection, and how much of the re-
sected ovarian tissue was examined for MRD detection is
unclear. The possibility that grafted tissue caused tumor
recurrence cannot be ruled out in any of the three cases,
because autotransplantation in cancer patients, at pres-
ent, uses ovarian tissue different from that examined for
MRD. Conclusions: We recommend informed consent
for cancer patients, because: 1) the transplanted ovarian
tissue is different from the ovarian tissue examined for
MRD detection; 2) the amount of resected ovarian tis-
sue analyzed for MRD is very small; and 3) MRD detec-
tion methods vary. In conclusion, freezing and storage of
ovaries should be encouraged, transplantation must be
performed carefully, and informed consent is essential.
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Introduction

At the World Congress on Fertility Preservation (2009)
[1], we asserted that it is important to “actively preserve
fertility, but autotransplant cautiously,” based on an anal-
ysis of autopsy findings of 5,571 females under the age
of 40 in Japan [2].

Recently, more than 60 babies have been born after
transplantation of frozen-thawed ovarian tissue (FTOT)
[3]. However, Minimal Residual Disease (MRD) is a sig-
nificant problem in FTOT for cancer patients. The Inter-
national Society of Fertility Preservation (ISFP) Practice
Committee has recommended FTOT for patients with
lymphoma, leukemia, and breast cancer, for fertility pres-
ervation (FP) [4]. Rosendahl et al. (2013) [5] reported
MRD in 7% (31/422) of cases of ovarian tissue cryo-
preservation; 2/58 in imaging, 1/367 in histology, 1/220
in immunohistochemistry, 21/43 in PCR, and 5/101 in
human-animal (human ovarian tissue transplanted into
immuno-deficient mice experiments). But in 33 clinical
cases of FTOT, no recurrence occurred until June 2012.

PCR results were positive in 20/33 of leukemia cases
and 1/8 of Ewing sarcoma cases. PCR is a very sensitive
assay, especially in case of leukemia; however, patients
shown to be positive by PCR were all negative histologi-
cally. Dr. CY Andersen and Dr. DA Gook suggested the
possibility of recurrence from reimplanted ovarian tissue
in a personal communication at the end of April 2015.

We reviewed three recent papers about tumor recur-
rence after transplantation of FTOT and compared them
with six previous papers on successful births after trans-
plantation of FTOT in cancer patients (Table 1).
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Table 1 Summary of three cases with recurrence and primary articles of birth following autotransplantation in patients with malig-

nancy of frozen-thawed ovarian tissue

Discase age? Excision method® MRD exam. volume’  Explanation:
Author/year® ( esars)g MRD®exam. Ccr 00 Voljm;)e Autotransplanted MRD exam.  Recurrence'
Y vo: volume?® and Graft"
Stern, C.J., et al. Granulosa cell One entire ovary Nol cannot be
2013,2014 t Histol . . N luded with
( ’ ) umor 1stology removed 15 slices 60430 slices 1x2x4 mm © exeude w.l
(Case 1) 25 100% certainty
. most unlikely
Ernst, E.H. . t
s »etal Breast cancer One entire ovary 0 (Zero) to have been
(2013) No exam. removed . No
36 . 12 pieces related to the
(Case 2) 29 pieces .
transplantation
Andersen, C.Y., et al. Ewine sarcoma One entire ovary ~ No (80 examined after cannot be
(2014) g 9 Histology removed death) No excluded with
(Case 3) Ten pieces 20 100% certainty
Five biopsies No
. from one ovary One strip of 12x4 mm
2(())32;:27 = Ho;g;km Histology 12-15%5 mm and 35 cubes of 2x2 mm No No
70 cubes from4  and remaining 32 cubes
biopsies 60/40
Partial resection
Meirow, D. Non-Hodgkin . . No
’ Histol Three st N N
(2005) 23 istology ree strips and 100 o o
small fragments
Demeestere, 1. Hodgkin H-istology One entire ovary Three fragments/
Three pieces for MRD removed ? + four pieces No No
(2007) 24 . . .
and follicular density 40 pieces + two fragments
Hodgki
ocgn Histology One entire ovary Yes
Andersen, C.Y. 25 ; R
. One small biopsy removed One small biopsy 50/50 No No
(2008) Ewing Sarcoma .
27 histology 5x5x1-2 mm 50
One ovarian
Sanches-Serano, M. Breast cancer .
No cortex extraction No No No
(2010) 36
No
. . Histology; Partial resection
Dittrich, R. Hodgkin . . No
Only follicular densit 2/3) fi N N
(2012) 25 nly follicular density  (2/3) from Six fragments (1-2 mm) © ©

was written

Both ovaries

a) Year published; b) Age (years) at cryopreservation; ¢) Method of detection of Minimal Residual Disease (MRD); d) Methods of re-
moval of ovarian tissue; e) Cryopreservation volume; f) Proportion of tissue used for detection of MRD (%); g) Proportion of tissue au-
totransplanted (%); h) Explanations of different tissues for MRD detection and graft ; i) Possibility of reimplantation of malignant cells

after graft; j) No=not reported.

Methods

We compared three papers of tumor recurrence after
autotransplantation of frozen-thawed ovarian with the six
papers published before tumor recurrence was reported
in the cancer patients.

Results

Case 1: Granulosa tumor
A delivery of twins following heterotopic grafting of

FTOT was reported [5, 7]. One entire ovary was removed
and histology was normal before cryopreservation and
before FTOT.

The laparoscopic grafting procedure (a total of 90 slic-
es) was performed twice.

There was macroscopic evidence of a tumor at the site
of Cesarean section, but there was no evidence of a tu-
mor in the graft sites. Consequently, the possibility that
tumor recurrence resulted from the grafted tissue cannot
be excluded with 100% certainty.



Case 2: Breast cancer

The legal termination of a pregnancy resulting from
transplanted cryopreserved ovarian tissue was per-
formed due to cancer recurrence [8]. The patient’s left
ovary was excised by laparoscopy, and 29 pieces of
ovarian tissue were cryopreserved. No histological as-
sessment of the tissue was performed prior to cryo-
preservation, nor was it transplanted to immunodeficient
mice. Twelve pieces of frozen-thawed ovarian tissue
were transplanted. Six months after transplantation, the
patient conceived naturally. However, during the first
trimester of pregnancy the patient was diagnosed with
a new left-side breast cancer in the same quadrant as
the breast cancer of 8 years earlier. The recurrence was
most unlikely to have been related to the transplantation.

Case 3: Ewing sarcoma [S]

A patient with Ewing sarcoma died at 18 years of age
due to relapse 6 years after FTOT. She had had 10 piec-
es of one of her ovaries frozen at 9 years of age. His-
tological examination confirmed normal conditions. Two
of ten pieces of ovarian cortex were grafted at 13 years
of age. The eight pieces of ovarian tissue were thawed
and examined for the EWS/FL1 translocation after death.
These data indicate that the ovarian tissue did not con-
tain malignant cells. However, since the two originally
transplanted ovarian tissue pieces of cortex were not an-
alysed for the EWS/FL1 translocation before transplan-
tation of FTOT, the possibility cannot be excluded with
100% certainty.

Other cases: Hodgkin disease, non-Hodgkin lymphoma,
Ewing sarcoma and breast cancer [10-1£]

Dr. CY Andersen [13] reported their clear policy for
ovarian tissue cryopreservation in detail. All patients had
one entire ovary removed laparoscopically. The cortex
was isolated, cut into fragments of 5 x 5x1 mm? and cryo-
preserved by the slow freezing method. One small bi-
opsy was taken for histological evaluation. The numbers
of fragments cryopreserved from the six patients were
34, 29, 20, 20, 13 and 19.

Histology was examined performed on samples from
9/10 patients and reported in 8/9 papers. The amount
of resected ovarian tissue analyzed for MRD is unclear.
The explanation that the transplanted ovarian tissue was
different from the ovarian tissue examined for MRD de-
tection was not reported at all. The only MRD detection
method used was histology.
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Discussion

Histology was performed before autotransplantation in
cases 1 and 3, but not in case 2.

Rosendahl et al. (2013) [5] reported MRD in 7%
(31/422) of cases of ovarian tissue cryopreservation, and
the MRD detection rate was very low (1/367) in histology.
Histology alone is insufficient for diagnosis of MRD. Fun-
damentally, the transplanted ovarian tissue is different
from the ovarian tissue examined for detection of MRD.
So the possibility that tumor recurrence resulted from the
grafted tissue cannot be excluded with 100% certainty. In
the near future, it may be possible to autotransplant ovar-
ian tissue with only normal cells after killing cancer cells
by Boron Neutron Capture Therapy (BNCT) [16]. It may
also be possible to obtain metaphase Il oocytes follow-
ing in vitro maturation of germinal vesicle oocytes from
resected fresh ovarian tissue or following in vitro culture
of primordial follicles from frozen-thawed ovarian tissue
in the near future. At present, the amount of the resect-
ed ovarian tissue examined for the detection of MRD is
probably less than 5%. We need to determine what kind
of examinations should be performed for the detection
of MRD, and how much they cost. We must also con-
sider the balance of effects and costs. In conclusion, it is
extreamly important that informed consent be obtained
from cancer patients, because: 1) the transplanted ovar-
ian tissue is different from the ovarian tissue examined
for MRD detection; 2) the amount of resected ovarian
tissue analyzed for MRD is very small; and 3) MRD de-
tection methods vary. Freezing and storage of ovarian
tissue should be encouraged, transplantation must be
performed carefully, and informed consent is essential.

We hope for the development of MRD detection meth-
ods and much more useful data for patients and medical
staff.

Acknowledgements

The authors would like to thank the authors of the three
cases for their honesty, courage, and sincerity. Their
great work has contributed to the future of oncofertility.

References

1) Kyono, K., Nakajo, Y., Ishikawa, T., Toya, M., Sato, Y., Sato,
K., Akahira, J. and Sasano, H.(2009): Actively preserve
fertility, but autotransplant cautiously; From the analysis
on 5571 autopsy findings of females under the age of 40 in
Japan. 15t World congress on fertility preservation, OC13,
Brussels, Belgium—December, 10—12.

2) Kyono, K., Doshida, M., Toya, M., Sato, Y., Akahira, J. and



118

3)

4

5)

6)

7

8)

9)

J. Mamm. Ova Res. Vol. 33 (2), 2016

Sasano, H. (2010): Potential indications for ovarian auto-
transplantation based on the analysis of 5,571 autopsy find-
ings of females under the age of 40 in Japan. Fertil. Steril.,
93, 2429-2430. [Medline] [CrossRef]

Donnez, J., and Dolmans, M.M. (2015): Ovarian cortex
transplantation: 60 reported live births brings the success
and worldwide expansion of the technique towards routine
clinical practice. J. Assist. Reprod. Genet., 32, 1167-1170.
[Medline] [CrossRef]

Kim, S.S., Donnez, J., Barri, P., Pellicer, A., Patrizio, P.,
Rosenwaks, Z., Nagy, P., Falcone, T., Andersen, C., Hovatta,
0., Wallace, H., Meirow, D., Gook, D., Kim, S.H., Tzeng,
C.R., Suzuki, S., Ishizuka, B. Dolmans, M.M., ISFP Prac-
tice Committee (2012): Recommendations for fertility pres-
ervation in patients with lymphoma, leukemia, and breast
cancer. J. Assist. Reprod. Genet., 29, 465-468. [Medline]
[CrossRef]

Rosendahl, M., Greve, T. and Andersen, C.Y. (2013): The
safety of transplanting cryopreserved ovarian tissue in can-
cer patients: a review of the literature. J. Assist. Reprod.
Genet., 30, 11-24. [Medline] [CrossRef]

Stern, C.J., Gook, D., Hale, L.G., Agresta, F., Oldham, J.,
Rozen, G. and Jobling, T. (2013): First reported clinical
pregnancy following heterotopic grafting of cryopreserved
ovarian tissue in a woman after a bilateral oophorectomy.
Hum. Reprod., 28, 2996-2999. [Medline] [CrossRef]
Stern, C.J., Gook, D., Hale, L.G., Agresta, F., Oldham, J.,
Rozen, G. and Jobling, T. (2014): Delivery of twins follow-
ing heterotopic grafting of frozen-thawed ovarian tissue.
Hum. Reprod., 29, 1828. [Medline] [CrossRef]

Ernst, E.H., Offersen, B.V., Andersen, C.Y. and Ernst, E.
(2013): Legal termination of a pregnancy resulting from
transplanted cryopreserved ovarian tissue due to cancer re-
currence. J. Assist. Reprod. Genet., 30, 975-978. [Medline]
[CrossRef]

Yding Andersen, C., Ernst, E., Barentzen, S., Birkebek,
N.H. and Clausen, N. (2014): No malignancy detected in

10)

11)

12)

13)

14)

15)

16)

surplus ovarian tissue from a former Ewing sarcoma patient
who experienced relapse four years after being grafted with
frozen/thawed ovarian tissue. J. Assist. Reprod. Genet., 31,
1567-1568. [Medline] [CrossRef]

Donnez, J., Dolmans, M.M., Demylle, D., Jadoul, P., Pi-
rard, C., Squifflet, J., Martinez-Madrid, B. and van Langen-
donckt, A. (2004): Livebirth after orthotopic transplantation
of cryopreserved ovarian tissue. Lancet, 364, 1405-1410.
[Medline] [CrossRef]

Meirow, D., Levron, J., Eldar-Geva, T., Hardan, I., Fridman,
E., Zalel, Y., Schiff, E. and Dor, J. (2005): Pregnancy after
transplantation of cryopreserved ovarian tissue in a patient
with ovarian failure after chemotherapy. N. Engl. J. Med.,
353, 318-321. [Medline] [CrossRef]

Demeestere, 1., Simon, P., Emiliani, S., Delbaere, A. and
Englert, Y. (2007): Fertility preservation: successful trans-
plantation of cryopreserved ovarian tissue in a young pa-
tient previously treated for Hodgkin’s disease. Oncologist,
12, 1437-1442. [Medline] [CrossRef]

Andersen, C.Y., Rosendahl, M., Byskov, A.G., Loft, A.,
Ottosen, C., Dueholm, M., Schmidt, K.L., Andersen, A.N.
and Ernst, E. (2008): Two successful pregnancies following
autotransplantation of frozen/thawed ovarian tissue. Hum.
Reprod., 23, 2266-2272. [Medline] [CrossRef]
Sanchez-Serrano, M., Crespo, J., Mirabet, V., Cobo, A.C.,
Escriba, M.J., Simon, C. and Pellicer, A. (2010): Twins born
after transplantation of ovarian cortical tissue and oocyte
vitrification. Fertil. Steril., 93, 268.e11-268.¢e13. [Medline]
[CrossRef]

Dittrich, R., Lotz, L., Keck, G., Hoffmann, 1., Mueller, A.,
Beckmann, M.W., van der Ven, H. and Montag, M. (2012):
Live birth after ovarian tissue autotransplantation follow-
ing overnight transportation before cryopreservation. Fertil.
Steril., 97, 387-390. [Medline| [CrossRef]

Kyono, K. (2013): Fertility preservation. J. Mamm. Ova.
Res., 30, 101-108. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/19815195?dopt=Abstract
http://dx.doi.org/10.1016/j.fertnstert.2009.08.031
http://www.ncbi.nlm.nih.gov/pubmed/26210678?dopt=Abstract
http://dx.doi.org/10.1007/s10815-015-0544-9
http://www.ncbi.nlm.nih.gov/pubmed/22648282?dopt=Abstract
http://dx.doi.org/10.1007/s10815-012-9786-y
http://www.ncbi.nlm.nih.gov/pubmed/23263841?dopt=Abstract
http://dx.doi.org/10.1007/s10815-012-9912-x
http://www.ncbi.nlm.nih.gov/pubmed/24014608?dopt=Abstract
http://dx.doi.org/10.1093/humrep/det360
http://www.ncbi.nlm.nih.gov/pubmed/24871346?dopt=Abstract
http://dx.doi.org/10.1093/humrep/deu119
http://www.ncbi.nlm.nih.gov/pubmed/23748473?dopt=Abstract
http://dx.doi.org/10.1007/s10815-013-0026-x
http://www.ncbi.nlm.nih.gov/pubmed/25304113?dopt=Abstract
http://dx.doi.org/10.1007/s10815-014-0357-2
http://www.ncbi.nlm.nih.gov/pubmed/15488215?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(04)17222-X
http://www.ncbi.nlm.nih.gov/pubmed/15983020?dopt=Abstract
http://dx.doi.org/10.1056/NEJMc055237
http://www.ncbi.nlm.nih.gov/pubmed/18165621?dopt=Abstract
http://dx.doi.org/10.1634/theoncologist.12-12-1437
http://www.ncbi.nlm.nih.gov/pubmed/18603535?dopt=Abstract
http://dx.doi.org/10.1093/humrep/den244
http://www.ncbi.nlm.nih.gov/pubmed/19880105?dopt=Abstract
http://dx.doi.org/10.1016/j.fertnstert.2009.09.046
http://www.ncbi.nlm.nih.gov/pubmed/22177311?dopt=Abstract
http://dx.doi.org/10.1016/j.fertnstert.2011.11.047
http://dx.doi.org/10.1274/jmor.30.101

