
  

Dear Colleagues: 
 
In this winter Newsletter of the ISFP we invited two experts to provide their 
current opinion about the possibility and risk of cancer seeding in the graft 
ovarian tissue. There are still some differences of opinion in this regard. 
However transplantation of frozen-thawed ovarian tissue for fertility 
restoration and regaining of menstrual cycles is rapidly gaining ground as a 
valid method and has yielded a total of 30 live births as of November 2013. 
But, patient selection to avoid reimplanting cancer cells in ovarian grafts as a 
prerequisite safety concern is as important as advanced transplantation 
technique according to a series of critical review articles (1,2,3).  Dolmans’ 
reported that detected malignant cells by histological evaluation in two 
patients (6%) out of 32 with Non-Hodgkin lymphoma (NHL), NHL cells were 
found by immunohistochemistry in the medulla (1/32) and in the cortex (1/32) 
(4). Although the risk is low (1,3), it nevertheless exists and therefore 
warrants further investigation for the moderate risk of non-NHL reported by 
the Belgium team (2,4).  Minimal residual disease monitoring is subjected to 
specific and sensitive assays including the majority of polymerase chain 
reaction (PCR) amplification of fusion transcripts (BCL-ABL), 
immunohistochemistry and a new technique by flow cytometry (5) whereas 
histology fails to do so. Following these studies, the critical review of the 
existing literature to evaluate the risk of transplanting malignant cells in case 
of the main malignant indications for ovarian tissue cryopreservation turns out 
to be an important issue. Dr. Dolmans and Dr. Andersen will give their expert 
commentary regarding the risk of reintroducing malignant cells with 
transplanting cryopreserved ovarian tissue in cancer survivors for the ISFP 
winter Newsletter. 
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Possible malignant cell contamination in transplanted ovarian tissue 
 

Professor Claus Yding Andersen, Laboratory of Reproductive Biology, University 
Hospital of Copenhagen, The Faculty of Medical and Health Sciences, University 

of Copenhagen, Copenhagen, Denmark. E-mail: yding@rh.dk 

 
Fertility preservation most often takes place in young patients with a cancer disease that 
requires gonadotoxic treatment. Thus tissue is usually harvested prior to initiation of treatment 
and therefore the risk of malignant cell contamination in stored tissue that potentially may result 
in reintroduction of the disease upon grafting is of major concern in connection with fertility 
preservation by cryopreservation of ovarian tissue. Although a large number of studies and 
recently two reviews have addressed the safety issue (Rosendahl et al., 2013; Bastings et al., 
2013), it remains very difficult to obtain a clear answer to this risk for individual patients with a 
given disease. The short answer to this dilemma is that currently no transplantation of ovarian 
tissue to a patient, in whom the tissue was collected at a time of active cancer disease, can be 
considered a 100 percent secure. However, the clinical experience is building up and the risk in 
a number of diseases appears to be very limited. In the following it will be discussed why safety 
is an almost impossible to predict with certainty in each individual case. At least four different 
conditions impact on safety: 
 

1) the precision of methods available to detect possible viable malignant cells.   

2) the pieces of tissue used for grafting remain unchecked for contamination of residual 

disease.  
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3) the type of disease and stage of progression at the time of tissue collection. 

4) how many viable cells is required to cause relapse if indeed present in the grafted tissue. 

 

The most frequently used methods to detect malignant cell infiltration in ovarian tissue includes 
histology, immunohistochemistry (IHC), molecular markers detected by q-PCR or using 
immundeficient mice as bio-incubators that upon grafting allow the growth of viable proliferative 
human cells. The most detailed studies use a combination of some or all of these methods and 
often it is beneficial to collaborate with the experienced pathologists who evaluated the 
presence of the cancer in the patient originally. Whereas each one of these methods have 
strengths and weaknesses no one of them are ideally suited to detect malignant cells. Histology 
is validated over many years and IHC also widespread. However, both methods are relatively 
insensitive and IHC is prone to both false negative and false positive reactions. Molecular 
markers are very sensitive and sometimes perhaps too sensitive in the sense that detection of 
non-viable malignant cells also make take place and even very low levels of viable malignant 
cells may represent too few cells to cause relapse. Transplantation to immundeficient mice is 
very sensitive and detects only viable malignant cells. However, it is very costly, time consuming 
and further the so called take-rate, the frequency of development of malignancy following 
deliberately transplantation of malignant cells, is usually not near 100 percent. However, 
transplantation to immundeficient mice is considered the best available methods to test residual 
malignancy in ovarian tissue for the time being.   
When either one technique proves positive and indeed if several indicate residual disease, 
grafting is obviously jeopardized and contraindicated. When the results turn out to be negative 
the situation is often more difficult. When does a negative result justify transplantation? The 
following discussion will illustrate that this decision is far from straight forward. 
All the above methods are destructive and the evaluated tissue cannot subsequent be used for 
transplantation. Therefore, tissue being grafted has not been checked for residual disease. So 
how many pieces of tissue should be evaluated in order to justify safety? Children have fewer 
pieces of tissue frozen that adult women, who often have around 20–30 pieces of approximately 
5x5x1 mm size cryopreserved (in case of one whole ovary excised). In each case, it should be 
balanced out what fraction of tissue for safety testing should be used in order to provide the best 
chances of safe fertility restoration. In order to minimize the number of pieces used for safety 
one approach is to test one or two random pieces of tissue from whole series of women with a 
specific disease, whether or not they have requested transplantation. One example of this 
approach is the result of evaluating the safety of transplanting tissue to patients who suffered 
from leukemia at the time of tissue harvest as illustrated in two recent studies. In the first study, 
all of the above methods were employed to detect viable residual disease (Dolmans et al., 
2010) and indeed five out of 18 immundeficient mice transplanted with ovarian tissue developed 
human leukemia. The results clearly indicated that it was not advisable to transplant tissue to 
these patients confirming an earlier study using only in vitro tests (Rosendahl et al., 2010). In 
another recently published study all patients who suffered from leukemia and had ovarian tissue 
cryostored, were invited to participate in a study where all the above methods were used 
including transplantation to immundeficient mice for 20 weeks (Greve et al., 2012). In contrast to 
the previous studies no viable malignant cell contamination could be detected in any of the 24 
patients. However, it turned out that the majority of patients in the latter study were in complete 
remission at the time of tissue collection and therefore were devoid of circulatory malignant cells 
in a magnitude that caused relapse (Greve et al., 2012). To be in complete remission the 
patients had undergone one or a few series of chemotherapy, which, however, did not affect the 
density of primordial follicles in the ovarian cortex as compared to other age matched patients 
that had not experienced prior gonadotoxic treatment. Therefore this latter study concluded that 
collection of ovarian tissue in patients with leukemia should be done when they were in 
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complete remission and transplantation could be an option if more studies showed similar 
results. 
Although the number of patients in these studies is modest, and there are currently no published 
records of any woman who suffered from leukemia who had tissue transplanted (except of one 
CML case from Israel), more information on the safety in this and other groups of patients is 
now widening our knowledge base. 
Although many cancers do not readily metastasize to the ovaries, autopsy studies from women 
who died from cancer were able to detected malignant cells in the ovaries in a relatively large 
fraction (Kyono et al., 2010). These women suffered from end-stage disseminated disease and 
earlier stages of disease in a number of cancers do not appear to readily spread to the ovaries. 
However, this information raises the question: At what disease stage does ovarian involvement 
begins? It is unknown to most cancers and may differ from one patient to the other. This makes 
a decision to go ahead with cryopreservation of ovarian tissue difficult and should be based on 
the oncologists findings on whether the cancer is disseminated or not and what type of cancer it 
is. Preferably early stage cancer where treatment includes strong gonadotoxic medicine should 
be considered. 
If residual disease cells have been localized to the ovarian tissue transplantation will obviously 
not be performed, but how many cells is necessary to cause a relapse, in other words what is 
the Minimal Infections Dose (MID)? This information is unknown in most cancers, but studies in 
rats have shown that just a few malignant leukemic cells were sufficient to cause relapse (Hou 
et al., 2007; Jahnukainen et al., 2001). However, studies in American prison inmates more than 
half a century ago showed that injection of even very large amounts of malignant cells from one 
person to the other did not cause disease introduction (Lanman et al., 1950). So, apparently the 
immune system is often capable of handling even large amounts of disease cells. Indeed, many 
of the patients suffering from for instance leukemia have actually obtained BMT and obtained a 
new immune system, that may be able to deal with a few contaminating cells. Further, the 
number of malignant cells transplanted is dependent on the number of pieces of ovarian grafts. 
This may vary from just a few to maybe 12-16 and will obviously have a major impact on the 
number of malignant cells being potentially transplanted. However, the MID in connection with a 
BMT and transplantation of ovarian tissue is completely unknown.   
Taken together, safety studies as outlined above is of utmost importance at this point in time in 
the development of fertility preservation as a treatment option, but it is of utmost importance to 
keep track of the actual patient cases in which transplantation has been performed and indeed 
monitor the actual amount of tissue being grafted. It is estimated that at least 100 women with a 
former cancer diagnosis have been transplanted with ovarian tissue and until now no relapse as 
a consequence of transplantation of ovarian tissue have been reported. Further, it needs to be 
emphasized that all transplantations have been completed in women, where the original cancer 
is considered to have low risk of ovarian involvement. 
 
 
References: 
Bastings L, Beerendonk CC, Westphal JR, Massuger LF, Kaal SE, van Leeuwen FE, Braat DD, 
Peek R. 
Autotransplantation of cryopreserved ovarian tissue in cancer survivors and the risk of 
reintroducing malignancy: a systematic review. Hum Reprod Update. 2013;19:483-506 
 
Dolmans MM, Marinescu C, Saussoy P et al. Reimplantation of cryopreserved ovarian tissue 
from patients with acute lymphoblastic leukemia is potentially unsafe. Blood 2010;116:2908-
2914. 
 



 

ISFP Page 5 

Greve T, Clasen-Linde E, Andersen MT, Andersen MK, Sørensen SD, Rosendahl M, Ralfkiær 
E, Yding Andersen C. Cryopreserved ovarian cortex from patients with leukemia in complete 
remission contains no apparent viable malignant cells. Blood. 2012. PMID:22709693 
 
Hou M, Andersson M, Eksborg S, Soder O, Jahnukainen K. Xenotransplantation of testicular 
tissue into nude mice can be used for detecting leukemic cell contamination. Hum.Reprod. 
2007;22(7):1899-1906. 
 
Jahnukainen K, Hou M, Petersen C, Setchell B, Soder O. Intratesticular transplantation of 
testicular cells from leukemic rats causes transmission of leukemia. Cancer Res. 
2001;61(2):706-710. 
 
Kyono K, Doshida M, Toya M, Sato Y, Akahira J, Sasano H. Potential indications for ovarian 
autotransplantation based on the analysis of 5,571 autopsy findings of females under the age of 
40 in Japan. Fertil.Steril. 2010;93:2429-2430. 
 
Lanman JT, Bierman HR, Byron RL. Transfusion of leukemic leukocytes in man; hematologic 
and physiologic changes. Blood 1950;5(12):1099-1113. 
 
Rosendahl M, Tolstrup Andersen M, Ralfkjær E, Kjeldsen L, Klarskov Andersen M, Yding 
Andersen C. Evidence of residual disease in cryopreserved ovarian cortex from female patients 
with leukaemia. Fertil. Steril. 2010;94:2186-90. 
 
Rosendahl M, Schmidt KT, Ernst E, Rasmussen PE, Loft A, Byskov AG, Nyboe Andersen A, 
Yding Andersen C:  Cryopreservation of ovarian tissue for a decade in Denmark – An overview 
of the technique. Reproductive Medicine Online 2011;22:162-71.   
 
Rosendahl M, Greve T, Andersen CY. The safety of transplanting cryopreserved ovarian tissue 
in cancer patients: a review of the literature. J Assist Reprod Genet 2013;30:11-24 
 
Schmidt KL, Ernst E, Byskov AG, Nyboe Andersen A, Yding Andersen C: Survival of primordial 
follicles following prolonged transportation of ovarian tissue prior to cryopreservation. Hum. 
Reprod., 2003, 18, 2654-2659. 
 
Schmidt KLT, Yding Andersen C, Starup J, Loft A, Byskov AG, Nyboe Andersen A: Orthotopic 
autotransplantation of cryopreserved ovarian tissue to a woman cured of cancer. Follicular 
growth, steroid production and oocyte retrieval.  Reproductive Biomedicine Online 2004, 8, 448-
453. 

 

 

 

 
Transplantation of ovarian tissue in cured cancer patients: is there a risk? 

 
DOLMANS Marie-Madeleine, MD, PhD. 

Université Catholique de Louvain, IREC, Service de Gynécologie, Brussels, 
Belgium 

 
Cryopreservation of ovarian tissue is the main option available to preserve fertility in 
women who require cancer treatment but cannot delay the start of chemotherapy, and in 
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prepubertal patients. Transplantation of frozen-thawed ovarian tissue is rapidly gaining 
ground as a valid method for recovery of menstrual cycles and fertility restoration, 
yielding a total of 30 live births until to date.  
However, to increase the safety of ovarian tissue transplantation, identification of tumor 
involvement in the ovaries and detection of cancer cells in ovarian tissue is of paramount 
importance.   
In a recent review, the risks for each of the main indications for ovarian tissue 
cryopreservation were evaluated (Dolmans et al., 2013a). 
 
Leukemia 
So far, three different teams (Meirow et al., 2008; Dolmans et al., 2010; Rosendahl et al., 
2010) have demonstrated by PCR that ovarian tissue from leukemia patients is positive 
for malignant cells in >50% of cases.  Greve et al. (2012) reported that ovaries from 
leukemia patients in complete remission do not appear to contain viable malignant cells, 
unlike ovarian tissue retrieved before chemotherapy. In a recently published editorial in 
Blood (2012), Dolmans suggested that differences between the results of the Danish 
and Belgian teams may be explained, at least in part, by the fact that in Greve’s study, 
almost all the women were in complete remission at the time of ovarian biopsy and 
cryopreservation. 
The risk of finding viable malignant cells in cryopreserved ovarian tissue from leukemia 
patients in complete remission is probably very low, but it cannot be completely 
excluded. The findings of Greve et al. should be confirmed by other teams before 
transplantation can be safely performed in these patients. Alternative methods, such as 
in vitro maturation and isolated follicle transplantation, should be evaluated for fertility 
preservation in leukemia patients (Donnez & Dolmans, 2013, Luyckx et al., 2014). 
 
Lymphoma 
Hodgkin’s lymphoma (HL) and non-Hodgkin’s lymphoma (NHL) are frequent indications 
for ovarian tissue cryopreservation (Donnez and Dolmans, 2011; Dolmans et al., 2013b). 
Hodgkin’s lymphoma 
Several studies have tested the safety of grafting cryopreserved human ovarian tissue 
from HL patients, and the results suggest that ovarian tissue transplantation may be 
considered safe in this case (Meirow et al., 1998, 2008; Kim et al., 2001; Seshadri et al., 
2006). 
Non-Hodgkin’s lymphoma 
Although Kyono et al. (2010) reported a 9.8% incidence of ovarian involvement in NHL, 
histology did not reveal the presence of malignant cells in ovarian cortex in a number of 
studies (Kim et al., 2001; Meirow et al., 2008; Azem et al., 2010). However, Dolmans et 
al. (2013b) detected malignant cells by histological evaluation in two patients (6%) out of 
32 with NHL. While the risk is low, it nevertheless exists and therefore warrants further 
investigation. 
 
Gynecologic cancer 
Breast cancer 
The incidence of ovarian metastasis in breast cancer patients can vary from 13.2% to 
37.8%, but it is more commonly observed in case of advanced-stage breast cancer. 
Sanchez et al. (2009) and Rosendhal et al. (2011) analyzed frozen-thawed ovarian 
cortical biopsies from breast cancer patients. Neither study revealed any evidence of 
malignant cell infiltration of the cryopreserved ovarian tissue by histology or 
immunohistochemistry. In advanced-stage disease, however, the risk of ovarian 
metastasis cannot be excluded. Very recently, Luyckx et al. (2013) published for this 
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group of patients positive PCR results in frozen-thawed ovarian tissue in 4 out of 13 
cases. In advanced-stage breast cancer, case by case analysis is probably the best 
option.  
 
Cervical carcinoma 
Reports on ovarian tissue autotransplantation after cervical carcinoma have been 
published by Kim et al., Schmidt et al. and Donnez et al. No sign of relapse due to the 
graft has so far been noted in any of these clinical cases. 
 
Central nervous system tumors 
Sonmezer and Oktay (2004) classified neuroblastoma together with leukemia in the 
high-risk category for ovarian involvement. Primitive neurectodermal tumors (PNETs), 
including medulloblastoma (the most common) and neuroblastoma, generally occur in 
children and are subdivided into two types: peripheral PNET (Ewing’s sarcoma) and 
central nervous system PNET. 
Donnez et al. (2011) performed reimplantation of frozen-thawed ovarian tissue in a 
patient cured of a metastatic neurectodermal tumor of the orbit, who had had her tissue 
cryopreserved before bone marrow transplantation (BMT). Histologic evaluation of an 
ovarian sample before transplantation did not reveal ovarian metastasis, and the patient 
has now delivered her third child. 
The Danish team performed transplantation of cryopreserved ovarian tissue in a patient 
treated for Ewing’s sarcoma (Ernst et al., 2010; Schmidt et al., 2011), who subsequently 
delivered a healthy baby twice. 
 
Sarcoma 
Rosendahl et al. (2011) xenotransplanted ovarian tissue from five patients with sarcoma, 
but no tumor invasion was detected. It should, however, be pointed out that some of the 
patients studied had already received chemotherapy before ovarian tissue 
cryopreservation. 
 
Cryopreservation of ovarian tissue followed by orthotopic reimplantation is the option of 
choice to restore fertility in women requiring immediate chemotherapy and in prepubertal 
patients. 
The presence of malignant cells in ovarian tissue that could lead to recurrence of the 
primary disease after reimplantation should be clearly evaluated and discussed with the 
patient and the oncologist. Sonmezer and Oktay (2004) classified malignant diseases 
into three categories, representing low, intermediate, and high risk of ovarian 
involvement.  We slightly modified this classification according to the recent literature, 
recategorizing Ewing’s sarcoma and NHL from low to moderate risk (see Table). 
 
Among the acute pathologies investigated, the highest risk of reimplanting malignant 
cells was found with leukemia. However, taking into account the Belgian and Danish 
data, the risk is likely to be very low if ovarian cryopreservation is carried out in women 
in complete remission. But it is strongly suggested that ovarian autotransplantation be 
discouraged when there is a risk of reimplanting malignant cells, especially in leukemia 
patients. 
In other pathologies, the risk is low, but the authors stress the need to discuss it with 
patients before going ahead with reimplantation. Minimal residual disease (MRD) 
monitoring requires specific and sensitive assays, including maximal polymerase chain 
reaction (PCR) amplification of fusion transcripts (BCL-ABL), immunohistochemistry and 
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techniques by flow cytometry (Amiot et al., 2013) where appropriate, which allow 
accurate identification of MRD, where histology fails to do so.  
 
 
 
 
 
Table 1 
Risk of ovarian metastasis according to cancer type (adapted from Sonmezer and 
Oktay, HRU 2004, and modified by Dolmans according to the recent literature: Ewing’s 
sarcoma and NHL were recategorized from low to moderate risk) 

High risk Moderate risk Low risk 

   

Leukemia Breast cancer Breast cancer 
 stage IV stage I-II 
 infiltrating lobular subtype infiltrating ductal subtype 

Neuroblastoma 
 Colon cancer 

Squamous cell carcinoma of the 
cervix 

Burkitt 
lymphoma 

Adenocarcinoma of the 
cervix Hodgkin's lymphoma 

 Non-Hodgkin's lymphoma Osteogenic carcinoma 

 Ewing’s sarcoma Non-genital rhabdomyosarcoma 

  Wilm's tumor 

(from Dolmans et al, Fertility Sterility, 2013) 
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To: Chii-Ruey Tzeng, M.D., M.P.H.  
    Editor of ISFP Newsletter.  

 
Professors Andersen and Dolmans [2014] are congratulated for their fine and 

balanced reviews and opinions on the important issue of the safety of ovarian tissue 
autotransplantation and the risk of reintroduction of malignant cells. 

However, although I agree with almost all the written opinions, a minor, but 
nevertheless important point needs to be raised, for the sake of complete and thorough 
information regarding such a crucial matter. Dr. Dolmans (2014) declares that "Several 
studies have tested the safety of grafting cryopreserved human ovarian tissue from HL 
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patients, and the results suggest that ovarian tissue transplantation may be considered 
safe in this case (Meirow et al., 1998, 2008; Kim et al., 2001; Seshadri et al., 2006)."  
However, Bittinger et al (2011) have described the detection of Hodgkin lymphoma cells 
within ovarian tissue taken at the time of harvest for cryopreservation, by histologic and 
immunohistochemical evaluation. Furthermore, Kyono et al (2010) have detected 
ovarian metastases in 4.3% [5/115] autopsies from Hodgkin lymphoma patients who 
died from their disease. Although, the latter finding (Kyono et al, 2010) may suggest that 
Hodgkin lymphoma causes ovarian metastases mainly in end stage disease, the former 
publication (Bittinger et al, 2011), may implicate that ovarian autotransplantation even in 
diseases which are considered "low risk" regarding ovarian involvement, are not entirely 
"risk free". 

Additionally, Dolmans (2014) has correctly upgraded the Ewing sarcoma from the 
low risk to the moderate- risk group in her updated classification. Indeed, Ewing sarcoma 
is a highly metastatic malignancy in young patients. The authors of these opinion 
newsletters ( Andersen, 2014;Dolmans 2014) may want to add the relevant publication 
of Abir et al (2010). In this paper one, 13 years old, of eight young patients with Ewing 
sarcoma, ovarian involvement was demonstrated using reverse transcriptase 
polymerase chain reaction to detect translocations of tumor-specific Ewing sarcoma–
Friend leukemia virus integration site 1 fusion gene. 

 

         Zeev Blumenfeld, MD* 
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