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Although the survival rate of hematologic malignancies in young patients is very high, cytotoxic therapies such as chemotherapy and total 
body irradiation therapy can significantly reduce a patient’s reproductive capacity and cause irreversible infertility. Early ovarian failure also 
commonly occurs following additional cancer treatment, bone marrow transplantation, or autologous transplantation. Because the risk of early 
ovarian failure depends on the patient’s circumstances, patients with a hematologic malignancy must consult health professionals regarding 
fertility preservation before undergoing treatments that can potentially damage their ovaries. While it is widely known that early menopause 
commonly occurs following breast cancer treatment, there is a lack of reliable study results regarding fertility preservation during hematologic 
malignancy treatment. Therefore, an in-depth discussion between patients and health professionals about the pros and cons of the various op-
tions for fertility preservation is necessary. In this study, we review germ cell toxicity, which occurs during the treatment of hematologic malig-
nancies, and propose guidelines for fertility preservation in younger patients with hematologic malignancies. 
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Introduction

The risk of infertility and early menopause due to ovulatory dys-
function caused by cancer treatment varies by the type of cancer and 
the treatment method used. Cytotoxic therapy, which is adminis-
tered to premenopausal women with acute leukemia, Hodgkin lym-
phoma (HL) and non-Hodgkin lymphoma (NHL), and chronic my-
eloid leukemia (CML), can induce infertility and early menopause. 
Hematopoietic cell transplantation (HCT) is also strongly associated 
with a risk of early menopause and infertility. 

Acute myeloid leukemia (AML) and NHL usually develop at older 
ages. Patients younger than 50 comprise 20% of AML cases and 17% 
of NHL cases, and their cure rates are 50% to 60%. However, the cure 
rates for HL (64%) and acute lymphoblastic leukemia (ALL, 75%), 
which usually develop before the age of 50, are 80% and 78%–92%, 
respectively, which are considered to be very high [1]. More than half 
of all cases of ALL (56%) occur among people aged less than 20 
years. The remission rate of ALL has been reported to be 95% among 
teenagers and 78%–92% among adults [2].

While the survival rate of blood cancer that occurs at young ages is 
very high, chemotherapy and total body irradiation therapy per-
formed as part of cancer treatment can significantly reduce a pa-
tient’s reproductive capacity and cause irreversible infertility. 

In the present study, we review germ cell toxicity, which occurs dur-
ing the treatment of hematologic malignancies, and propose guide-
lines for fertility preservation in younger patients with blood cancer. 
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Why does treatment of blood cancer lead to 
infertility?

Typically, alkylating agents and radiation are used in blood cancer 
treatment, and they exhibit dose-dependent germ cell toxicity. The 
degree of gonadal damage during radiotherapy to the pelvic area, 
which includes the ovaries, is determined by the patient’s age, the ra-
diation dose, and the irradiation site. In general, a dose of 2 Gy can 
kill more than 50% of all ovarian follicles, and infertility and meno-
pause can occur after high-dose irradiation of children and young 
women. Over 90% of women become menopausal after undergoing 
total body irradiation therapy prior to transplantation. According to 
the Childhood Cancer Survival Study, the pregnancy rate among 
cancer survivors is around 20% lower than among their siblings. The 
study also reported that the pregnancy rate decreased by 82% when 
women were exposed to ≥ 10 Gy [3]. Furthermore, the risk of infertil-
ity was three times higher for cancer survivors who underwent can-
cer treatment before the age of 20 [4], and the Bone Marrow Trans-
plant (BMT) Survivor Study reported that the infertility rate was 36 
times higher in transplant recipients [5]. 

The uterus can also be damaged by radiotherapy. Radiotherapy can 
increase the risk of spontaneous abortion, premature birth, and hav-
ing a low-birth-weight baby. Women undergoing puberty, who are 
still in the process of maturation, are especially vulnerable to these 
risks.

For AML and ALL, the risk of gonadal damage due to radiotherapy 
alone is low as long as transplantation is not performed. The risk is 
also low with the use of tyrosine kinase inhibitors, which are used to 
treat CML. In the case of HL, the risk of gonadal damage varies de-
pending on the type of drug used. While doxorubicin, bleomycin, 
vinblastine, and dacarbazine (ABVD) used for early-stage cancer has 
a low risk, bleomycin, etoposide, adriamycin, cyclophosphamide, on-
covin, procarbazine, and prednisone (BEACOPP) used for advanced 
or non-reactive cancer poses a high risk. Cyclophosphamide, doxoru-
bicin, vincristine, and prednisone (CHOP) and cyclophosphamide, 
vincristine, dexamethasone, cytarabine, and methotrexate (CVAD) 
used for NHL pose a relatively low risk of gonadal damage. Transplan-
tation is associated with a high risk of early ovarian failure, and total 
body irradiation therapy reduces ovarian function to a greater extent 
than does chemotherapy. 

How do patients with blood cancer differ from 
patients with other types of cancer? 

Since permanent amenorrhea has been reported to occur in less 
than 20% of all patients treated with the chemotherapeutic regi-
mens that are typically used for AML, ALL, and HL, fertility preserva-

tion may appear to be unnecessary for most patients. However, in 
actuality, most cancer survivors have reduced ovarian function, expe-
rience subfertility, and have a shortened fertility window after che-
motherapy [6].

Most patients diagnosed with acute leukemia and lymphoma must 
urgently undergo cytotoxic therapy and cannot afford to wait for 10 
days of preparation before fertility preservation. Furthermore, be-
cause these patients are in a clinically unhealthy state due to cytope-
nia, the risks of intraoperative active infection, cardiopulmonary is-
sues, or other possible complications must be considered.

Blood cancer has a high recurrence rate. Although permanent 
amenorrhea is rarely caused by the first round of cancer treatment, a 
patient may develop recurrent cancer after undergoing additional 
rounds of even more intense chemotherapy or HCT. During addition-
al rounds of treatment, potent cytotoxic agents may be used or total 
body irradiation may be performed, and all of these lead to acute 
ovarian failure in most cases [7]. Therefore, it is important that pa-
tients seek health professionals’ advice on future fertility even after 
their blood cancer treatment is completed. 

CML mostly occurs after the age of 50 years, but 25% of cases occur 
among people aged 50 years or less. CML is treated with tyrosine ki-
nase inhibitors (TKIs) over a long period of time, and this can affect 
fetal development and lead to infertility. TKIs increase the rate of nat-
ural abortion and fetal cardiac abnormalities [8-10]. Therefore, a pa-
tient who wishes to become pregnant in the future must consider 
discontinuing TKIs. 

Therapy

1. Hormone therapy
Hormone therapy is currently the most controversial method of 

fertility preservation. According to a Cochrane meta-analysis that in-
cluded results of multiple retrospective analyses, the use of gonado-
tropin-releasing hormone (GnRH) analogs increased the rate of men-
struation and of ovulation after cancer treatment 1.9-fold and 2.7-
fold, respectively, and significantly reduced the rate of amenorrhea. 
However, it ultimately did not affect the pregnancy rate or the num-
ber of antral follicles [11]. 

However, in studies on patients with lymphoma, GnRH agonist 
(GnRHa)-treated patients had a higher pregnancy rate than control 
patients [12], and regular ovulatory functions were likewise more 
significantly recovered in the GnRHa-treated group following autolo-
gous HCT [13]. However, these effects of GnRHa on ovarian preserva-
tion were not observed for patients with leukemia. Other studies 
have reported that GnRHa had no fertility-preserving effects [14,15]. 

Recently, Demeestere et al. [16,17] reported that after more than 5 
years of follow-up, GnRHa administration did not significantly reduce 



www.eCERM.org

DY Lee et al.     Fertility preservation in hematologic malignancies

189

primary ovarian failure or increase the pregnancy rate. Although sev-
eral issues should be considered in interpreting the results of this 
study, GnRHa during chemotherapy remains an option for women 
interested in preserving ovarian function and fertility [18].

While there are reports that continuous use of combined oral con-
traceptives can lower the rate of amenorrhea and premature ovarian 
failure [19,20], combined oral contraceptives cannot be used as a pri-
mary method of fertility preservation since no prospective research 
comparing combined oral contraceptives-treated patients with those 
treated with other methods has been conducted.

Research on the effects of hormone therapy on the preservation of 
ovulatory functions is still lacking, and only a few studies on this topic 
have presented reliable results. Therefore, hormone therapy should 
be considered only when no other appropriate treatment options 
are available. 

2. Embryo or oocyte cryopreservation
Embryo or oocyte cryopreservation is currently the most well-es-

tablished method of fertility preservation [21,22]. Embryo or oocyte 
cryopreservation follows a similar procedure for blood cancers as for 
other types of cancer. With the recent introduction of the random-
start method, it has become possible to start stimulation at any time 
without having to wait for the next menstrual cycle, and it takes 10 
to 14 days until oocyte retrieval. Random-start ovarian stimulation 
provides a significant advantage, and in emergent settings, can be 
started at a random cycle date for the purpose of fertility preserva-
tion without compromising oocyte yield or maturity [23]. The live 
birth rates among patients who attempted to become pregnant by 
thawing previously frozen oocytes and using them after completing 
cancer treatment were 35% to 40%, which can be considered to be 
very high. Since oocyte cryopreservation as a method of fertility 
preservation is no longer in an experimental stage, it may become an 
option for active consideration by young female patients with cancer 
who currently have no partner [24]. 

However, many patients with blood cancer experience serious anxi-
ety during the 10 days of stimulation before and after gamete cryo-
preservation or during the process of oocyte retrieval. They fear that 
their cancer treatment will be delayed due to gamete cryopreserva-
tion, and that they may develop complications as a result of the inva-
sive procedure. However, if a patient is in a relatively healthy state, 
and has a sufficient desire to preserve her fertility, embryo or oocyte 
cryopreservation can be performed, as is done for patients with other 
types of cancer who desire fertility preservation.

3. Ovarian tissue cryopreservation
For patients with blood cancer, for whom gamete cryopreservation 

is difficult, ovarian tissue cryopreservation can be a useful method of 

fertility preservation. Ovarian tissue cryopreservation is superior to 
other therapies in several aspects. First, it can be performed right 
away without any waiting period and can be performed in the ab-
sence of a partner. Upon successful transplantation, hormone func-
tion returns to normal. Ovarian tissue cryopreservation can also be 
attempted for prepubertal children. 

However, there is always a possibility of the presence of cancer cells 
in frozen ovarian tissue, and this possibility is higher for patients with 
blood cancer than for those with other types of cancer. While it has 
been reported that cancer cells do not invade the ovaries in most pa-
tients with lymphoma, this is not always true [25-28]. Despite this, 
autotransplantation of ovarian tissue has been frequently performed 
in patients with lymphoma, and so far, there has been no report of 
recurrent cancer following ovarian tissue cryopreservation and trans-
plantation [25].

No case of autotransplantation of ovarian tissue in patients with 
leukemia has been reported to date. This is because in previous stud-
ies, cancer cells were detected [24,28] during xenotransplantation of 
ovaries in patients with leukemia [29,30] through a histological ex-
amination, polymerase chain reaction [31,32], or at autopsy [27]. Al-
though some studies have reported not detecting any cancer cells 
after histological examination and xenotransplantation of ovaries of 
patients with leukemia [31,33], clinicians do not feel comfortable rec-
ommending autotransplantation of cryopreserved ovaries to pa-
tients with leukemia.

A group of fertility preservation specialists has recommended the 
use of the following methods to ensure the safety of patients with 
leukemia during ovarian tissue cryopreservation and transplantation.

In vitro fertilization is not recommended for patients with AML or 
ALL who require urgent treatment. Ovarian tissue cryopreservation is 
also not recommended for these patients, since a large number of 
leukemic cells may be present in the bone marrow and blood during 
the acute phase. 

AML treatment does not lead to serious loss of ovarian function 
[34]. However, patients who need to undergo an intense treatment 
that poses a high ovarian toxicity risk, such as high dose radiotherapy 
or bone marrow transplantation, in addition to the AML treatment 
should actively undergo fertility preserving treatment. Since cancer 
cells are not detected in the blood and bone marrow following the 
first round of cancer treatment in most patients, the probability of 
finding cancer cells in the ovaries is very low. However, the presence 
of residual leukemic cells in the ovaries must be checked using the 
most sensitive method possible prior to transplantation of the cryo-
preserved ovaries. 

Because chemotherapy for ALL does not reduce ovarian function 
over a short period of time, a few rounds of chemotherapy can be 
performed to ensure the complete elimination of cancer cells in the 
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blood before performing tissue cryopreservation. Because ALL most-
ly develops before the age of 20, oocyte retrieval from patients with 
ALL is difficult, and the effects of ovarian stimulation are reduced in 
these patients. Furthermore, since genetically abnormal oocytes re-
trieved after chemotherapy increase the rates of natural abortion 
and fetal abnormalities, in vitro fertilization, egg freezing, and in vitro 
maturation are not recommended for patients with ALL [35-37]. 

By performing ovarian tissue cryopreservation after administering 
chemotherapy and ensuring that no cancer cells are present in the 
blood and bone marrow, the additional risks associated with surgery 
can be avoided, and the possibility of reinvasion by cancer cells can 
be reduced. 

Although fertility preserving treatment is generally not necessary 
for patients with CML, these patients may consider undergoing ovar-
ian tissue cryopreservation if TKI treatment fails to work or if trans-
plantation becomes necessary due to a blast crisis. Ovarian tissue 
cryopreservation can also be performed for patients with HL before 
they complete two rounds of chemotherapy. Reinvasion by cancer 
cells is rare in these cases. 

Taken together, cryopreservation of ovarian tissue is not a univer-
sally applicable option, but is an efficient option to preserve fertility 
in young patients facing or undergoing gonadotoxic therapies. It 
should be proposed only after careful evaluation of the surgical risks. 
Other options, such as vitrification of oocytes or embryos, may be a 
better choice for older patients or in patients with a high risk of neo-
plastic cells within the ovaries [38].

Conclusion

While early ovarian failure rarely occurs immediately after blood 
cancer treatment, early ovarian failure commonly occurs following 
additional cancer treatment, bone marrow transplantation, or autol-
ogous transplantation. Because the risk of early ovarian failure de-
pends on the patient’s circumstances, patients with blood cancer 
must consult health professionals regarding fertility preservation be-
fore undergoing treatments that can potentially damage their ova-
ries. While it is widely known that early menopause commonly oc-
curs following breast cancer treatment, there is a lack of reliable 
study results regarding fertility preservation during blood cancer 
treatment. Therefore, an in-depth discussion between patients and 
health professionals about the pros and cons of the various options 
for fertility preservation is necessary.
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