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Abstract 
Long-term survival is the priority in treatment of patients with malignant tumors. In the field of 
gynecology, fertility preservation has also recently become an important objective due to im-
proved treatment outcomes and different needs of patients. Methods for fertility preservation in-
clude cervical conization, ovarian protection against radiation or chemotherapy for ovarian can-
cer since the ovary is hypersensitive to cancer therapies, treatment of gynecological cancer during 
pregnancy, and cryopreservation of oocytes, embryos or ovarian tissue before treatment of ma-
lignant tumors. Radical trachelectomy for early cervical cancer and treatment with medroxy 
progesterone acetate for early endometrial carcinoma are also options for fertility preservation, 
but the efficacy and risk of recurrence have yet to be fully evaluated. The first childbirth following 
uterine transplantation was also achieved last year and this success has expanded the potential 
for pregnancy and delivery among cancer survivors. 
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1. Introduction 
As gynecological cancer screening, pap smear and endometrial cytology are performed against cervical cancer 
and endometrial cancer, respectively. Some women do not access gynecologist until they have symptoms. 
However, cancer often has already progressed when they recognize symptoms. In the case of ovarian cancer, it 
lacks symptoms compared with cervical or endometrial cancer because the ovaries are located deep inside the 
pelvis. In addition, screening methods for ovarian cancer have not been established. Thus, a diagnosis by surgic-
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al removal of the uterus or ovaries is made for most gynecologic tumors. By social background, the onset age of 
gynecologic cancer has been younger recently. The prognosis for women of reproductive age with malignant 
tumors has been improved by advances in treatment. However, uterine and ovarian functions are reduced by 
cancer treatment, resulting in the potential for infertility. Therefore, fertility preservation is a key aspect of QOL 
after cancer treatment, but appropriate approaches remain uncertain. The American Society of Clinical Oncolo-
gy (ASCO) recently proposed the first guidelines for fertility preservation in patients with a malignant tumor [1]. 
In vitro fertilization has solved some problems, but age at pregnancy has also increased due to development of 
reproductive technology and delayed marriage, as aspects of social advancement of women. Opportunities for 
diagnosis of gynecological cancer have also become more frequent. Treatment of gynecological cancer compli-
cated with pregnancy involves both maternal and fetal lives, and physicians often recommend prolongation of 
maternal life and discontinuation of pregnancy based on limited evidence. In 2009, the European Society of 
Gynecological Oncology developed the first guidelines to establish an international consensus [2]. The current 
purpose of treatment for a malignant tumor during pregnancy is similar to that in non-pregnant patients, with 
added fetal protection. However, recent studies have proposed different therapeutic strategies corresponding to 
gestational age and the clinical stage of the malignant tumor. 

2. High Risk Factors of Gynecologic Malignant Tumors 
Environmental and genetic factor are two major factors involved in the onset of malignant tumors. For environ-
mental factors, exposure to intrinsic or extrinsic carcinogen, such as hormonal abnormalities, infections or drugs 
are included. In contrast, genetic factor includes abnormalities of cancer-related genes, such as germline muta-
tion of oncogene or tumor suppressor gene.  

As environmental factors of gynecologic malignant tumors, human papillomavirus (HPV) infection, smoking 
and diethylstilbestrol exposure are associated with cervical cancer. Obesity, diabetes mellitus or polycystic ova-
rian syndrome are involved in endometrial cancer. For ovarian cancer, early menarche, late menopause and nul-
liparous are high risk factor [3]. Therefore, it is known that childbearing and breastfeeding decrease the risk of 
ovarian cancer. Furthermore, oral contraceptive pill decreases the risk of endometrial and ovarian cancer [3].  

On the other hand, hereditary gynecologic cancers include ovarian cancer, fallopian tube cancer and primary 
peritoneal cancer associated with hereditary breast and ovarian cancer (HBOC); endometrial and ovarian cancer 
associated with Lynch syndrome; cervical cancer and ovarian cancer associated with Peutz-Jeghers syndrome; 
and endometrial cancer associated with Cowden disease. Of these, clinically important and frequent hereditary 
gynecologic cancers are HBOC and Lynch syndrome [4]. HBOC is an autosomal dominant hereditary disease 
caused by germline mutation of breast cancer susceptibility (BRCA) 1 and BRCA2 gene. The estimated risks of 
developing ovarian cancer by the age of 70 years are 35% - 60% and 10% - 27% in BRCA1 and BRCA2 muta-
tion carriers, respectively [5]. Lynch syndrome is also an autosomal dominant hereditary disease and it is caused 
by germline mutation of DNA mismatch repair (MMR) genes, which include mutL homolog 1 (MLH1), mutS 
homolog 2 (MSH2), MSH6 and postmeiotic segregation increased 2 (PMS2) [6]. For patients of Lynch syn-
drome, the estimated risk of endometrial and ovarian cancer at the age of 70 years are about 60% and 12%, re-
spectively [5]. Because effectiveness of screening methods against these hereditary gynecologic cancer have not 
been proved, risk-reducing surgery, which is a prophylactic surgery to remove ovary, fallopian tube or uterus 
might be performed before the onset of cancer. However, this approach is indicated for women aged 35 - 40 
years or upon completion of child bearing [7] [8]. Thus, it is not available to women who wish fertility preserva-
tion.  

These two factors are related to each other clinically. Thus, early detection or risk management of these gy-
necologic tumors is sometimes difficult. Moreover, the onset age of gynecologic tumors has decreased and age 
at childbearing has also increased as mentioned above. Therefore, fertility preservation is becoming important 
medically and socially. 

3. Fertility Preservation in Treatment of Cervical Cancer 
Fertility is preserved by retention of the ovary or uterus. However, radical hysterectomy is often chosen in 
treatment of a gynecological malignant tumor since patient survival is the first priority. Thus, all genitalia are 
resected in curative treatment, resulting in infertility. In addition, since the onset age of cervical cancer has de-
creased and the childbearing age has increased, fertility preservation in patients with cervical cancer is more 



M. Adachi et al. 
 

 
1178 

frequently required. The current standard of care includes surgery and radiotherapy. However, radiation to the 
pelvis damages ovarian function, and thus surgery is the main option for fertility preservation. For advanced 
cervical cancer of stage III or higher, concurrent chemoradiotherapy is the main treatment (Figure 1). 

Cervical conization is an established therapy for cervical cancer that permits fertility preservation. This pro-
cedure is used for stage IA1 cervical cancer with no vascular invasion or lymph node metastasis in patients who 
wish for fertility preservation. Conical resection of the uterus is performed from the external part toward the 
cervix using a cold knife or an electric laser scalpel in a loop electrosurgical excision procedure (LEEP). The 
uterus cannot be preserved if the stump of the removed cervix is not negative. However, postoperative risks for 
infertility, preterm delivery and abortion remain, although fertility is preserved [9]-[11]. Arbyn et al. conducted 
a meta-analysis of risks for preterm delivery and perinatal mortality 28 to 34 weeks after conization [12]. Com-
pared to controls, performance of the procedure using a cold knife resulted in significantly higher perinatal mor-
tality (4.3% vs. 0.5%) and preterm delivery at 32 - 34 weeks (4.6% vs. 1.6%), but not at 28 - 32 weeks (0.5% vs. 
0.8%); while LEEP showed no significant differences in perinatal mortality (0.6% vs. 0.5%) and preterm deli-
very at 32 - 34 weeks (2.0% vs. 1.4%) and 28 - 32 weeks (0.5% vs. 0.8%). In contrast, in a comparison of 8180 
subjects with delivery after LEEP and 544,498 subjects with other delivery, Noehr et al. found that spontaneous 
preterm delivery was significantly higher in delivery after LEEP throughout gestation (21 - 27 weeks: 0.6% vs. 
0.2%, 28 - 31 weeks: 0.8% vs. 0.3%, 32 - 36 weeks: 5.0% vs. 2.9%) [13]. Although there are differences be-
tween studies, it is apparent that surgery using a cold knife produces a higher risk for preterm delivery, whereas 
LEEP may increase the risks for preterm delivery and perinatal mortality. 

Fertility preservation may also be achieved in radical trachelectomy, which involves dissection of lymph 
nodes, resection of paracervical connective tissues and basal ligaments with the cervix, and anastomosis of the 
remaining uterus and vagina to preserve fertility [14]. Radical trachelectomy is applied to cases of stage IA1 
with vascular invasion that cannot be treated by cervical conization and to cases of stages IA2 to IB1 [14]. 
However, similarly to cervical conization, this procedure may increase risks for infertility, preterm delivery and 
abortion, although fertility is preserved. 

After vaginal radical trachelectomy (VRT), Plante et al. found a 70% - 79% spontaneous success rate among 
women attempting to conceive, and the estimated cumulative fertility rate was 55% [15]. In a comparison of 
VRT and abdominal radical trachelectomy (ART), Rob et al. found a significantly lower pregnancy rate after 
ART (48% vs. 16%), with this result concluded to be due to surgical invasion in ART that affected the pelvic 
environment, i.e., direct and indirect effects on oocytes and implantation [14]. VRT is an innovative procedure 
that provides fertility preservation for many patients with cervical cancer. 

Radiotherapy is the current standard of care for cervical cancer, but has a high risk for ovarian failure. Pre-
venting radiation exposure is required to preserve ovarian function, and ovary shielding and movement during 
radiation have been examined. In ovary shielding, metal blocks are used to decrease the dose reaching the ovary. 
In ovary movement, the ovary is positioned away from the radiated position for protection against exposure. 
Both procedures are described in the ASCO Guidelines as established therapy. 
 

StageⅠA1 StageⅠA2, ⅠB, ⅡA, ⅡB StageⅢA, ⅢB, ⅣA StageⅣB

Surgery
Cervical Conization
Total Hysterectomy
(Semi-radical hysterectomy)

Surgery
Radical Hysterectomy
(Semi-radical Hysterectomy)

Chemotherapy

Adjuvant therapy
(Concurrent chemoradiotherapy)
(Radiation therapy)

Concurrent Chemoradiotherapy
Radiotherapy

  
Figure 1. Clinical stage and therapy for cervical cancer. The subjects were classified by FIGO stage 
(2008). Cervical conization and radical trachelectomy increase risks for infertility, preterm delivery 
and abortion, but preserve fertility.                                                         
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4. Fertility Preservation in Treatment of Endometrial Cancer 
Endometrial cancer occurs most frequently in women over fifty, but increases in younger patients. The increased 
number of women who delay childbearing has made fertility preservation more important in treatment of this 
cancer. Endometrial cancer occurs in the uterine cavity, which contains the placenta and fetus, and this makes it 
difficult to preserve fertility in surgery. However, well-differentiated adenocarcinoma in younger women is of-
ten hormone-dependent and is likely to be responsive to hormone therapy [16]-[22]. Hormone drugs used for 
endometrial cancer include progestogens such as medroxy progesterone acetate (MPA). Progestin therapy is 
used for patients with a histological diagnosis of grade 1 endometrioid adenocarcinoma and no muscle invasion 
or ectopic metastasis. In a systematic review of 2471 patients with advanced or recurrent endometrial cancer 
treated with hormone drugs in 5 randomized comparative studies and 29 phase II studies, Decruze et al. found 
an overall response rate to hormone therapy of 11% to 56% in previously untreated patients with grade 1 or 2 
endometrial cancer and progression-free survival of 2.5 - 14 months [23]. Metformin may decrease the risk for 
recurrence after MPA treatment, but this treatment is not recommended in the guidelines. Metformin is a type 2 
diabetes drug that also inhibits cancer cell growth by AMP-activated protein kinase (AMPK) activation in the 
mammalian target of rapamycin (mTOR)/S6 kinase (S6K) pathway [24]-[29]. Two retrospective studies have 
shown improved relapse-free and overall survival in patients treated with metformin [30] [31]. Further studies of 
treatment with these less invasive drugs may establish procedures for fertility preservation in patients with en-
dometrial cancer. 

5. Fertility Preservation in Treatment of Ovarian Cancer 
Fertility preservation is currently difficult for patients with ovarian cancer. The histological type and advanced 
stage of ovarian cancer are diagnosed only by resection, and debulking surgery targeting complete remission is 
strongly recommended [32] [33]. In stage IA grade 1 epithelial ovarian cancer, fertility is preserved by oopho-
rectomy on the affected side and omentectomy [34] [35]. No definite consensus has been established for clear 
cell carcinoma, even in stage IA, and fertility preservation after treatment was originally thought to be impossi-
ble. In a nonrandomized comparative study conducted at 30 sites, fertility preservation was recommended for 
patients with non-clear cell carcinoma stage IA grade 1/2, but found to depend on the need for postoperative ad-
juvant chemotherapy in patients with clear cell carcinoma stage IA and non-clear cell carcinoma stage IC grade 
1/2 (Table 1) [36]. 

For a borderline tumor, treatment with fertility preservation is considered for cases in stages I to IV. A large 
retrospective study in 950 patients with borderline tumors showed that the significant prognostic factors for pro-
gression in patients aged <40 years were an advanced stage (IIA-C vs. IA/B HR: 3.00, 95% CI: 1.39, 6.48; 
IIIA-C vs. IA/B HR: 3.38, 95% CI: 1.42, 8.09) and fertility preservation [37]. However, the rate of malignant 
transformation at relapse was 66.7% in patients aged ≥40 years, but only 12% in those aged <40 (who mainly 
underwent surgery with fertility preservation), suggesting no change in the 5-year survival rate. The complete 
response to salvage chemotherapy is high and the prognosis after relapse is good following fertility preservation 
for a borderline tumor, although the risk for relapse is higher than that in patients without fertility preservation; 
therefore, fertility preservation is allowable for a borderline tumor [38]. 

Malignant ovarian germ cell tumor frequently occurs in younger patients and is responsive to chemotherapy, 
with no significant difference in recurrence and 5-year survival between patients with and without fertility pre-
servation [39]. Therefore, if a patient wishes for fertility preservation, she can choose the treatment option after 
stage-determining laparotomy and oophorectomy on the affected side and then undergo postoperative chemo-
therapy for complete cure using BEP therapy with bleomycin, etoposide and cisplatin. 
 

Table 1. Recommendation for fertility-sparing surgery in young patients with ovarian cancer.  

FIGO Stage 
(2008) 

Histology or Grade 

non-CCH or G1, G2 CCH non-CCH or G3 

IA Offer FSS Consider FSS + CT No FSS 

IC Consider FSS + CT No FSS No FSS 

CCH: clear cell histology; FSS: fertility-sparing surgery; CT: chemotherapy. 
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6. Pregnancy Complicated with Cervical Cancer 
Cervical cancer associated with pregnancy occurs in 0.02% - 0.9% of all pregnant women [40]. It is important to 
inform patients that treatment of a malignant tumor during pregnancy remains investigational and is based on 
limited evidence, and then to offer fertility preservation to those who still have a strong desire to remain preg-
nant. Such patients are generally treated with a standard regimen of chemotherapy and surgery, with contraindi-
cation of radiation at therapeutic doses to the abdomen and pelvis due to serious adverse reactions of microce-
phaly, mental retardation, microphthalmia, cataract, skeletal deformity, and death in the fetus [41].  

If microscopic invasion is found in biopsy and colposcopy, diagnostic conization is conducted from weeks 12 
to 20 of gestation. Cervical conization is applied for stage IA1 cervical cancer. In patients with stage IA2/IB1 
cervical cancer, lymph nodes are dissected by laparoscopy to determine the possibility of preserving a pregnant 
uterus (Figure 2) [42]-[44]. If the result is positive, pregnancy is discontinued due to the high-risk lesion. Pa-
tients in stage IA2 with negative pelvic lymph nodes (PLNs) and those with a stage IB1 tumor of ≤2 cm have 
options of simple cervical trachelectomy or LEEP during gestation, or standard treatment after birth [14] [45]. 
Surgery was postponed until after birth in 76 patients with stage IB1 cervical cancer who were negative in lapa-
roscopic PLN dissection, with resulting survival rate of 95% and no relapse in follow up for 37.5 months [46]. 
Radical trachelectomy is not recommended for pregnant patients in stage IB1 based on a study showing a pre-
term delivery rate of 60% [47]; however, only about 5 subjects were included in this study and the procedure 
may still be possible. Successful births were reported by Iwami et al. [48] after VRT and by Aoki et al. [49] af-
ter ART. Patients with a PLN-negative tumor of ≥2 cm underwent platinum-based chemotherapy as standard 
treatment after birth [50]. Outcomes in 2014 showed 27-month survival of 70% and progression-free survival of 
58.9% in 17 stage IB2 patients, and 14-month survival of 70% in 10 patients in stage III or higher [51]. Stage 
IB2 or higher is confirmed if dissected para-aortic lymph nodes (PANs) are negative, in addition to PLNs. The 
therapeutic significance of dissection is unclear, but this information is used to determine the need for termina-
tion of pregnancy. 

Laparoscopic lymph node dissection can be performed safely in gestational weeks 13 - 20. For a patient di- 
 

Ia2 ·Ib, <2 cm

PLN dissection

+ nodes - nodes

Termination
of pregnancy

Simple
trachelectomy

or LEEP

Delay

Delivery
when fetus is

mature

Postpartum
completion of

treatment

Ib > 2 cm, II-IV

PLN dissection +/-
PAN dissection for >4 cm

+ nodes - nodes NACT

Termination
of pregnancy Delivery

when fetus is
mature

Postpartum
completion of

treatment

             
    

 
Figure 2. Treatment strategy for cervical cancer in pregnancy (modified from Amant et al. [51]). The 
subjects were classified by FIGO stage (2008). The treatment algorithm is for cervical cancer diagnosed 
within 22 - 25 weeks of gestation. PAN dissection is only recommended for tumors of size 4 cm and 
larger. PLN: pelvic lymph node, PAN: para-aortic lymph node, LEEP: loop electrosurgical excision 
procedure, NACT: neoadjuvant chemotherapy.                                                         
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agnosed with stage IA2 or IB1 cervical cancer of ≤2 cm at later than 22 - 25 weeks of gestation, this procedure 
should be postponed until after birth. If cancer progression is found during pregnancy, neoadjuvant chemothe-
rapy (NACT) or preterm delivery is performed. In particular, a patient with a highly advanced cancer requires 
immediate chemotherapy. The recommended regimen includes cisplatin (75 mg/m2) with tri-weekly paclitaxel 
(175 mg/m2) [51] [52]. Pharmacokinetic changes including absorption, distribution, metabolism and excretion 
begin at week 4 of gestation, with increased distribution volume and clearance influencing the plasma drug con-
centration [53]. However, a large cohort study in 447 pregnant patients with breast cancer showed no significant 
difference in the outcomes of standard therapy compared to non-pregnant patients [54]. Therefore, the dose 
should be based on body weight and height during pregnancy. 

7. Pregnancy Complicated by Ovarian Cancer 
Current use of routine ultrasonography during pregnancy frequently leads to detection of an asymptomatic ova-
rian cyst [55]. An ovarian cyst is detected in 1% - 4% of all pregnant women and 90% of these cysts disappear 
spontaneously [56]. Complication of ovarian cancer is only found in 1 per 10,000 pregnant women; however, 
ovarian cancer is the second most common gynecological cancer in pregnancy, after cervical cancer [57]. A be-
nign cyst can be followed up conservatively, but if a cyst is suspected to be malignant, the adnexa is resected for 
determination of the disease stage. To prevent placental disruption due to decreased hormone levels, bilateral 
oophorectomy is recommended after 14 - 16 weeks of gestation [51] [58]. 

The effect of chemotherapy on the fetus depends on the timing, duration, dose and transplacental transfer. 
Chemotherapy during the second trimester of pregnancy and later has no correlation with increased congenital 
anomalies [59]. In contrast, chemotherapy during the first trimester until 14 weeks of gestation results in terato-
genicity, particularly in weeks 3 - 5 when rapid cell division and differentiation occur during gastrulation. Anth-
racyclines such as doxorubicin and taxanes such as paclitaxel, which are used for treatment of malignant epi-
thelial tumors, cause intrauterine growth retardation and transient myelosuppression. Therefore, an examination 
of the neonate at birth is necessary [60]. Adverse events caused by platinum-based drugs, including cisplatin and 
carboplatin, have not been found, but long-term neurological effects are currently being examined [61]. Anthra-
cyclines have cardiotoxicity, but no fetal toxicity; however, definite evidence is lacking and use of these drugs 
should be avoided if possible [62] [63]. Gemcitabine, vinorelbine and topotecan are rarely used in pregnant pa-
tients and their use in these patients should be avoided [64]. 

Different kinds of treatment are conducted for early and advanced malignant epithelial tumors. Patients with 
early invasive cancer of stage IA grade 1 undergo surgery to preserve the uterus and the healthy ovary, similarly 
to non-pregnant patients, whereas those in stage IA grade 2 - 3, IB, IC and IIA undergo lymph node dissection 
and chemotherapy with platinum-based drugs [65]. Successful control of early ovarian cancer by robotic surgery 
was described for the first time in April 2015 [66]. A 14-week pregnant patient with a suspected malignant ova-
rian cyst underwent unilateral salpingo-oophorectomy with preservation of the fetus and uterus, bilateral pelvic 
lymph node dissection and omentectomy. After 5 courses of postoperative chemotherapy with carboplatin and 
paclitaxel, a child was delivered by Cesarean section at week 37. There was no postoperative recurrence during 
18-month follow up. 

Artificial abortion is the preferred approach for pregnant patients with advanced malignant epithelial tumor 
because it is difficult to resect a large lesion [67]. However, a patient who desires to be pregnant can receive 
NACT until birth and undergo resection after birth [68] [69]. Chemotherapy using a standard regimen of pacli-
taxel and carboplatin is recommended [70]. Bevacizumab, an angiogenesis inhibitor, is also of interest as im-
munoglobulin therapy for ovarian cancer, but adverse events including fetal death have been found in animals. 
Therefore, bevacizumab should not be administered to pregnant patients [71]. If a borderline tumor is suspected, 
staging surgery including unilateral salpingo-oophorectomy, omentectomy, appendectomy and intraabdominal 
biopsy is conducted. A recent study showed that 20% of patients were in FIGO Stage II/III based on the final 
pathologic diagnosis, but none developed advanced invasive cancer [69]. Since examinations of the pelvic peri-
toneum and Douglas’ pouch are difficult for pregnant patients, it is recommended that salpingo-oophorectomy 
should be conducted before birth and staging surgery should be performed again after birth. 

Germ cell and sex cord-stromal tumors are typically found at stage I because these are prevalent at a young 
reproductive age and are detected by ultrasonography early, with subsequent treatment by surgery and NACT 
[69]. Treatment depends on the histological type, but all regimens include platinum-based drugs. Non-pregnant 
patients commonly receive BEP therapy with bleomycin, etoposide and cisplatin, whereas paclitaxel-carboplatin 
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or cisplatin-vinblastine-bleomycin is used in pregnant patients. Cisplatin is used more frequently than carbopla-
tin because of a lower incidence of thrombocytopenia and placental transfer [72]. Paclitaxel is effective for germ 
cell tumors and vinca alkaloids are classical anticancer drugs that can be used safely in pregnant women [73]. 

8. Preservation of Ovarian Function in Treatment of Malignant Tumors 
Procedures for preservation of ovarian function in radiotherapy and chemotherapy for malignant tumors may be 
conducted concomitantly or in advance. One such procedure involves use of a gonadotropin-releasing hormone 
(GnRH) analog as a synthetic hormone to reduce lesions in endometriosis and uterine fibroids. Initial studies in 
monkeys showed that the GnRH analog had a preventive effect on ovarian toxicity caused by cyclophosphamide 
[74]. Blumenfeld et al. found that GnRH protected the ovary during chemotherapy in patients aged 14 to 40 with 
malignant lymphoma and leukemia, with a rate of premature ovarian failure of 2% in 44 subjects treated with 
chemotherapy and GnRH that was significantly lower than that of 60% in 55 subjects treated with chemotherapy 
alone [75]. In a meta-analysis of 12 studies (579 subjects), Beck-Fruchter et al. found incidences of premature 
ovarian failure of 9% in combination chemotherapy and 59% with chemotherapy alone [76]. However, other 
meta-analyses and prospective studies of GnRH analogs have found negative results for ovary protection [77]. 
Therefore, the evidence for the efficacy of this approach remains limited. 

Other procedures for preserving fertility of cancer patients include freezing of embryos, unfertilized oocytes 
and ovarian tissue. Embryo cryopreservation is an established technique that is recommended by the ASCO. It 
has the advantage of a high pregnancy rate after transplantation because it is already established as a general in-
fertility treatment. One disadvantage is that the procedure takes approximately 2 to 4 weeks after menstruation, 
and this may compromise the need for immediate chemotherapy for the primary disease. This procedure is also 
applicable only for married persons, and may result in a decrease in oocytes immediately after chemotherapy 
and have risks for drug-induced congenital anomalies [78] [79]. 

Compared to embryo cryopreservation, cryopreservation of oocytes is used in more patients and is superior in 
that it is applicable for all women with menstruation. However, the procedure takes a long time, similarly to 
embryo cryopreservation, and the fertility and production rates are lower than those in embryo preservation. It is 
often difficult to cryopreserve many unfertilized oocytes because the oocytes must be cryopreserved in a short 
time before anticancer therapy and after definitive diagnosis. Goldman et al. evaluated cryopreserved oocytes 
from 2004 to 2009 and reported that oocyte survival rate, 2PN fertilization rate and live birth rate per mature 
oocyte retrieved (LBR-MOR) were 82.5%, 81% and 2.7%, respectively [80].  

Cryopreservation of ovarian tissue is under development as an investigational therapy. Oktay et al. applied 
this procedure to humans in 1999 [81] and the first birth occurred in 2004 [82]. At least 35 newborns have been 
produced up to June 2015 [83]. Embryos and unfertilized oocytes in only one cycle before treatment are cryo-
preserved, and thus the number of embryos or oocytes is insufficient for fertility preservation for a lifetime. On 
the other hand, many oocytes can be preserved as primary follicles using this procedure. Since drawing of oo-
cytes is not required, cryopreservation of ovarian tissue is applicable for children before menarche. In June 2015, 
the first birth using an ovary cryopreserved before menarche was reported in Belgium [83]. However, cancer 
cells may be contained in the ovary, and these cells can be imported into the body by thawing and transplanta-
tion of ovarian tissue after remission of the primary disease. A study in mice showed recurrence of malignant 
lymphoma via a transplanted ovary [84]. Therefore, autografting does not reduce the risk to zero, but the risk for 
malignant cell retransplantation depends on the primary disease. Dolmans et al. found that this risk was high in 
patients with leukemia and relatively low in those with malignant lymphoma, cervical cancer and Ewing’s sar-
coma [84]. However, adenocarcinoma is currently increasing and now accounts for 20% of cases of cervical 
cancer [85]. Furthermore, adenocarcinoma metastasizes to the ovary more frequently than squamous cell carci-
noma [86] and ovary cryopreservation is not recommended in patients with cancer that has a tendency for ovary 
metastasis [87]. Therefore, there is a need to examine this method by comparing different tissue types. The ideal 
procedure for avoiding the risk for malignant cell retransplantation is to establish xenotransplantation or an in 
vitro culture system using isolated ovarian tissue and immature follicles. However, currently there are few cen-
ters for ovary cryopreservation in Japan and the number of subjects is too low to evaluate the prognosis. Table 2 
illustrate and summarize current used methods of fertility preservation in treatment of malignant tumors [88]. 

9. Uterine Transplantation 
Uterine transplantation is an innovative option for a woman who has lost her uterus due to cancer treatment to  
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Table 2. Current used methods of fertility preservation in treatment of malignant tumors (modified and arranged from 
Tomao et al. [88]).                                                                                                

Methods Indication Advantages Risks and Limitations 

Cervical conization 
-Stage IA cervical cancer  
without vascular invasion or 
lymph node metastasis 

-Fertility is preserved -Preterm delivery or abortion still 
remain 

Radical trachelectomy -Stage IA1 with vascular invasion 
and cases of stages IA2 to IB1 -Fertility is preserved 

-Possibilities of conversion to radical 
hysterectomy 
-Preterm delivery or abortion still 
remain 
-Artificial reproductive technology is 
needed in some cases 

Ovarian protection against  
radiotherapy 

-Mainly advanced cervical cancer  
of stage III or higher 

-Radiation exposure to the 
ovaries may be prevented 

-Sometimes oocyte retrieval is difficult 
for the cases of ovaries movement 

Medroxyproge-sterone  
acetate (MPA) therapy 

-Grade 1 endometrioid  
adenocarcinoma without muscle 
invasion or ectopic metastasis 

-Feasibility of treatment 
-Good tolerability 
-11% - 56% of response rate 

-Frequent follow-up is necessary while 
treatment 
-Side effect (liver toxicity,  
hypercoagulopathy, etc.) 
-Possibilities of recurrence 
-Fertility is not preserved when cancer 
has progressed 

Unilateral  
salpingo-oophorectomy of the 
affected side + omentectomy, 
peritoneal sampling 

-Stage IA epithelial ovarian  
cancer with histology of non-clear 
cell and grade 1/2 
-All stages of borderline tumor 
-All stages of malignant ovarian 
germ cell tumor 

-Preservation of the uterus  
and contralateral ovary with  
fertility maintenance 
-Usually good prognosis 

-Risk of progression in case of  
inadequate staging 
-High rate of malignant transformation 
at relapse in patients aged ≥40 years 
for borderline tumor 
-Chemotherapy (BEP) remains a  
contentious issue over concerns  
about fertility and late side effect  
of treatment 

Gonadotropin-releasing  
hormone (GnRH) analog 

-Various kinds of tumors 
-It is concomitantly administered 
while undergoing radiotherapy or 
chemotherapy 

-Preventive effect on ovarian 
toxicity caused by chemothe-
rapy or radiotherapy 

-Evidence of the efficacy is limited and 
is still controversial 

Freezing of unfertilized  
oocytes 

-Various kinds of tumors 
-Procedure is performed before 
cancer treatment 

-Applicable for all women  
with menstruation 

-Takes at least several weeks after 
menstruation for oocyte retrieval 
-Ovarian stimulation is necessary 
-Compromise the need for immediate 
chemotherapy for the primary disease 
-Low pregnancy rate 

Freezing of embryo 
-Various kinds of tumors 
-Procedure is performed before 
cancer treatment 

-Established technique as  
general infertility treatment 
-High pregnancy rate than 
freezing of unfertilized oocytes 

-Takes at least several weeks after 
menstruation for oocyte retrieval 
-Ovarian stimulation is necessary 
-Compromise the need for immediate 
chemotherapy for the primary disease 
-Applicable only for married couple 

Freezing of ovarian tissue 

-Various kinds of tumor including 
pediatric cancers, such as  
leukemia, lymphoma 
-Procedure is performed before 
cancer treatment 

-Applicable even for women 
before menarche 
-Ovarian stimulation is  
unnecessary 
-Many oocytes can be  
preserved at once 
-Immediate treatment for the 
primary disease is possible 

-Risk of reintroducing malignant cells 
when cryopreserved ovarian tissue is 
autotransplanted after cancer treatment 
-Still investigational level 

 
deliver her child from a transplanted uterus. Uterine transplantation allows a recipient to become pregnant with 
the donor uterus and deliver a child from this uterus (Figure 3). The first uterine transplantation in humans was 
performed in 2000, but failed because of uterus necrosis due to intravascular thrombosis 99 days after trans-
plantation [89]. However, pregnancy after transplantation with a uterus from a brain-dead donor was achieved in 
Turkey in 2011 [90] and delivery by a patient who underwent uterine transplantation in Sweden was reported in  
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Figure 3. Procedure for uterine transplantation. Fertilized oocytes of the recipient couple are 
cryopreserved in advance and the donor uterus is transplanted to the recipient. If the uterine graft 
is alive, the fertilized oocytes are then returned to the uterus, and pregnancy and birth are awaited. 
Since the uterus is removed after birth, immunosuppressants are not administered inical stage and 
therapy for cervical cancer.                                                            

 
2014 [91], leading to potential use of uterine transplantation worldwide.  

In Sweden, Mats et al. described 9 uterus transplantations in 8 patients with Rokitansky syndrome and 1 pa-
tient who had undergone hysterectomy for cervical cancer. The mean age of the recipients was 31 years old and 
that of the donors was 53 years old (4 premenopausal and 5 postmenopausal women) [92]. The donor’s uterine 
artery or vein was anastomosed to the recipient’s external iliac artery/vein. Mycophenolate mofetil (MMF) was 
administered as preoperative immunosuppressant; methylprednisolone, antithymocyte antibody and thymoglo-
bulin were given as intraoperative immunosuppressants; and tacrolimus, prednisolone and MMF were used as 
postoperative immunosuppressants. No major postoperative complications occurred. At six months post-trans- 
plant, 7 uteri were functional and menstruation was confirmed, but 2 uteri had been removed due to thrombosis 
in the bilateral uterine arteries and intrauterine infection, respectively. The patient with thrombosis had a history 
of protein C deficiency, i.e., thrombotic predisposition. A 35-year-old woman with Rokitansky syndrome who 
received a transplanted uterus from her friend, a 61-year-old postmenopausal woman, gave birth in October 
2014. Tacrolimus and MMF were administered as immunosuppressants to prevent graft-versus-host disease and 
the patient became pregnant with one embryo transplantation. The patient gave birth by Cesarean section in 
week 31 of gestation due to pregnancy-induced hypertension, but both mother and child had no abnormal find-
ings and were doing well at the time of the report [91].  

Based on the above, uterus transplantation may be a new option for women with uterine factor infertility. 
However, there is a concern that patients with cervical cancer who undergo transplantation may have recurrent 
cancer. The incidence of malignant tumor in organ transplant recipients is higher than that in the general popula-
tion, and malignant tumor caused by viral infection is particularly associated with use of immunosuppressants 
[93]. Patients with cervical cancer have increased morbidities of human papillomavirus (HPV) infection and 
cervical tumors [94]. Therefore, uterine transplantation in patients with cervical cancer may enhance viral reac-
tivation and recurrent cancer due to use of immunosuppressants. Given these risks, it is undesirable for patients 
with advanced stage cervical cancer to undergo uterine transplantation. Thus, the disease stage should be deter-
mined and patients should undergo transplantation after confirmation of no recurrence for at least 5 years [95]. 

In Japan, uterine transplantation in humans is not approved, but data for non-human primates (cynomolgus 
monkeys) are currently being accumulated. Delivery after autotransplantation was achieved in 2013 and an ex-
periment on uterine allotransplantation (assuming a brain-dead donor) is in progress. In cynomolgus monkeys, 
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venous blood flow is maintained more easily in the deep uterine and ovarian veins than in the extremely narrow 
uterine veins, and surgery at the bottom of the pelvic floor is not required; therefore, use of the ovarian veins as 
pedicles in uterine transplantation is less invasive [96]. Uterine rejection can be avoided using specific immu-
nosuppressive therapy, and the uterine graft gradually reduces and results in a scar without peritonitis or sys-
temic infection. The uterus connection to outside the body through the vagina has a course that differs from the 
liver and kidney, which are intraabdominal and retroperitoneal organs [97]. This anatomical feature of the uterus 
may enable performance of biopsy for prompt diagnosis of rejection and adjustment to an appropriate dose of 
immunosuppressants. Safer procedures and immunosuppressant protocols are being developed in Japan, and 
transplantation of a human uterus is technically feasible. However, uterine transplantation is a transient organ 
graft that includes removal of the uterus after birth, and the uterus is not needed for life support. These characte-
ristics differ from those in transplantation of other organs and raise ethical concerns. Guidelines are required that 
recognize the burdens and risks for recipients, donors and children, and infrastructure for a full support system is 
required. 

10. Conclusion 
In this article, fertility preservation in patients with malignant gynecological tumors and treatment of gyneco-
logical cancer in pregnant women are described. Fertility preservation may improve health and mental and so-
cial well-being in women, but may not be possible in treatment of some malignant gynecological tumors. Cryo-
preservation of unfertilized oocytes, embryos or ovarian tissue and uterine transplantation are promising ap-
proaches for patients who have undergone hysterectomy and oophorectomy, and advanced technology is likely 
to permit fertility preservation in all women. 
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