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Abstract: Fertility preservation is an important concern for young cancer patients. Oocyte or embryo
cryopreservation prior to chemotherapy administration is desirable but often difficult for patients
with hematopoietic and lymphoid tissue tumors. In this study, we examined the results of fertility
preservation therapy in patients with hematopoietic and lymphoid tissue tumors. We retrospectively
examined hematopoietic and lymphoid tissue tumors of five patients who underwent oocyte cry-
opreservation as a fertility preservation therapy after chemotherapy, at Showa University Hospital
from February 2017 to September 2020. Eleven treatment cycles were administered (one of which was
cancelled). The mean age of the patients was 28.6 years. The mean controlled ovarian stimulation
duration for 10 cycles was 15.9 days, the mean total gonadotropin dose was 3705 IU, and the mean
peak E2 was 502.8 (pg/mL). The mean number of eggs retrieved was 3.2, the mean number of
mature oocytes was 2.1, and the mean maturation rate (mature oocytes/returned oocytes) was 70.7%.
Fertility preservation procedures in the early period after chemotherapy may be viable because they
allow for the acquisition of mature oocytes, even though the procedures may take longer and yield
fewer oocytes.
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1. Introduction

The five-year survival rate of children and young adolescent adults (YA As) with cancer
has recently increased, due to improved biological studies and treatment outcomes [1].
However, chemotherapy treatment, especially with alkylating agents and radiation ther-
apy, affects ovarian function, increasing the risk of amenorrhea and premature ovarian
failure [2,3]. The American Society of Clinical Oncology (ASCO) 2018 guidelines also
indicate the risks of chemotherapy and radiation [4]. Currently, oocyte or embryo cry-
opreservation and ovarian tissue cryopreservation are used for fertility preservation to
improve the quality of life of cancer patients after treatment [5]. Both fertility-preservation
therapies should be performed prior to the initiation of chemotherapy or radiation therapy.
This requirement is particularly important in oocyte or embryo cryopreservation, since
oocyte retrieval requires approximately 2 weeks. However, since tumors of hematopoietic
and lymphoid tissues, such as leukemia and malignant lymphoma, require immediate
treatment, the maintenance of a 2-week interval before chemotherapy is practically difficult,
in most cases. Moreover, ovarian tissue cryopreservation is still in the research stage, and
the possibility of leukemia cell contamination in ovarian tissue has not been ruled out [6].

In the present study, we report multiple cases of hematopoietic and lymphoid tissue
tumors treated with chemotherapy, followed by oocyte cryopreservation as a fertility
preservation therapy, and discuss the course and results of the treatment.
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2. Materials and Methods
2.1. Patients

The protocol for this study was reviewed and approved by the Ethics Committee of
Showa University Hospital (#3307). We carried out a retrospective study of 5 patients and
11 cycles of fertility preservation therapy after chemotherapy initiation for hematopoietic
and lymphoid tissue tumors between February 2017 and September 2020. Each cancer
patient was examined by a primary care physician to obtain information for fertility-
preservation therapy. We explained the fertility-preservation therapy and performed
controlled ovarian stimulation (COS) and oocyte retrieval in patients who provided consent.
To compare the treatment outcomes, the results were compared with those of 35 breast
cancer patients who had undergone fertility preservation therapy prior to chemotherapy
for 42 cycles.

2.2. Schedule of Chemotherapy and COS Protocol

After chemotherapy, COS was initiated on the first or second day after hospital
discharge. We performed the gonadotropin-releasing hormone (GnRH) antagonist protocol
or a random start protocol for the COS. Follicle-stimulating hormone (FSH, FOLYRMON®,
FujiPharma, Tokyo, Japan) or human menopausal gonadotropin (hMG, HMG[FERRING],
Ferring Pharma, Tokyo, Japan) were administered daily at 150-300 IU until ovulation
triggering. Cetrorelix acetate (Cetrotide®, Merck Biopharma, Tokyo, Japan) was combined
with the antagonist product after the leading follicle reached 14 mm. When multiple follicles
reached 18-20 mm, oocytes were collected approximately 34 h later using recombinant
human chorionic gonadotropin (hCG, OVIDREL®, Merck Biopharma, Tokyo, Japan) or
urinary-hCG (GONATROPIN®, ASKA Pharma, Tokyo, Japan) 10,000 IU and a GnRH
agonist (BUSERELIN, Fuji Pharma, Tokyo, Japan) as a double trigger. Patients who were
scheduled for further chemotherapy were admitted for another chemotherapy session on
the next day or 2 days after the oocyte retrieval.

2.3. Statistical Analysis

Statistical analysis was performed between the two groups using the Wilcoxon rank
sum test and Fisher’s extract test; p < 0.05 was defined as a significant difference. The
statistical software used was JMP Pro 15.

3. Results

Overall, we identified 5 women and 11 cycles with a mean age of 28.6 years. In all
patients, anti-Miillerian hormone (AMH) levels were measured after the first chemotherapy
was introduced, and although measurements could not be taken before the chemotherapy,
the mean AMH level was 0.34 ng/mL (Table 1). Details of the chemotherapy given prior
to the fertility preservation therapy are shown in Table 2. Although the chemotherapy
used was different, all had a low or lower risk of ovarian toxicity, according to the ASCO
classification. The results of the 11 cycles of treatment are shown in Table 3. Only one cycle
was cancelled due to lack of response to controlled ovarian stimulation. The mean duration
of controlled ovarian stimulation for the 10 cycles of fertility preservation therapy was
15.9 days, mean total gonadotropin dose was 3705 IU, and mean peak E2 was 502.8 (pg/mL).
The mean number of retrieved oocytes was 3.2, mean number of mature oocytes was 2.1,
and mean maturation rate (mature oocyte/retrieved oocyte) was 70.7%. Their AMH
level was less than 1 ng/mL, which tended to be lower than the AMH values of the
same generation previously reported [7]. As a comparison, the results of breast cancer
patients who underwent fertility preservation therapy at our hospital before chemotherapy
are shown (Supplemental Table S1). The breast cancer patients before chemotherapy
are that the mean age tended to be significantly higher at 34.5 years than patients with
hematopoietic and lymphoid tissue tumors after chemotherapy, but the mean AMH level
was also significantly higher at 3.84 ng/mL. The treatment outcome was significantly
shorter than that of after chemotherapy, with a controlled ovarian stimulation period
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of 8.9 days before chemotherapy, and the gonadotropin dose was significantly lower at
2298 IU. The number of eggs retrieved was 9.6, and the number of mature eggs (MII)
retrieved was 7.4, both significantly higher (Supplemental Table S2).

Table 1. Patient’s characteristics.

Case Age (Years) Gravida Para Married Cancer Type AMH (ng/mL)
1 27 0 0 None AML 0.26
2 30 0 0 None ML 0.75
3 32 0 0 None APL 0.1
4 28 0 0 None APL 0.32
5 26 0 0 None ALL 0.28

Note: AML, acute myeloid leukemia; ML, malignant lymphoma; APL, acute promyelocytic leukemia; ALL, acute
lymphocytic leukemia; AMH, anti-Miillerian hormone.

Table 2. Chemotherapy protocols.

Case Chemotherapy Gonadotoxic Risk
1 Induction Idarubicin/Cytarabine Low
Consolidation1 Cytarabine /Mitoxantrone Hydrochloride Low
Consolidation2 Cytarabine/Daunorubicin Low
Consolidation3 Cytarabine/Aclarubicin Low
Consolidation4 Cytarabine/Etoposide/ Vincristine/Vindesine Very low or none
2 CHOP Cyclophosphamide /Dokisorubisin/ Vincristine /Predonin Low
Induction Idarubicin/Cytarabine/Tretinoin Low and unknown
4 Induction Idarubicin/Cytarabine/Tretinoin Low and unknown
Consolidation Mitoxantrone Hydrochloride/Cytarabine Low
5 Induction Daunorubicin/ Cyclophosphamlde /Vincristine /Predonin/L- Low
Asparaginase
Note: for gonadotoxic risk, we referred to the ASCO classification.
Table 3. Oocyte cryopreservation results.
Number of Total Dose of Number of Maturation
Case Nii’:]l:er COS Protocol Days FSH/hMG Fegll;iz) Retrieved I\TIL;%]:)? :)efs Rate
Stimulated (IU) P Oocytes y (MII/Oocyte)
1 1 Random start 14 3150 50 Cancelled
2 Antagonist 25 2925 627 2 1 50.0%
3 Random start 26 5475 1127 3 2 66.7%
4 Random start 12 2775 570 2 2 100.0%
5 Random start 16 3300 346 5 3 60.0%
6 Random start 9 1725 255 2 1 50.0%
2 1 Random start 31 8400 345 8 4 50.0%
3 1 Random start 2 450 565 1 1 100.0%
2 Random start 13 4350 343 2 1 50.0%
4 1 Random start 12 3300 330 5 4 80.0%
5 1 Random start 13 4350 520 2 2 100.0%

Note: we identified 5 women and 11 cycles. COS, controlled ovarian stimulation.
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Individual Case Presentations

Figure 1 and Table 3 show the individual treatment progress and results. Case 1
involves a 27-year-old female diagnosed with acute myeloid leukemia (AML). The JALSG
AML201 protocol by the JAPAN ADULT LEUKEMIA STUDY GROUP (JALSG) [8] was
adopted as the chemotherapy regimen. Idarubicin (Idamycin®, Pfizer, New York, NY, USA)
and cytarabine (Cylocide®, NIPPON SHINYAKU, Kyoto, Japan) were administered as
remission induction therapy; cytarabine and mitoxantrone hydrochloride (NOVANTRON®,
ASKA Pharma, Tokyo, Japan) were administered as the first round of consolidation therapy;
cytarabine and daunorubicin (DAUNOMYCIN®, Meiji Seika, Tokyo, Japan) as the second
round; cytarabine and aclarubicin (Aclacinon®, Astellas Pharma, Tokyo, Japan) as the third
round; and cytarabine, etoposide (VePesid®, CLINIGEN, Burton On Trent, UK), vincristine
(Oncovin®, Nippon Kayaku, Tokyo, Japan), and vindesine (Fildesin®, Nichi-Iko Pharma,
Toyama, Japan) as the fourth round. Finally, future hematopoietic stem cell transplantation
(HSCT) was planned. After the introduction and first consolidation therapy for the AML,
we initiated COS. The initial ovarian stimulation was canceled due to lack of follicular de-
velopment after 14 days of hMG/FSH administration, and there was no prospect of oocyte
retrieval. However, she was scheduled to undergo another round of COS after the second
consolidation therapy because the patient wished to undergo oocyte cryopreservation,
when she was treated with Kaufman therapy. After the second consolidation therapy, the
patient was started on COS with the antagonist protocol; two oocytes were retrieved, and
one was cryopreserved. After the third round of consolidation, three oocytes were retrieved
in the second round of oocyte retrieval and two were cryopreserved. In the fourth oocyte
retrieval, five oocytes were retrieved and cryopreserved. For the fifth oocyte retrieval, two
oocytes were retrieved, and one was cryopreserved.

[ Induction ][c:omm1 [Comoldlﬂmzl [Oomuauona] {Consoldllhn4
cos [ cos >/ cos
[or] [oR]
("induction [ Consolidation 1 }{ Consolidation 2 | ((induction }----{Consoligation 1 J -+ HSCT |
cos » Ccos
[or]

Figure 1. Treatment course of individual chemotherapy and oocyte retrieval. AML: Acute myeloid
leukemia ML:Malignant Lyphoma APL: Acute promyelocytic Leukemia ALL: Acute lymphocytic
leukemia OR: oocyte retrieval COS: Controlled ovarian stimulation HSCT: Hematopoitic stem cell
transplantation.

Case 2 involves a 30-year-old female with malignant lymphoma, who was referred
during cyclophosphamide (Endoxan®, Shionogi pharma, Osaka, Japan), doxorubicin (Dox-
orubicin Hydrocholoride (NK), Nippon Kayaku, Tokyo, Japan), vincristine (Oncovin®,
Nippon Kayaku, Tokyo, Japan), and prednisone (PREDONINE®, Shionogi pharma, Os-
aka, Japan) (CHOP) therapy. She was referred for fertility preservation therapy because
she was scheduled to undergo dexamethasone (DEXART®, FujiPharma, Tokyo, Japan),
methotrexate (METHOTREXATE®, Pfizer, New York, USA), ifosfamide (Ifomide®, Shionogi

pharma, Osaka, Japan), L-asparaginase (Leunase®, Kyowa Kirin, Tokyo, Japan) and etopo-
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side (SMILE) therapy and was concerned about irreversible ovarian dysfunction. Eight
oocytes were retrieved and cryopreservation of four oocytes were performed in the COS
with the random start protocol in the period before the start of SMILE therapy.

Case 3 involves a 30-year-old female with acute promyelocytic leukemia (APL). Idaru-
bicin, cytarabine and tretinoin (VESANOID®, FujiPharma, Tokyo, Japan) were administered
for remission induction therapy. A hematopoietic stem cell transplant was planned for the
future. After the induction therapy, two cycles of COS with the random start protocol were
performed. In the first oocyte retrieval cycle, one egg was retrieved and cryopreserved, and
in the second cycle, two oocytes were retrieved, and one was cryopreserved.

Case 4 involves a 28-year-old female with acute promyelocytic leukemia (APL). Idaru-
bicin, cytarabine and tretinoin were administered for remission induction therapy; mi-
toxantrone hydrochloride and cytarabine were administered as consolidation therapy. A
hematopoietic stem cell transplant was planned for the future. After the induction and
consolidation therapy, one cycle of COS with the random start protocol was performed and
five oocytes were retrieved, and cryopreservation of four oocytes was performed.

Case 5 involves a 26-year-old female with acute lymphocytic leukemia (ALL). Daunoru-
bicin, cyclophosphamide, vincristine, predonin, and L-asparaginase were administered as
remission induction therapy. After the induction therapy, COS with random start protocol
was performed for one cycle and two oocytes were retrieved, and cryopreservation of two
oocytes was performed.

4. Discussion

The duration of controlled ovarian stimulation was longer, and the FSH/hMG dose
was higher than patients with breast cancer who underwent fertility preservation therapy
before chemotherapy. However, the number of oocytes retrieved tended to be lower.
Unfortunately, we could not measure the AMH levels before chemotherapy introduction;
thus, we could not determine how the AMH values changed, but five patients had no
episodes of irregular menstruation, previous ovarian surgery, or other conditions that
would affect AMH levels. We can assume that the values were originally age-appropriate
and were likely altered by chemotherapy. Since AMH is a hormone produced by preantral
follicles and small antral follicles, the present study results suggest that even low-risk
chemotherapy may affect preantral follicles and small antral follicles. Several histologic
studies on chemotherapy’s effects on human ovaries demonstrated increased ovarian
atrophy and a reduced number of primordial follicles [9,10].

Although not yet definitive in human studies, data from animal studies indicate
that chemotherapy/radiotherapy may be mutagenic to germ cells at various maturation
stages [11-16]. Therefore, it may not be advisable to collect oocytes immediately after
exposure to chemotherapy. However, the potential need for HSCT is another consideration
in these patients. HSCT is indicated when chemotherapy does not result in an adequate
response or when it is expected to yield better prognosis [17]. Chemotherapy and total-body
irradiation, including treatment with alkylating agents prior to HSCT, is associated with a
very high risk of amenorrhea and irreversible fertility impairment (>70%, according to the
ASCO classification). Therefore, even though the effects of chemotherapy on the oocyte
have not yet been fully clarified as mentioned above, if the patient wished to preserve
fertility, fertility preservation therapy had to be performed before HSCT, including between
chemotherapy and chemotherapy. In our study, three of five patients were scheduled
for HSCT. Therefore, the short period between chemotherapy and HSCT was used to
administer the fertility preservation therapy.

Anthracyclines (idarubicin, mitoxantrone hydrochloride, daunorubicin, aclarubicin,
and doxorubicin) exhibit anticancer effects by inhibiting the activity of topoisomerase II,
which is responsible for DNA synthesis [18]. Microvascular damage to the human ovary
and necrosis of ovarian stromal tissue has also been reported [19]. Moreover, doxorubicin-
associated female reproductive toxicity has recently been reported; it induces apoptosis in
mammalian oocytes and significantly reduces oocyte viability in vitro [20]. Furthermore,
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anthracyclines produce reactive oxygen species (ROS) during the apoptosis induction
process [21-23], resulting in decreased blood flow to the ovary [24], which may be involved
in poor follicle development. Therefore, gonadotropin-dependent follicles may be less
responsive to COS and are more easily induced into atretic follicles. Cytarabine is an an-
timetabolite that is considered to inhibit DNA synthesis at cytidine diphosphate reductase
and DNA polymerase levels [25]. Cytarabine reportedly shows a concentration-dependent
cytotoxic effect on leukemia cells in the stationary phase, with reduced DNA synthesis
capacity [26]. Furthermore, it induces leukemia cell differentiation at concentrations below
the cytotoxic effect [27], and it has limited effects on the ovary itself [28,29]. However,
cytarabine also produces ROS [30], which, as is the case with anthracycline, may have
interfered with follicle development. In addition to inhibiting DNA repair as a topoiso-
merase II inhibitor, etoposide induces double-stranded DNA breaks in cells. This leads
to apoptosis via ataxia-telangiectasia-mutated protein kinase activation and subsequent
phosphorylation of histone H2AX [31,32]. Increased DNA damage in granulosa cells and
increased atretic follicles was reported in mice lacking topoisomerase [33].

Vincristine, a drug that belongs to the vinca alkaloid family, shows an antitumor effect
by inhibiting mitotic spindles formation, necessary for cell division, proliferation, and
apoptosis [34]. Although it does not affect primordial follicles, vincristine induces the
development of atretic follicles [35].

These results suggest that even a low risk of amenorrhea (<30%, according to the ASCO
classification) can temporarily decrease ovarian reserves. Since the chemotherapeutic
drugs were not alkylating agents, they were considered to have affected the growing
follicles, although their effect on primordial follicles was not significant. Thus, the patients
showed a reduction in AMH levels and increased gonadotropins dose because of a poor
response to COS. Thus, adult females who receive chemotherapy for leukemia may have
a compromised ovarian reserve, even in the setting of regular menses [36]. In a study
of AMH levels after chemotherapy in patients with lymphoma, AMH levels decreased
rapidly after the introduction of chemotherapy, regardless of the regimen, and remained
low until approximately 3 months after completing chemotherapy [37]. Therefore, we
could have expected an increase in AMH levels that would have led to an increase in the
number of developing follicles if we had waited for more than 3 months, although this was
clinically difficult.

Only one patient underwent oocyte retrieval after each chemotherapy session. It was
predicted that the response to COS would gradually worsen as the effects of chemotherapy
on the ovaries accumulated. However, the stimulation period tended to shorten, and the
number of retrieved and mature oocytes did not change significantly. This suggests that
the effects of a low risk of amenorrhea (<30%, according to the ASCO classification) on the
ovaries are limited in duration. Additionally, mature oocytes (MII) were obtained from the
retrieved oocytes, indicating that follicles responding to COS had the potential to acquire
mature oocytes.

This study had some limitations. The number of patients who received fertility
preservation therapy after chemotherapy was small, and the timing and regimen of the
fertility preservation therapy differed. Therefore, the effect of different regimens cannot
be discussed. Furthermore, this study was conducted until the acquisition of mature
oocytes, and none of the patients involved thawing and intracytoplasmic sperm injection
of the cryopreserved oocytes. Few studies have reported on the outcome of fertilization
rates after thawing cryopreserved oocytes after chemotherapy [38]. The effects of oocyte
chemotherapy exposure on fertilization, embryo development, implantation, pregnancy
course and delivery are topics for future studies.
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5. Conclusions

In conclusion, the early period after chemotherapy fertility preservation therapy tends
to induce apoptosis in developing follicles because of the effects of chemotherapy. This
results in consequent effects on COS, and the number of retrieved oocytes. However, it
does allow for the retrieval of mature oocytes. This makes it a viable option for patients
who are expected to have irreversible ovarian dysfunction, such as those who will undergo
hematopoietic stem cell transplantation, provided adequate informed consent is obtained.
These data will be also useful for primary care physicians when explaining the effects of
chemotherapy to patients undergoing fertility preservation therapy.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/reprodmed3020012/s1, Table S1: Breast cancer patients who underwent
fertility preservation therapy before chemotherapy, Table S2: Oocyte cryopreservation results.
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