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We report a rare subtype of adult cystic granulosa cell tumor (AGCT) characterized by
elevated anti-Mullerian hormone and hyperandrogenism. A 35-year-old woman with
primary infertility, hyperandrogenism, and irregular menses who was previously
diagnosed with polycystic ovarian syndrome was diagnosed with AGCT based on
histopathological examination and FOXL2 genetic test after laparoscopy. Due to fertility
aspirations, she underwent controlled ovarian stimulation followed by embryo
cryopreservation before salpingo-oophorectomy, and two embryos were frozen-thawed
and transferred after surgery. A healthy female infant was delivered at 40 weeks’
gestation. Cystic granulosa cell tumors should be considered a differential diagnosis in
patients with persistent ovarian cysts and hyperandrogenism. Younger patients with
AGCT with fertility goals should consider active assisted reproduction measures to
preserve fertility before treatment for AGCT.
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INTRODUCTION

Adult granulosa cell tumor (AGCT) of the ovary is a rare type of ovarian tumor that originates from
ovarian sex-cord stromal cells and represents approximately 3–5% of malignant ovarian tumors (1).
Patients with AGCTs often present with irregular menses and symptoms of virilization such as acne,
hirsutism, and alopecia. AGCT may present as cystic, solid, or solid-cystic tumors on
ultrasonography or pathological examination (2, 3). Patients with cystic granulosa cell tumors
characterized by excessive androgen secretion tend to have a poor prognosis (3). Both serum inhibin
and anti-Mullerian hormone (AMH) are elevated in patients with AGCT and can be used as tumor
markers for diagnosing AGCT; however, AMH is a more valuable diagnostic tool as its elevation is
constant throughout the menstrual cycle (4).

Serum AMH levels are a marker of ovarian reserve that are commonly measured in patients
seeking infertility treatment. AGCT is rarely considered in the differential diagnosis of patients with
elevated AMH levels; instead, patients with elevated AMH levels and hyperandrogenism are more
likely to be diagnosed with polycystic ovarian syndrome (PCOS), which is much more common.
Since the treatment of reproductive cancers is likely to destroy a patient’s ovarian reserve and trigger
premature ovarian insufficiency, early diagnosis of AGCT is crucial in infertile patients of
childbearing age so that active fertility preservation can be performed. Fertility preservation is an
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effective treatment that offers hope of conception and pregnancy
for patients with cancer, which improves their quality of life and
alleviates feelings of regret and depression after cancer treatment
(5). Unfortunately, studies regarding the safety and efficacy of
fertility preservation in patients with AGCT are lacking and only
a few studies states the safety and outcomes in patients with
ovarian cancer (6, 7).

We report the management of a patient with AGCT
characterized by infertility, abnormally elevated AMH levels,
and hyperandrogenism. This report provides a therapeutic
strategy for AGCT treatment and fertility preservation for
patients with primary infertility.
CASE

A 35-year-old female with a 6-year history of primary infertility
presented to our clinic for fertility treatment. The patient had a
Frontiers in Oncology | www.frontiersin.org 2
history of oligomenorrhea without dysmenorrhea, and normal
secondary sexual characteristics. She had a normal body mass
index (19.07 kg/m2), and she had hirsutism with no acne. Her
partner was 37 years old and healthy with normal sperm
concentration and motility. The couple engaged in a normal
frequency of sexual intercourse and had no history of sexual
dysfunction. Bimanual palpation failed to reveal any
abnormalities of the uterus and right adnexa; however, the left
adnexa was mildly enlarged. Transvaginal ultrasonography
demonstrated an anteverted uterus of normal size and 2–3
antral follicles in the right ovary. The left ovary was enlarged,
measuring 4.9 × 4.3 cm with 2–3 antral follicles. There were three
separate, irregularly shaped cysts located in the left ovary
measuring 2.8 × 1.9 cm, 2.3 × 2.0 cm, and 1.8 × 1.6 cm
(Figure 1). The patient was diagnosed in another hospital with
PCOS 3 years prior due to hyperandrogenism and irregular
menses and undergone four failed cycles of ovulation induction
therapy with an aromatase inhibitor (letrozole), including one
March 2021 | Volume 11 | Article 641166
FIGURE 1 | Transvaginal ultrasound images and MRI of the pelvis prior to ovarian cystectomy. (A) The right ovary is normal, measuring 2.7 × 1.3 cm with 2–3 antral
follicles, while the left ovary is enlarged, measuring 4.9 × 4.3 cm with 2–3 antral follicles. (B–D) The three cysts in the left ovary measure 2.8 × 1.9 cm (B), 2.3 ×
2.0 cm (C), and 1.8 × 1.6 cm (D). (E) A coronal T2-weighted image shows a large, multicystic mass in the left ovary with a slightly hyperintense, solid component of
the septa and a thickened wall. (F) A coronal T1-weighted image with fat saturation of the delayed phase obtained after gadolinium administration shows marked
enhancement of the solid components of the tumor. (G) An axial T2-weighted image shows a large, multicystic mass of the left ovary with septa and a thickened
wall. (H, I) DWI (b=1,000) (Panel H) and the ADC map (I) show restricted diffusion of the solid components. (J) An axial T1-weighted image with fat saturation before
enhancement shows hypo-intensity of the lesion. (K) An axial T1-weighted image of the arterial phase obtained after gadolinium administration shows marked early
enhancement of the solid component of the tumor. (L) An axial T1-weighted image with fat saturation of the delayed phase obtained after gadolinium administration
shows persistent enhancement of the solid component of the tumor.
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failed cycle of intrauterine insemination. Growth of a dominant
follicle was observed by ultrasonography during treatment, and
2–3 cysts measuring 1–3 cm in diameter were persistently visible
in the left ovary. The nonspecific tumor markers CA125,
CA19-9, AFP, and CEA were within the normal range.

Serum AMH levels were measured to further evaluate ovarian
reserve. AMH was significantly elevated (52.8 ng/mL; normal
range: 0.24–11.78 ng/mL in women aged 20–40 years old). AMH,
gonadotropin, and steroid sex hormone levels were reassessed on
the second day of the next menstrual cycle (Table 1), revealing a
persistently elevated AMH level (24.1 ng/mL). Subsequently, the
patient developed amenorrhea, and her AMH on day 47 of
amenorrhea was 35.2 ng/mL. The patient also had significantly
elevated luteinizing hormone (LH) and testosterone (T).
Magnetic resonance imaging (MRI) and ultrasonography failed
to show any abnormalities in the pituitary gland, adrenal glands,
or thyroid.

A preoperative MRI of the pelvis revealed a mass in the left
adnexa measuring 4.6 × 3.8 × 4.9 cm with significant
enhancement of the cyst wall and septum (Figure 1). These
findings suggested a left ovarian tumor. Laparoscopy revealed no
significant abnormalities in the uterus, right ovary, bilateral
fallopian tubes, other viscera, or peritoneum. The left ovary
measured approximately 4 × 3 × 2 cm and contained some
thin-walled cystic lesions which ruptured during the left ovarian
cystectomy. Three connected cysts with diameters of 1–2 cm
contained a crystal serous fluid. Yellow granular tissue was
Frontiers in Oncology | www.frontiersin.org 3
attached to the inner wall of the cyst, which was brittle and
similar to a corpus luteum. The inner wall of the cyst was
removed in its entirety and sent for a frozen section. The
postoperative paraffin-embedded section confirmed the
diagnosis of AGCT (Figure 2). Immunohistochemical
examination showed positive FOXL2, SF-1, CD99, and WT-1,
with focal positivity for calretinin, inhibin-a, and CK mixture.
Approximately 5% of cells in the hotspot region were positive for
Ki-67, and the specimen was negative for CK7 and EMA. The
specimen was found to harbor the characteristic FOXL2
c.402C>G (p.C134W) mutation via Sanger sequencing. This
mutation is found in approximately 90% of AGCTs (Figure S1).
AMH and gonadal hormone concentrations were measured after
surgery (Table 1).

Due to the early stage of the tumor, the patient’s age, and her
desire for fertility preservation, a unilateral salpingo-oophorectomy
with comprehensive surgical staging was considered to minimize
the risk of recurrence in the residual left ovary. However, the
patient had poor ovarian reserve with insufficient antral follicle
counts and decreased AMH (1.63 ng/mL), and this was expected
to further decline after the salpingo-oophorectomy and
chemotherapy. Therefore, the patient underwent controlled
ovarian stimulation followed by embryo cryopreservation prior
to the salpingo-oophorectomy.

Gonadal hormone levels were measured, and a transvaginal
ultrasound was performed on day 2 of the menstrual cycle before
initiating the process of ovarian stimulation. The hormone levels
TABLE 1 | Hormone profile from presentation to post-salpingo-oophorectomy.

Date LMP PRLa FSHb LHc E2d Te ANDf PRGg AMHh

(ng/ml) IU/L IU/L pmol/L nmol/L nmol/L nmol/L ng/ml

2018-1-19 2018-1-4 52.8
2018-2-6 2018-2-5 9.63 1.29 8.96 119 0.87 2.26 0.64
2018-2-9 2018-2-5 24.1
2018-3-22 2018-2-5 7.77 5.63 33.4 178 5.41 6.93 1.6 35.2
2018-3-29 2018-2-5 7.43 5.72 39.5 113 6.03 7.42 1.2
2018-5-30 2018-2-5 5.09 4.56 30.3 141 6.17 7.98 1.47
2018-7-10: Left Ovarian Cystectomy
2018-7-20 2018-2-5 24.5 4.42 46.8 2786 1.12 10.2 5.69 2.68
2018-7-27 2018-2-5 21.4 1.26 2.85 2217 1.24 11.4 80.5
2018-8-6 2018-8-5 16.8 8.91 4.85 246 1.01 8.86 1.45 1.63
2018-9-7 2018-9-2 8.74 7.69 9.15 151 <0.69 4.06 1.1
2018-9-27 2018-9-26 0.69
2018-10-26 2018-9-26 0.49
2018-11-17 2018-9-26 <0.06
2018-9-11: Left Salpingo-oophorectomy
2019-2-23 2019-2-22 15.5 2.63 2.2 521 <0.69 3.75 0.71 <0.06
2019-4-17 2019-4-16 9.19 12 3.16 227 <0.69 3 0.79
2019-5-14 2019-5-13 15.3 5.45 3.42 111 <0.69 2.9 0.75
2019-6-17 2019-6-8 0.11
2019-8-29 2019-7-5 0.30
M
arch 2021 | Volu
me 11 | Article 6
aReference range (ng/ml): 1.9-25.
bReference range (IU/L): 2.8-11.3, follicular phase; 5.8-21, ovulatory phase; 1.2-9.0, luteal phase.
cReference range (IU/L): 1.1-11.6, follicular phase; 17-77, ovulatory phase; 0-14.7, luteal phase.
dReference range (pmol/L): 0-587, follicular phase; 124-1468, ovulatory phase; 110-905, luteal phase.
eReference range (nmol/L): 0-2.53.
fReference range(nmol/L): 1.0-11.5.
gReference range (nmol/L): ND-3.6, follicular phase; 1.5-5.5, ovulatory phase; 3.0-68, luteal phase.
hReference range: 0.24–11.78 ng/mL in women aged 20–40 years old.
LMP, last menstrual period; PRL, prolactin; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; T, testosterone; AND, androstenedione; PRG, progesterone.
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are shown in Table 1. The ultrasound indicated 1–2 follicles on
each ovary. Ovarian stimulation was performed using an
aromatase inhibitor (letrozole) combined with a gonadotropin
and gonadotropin-releasing hormone (GnRH) antagonist.
Letrozole was initiated at a dosage of 5 mg/day on the second
day of the menstrual cycle for 3 days before gonadotropin
administration and then continued with the gonadotropin.
GnRH antagonist was administered when the size of the
leading follicle reached 14 mm to prevent premature ovulation.
Human chorionic gonadotropin (HCG) combined with 0.2 mg
of the GnRH agonist was administered when two follicles
reached 20 mm in diameter. Five oocytes were retrieved 36 h after
HCG administration and were fertilized by intracytoplasmic
sperm injection. Three embryos were successfully cultivated
and cryopreserved.
Frontiers in Oncology | www.frontiersin.org 4
A laparoscopic unilateral salpingo-oophorectomy with
peritoneal and omental multipoint biopsies was performed
after fertility preservation. The postoperative pathology
reported that no tumor tissue was detected in the left ovary,
biopsy tissues, or abdominal rinses. The patient received four
courses of chemotherapy (TC regimen: paclitaxel combined with
carboplatin), and a GnRH agonist was administered
during chemotherapy.

Two months after the patient’s last chemotherapy treatment,
the patient underwent frozen-embryo transfer (FET). The
patient’s AMH level was < 1 ng/mL, and the hormone levels
had returned to normal 5 months after the last chemotherapy
(Table 1). A natural cycle FET was selected to avoid the systemic
impact of excessive hormones triggered by an artificial cycle.
Two embryos were transferred, and dydrogesterone combined
FIGURE 2 | Histopathological features of the ovarian granulosa cell tumor. The tumor cells are small with round to oval nuclei with a fine chromatin pattern,
inconspicuous nucleoli, and scanty cytoplasm. Immunohistochemical staining show positive staining in Calretinin, Foxl2, WT1 and SF1.
March 2021 | Volume 11 | Article 641166
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withprogynovawasused for luteal support.Thepatient’sHCGlevel
was 1,905 mIU/mL 15 days after FET, and she experienced a small
amount of vaginal bleeding 19 days after FET when the HCG level
was 8,414 mIU/mL. Transvaginal ultrasonography showed an
anechoic mass measuring 0.9 × 0.5 cm located inside the uterine
cavity. The patient was administered 2,000 IU HCG. However, the
patient experienced mild but sustained vaginal bleeding
accompanied by mild abdominal pain 31 days after FET.
Transvaginal ultrasonography indicated a gestational sac
measuring 4.7 × 1.1 cm inside the uterine cavity with a visible
fetal heartbeat and a mass measuring 1.4 × 1.2 cm in the right
adnexa (Figure S2). Thirty-six days after FET, the patient’s HCG
levels increased to 179,175 mIU/mL, with persistent vaginal
bleeding. The intrauterine gestational sac and right adnexal mass
increased to 3.5 × 2.6 cm and 3.6 × 1.6 cm, respectively (Figure S2).
Aheterotopicpregnancywas considered, although the possibility of
tumor recurrence could not be ruled out. Laparoscopy was
performed. No abnormalities were identified on the surface of the
liver, stomach, intestine, or omentum. The uterus was enlarged to
approximately 8 weeks gestation. The left adnexa was absent
without evidence of tumor, and the right ovary was normal in
appearance. A 2 cm bluish-purple, enlarged mass was found in the
isthmusportionof the right fallopian tube.Right salpingectomywas
performed, and the postoperative pathology revealed a fallopian
tubepregnancy.TheHCGlevelwas 326,566mIU/mLonthe second
postoperative day. Transvaginal ultrasonography showed a
gestational sac measuring 5.2 × 3.7 cm implanted in the uterine
cavity aweek after the surgery. Subsequently, the patient underwent
routine obstetrical care, and a healthy female infantwas delivered at
40 weeks’ gestation.

This study was approved by the Peking University Third
Hospital Medical Science Research Ethics Committee and a
written informed consent has been obtained from the patient.
DISCUSSION

We report a patient with AGCT with primary infertility,
hyperandrogenism, and irregular menses, who was previously
diagnosed with PCOS. AGCT originates from granulosa cells, a
class of hormone-secreting cells capable of producing estradiol,
progesterone, inhibin, and AMH. Thus, patients with AGCT often
present with menstrual disturbances (8). Excessive estrogen
secretion is the most common finding in patients with AGCT. In
this patient, the estrogen level prior to surgery was in the normal
follicular-phase range, while LH andTwere significantly elevated, a
similar profile to that observed in patients with PCOS. However,
transvaginal ultrasonography failed to identify morphological
features consistent with polycystic ovary. The AMH level in this
patient was 8–10-fold higher than that of age-matched healthy
women, which was inconsistent with the number of antral follicles.

Elevated AMH and LH levels as well as hyperandrogenism are
frequently present in infertile women with PCOS, a common
endocrine disease often diagnosed by reproductive specialists.
AMH, a dimeric glycoprotein specifically produced by granulosa
cells of small growing follicles, plays an important role in regulating
Frontiers in Oncology | www.frontiersin.org 5
folliculogenesis (9).Many studies have demonstrated that preantral
and small antral follicles secrete the majority of AMH found in the
circulation and AMH has been shown to be proportional to the
numberof premature developing follicles in the ovaries; thus, AMH
is used to assess ovarian reserve (10, 11). Serum AMH
concentrations are 2–4-fold higher in patients with PCOS than in
healthy age-matched women and correlate significantly with the
increased number of small antral follicles (12). Previous studies
have reported the roleof ahighAMHconcentration in thediagnosis
of AGCT.Michael et al. monitored serumAMH levels during a 54-
month follow-up of a patient diagnosed with a sex-cord tumor and
demonstrated that the serum concentration of AMH correlated
with the degree of AGCT growth and tumor recurrence (13). Rey
et al. evaluated the AMH level in patients with AGCT and other
types of ovarian cancers and confirmed that AMH is a specific and
sensitive serummarker for the diagnosis of AGCT andmonitoring
bothAMHand inhibin B during follow-up of a patient withAGCT
improves the detection of recurrent disease (14).The absence of
inhibin measurement is one of the limitations of our study,
combined testing with AMH and inhibin B in such patients
should be recommended.

The source of elevated LH and T remains unknown. Previous
studies have suggested that a deficiency of aromatase may
suppress the conversion of androgen to estrogen, thus
triggering excessive androgen accumulation (3). Recent studies
have identified a specific subset of hypothalamic GnRH-positive
neurons that express AMH receptors both in mice and humans.
These studies showed that excess AMH triggers an imbalance in
the hypothalamic–pituitary–ovarian axis, subsequently inducing
hyperandrogenism and elevated LH levels via binding to the
AMH receptors of GnRH neurons (15, 16). The results of those
studies suggest that exposure to high levels of AMH may
generate high LH and T levels in a GnRH-dependent manner.
However, the elevation of LH and T is indeed perplexing;
therefore, the definite mechanism needs more studies. After
undergoing a salpingo-oophorectomy, the patient’s LH and T
levels normalized and the AMH decreased. These changes in
hormone levels indicate that AMH is crucial for diagnosing
ovarian hormone-secreted tumors and provide clinical support
for the regulation of the GnRH-LH signaling pathway by AMH.

In addition to the disturbance in hormone regulation observed
in this patient, 2–3 cysts with an average diameter of 1–3 cm were
persistently detected on ultrasonography which did not
significantly increase in size over a 3-year period. The differentials
include growing follicles, functional ovarian cysts, ovarian
endometriotic cysts, or ovarian tumors. Pelvic MRI is an effective
tool for distinguishingcysts basedon theirunique characteristics. In
our patient, an MRI revealed a left adnexal mass with significant
enhancement of the cyst wall and septum on the enhanced scan,
suggesting an ovarian tumor. Based on the clinical, laboratory, and
imaging data, we firstly suspected a stromal tumor. A panel of
immunohistochemical markers combined with FOXL2 genetic
tests after ovarian cystectomy confirmed the diagnosis of
AGCT (17).

Surgery is the standard therapy for AGCT, and a unilateral
salpingo-oophorectomy combined with postoperative
March 2021 | Volume 11 | Article 641166
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chemotherapy was considered for this patient who was diagnosed
with stage IcAGCT (18).However, the patientwas youngwithpoor
ovarian reserve after the ovarian cystectomy andwished to preserve
her fertility. Since further decline in the ovarian reserve was
inevitable after the planned salpingo-oophorectomy and
chemotherapy, it was unlikely that she would be able to conceive
spontaneously or through assisted reproductive technology after
the second surgery. After a comprehensive assessment of the
patient’s circumstances, fertility preservation was performed
before the salpingo-oophorectomy and chemotherapy.

In this ovarian stimulation protocol, letrozole was administered
based on a micro-stimulation protocol. Letrozole is an aromatase
inhibitor with the ability to suppress endogenous estrogen
production and was recommended for fertility preservation in
women with hormone-sensitive cancers (19). Considering the
risk of blastocyst culture, all three frozen embryos were day 3
embryos, and their quality was rated as grade 1. Two embryos were
successfully thawed and transferred to increase the pregnancy rate,
as the pregnancy rate of day 3 embryos is lower than that of
blastocysts (20, 21). However, a heterotopic pregnancy occurred.
The incidence of heterotopic pregnancy has gradually increased
with the widespread use of assisted reproductive technology (22).
The risk factors for heterotopic pregnancy are similar to those
associated with ectopic pregnancy. When comparing heterotopic
versus intrauterine twin pregnancy after embryo transfer, studies
have shown that previous ectopic pregnancy, tubal surgery, pelvic
surgery, and pelvic infection are significant risk factors for the
occurrence of heterotopic pregnancy (23, 24). Several studies have
revealed a lower risk of ectopic pregnancy in frozen-thawed
blastocyst transfer than in day 3 transfer and fresh transfer.
Further, the risk of ectopic pregnancy is lower in pregnancies
following single embryo transfers than double embryo transfers
(25–28). This patient underwent two operations before FET,
placing her at an increased risk of an ectopic or heterotopic
pregnancy. Thus, a single frozen-thawed blastocyst transfer may
be a better choice for patients with a history of pelvic surgery.

In summary, AGCT is an uncommon ovarian malignancy that
lacks distinctive clinical symptoms and pathological signs. Patients
with AGCT present with amass on pelvic examination, whichmay
be confused with ovarian endometrioma on transvaginal
ultrasound. Furthermore, AGCT can be diagnosed as PCOS due
to abnormal AMH and sex hormone levels. Therefore, including
AGCT on a differential diagnosis is essential. In this case report,
AGCT was diagnosed based on a significantly elevated AMH level,
confirming that this elevationofAMHisa reliable serummarker for
diagnosingAGCT. Surgery is themainstay ofAGCT treatment and
is necessary for obtaining tissue for pathological diagnosis and
performing precise tumor staging. However, the ovarian reserve
may be destroyed after surgery. Fertility preservation and a
Frontiers in Oncology | www.frontiersin.org 6
unilateral salpingo-oophorectomy can be considered in women of
childbearing age with careful tumor staging and the exclusion of
extra-ovarian cancer. A micro-stimulation protocol and a single
embryo transfer may provide the best fertility results; however,
more research is needed.
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14. Rey RA, Lhommé C, Marcillac I, Lahlou N, Duvillard P, Josso N, et al.
Antimüllerian hormone as a serum marker of granulosa cell tumorsof the
ovary: comparative study with serum alpha-inhibin and estradiol. Am J Obstet
Gynecol (1996) 174:958–65. doi: 10.1016/S0002-9378(96)70333-2

15. Tata B, Mimouni NEH, Barbotin AL, Malone SA, Loyens A, Pigny P, et al.
Elevated prenatal anti-Müllerian hormone reprograms the fetus and induces
polycystic ovary syndrome in adulthood. Nat Med (2018) 24:834–46. doi:
10.1038/s41591-018-0035-5

16. Cimino I, Casoni F, Liu X, Messina A, Parkash J, Jamin SP, et al. Novel role for
anti-Müllerian hormone in the regulation of GnRH neuron excitability and
hormone secretion. Nat Commun (2016) 7:10055. doi: 10.1038/ncomms10055

17. Ray-Coquard I, Morice P, Lorusso D, Prat J, Oaknin A, Pautier P, et al. Non-
epithelial ovarian cancer: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol (2018) 29(Suppl 4):iv1–iv18. doi:
10.1093/annonc/mdy001
Frontiers in Oncology | www.frontiersin.org 7
18. Morgan RJJr., Armstrong DK, Alvarez RD, Bakkum-Gamez JN, Behbakht K,
Chen LM, et al. Ovarian Cancer, Version 1.2016, NCCN Clinical Practice
Guidelines in Oncology. J Natl Compr Cancer Netw (2016) 14:1134–63. doi:
10.6004/jnccn.2016.0122

19. Bonardi B, Massarotti C, Bruzzone M, Goldrat O, Mangili G, Anserini P, et al.
Efficacy and Safety of Controlled Ovarian Stimulation With or Without
Letrozole Co-administration for Fertility Preservation: A Systematic Review
and Meta-Analysis. Front Oncol (2020) 10:574669. doi: 10.3389/
fonc.2020.574669

20. Papanikolaou EG, D’Haeseleer E, Verheyen G, Van de Velde H, Camus M,
Van Steirteghem A, et al. Live birth rate is significantly higher after blastocyst
transfer than after cleavage-stage embryo transfer when at least four embryos
are available on day 3 of embryo culture. A randomized prospective study.
Hum Reprod (Oxford England) (2005) 20:3198–203. doi: 10.1093/humrep/
dei217

21. Pantos K, Makrakis E, Karantzis P, Stavrou D, Grammatis M, Chronopoulos K.
Blastocyst versus early cleavage embryo transfer: a retrospective analysis of 4,165
transfers. Clin Exp Obstet Gynecol (2004) 31:42–4.

22. Lv S, Wang Z, Liu H, Peng J, Song J, Liu W, et al. Management strategies of
heterotopic pregnancy following in vitro fertilization-embryo transfer.
Taiwan J Obstet Gynecol (2020) 59:67–72. doi: 10.1016/j.tjog.2019.11.010

23. Yu Y, Xu W, Xie Z, Huang Q, Li S. Management and outcome of 25
heterotopic pregnancies in Zhejiang, China. Eur J Obstet Gynecol Reprod
Biol (2014) 180:157–61. doi: 10.1016/j.ejogrb.2014.04.046

24. Liu M, Zhang X, Geng L, Xia M, Zhai J, Zhang W, et al. Risk Factors and Early
Predictors for Heterotopic Pregnancy after In Vitro Fertilization. PloS One
(2015) 10:e0139146. doi: 10.1371/journal.pone.0139146

25. Fang C, Huang R, Wei LN, Jia L. Frozen-thawed day 5 blastocyst transfer is
associated with a lower risk of ectopic pregnancy than day 3 transfer and fresh
transfer. Fertil Steril (2015) 103:655–61.e3. doi: 10.1016/j.fertnstert.2014.11.023

26. Huang B, Hu D, Qian K, Ai J, Li Y, Jin L, et al. Is frozen embryo transfer cycle
associated with a significantly lower incidence of ectopic pregnancy? An
analysis of more than 30,000 cycles. Fertil Steril (2014) 102:1345–9. doi:
10.1016/j.fertnstert.2014.07.1245

27. Ishihara O, Kuwahara A, Saitoh H. Frozen-thawed blastocyst transfer reduces
ectopic pregnancy risk: an analysis of single embryo transfer cycles in Japan.
Fertil Steril (2011) 95:1966–9. doi: 10.1016/j.fertnstert.2011.02.015

28. Li Z, Sullivan EA, Chapman M, Farquhar C, Wang YA. Risk of ectopic
pregnancy lowest with transfer of single frozen blastocyst. Hum Reprod
(Oxford England) (2015) 30:2048–54. doi: 10.1093/humrep/dev168

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Chi, Huang, Liang, Li, Liu and Qiao. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2021 | Volume 11 | Article 641166

https://doi.org/10.1002/ijc.29532
https://doi.org/10.1002/cncr.29637
https://doi.org/10.1089/jayao.2019.0124
https://doi.org/10.1016/j.ejogrb.2020.07.053
https://doi.org/10.1200/JCO.2003.10.019
https://doi.org/10.1093/molehr/gah015
https://doi.org/10.1093/molehr/gat024
https://doi.org/10.1093/molehr/gat024
https://doi.org/10.1093/humrep/deq019
https://doi.org/10.1097/MED.0000000000000445
https://doi.org/10.1097/MED.0000000000000445
https://doi.org/10.1056/NEJM199202133260707
https://doi.org/10.1016/S0002-9378(96)70333-2
https://doi.org/10.1038/s41591-018-0035-5
https://doi.org/10.1038/ncomms10055
https://doi.org/10.1093/annonc/mdy001
https://doi.org/10.6004/jnccn.2016.0122
https://doi.org/10.3389/fonc.2020.574669
https://doi.org/10.3389/fonc.2020.574669
https://doi.org/10.1093/humrep/dei217
https://doi.org/10.1093/humrep/dei217
https://doi.org/10.1016/j.tjog.2019.11.010
https://doi.org/10.1016/j.ejogrb.2014.04.046
https://doi.org/10.1371/journal.pone.0139146
https://doi.org/10.1016/j.fertnstert.2014.11.023
https://doi.org/10.1016/j.fertnstert.2014.07.1245
https://doi.org/10.1016/j.fertnstert.2011.02.015
https://doi.org/10.1093/humrep/dev168
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Abnormal Elevation of Anti-Mullerian Hormone and Androgen Levels Presenting as Granulosa Cell Tumor
	Introduction
	Case
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


