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Medical College Hospital, Chinese Academy of Medical Science and Peking Union Medical College,
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Objective: This study aimed to summarize the clinical features, treatment
modalities, therapeutic effects, menstruation and fertility outcomes, and
prognosis of extragonadal yolk sac tumors (YSTs) of the female genital tract.
Methods: We reviewed 32 cases of extragonadal YSTs in the genital tract
treated between 1983 and 2021. The medical records, including clinical
characteristics, histopathology, treatments, chemo-reduced adverse events,
and outcomes on long-term follow-up, were collected.

Results: Among the 32 cases, 30 were vaginal YSTs and two were uterine YSTs
(endometrial and cervical). Thirty patients (30/32, 93.8%) were <4 vyears.
Abnormal vaginal bleeding (n = 31) and elevated serum alpha-fetoprotein level
(n=32) were the most common presentations. Vaginohysteroscopy and/or
pediatric rhinoscopy were used for diagnosis in 17 pediatric patients and
evaluation of chemotherapeutic efficacy in 21 pediatric patients. All the patients
received combination chemotherapy. Bleomycin/etoposide/cisplatin (BEP) was
chosen with prior consideration in 28 cases; 21 patients were treated with BEP
alone. Yellow or grayish-yellow tissue with irregular shape was found in 66.7%
of the cases during repeat examinations. Five patients underwent surgeries
during repeat examinations and follow-ups, and no evidence of malignancy
was noted in them. Thirty-one patients achieved complete remission. During a
median follow-up of 63 months (2.4-240.3 months), two patients experienced
recurrence, three died, and 29 remained disease-free. One patient recovered
menstruation and five had undergone menarche.

Conclusion: BEP chemotherapy can serve as a preferred treatment modality for
vaginal and uterine YSTs. Vaginohysteroscopy and pediatric rhinoscopy can be
used for diagnosis and evaluation of chemotherapeutic efficacy in pediatric
patients. YSTs possibly appear as yellow or grayish-yellow after chemotherapy.
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Introduction

Yolk sac tumors (YSTs) are usually encountered in ovaries
and account for approximately 1% of all ovarian malignancies
(1, 2). Less commonly, YST can arise from extragonadal sites,
particularly in the midline of the body (3). Within the female
genital tract, the vagina is the most common site of
extragonadal YSTs, followed by the uterus and vulva (4, 5). A
total of 137 cases of vaginal YSTs have been reported over a
100-year period (6). YSTs of the uterus are even more scarce,
and fewer than 40 endometrial YST cases have been reported
(7-28). Unexplained vaginal bleeding and necrotic masses
protruding from the vagina are the main clinical
manifestations of vaginal and uterine YST's (18).

Vaginal YSTs are locally aggressive and capable of
hematogenous and lymphatic metastasis (22, 23, 29, 30). Early
detection and appropriate therapy are key to improving
prognosis. Historically, vaginal YSTs have been treated with
radical surgery and irradiation, which leads to a loss of
reproductive function and results in a poor prognosis. With
the introduction of the bleomycin/etoposide/cisplatin (BEP)
regimen in the 1980s, treatment has shifted toward
chemotherapy with or without conservative surgery (6, 31,
32), leading to a favorable prognosis (18) without sacrificing
fertility or sexual function. Due to the rarity of endometrial
and cervical YSTs, the reported cases were treated with
various types of surgery, with or without adjuvant therapy.
Chemotherapy regimens varied from case to case.

Chemotherapy, especially BEP chemotherapy, is the only
treatment modality that preserves sexual and reproductive
function in vaginal YSTs (30, 33). However, long-term
outcomes, including data on menstruation and fertility after
vaginal YSTs treatment, are not available. Additionally, there
is a paucity of literature summarizing the clinical experience
of diagnosis, management, and evaluation in pediatric
patients. Furthermore, standard treatments for endometrial
and cervical YSTs have not yet been established. Whether
radical surgery is mandatory and whether fertility-sparing
treatment is suitable for uterine YSTs requires further
investigation.

Herein, we share our experience with the diagnosis and
treatment of extragonadal YSTs originating from the female
genital tract and show the long-term outcomes of
menstruation and fertility.

Materials and methods
Ethical approval

This study was approved by the Institutional Review Board
of Peking Union Medical College Hospital (approval number:
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§-K2102). Since the study was retrospective and fully
anonymous, the requirement for written informed consent
was waived.

Patients

We searched the electronic database and reviewed female
patients with primary extragonadal malignant germ cell
tumors (EMGCTs) who were treated in our hospital between
1983 and 2021. Patients with primary EMGCTs were
identified during this period, in whom patients with EMGCT's
outside the female genital tract were excluded, and patients
with EMGCT in the female genital tract were included in the
present study.

Clinicopathologic data

Clinical and demographic data, including age at onset,
presenting complaints, clinical features, radiologic findings,
tumor markers, pathology, treatment modality, and prognosis,
were collected from the medical records and via telephone.
Histological slides were reviewed by two independent
gynecological pathologists from the Department of Pathology
at our hospital. Information on survival outcome,
menstruation, and fertility was collected on March 23, 2022,

using both medical records and telephone follow-up.

Outcomes and follow-up

Complete remission (CR) was defined by either a normal
serum alpha-fetoprotein level (defined in our hospital <20 U/
ml) or a negative pathology result. The patients achieving
complete remission were under close follow-up at the outpatient
department. A routine medical examination, including physical
examination, serum alpha-fetoprotein level monitoring, and
pelvic and abdominal ultrasound, was performed at each follow-
up visit. The patients were followed up according to the
following plan: monthly during the first year, every 2 months
during the second year, every 3 months during the third and
fourth years, and twice a year during the fifth year and thereafter.

Statistics

Descriptive statistics was used to describe the patients’
characteristics. Continuous variables are presented as mean +
SD or median (range) and categorical data are presented as
number (percentage). Statistical analysis was performed using
SPSS 25.0 statistical software (SPSS Inc., Chicago, IL, USA).
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Results
Clinical features

A total of 209 patients with primary extragonadal malignant
germ cell tumors were identified, 177 patients with such tumors
outside the female genital tract were excluded and 32 (15.3%)
with tumors in the female genital tract were included. The
clinical features of these 32 patients are presented in Table 1.
All of 32 patients were histopathologically diagnosed with
YST. Except for one 29-year-old patient with a vaginal YST,
the remaining 29 patients with vaginal YSTs were all under 4
years. The patient ages at diagnosis of endometrial and
cervical YST were 2 and 31 years, respectively. Among 31 (31/
32, 96.88%) of AVB or
mucosanguineous discharge, 11 patients had necrotic tumor

patients with a complaint
tissue protruding from the vagina, and one patient had
difficulty passing urine concurrently. Preoperative serum
alpha-fetoprotein (AFP) levels were markedly elevated in all
patients (range, 251-54,000 ng/ml). Except for one patient
whose imaging studies were unavailable, the other 31 patients
underwent at least one type of pelvic imaging on initial
presentation,  including  pelvic  ultrasound, computed
tomography, magnetic resonance imaging, and/or positron
emission tomography-computed tomography. Twenty patients
(64.5%) underwent (chest-

abdomen-pelvis). Only two patients had radiologic metastases

general imaging evaluation
at diagnosis: one patient had minor nodules in the lower lobe
of the lungs on x-ray, and another patient had multiple tumor
nodules located on the peritoneal surface on computed

tomography.

Diagnosis and histological findings

Tissue biopsy was performed in all 32 cases, and all cases
were pure YST (100%). Figure 1 shows the morphological
features of YST in one case. Pathological specimens were
obtained from exfoliated tissues in 10 patients (31.3%), tumor
biopsy in 19 patients (59.4%), and tumor resection in 3 patients
(9.7%). Because the anatomical structures of pediatric patients
are generally small, the vaginoscopic approach for hysteroscopy
and pediatric rhinoscopy were used to inspect and obtain
biopsies through the magnification of endoscopic images.
Regarding tumor biopsy, an ultrasound-guided biopsy of the
pelvic mass was performed in the case of endometrial YST;
multiple cervical biopsies were performed by colposcopy in the
case of cervical YST; the biopsy specimens of vaginal YSTs were
obtained by vaginohysteroscopy in nine cases, biopsy forceps in
five cases, pediatric rhinoscopy in two cases, and a combination
of vaginohysteroscopy and pediatric rhinoscopy in one case (as
shown in Table 2 and Figure 2). Immunohistochemical
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TABLE 1 The clinical features of 32 patients in the present study.

Age (n=32) 10 months
(3 months to

32 year)

Prepubertal and nulliparous (n = 30)

<3 years 29 (90.6%)

3.5 years 1 (3.1%)
Adults (n=2)

>18 years 2 (6.25%)

Chief complaint (n =32)

Abnormal vaginal bleeding or mucosanguineous 31 (96.9%)

discharge
Protuding masses from the vagina 11 (34.4%)
Contact bleeding 1 (3.1%)
Urination defecation difficulties 1 (3.1%)
AFP, ng/ml (n=32) 3965.5 (251-54,000)
Tumor site (n=32)
Vagina 30 (93.8%)
Endometrium 1 (3.1%)
Cervix 1 (3.1%)
Tumor size, cm (n =32) 4.5 (1-9)
Extent of diseases (n=32)
30 (93.8%)

2 (6.3%)

Localized
Metastatic®
Fertility-sparing

Yes 30 (93.8%)
No 2 (6.3%)

Chemotherapy (n =32)

BEP alone 21 (65.6%)
BEP—Other regimens 7 (21.9%)
Other regimens—BEP or other 4 (12.5%)

Response to initial treatment (n = 32)
CR 31 (96.9%)
1 (3.1%)

63 (2.4-240.3)

3 (9.4%)

Uncontrolled
Follow-up, months

Death rate

BEP, bleomycin/etoposide/cisplatin; AFP, alpha-fetoprotein; CR, complete
remission.
“Radiologic metastases.

staining served as a helpful adjunctive tool for the diagnosis of
YST in 22 of the 32 cases. Table 2 and Figure 2 shows the
immunohistochemical results of the tested cases.

Treatment
Table 3 shows detailed therapeutic information for each
case. Nine patients (28.1%) were initially admitted to local

hospitals and were subsequently referred to our hospital.
Twenty-three patients (71.9%) were exclusively diagnosed with
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FIGURE 1

The morphologic features of yolk sac tumors (YSTs). (A) A large necrotic area is shown. Hematoxylin and eosin stain. Magnification, 100x. (B) A
reticular pattern, with clear cytoplasm and less nuclear atypia, is shown. Hematoxylin and eosin stain. Magnification, 100x.

and treated in our hospital. Two patients with vaginal YSTs
underwent surgery at local hospitals prior to chemotherapy.
One patient (No. 24) underwent radical surgery, including
vaginal tumorectomy, pelvic lymphadenectomy, and internal
iliac venous embolectomy, and was administered a cycle of
nedaplatin, vindesine, etoposide, and bleomycin (NVEB)
postoperatively. Another patient (No. 18) underwent vaginal
tumorectomy via laparotomy, but she did not receive any
postoperative chemotherapy in the local hospital.

All 32 patients underwent combination chemotherapy: 30
patients started chemotherapy following pathologic diagnoses,
and two patients received chemotherapy after clinical diagnoses
based on high AFP levels and imaging findings. Excluding two
patients who underwent surgery in local hospitals, the
remaining 30 patients initially underwent chemotherapy alone.
With regard to chemotherapy regimens, 28 of the 32 patients
(87.5%) were initially started on a regimen of BEP (bleomycin/
etoposide/cisplatin) chemotherapy. Among them, 21 patients
were treated with BEP alone; 7 patients subsequently changed
from BEP to other regimens, including PVB (cisplatin/
vincristine/bleomycin)/TIP  (paclitaxel/ifosfamide/cisplatin)/PE
(cisplatin/epirubicin)/PEV  (cisplatin/etoposide/vincristine)/VAC
Usually, the
chemotherapy protocol was changed from BEP to other

(vincristine/actinomycin/cyclophosphamide).

regimens when patients reached the individualized lifetime
maximal dose of bleomycin (250 mg/mz) or cannot tolerate
bleomycin-related pulmonary toxicity (Table 3). Four of the 32
patients (12.5%) were started on a non-BEP regimen, including
NVEB, JEB  (carboplatin/etoposide/bleomycin), ~ VPEB
(vincristine/cisplatin/etoposide/bleomycin), and PVB. Three
patients were transferred from local hospitals to our hospital.
After routine evaluation in our hospital, chemotherapy was
continued in these three cases, in which the BEP regimen was
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chosen with prior consideration, since the bleomycin dosage
was within the individualized lifetime maximal dose (250 mg/
m?). The patient who was started on a PVB regimen was
exclusively treated in our hospital. Her chemotherapy protocol
was subsequently changed from PVB to both PEV and VAC to
prevent potential bleomycin lung toxicity.

Due to our inexperience with pediatric nursing, we worked
in close collaboration with pediatricians and nurses in the
management of children. To provide nutritional support and
the efficacy safety  of (Iv)
chemotherapy, IV  infusion ports implanted
subcutaneously in 79.3% of the pediatric patients. In addition

ensure and intravenous

were

to providing nutritional support, IV infusion ports can
prevent repeated vascular punctures, reduce the risks of drug
extravasation, and protect blood vessels. To prevent cisplatin
nephrotoxicity during chemotherapy, 1/3-1/4 tonic fluid (60-
80 ml/kg, than 100 ml/kg)
intravenously at 10-15 drip/min.

no more was administered

Evaluation of treatment efficacy

In the current study, elevated preoperative serum AFP levels
were found in all 32 patients. As a sensitive tumor marker for
YSTs, serum AFP was measured every course to evaluate
tumor response. Chemotherapy was considered satisfactory if
the serum AFP level decreased by 10' every course. The
normal serum AFP level was <20 U/ml. The median number
of total cycles of chemotherapy was five cycles (range, 2-13
cycles), the median number before AFP dropped to normal
values was three cycles (range, 1-8 cycles), and the median
number after a normalized AFP was two cycles (range, 0-7
cycles). Repeat examinations under anesthesia were usually
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TABLE 2 The diagnostic information and immunohistochemical
results.

Histological subtype (n =32)
Pure YST 32 (100%)
Pathologic diagnosis (n =32)

Before chemotherapy 30 (93.8%)

After chemotherapy 2 (6.2%)
Specimen origination (n = 32)
Biopsy 19 (59.4%)

Exfoliated tissues 10 (31.3%)

Laparatomy tumor recection 3 (9.7%)
Means of biopsy (n=19)
Vaginohysteroscopy 9 (47.4%)
Biopsy forceps 5 (26.3%)
Pediatric rhinoscopy 2 (10.5%)
Biopsy under ultrasonographic guidance 1 (5.3%)
Colposcopy 1 (5.3%)
Vaginohysteroscopy + Pediatric rhinoscopy 1 (5.3%)

Immunohistochemical results (n =22)

The positive rate, %

CK AE1/AE3 100% (14/14)
SALL4 100% (7/7)
AFP 94.7% (18/19)
Glypican-3 80% (4/5)
PLAP 75% (6/8)
CD117 55.6% (5/9)

The negative rate, %

CD30 100% (13/13)
OCT3/4 100% (11/11)
CK7 100% (5/5)
MYOD1 100% (3/3)
D2-40 100% (3/3)
EMA 87.5% (7/8)
HCG 85.7% (6/7)
SOX2 75% (6/7)
Ki-67, % 61.25 (2-98)

YST, yolk sac tumor; CK AE1/AE3, cytokeratin; SALL4, spalt like transcription
factor 4; AFP, alpha-fetoprotein; PLAP, placental-like alkaline phosphatase;
OCT 3/4, octamer binding transcription factor; CK7, cytokeratin 7; MYOD1,
myogenic differentiation 1; EMA, epithelial Membrane Antibody; HCG, human
chorionic gonadotropin.

performed to evaluate tumor response after AFP levels returned
to normal levels. A delayed decrease in AFP levels and any
suspicious radiological findings were also reasons for repeat
evaluation.

A total of 27 patients underwent repeat examinations under
anesthesia, of whom 22 had normalized serum AFP levels and 5
had abnormal or near-normal levels. Vaginohysteroscopy was
used in 20 cases, and pediatric rhinoscopy and laparoscopy
were used separately in 4 cases, either alone or in
combination with vaginohysteroscopy. Yellow, grayish-yellow,
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or yellowish-white tissue varying in size and shape was the

most common intraoperative finding during repeat
examinations and was found in 18 cases (66.7%) (Figure 3).
During repeat examinations under anesthesia, 23 patients
underwent biopsies and 4 patients underwent additional
procedures due to highly suspected residual disease, including
partial vaginectomy (n =2), vaginal tumorectomy (n=1), and
total hysterectomy plus bilateral salpingectomy (THBS)
(n=1). With regard to the pathological results, no evidence of
malignancy was found in 25 cases, a little necrotic and
degenerated tumor tissue was found in one case, and

persistent disease was confirmed in only one uncontrolled case.

Adverse effects of chemotherapy

In the current study, myelosuppression, chemotherapy-induced
nausea, and vomiting were the most common side effects. Oral
ulceration, anorexia, hair loss, and bleomycin-induced interstitial
disease were the least common side effects observed. To improve
efficacy and reduce chemotherapy-induced adverse effects,
supportive care was provided to patients, such as blood
transfusion, platelet transfusion, anti-inflammatory treatment, and
granulocyte colony-stimulating factor (G-CSF) support. For
pediatric patients, G-CSF was administered when the neutrophil
count dropped below 0.5 x 10°/L with a dosage of 2 ug/kg. The
volume of blood transfused for children was 10-15 ml/kg. The
vast majority of patients tolerated the toxic effects of multidrug
chemotherapy well, except for one patient (No. 11). Her serum
AFP level decreased to a normal value after three cycles of BEP,
but she developed a fourth degree of bone marrow suppression,
severe nausea and vomiting, and pulmonary function decline.
Unfortunately, she progressed to acute dyspnea and heart failure
after the fourth cycle of BEP (her cumulative dose of bleomycin
was 44 mg) and finally died of respiratory and circulatory failure.

Outcomes and follow-up

During a median follow-up of 63 months (2.4 months to
19.8 years), four (12.5%) patients showed disease progression.
Details of the patients with disease progression are shown in
Table 4. Thirty-one (96.88%) patients achieved CR after the
initial treatment, but one of them (No. 11) died of chemo-
related severe adverse events. One patient (No. 6) had
uncontrolled disease after the initial treatment and died of the
disease. Two patients (No. 3 and 32) experienced recurrence,
and one of them (No. 32) died of recurrent disease. The
patient with a cervical YST underwent laparoscopic THBS
because of radiologic metastasis during follow-up. However,
the final pathological diagnosis revealed no evidence of
malignancy. To date, three patients (3/32, 9.38%) died, and
the remaining 29 patients (29/32, 90.63%) are alive without
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FIGURE 2

The immunohistochemical results of some cases that were tested. (A) Immunohistochemistry (IHC) for SALL-4 showing positive staining.
Magnification, 100x. (B) IHC for CK AE1/AE3 + showing positive staining. Magnification, 100x. (C) Ki-67 index is approximately 90%.
Magpnification, 100x. (D) IHC for AFP showing focally positive staining. Magnification, 100x. (E) IHC for OCT 3/4 showing almost negative staining.
Magnification, 100x. (F) IHC for CD30 showing negative staining. Magnification, 100x.

evidence of disease. In general, we achieved an excellent
prognosis (Table 1).

In a total of 27 patients, including one childbearing patient
and 26 children, the uterus and both ovaries were preserved. For
these 27 patients, the median follow-up period was 67.6 months
(2.4 months to 19.8 years). The childbearing patient recovered
her menstruation three and a half months after completion of
chemotherapy. Five of the 26 patients underwent menarche
during the long-term follow-up. None of the 27 patients had
conceived yet because of the lack of childbearing requirements.

Discussion

Extragonadal YSTs of the lower female genital tract, as a
small portion of EMGCTS, are even scarcer. The vagina is the
most common site of extragonadal YSTs (4, 5, 34), which
occurs exclusively in girls under 3 years of age (18). Vaginal
YSTs are locally aggressive, and untreated patients could die
within 2-4 months after the initial presentation (35); hence,
timely initiation of optimal treatment plays a key role in
improving the prognosis of vaginal YSTs. As the treatment of
YSTs has shifted from surgery
chemotherapy, especially BEP chemotherapy, the diagnosis of

vaginal radical to

vaginal YSTs has relied heavily on the protruding masses
from the vagina or a biopsy specimen.
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For patients presenting with protruding masses from the
vagina, any exfoliated tissue should be taken for histological
examination. Usually, lesions of the lower genital tract are
diagnosed through speculum examination, during which careful
inspection of the lower genital tract is performed, and a biopsy is
obtained when indicated. Since vaginal YSTs mostly occur in
children under 3 years, whose anatomical structures are generally
small, the usual approach is not suitable even under anesthesia. In
our study, 29 patients were children younger than 4 years. Except
for three children diagnosed through surgical tumorectomy, all
remaining 26 children were diagnosed through a mass
spontaneously discharged from the vagina or a biopsy specimen.
Biopsy specimens were mostly obtained at the time of
hysteroscopy and/or pediatric rhinoscopy. In our hospital,
hysteroscopy and pediatric rhinoscopy are used as colposcopy for
pediatric patients to inspect the vagina and cervix and to perform
tumor site biopsy. In recent years, hysteroscopy has been
considered an emerging tool for identifying and treating cervical
and vaginal diseases (36). The vaginoscopic approach for
hysteroscopy involves introducing a hysteroscope directly into the
vagina (37). After distention by a fluid medium, it is possible to
carefully inspect the vagina and perform eventual interventions
(37). Vaginohysteroscopy and pediatric rhinoscopy, without the
aid of a speculum, facilitate detailed endoscopic inspection of the
lower genital tract and reduce patient discomfort (38). If the
distention of the vaginal cavity is inadequate, it might be useful to
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FIGURE 3

Yellow, grayish-yellow, or yellowish-white tissue varying in size and shape.

manually close the vaginal labia to generate increased pressure and
vaginal walls distension (37).

Apart  from
vaginohysteroscopy and pediatric rhinoscopy were also used to

obtaining a  biopsy for  diagnosis,
confirm the efficacy of treatment after normalization of AFP
levels. Although serial serum AFP levels were monitored before
each cycle of chemotherapy, a final pathologic diagnosis on biopsy
is more straightforward to evaluate tumor response. In the present
study, 27 patients underwent a second evaluation, mostly
consisting of an examination under anesthesia and biopsy of any
abnormalities. Repeat biopsy specimens were mostly obtained via
vaginohysteroscopy and/or pediatric rhinoscopy. Interestingly,

yellow, grayish-yellow, or yellowish-white tissue with an irregular
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shape was observed in 66.7% of the cases during repeated

examinations in our study, possibly due to the post-
chemotherapeutic presentation of extragonadal YST's arising in
the female genital tract. Although five of the 27 patients still had
an elevated serum AFP level before repeat examinations,
pathological results revealed no evidence of residual tumor in 25
cases. Therefore, whether to perform further endoscopic
assessment after a normalized AFP level remains to be determined
(32). Whether AFP can be used as the only trackable indicator for
evaluating the therapeutic effect of vaginal YSTs, such as f-human
chorionic gonadotropin, in gestational trophoblast diseases,
remains to be determined. Repeat examinations with biopsy are

certainly warranted in cases in which serum AFP levels decrease
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TABLE 4 Details of the patients with disease progression.

No. Age Primary Extent of Initial treatment Time to relapse  Site of Treatment Outcome
tumor disease relapse after relapse
site

3 11 months Vagina Localized Our hospital: EUA + hys 3.5 months after Vagina  BEP*5 NED

TSB—BEP*3—EUA + hys TSB —BEP*2 completion of initial (6.2 years)
treatment

6 29 months Vagina Localized Local hospital: EUA + hys TSB—JEB*2—hys / / / DOD
TSB—JEB*1—laparotomy exploration + (28
TR—JEB*3—-PEV*2—TSB months)

pv—BEP*1—>transferred to our hospital
Our hospital: BEP*3—lap + hys + TR +

LND—BEP*1
11 9 months Vagina Peritoneal Our hospital: Diagnosed by exfoliated / / / DOD
metastasis tissues—BEP*4 (DDP, 100 mg/m2/3 days; (4
on imaging 1V drip days 1-3 + VP-16, 100 mg/mzlday; months)
studies) IV drip days 1-3 + BLM, 15 mg/m*/day;
intramuscular, day 1-2)

32 9 months Vagina Localized Our hospital: EUA + hys TSB—BEP*5 @ The 1st relapse: 1.5 Vagina (D Hys DOD (23
months after completion TSB—BEP*4 + months)
of initial treatment. VAC*1

@ The 2nd relapse: after @) lap +
VAC consolidation TR—EMA/
chemotherapy of the CO*1+
second-round PVB*2 + PEV*4
chemotherapy

EUA, examination under anesthesia; hys, hysteroscopy; pv, per vagina; lap, laparoscopy; TSB, tumor site biopsy; TR, tumor resection; BEP, bleomycin/etoposide/
cisplatin; JEB, carboplatin/etoposide/bleomycin; PEV, cisplatin/etoposide/vincristine; DDP, cisplatin; BLM, bleomycin; VAC, vincristine/actinomycin/
cyclophosphamide;  PVB, cisplatin/vincristine/bleomycin;  EMA/CO,  etoposide/methotrexate/actinomycinD/cyclophosphamide and  vincristine;  LND,
lymphadenectomy; IV, intravenous; NED, no evidence of disease; DOD, died of disease.

at an unsatisfactory rate or any evidence of residual mass is apparent However, the specific range remains undefined (10, 40) and
at the end of treatment (31, 32). whether the uterus and ovaries can be preserved still needs
Uterine YST's are unusual compared to vaginal YSTs. To date, further exploration (10, 41). Data on the correlation between
few studies on endometrial and cervical YSTs have been reported radical surgery and survival outcomes are insufficient to define
(7-28). According to previous literature (7-28), the majority of standard guidelines. We believe that preservation of sexual and
patients with endometrial and cervical YSTs underwent reproductive function is worth attempting in the management
hysterectomy and adnexectomy combined with chemotherapy of uterine YSTs, especially in patients with a strong desire for
(mostly a BEP regimen). Some patients with endometrial YSTs future fertility. The possibility of giving birth and potential risk
undergo  additional  procedures concurrently, such as of delayed treatment should be balanced. Even though patients
omentectomy (8, 12, 17, 21-23), appendicectomy (12, 23), and lose their childbearing potential after hysterectomy, preserving
pelvic and/or para-aortic lymphadenectomy (8, 9, 12, 16, 21-24). bilateral ovaries when indicated is still a chance to have a
However, only a handful of cases of endometrial YST's involve the genetic child in the future. Moreover, ovary-sparing can retain
ovary (12), omentum (12, 23), appendix (12), and lymph nodes the patient’s ovarian endocrine function and improve
(9). In total, five cases of uterine YSTs were identified in which at postoperative quality of life (10). Finally, careful assessment,
least one ovary was preserved (8, 10, 15, 16, 18). Of these five informed consent, and strict follow-up should be considered
cases, one 30-year-old patient, gravida 2 para 1, retained her right for preservation of the uterus and ovaries.
adnexa because no macroscopic abnormality was observed (16), In our study, all 32 patients underwent combination
while the other four patients were all nulligravid, and they chemotherapy, and 21 patients were treated with BEP alone.
retained bilateral ovaries (8, 10, 15, 18). Follow-up data from 12 Five patients underwent surgery after chemotherapy, but no
months to 6 years was available for these five patients, and they evidence of malignancy was found. In total, 31 patients achieved
were all alive and disease-free. One patient underwent oocyte CR after the initial treatment, and two of them experienced
cryopreservation 6 months after completing chemotherapy, recurrence. Three patients died of the disease in periods ranging
retrieving 18 mature oocytes in one cycle (8). from 4 to 28 months. One patient died of the disease due to
According to limited studies on uterine YSTs, a combination delayed and nonstandard treatments in a local hospital, the
of radical surgery and chemotherapy seems to be the first-line second died of a severe adverse effect of chemotherapy, and the
treatment (10, 22, 39) and may result in better survival (22). third died of recurrent disease. Twenty-nine patients (90.6%)
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remained disease-free during the long follow-up period.
Additionally, among 27 alive patients who retained the uterus
and ovaries, one patient recovered her menstruation after
completing chemotherapy and five had undergone menarche.

In general, we achieved a favorable prognosis in this cohort. We
attributed the excellent prognosis to effective treatments and close
cooperation with pediatric doctors and careful pediatric nursing.
BEP chemotherapy, administered in time and with sufficient
dosage (31, 32), could serve as the sole treatment modality, during
which biopsies should be performed to diagnose or evaluate the
efficacy of chemotherapy (33). If a suspicious lesion is found
during chemotherapy and follow-up, examination under
anesthesia with biopsy should be performed. However, caution
should be exercised when performing additional procedures.
Vaginectomy and THBS can lead to loss of sexual function and
fertility. Fibrosis and growth impairment of the vagina secondary
to partial vaginectomy have also been reported (42). If any
malignancy is suspected, frozen section analysis is helpful to
confirm the diagnosis and prevent unnecessary surgery.

Our study has some limitations including bias caused by
transferred patients and a large but still limited sample. More
than half of the transferred patients initially received non-
standard treatment in local hospitals. Two patients underwent
surgery prior to chemotherapy. Three patients received
nonstandard chemotherapy, and one patient received too many
courses of BEP. Moreover, only two uterine YST cases were
included in our study, and more cases are needed to explore the
feasibility of fertility-sparing treatment for uterine YSTs. Finally,
most patients are still premenarchal after long-term follow-up,
and alonger follow-up is needed to indicate the outcomes of fertility.

Conclusion

To preserve sexual function and fertility, BEP chemotherapy
can be used for the treatment of vaginal and uterine YSTs with
prior consideration. For uterine YSTs, this treatment modality
should be chosen with a careful comprehensive assessment and
strict follow-up. Vaginohysteroscopy and pediatric rhinoscopy
can be used to diagnose and evaluate the chemotherapeutic
efficacy in pediatric patients. In most cases, YSTs appear yellow
or grayish-yellow after chemotherapy. Biopsies should be
performed when indicated during repeat examinations and
follow-up. However, any surgery that compromises fertility and
sexual function should be performed with caution.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material, further
inquiries can be directed to the corresponding author/s.
Frontiers in Pediatrics

11

10.3389/fped.2022.1004501

Ethics statement

The studies involving human participants were reviewed
and approved by the Institutional Review Board of Peking
Union Medical College Hospital. Written informed consent
for participation was not provided by the participants’ legal
the
retrospective and fully anonymous, the requirement for

guardians/next of kin because: Since study was

written informed consent was waived.

Author contributions

All authors contributed to the study conception and design.
Material preparation, data collection and analysis were
performed by DC, PP, JY, HH, YZ, MY, JW, HZ, NC, TW,
KS, YX. The first draft of the manuscript was written by XM
and all authors commented on previous versions of the
manuscript. All authors contributed to the article and

approved the submitted version.

Funding

This work was supported by the Non-profit Central
Research Institute Fund of Chinese Academy of Medical
Sciences (NO. 2020-PT320-003).

Acknowledgments

We would like to thank Editage (www.editage.cn) for
English language editing.

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.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

frontiersin.org


http://www.editage.cn
https://doi.org/10.3389/fped.2022.1004501
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Ma et al.

References

1. Parker SL, Tong T, Bolden S, Wingo PA. Cancer statistics, 1997. CA Cancer
J Clin. (1997) 47(1):5-27. doi: 10.3322/canjclin.47.1.5

2. Dillenbach P, Bonnefoi H, Pelte MF, Vlastos G. Yolk sac tumours of the ovary:
an update. Eur ] Surg Oncol. (2006) 32(10):1063-75. doi: 10.1016/j.€js0.2006.07.010

3. Euscher ED. Germ cell tumors of the female genital tract. Surg Pathol Clin.
(2019) 12(2):621-49. doi: 10.1016/j.path.2019.01.005

4. Khunamornpong S, Siriaunkgul S, Suprasert P, Chitapanarux I. Yolk sac
tumor of the vulva: a case report with long-term disease-free survival. Gynecol
Oncol. (2005) 97(1):238-42. doi: 10.1016/j.ygyno.2004.12.054

5. Traen K, Logghe H, Maertens J, Mattelaere C, Moerman P, Vergote I. Endodermal
sinus tumor of the vulva: successfully treated with high-dose chemotherapy. Int ] Gynecol
Cancer. (2004) 14(5):998-1003. doi: 10.1136/ijgc-00009577-200409000-00037

6. Mayhew AC, Rytting H, Olson TA, Smith E, Childress KJ. Vaginal yolk sac
tumor: a case series and review of the literature. J Pediatr Adolesc Gynecol.
(2021) 34(1):54-60.e4. doi: 10.1016/j.jpag.2020.06.020

7. Grindstaff S, Hanley LC, Banet N. Yolk sac tumor arising in uterine
carcinosarcoma with endometrioid and serous components: a case report with
immunohistochemical analysis. Int ] Gynecol Pathol. (2022) 41(1):40-4.
doi: 10.1097/PGP.0000000000000774

8. Simpson S, Simoni M, Hui P, Taylor HS, Buza N. Extragonadal yolk sac
tumor limited to the myometrium: report of a case with potential fertility
preservation and molecular analysis suggesting germ cell origin. Int ] Gynecol
Pathol. (2020) 39(3):247-53. doi: 10.1097/PGP.0000000000000601

9. Oguri H, Sumitomo R, Maeda N, Fukaya T, Moriki T. Primary yolk sac tumor
concomitant with carcinosarcoma originating from the endometrium: case report.
Gynecol Oncol. (2006) 103(1):368-71. doi: 10.1016/j.ygyno.2006.04.024

10. Lu T, Qi L, Ma Y, Lu G, Zhang X, Liu P. Primary yolk sac tumor of the
endometrium: a case report and review of the literatures. Arch Gynecol Obstet.
(2019) 300(5):1177-87. doi: 10.1007/s00404-019-05309-3

11. Zhang H, Liu F, Wei J, Xue D, Xie Z, Xu C. Mixed germ cell tumor of the
endometrium: a case report and literature review. Open Med. (2020) 15:65-70.
doi: 10.1515/med-2020-0010

12. Damato S, Haldar K, McCluggage WG. Primary endometrial yolk sac tumor with
endodermal-intestinal ~ differentiation masquerading as metastatic colorectal
adenocarcinoma. Int ] Gynecol Pathol. (2016) 35(4):316-20. doi: 10.1097/PGP.
0000000000000236

13. Qzler A, Dogan S, Mamedbeyli G, Rahatli S, Haberal AN, Dursun P, et al.
Primary yolk sac tumor of endometrium: report of two cases and review of
literature. J Exp Ther Oncol. (2015) 11(1):5-9. PMID: 26259383

14. Abhilasha N, Bafna UD, Pallavi VR, Rathod PS, Krishnappa S. Primary yolk
sac tumor of the endometrium: a rare entity. Indian J Cancer. (2014) 51(4):446.
doi: 10.4103/0019-509X.175315

15. Rossi R, Stacchiotti D, Bernardini MG, Calvieri G, Lo Voi R. Primary yolk
sac tumor of the endometrium: a case report and review of the literature. Am
J Obstet Gynecol. (2011) 204(4):e3-4. doi: 10.1016/j.aj0g.2010.12.014

16. Wang C, Li G, Xi L, Gu M, Ma D. Primary yolk sac tumor of the endometrium.
Int ] Gynaecol Obstet. (2011) 114(3):291-3. doi: 10.1016/j.ijg0.2011.03.020

17. Patsner B. Primary endodermal sinus tumor of the endometrium presenting
as “recurrent” endometrial adenocarcinoma. Gynecol Oncol. (2001) 80(1):93-5.
doi: 10.1006/gyno.2000.6011

18. Torino G, Roberti A, Turra F, Donofrio V, Bifano D, Abate M, et al. Laparoscopic
trachelectomy for cervix yolk sac tumor in 11-month-old girl: the youngest case.
] Pediatr Adolesc Gynecol. (2021) 34(6):872-5. doi: 10.1016/j.,jpag.2021.06.006

19. Ravishankar S, Malpica A, Ramalingam P, Euscher ED. Yolk sac tumor in
extragonadal pelvic sites: still a diagnostic challenge. Am ] Surg Pathol. (2017)
41(1):1-11. doi: 10.1097/PAS.0000000000000722

20. Ohta M, Sakakibara K, Mizuno K, Kano T, Matsuzawa K, Tomoda Y, et al.
Successful treatment of primary endodermal sinus tumor of the endometrium.
Gynecol Oncol. (1988) 31(2):357-64. doi: 10.1016/S0090-8258(88)80015-5

21. Hu Y, Zeng F, Xue M, Xiao S. A case report for primary yolk sac tumor of
endometrium. Zhong Nan Da Xue Xue Bao Yi Xue Ban. (2016) 41(12):1362-5.
doi: 10.11817/j.issn.1672-7347.2016.12.019

Frontiers in Pediatrics

12

10.3389/fped.2022.1004501

22. Lin SW, Hsieh SW, Huang SH, Liang HS, Huang CY. Yolk sac tumor of
endometrium: a case report and literature review. Taiwan ] Obstet Gynecol.
(2019) 58(6):846-8. doi: 10.1016/j.tjog.2019.09.020

23. Song L, Wei X, Wang D, Yang K, Qie M, Yin R, et al. Primary yolk sac
tumor originating from the endometrium: a case report and literature review.
Medicine. (2019) 98(15):e15144. doi: 10.1097/MD.0000000000015144

24. Spatz A, Bouron D, Pautier P, Castaigne D, Duvillard P. Primary yolk sac
tumor of the endometrium: a case report and review of the literature. Gynecol
Oncol. (1998) 70(2):285-8. doi: 10.1006/gyno.1998.5036

25. Joseph MG, Fellows FG, Hearn SA. Primary endodermal sinus tumor of the
endometrium. A clinicopathologic, immunocytochemical, and ultrastructural
study. Cancer. (1990) 65(2):297-302. doi: 10.1002/1097-0142(19900115)
65:2<297::AID-CNCR2820650219>3.0.CO;2-E

26. Saltzman AF, Gills JRR, LeBlanc DM, Velez MC, Craver RD, Roth CC.
Multimodal management of a pediatric cervical yolk sac tumor. Urology. (2015)
85(5):1186-9. doi: 10.1016/j.urology.2015.01.034

27. Yadav K, Singh G, Budhiraja S, Radhika S. Endodermal sinus tumour of
cervix—case report. Indian ] Cancer. (1996) 33(1):43-5. PMID: 9063018

28. Mardi K, Gupta N, Bindra R. Primary yolk sac tumor of cervix and vagina in
an adult female: a rare case report. Indian J Cancer. (2011) 48(4):515-6. doi: 10.
4103/0019-509X.92249

29. Terenziani M, Spreafico F, Collini P, Meazza C, Massimino M, Piva L.
Endodermal sinus tumor of the vagina. Pediatr Blood Cancer. (2007) 48
(5):577-8. doi: 10.1002/pbc.20636

30. Saren MS, Ping EL, Ping WK. Malignant germ cell tumour in an infant
vagina. Med ] Malaysia. (2020) 75(6):752-3. PMID: 33219193

31. Tao T, Yang J, Cao D, Guo L, Chen J, Lang J, et al. Conservative treatment
and long-term follow up of endodermal sinus tumor of the vagina. Gynecol Oncol.
(2012) 125(2):358-61. doi: 10.1016/j.ygyno.2011.12.430

32. Yuan Z, Cao D, Yang J, Keng S, Huang H. Vaginal yolk sac tumors: our
experiences and results. Int | Gynecol Cancer. (2017) 27(7):1489-93. doi: 10.
1097/1GC.0000000000001020

33. Lightfoot MA, Bilgutay AN, Kirsch AJ. A rare case of pediatric vaginal yolk
sac tumor. Urology. (2018) 119:137-9. doi: 10.1016/j.urology.2018.01.007

34. Clement PB, Young RH, Scully RE. Extraovarian pelvic yolk sac tumors.
Cancer. (1988) 62(3):620-6. doi: 10.1002/1097-0142(19880801)62:3<620::AID-
CNCR2820620330>3.0.CO;2-P

35. Young RH, Scully RE. Endodermal sinus tumor of the vagina: a report of
nine cases and review of the literature. Gynecol Oncol. (1984) 18(3):380-92.
doi: 10.1016/0090-8258(84)90050-7

36. Cooper NA, Smith P, Khan KS, Clark TJ. A systematic review of the effect of
the distension medium on pain during outpatient hysteroscopy. Fertil Steril.
(2011) 95(1):264-71. doi: 10.1016/j.fertnstert.2010.04.080

37. Di Spiezio Sardo A, Zizolfi B, Calagna G, Florio P, Nappi C, Di Carlo C.
Vaginohysteroscopy for the diagnosis and treatment of vaginal lesions. Int
] Gynaecol Obstet. (2016) 133(2):146-51. doi: 10.1016/j.ijg0.2015.09.018

38. Guida M, Di Spiezio Sardo A, Acunzo G, Sparice S, Bramante S, Piccoli R,
et al. Vaginoscopic versus traditional office hysteroscopy: a randomized controlled
study. Hum Reprod. (2006) 21(12):3253-7. doi: 10.1093/humrep/del298

39. Li JK, Yang KX, Zheng Y. Endometrial yolk sac tumor with omental
metastasis. Chin Med J. (2017) 130(16):2007-8. doi: 10.4103/0366-6999.211893

40. Leary AF, Quinn M, Fujiwara K, Coleman RL, Kohn E, Sugiyama T, et al.
Fifth ovarian cancer consensus conference of the gynecologic cancer InterGroup
(GCIG): clinical trial design for rare ovarian tumours. Ann Oncol. (2017) 28
(4):718-26. doi: 10.1093/annonc/mdw662

41. Yin M, Wang T, Yang JX. Yolk sac tumor of the uterus in a 2-year-old girl: a
case report and literature review. ] Pediatr Adolesc Gynecol. (2022) 35(2):177-81.
doi: 10.1016/j.jpag.2021.09.005

42. Flamant F, Gerbaulet A, Nihoul-Fekete C, Valteau-Couanet D, Chassagne D,
Lemerle J. Long-term sequelae of conservative treatment by surgery,
brachytherapy, and chemotherapy for vulval and vaginal rhabdomyosarcoma in
children. J Clin Oncol. (1990) 8(11):1847-53. doi: 10.1200/JC0O.1990.8.11.1847

frontiersin.org


https://doi.org/10.3322/canjclin.47.1.5
https://doi.org/10.1016/j.ejso.2006.07.010
https://doi.org/10.1016/j.path.2019.01.005
https://doi.org/10.1016/j.ygyno.2004.12.054
https://doi.org/10.1136/ijgc-00009577-200409000-00037
https://doi.org/10.1016/j.jpag.2020.06.020
https://doi.org/10.1097/PGP.0000000000000774
https://doi.org/10.1097/PGP.0000000000000601
https://doi.org/10.1016/j.ygyno.2006.04.024
https://doi.org/10.1007/s00404-019-05309-3
https://doi.org/10.1515/med-2020-0010
https://doi.org/10.1097/PGP.0000000000000236
https://doi.org/10.1097/PGP.0000000000000236
https://pubmed.ncbi.nlm.nih.gov/26259383
https://doi.org/10.4103/0019-509X.175315
https://doi.org/10.1016/j.ajog.2010.12.014
https://doi.org/10.1016/j.ijgo.2011.03.020
https://doi.org/10.1006/gyno.2000.6011
https://doi.org/10.1016/j.jpag.2021.06.006
https://doi.org/10.1097/PAS.0000000000000722
https://doi.org/10.1016/S0090-8258(88)80015-5
https://doi.org/10.11817/j.issn.1672-7347.2016.12.019
https://doi.org/10.1016/j.tjog.2019.09.020
https://doi.org/10.1097/MD.0000000000015144
https://doi.org/10.1006/gyno.1998.5036
https://doi.org/10.1002/1097-0142(19900115)65:2%3C297::AID-CNCR2820650219%3E3.0.CO;2-E
https://doi.org/10.1002/1097-0142(19900115)65:2%3C297::AID-CNCR2820650219%3E3.0.CO;2-E
https://doi.org/10.1016/j.urology.2015.01.034
https://pubmed.ncbi.nlm.nih.gov/9063018
https://doi.org/10.4103/0019-509X.92249
https://doi.org/10.4103/0019-509X.92249
https://doi.org/10.1002/pbc.20636
https://pubmed.ncbi.nlm.nih.gov/33219193
https://doi.org/10.1016/j.ygyno.2011.12.430
https://doi.org/10.1097/IGC.0000000000001020
https://doi.org/10.1097/IGC.0000000000001020
https://doi.org/10.1016/j.urology.2018.01.007
https://doi.org/10.1002/1097-0142(19880801)62:3%3C620::AID-CNCR2820620330%3E3.0.CO;2-P
https://doi.org/10.1002/1097-0142(19880801)62:3%3C620::AID-CNCR2820620330%3E3.0.CO;2-P
https://doi.org/10.1016/0090-8258(84)90050-7
https://doi.org/10.1016/j.fertnstert.2010.04.080
https://doi.org/10.1016/j.ijgo.2015.09.018
https://doi.org/10.1093/humrep/del298
https://doi.org/10.4103/0366-6999.211893
https://doi.org/10.1093/annonc/mdw662
https://doi.org/10.1016/j.jpag.2021.09.005
https://doi.org/10.1200/JCO.1990.8.11.1847
https://doi.org/10.3389/fped.2022.1004501
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Preservation of sexual and reproductive function in the treatment of extragonadal yolk sac tumors in the female genital tract
	Introduction
	Materials and methods
	Ethical approval
	Patients
	Clinicopathologic data
	Outcomes and follow-up
	Statistics

	Results
	Clinical features
	Diagnosis and histological findings
	Treatment
	Evaluation of treatment efficacy
	Adverse effects of chemotherapy
	Outcomes and follow-up

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


