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Abstract
Objective The aim of the study was to investigate the relative risk factors associated with the prognosis and effective treat-
ments of alpha-fetoprotein (AFP)-producing epithelial ovarian carcinoma (EOC).
Method We presented three cases of AFP-producing EOC and performed a brief review to summarize the clinicopatho-
logical features and prognostic factors of 24 cases that have been previously reported. We evaluated the correlations among 
prognostic and clinical parameters, such as stage, pathology and chemotherapy regimens. In addition, a retrospective review 
of these 27 cases was conducted, and survival curves were estimated using the Kaplan–Meier method.
Results The patients were aged between 23 and 77 years. The median overall survival was 10 months, and ten (37.04%) 
patients died within 18 months. We compared the overall mean survival times of all patients in different stages, and the results 
suggest that the postoperative pathological staging is hardly correlated with prognosis (P = 0.76). There was a correlation 
between pathology and prognosis (P = 0.0018). The mean survival time was longer for patients who had undergone chemo-
therapy than for those without chemotherapy (14.88 vs 0.65 months) (P < 0.0001). Moreover, although patients had a good 
response to the regimens for PEB and TC (P = 0.004), there was no significant difference between PEB and TC (P = 0.386).
Conclusions AFP-producing EOC is uncommon and regarded as an extremely malignant type of tumor. Patients with 
chemotherapy may have a longer survival time; additionally, PEB and TC may be an optimal selection for this kind of tumor. 
Further large-scale studies are needed to confirm our findings.

Keywords Alpha-fetoprotein (AFP) · Epithelial ovarian carcinoma (EOC) · Yolk sac tumor (YST) · Chemotherapy · 
Surgery · Prognostic factors

Introduction

α-Fetoprotein (AFP), a fetal serum protein, can be useful as 
a tumor marker for detecting malignancies such as yolk sac 
tumors (YSTs), which often occur in young women. AFP is 
also secreted in the context of other tumors, such as hepa-
tocellular carcinoma and testicular carcinoma [1]. In addi-
tion to typical YSTs, epithelial ovarian carcinoma (EOC) 

with elevated AFP can be easily misdiagnosed due to its 
infrequent occurrence with a high level of AFP, especially 
in young women. Moreover, although the likelihood is low, 
older women can also develop this disease. One article has 
provided a comprehensive review of AFP-producing ovar-
ian tumors with germ cell differentiation in postmenopausal 
women [2]. In this review, histopathological findings varied 
as follows: endometrioid adenocarcinoma, mucinous adeno-
carcinoma, serous adenocarcinoma, clear cell carcinoma and 
carcinoma of uncertain type.

Such unusual cases challenge the classic histological 
diagnosis and are difficult to identify due to the low inci-
dence. It has been suggested that AFP-producing EOC 
occurs in the same age range as EOC but shows aggressive 
behavior and poor prognosis [3]. The initial symptoms, such 
as the presence of an abdominal mass, pain or distention, are 
identical to those of EOC. However, serum AFP levels are 
not routinely examined in ovarian tumors arising in older 
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women. All of these characteristics lead to difficulty in diag-
nosing the disease.

The prognoses of malignant germ cell tumor patients 
are usually good. Fertility-sparing surgery is recommended 
for those desiring fertility preservation, regardless of stage. 
Postoperative chemotherapy with bleomycin/etoposide/
cisplatin (PEB) for three to four cycles is recommended. 
Appropriate surgical staging and debulking surgery follow-
ing systemic chemotherapy (cisplatin-based) is the initial 
treatment recommendation for EOC patients. To date, only 
24 cases have been reported in the literature. The optimal 
treatment for AFP-producing EOC is still unclear owing to 
its rarity. Therefore, accurate diagnosis and treatment need 
to be conducted effectively. The purpose of this study was to 
investigate the relevant risk factors for the outcome of AFP-
producing EOC according to clinicopathological features 
and determine effective treatments for this disease.

Method

Herein, we present three cases of AFP-producing EOC in 
Peking Union Medical College Hospital: one was a 77-year-
old postmenopausal woman with high-grade serous carci-
noma, International Federation of Gynecology and Obstet-
rics (FIGO) IIIC, the second was a 29-year-old woman with 
poorly differentiated carcinoma, FIGO IIIC, and the third 
was a 56-year-old postmenopausal woman with poorly dif-
ferentiated carcinoma, FIGO IIIA. We conducted a literature 
review and evaluated the clinicopathological features and 
prognostic factors using published cases of AFP-producing 
EOC.

Literature search strategy

We screened for potentially eligible titles, using combi-
nations of the following searching strategy: “(Ovarian 
Neoplasms[MeSH Terms]) OR (Neoplasm, Ovarian) OR 
(Ovarian Neoplasm) OR (Ovary Neoplasms) OR (Neo-
plasm, Ovary) OR (Neoplasms, Ovary) OR (Ovary Neo-
plasm) OR (Neoplasms, Ovarian) OR (Ovary Cancer) 
OR (Cancer, Ovary) OR (Cancers, Ovary) OR (Ovary 
Cancers) OR (Ovarian Cancer) OR (Cancer, Ovarian) OR 
(Cancers, Ovarian) OR (Ovarian Cancers) OR (Cancer 
of Ovary) OR (Cancer of the Ovary” OR) “(Carcinoma, 
Ovarian Epithelial[MeSH Terms]) OR (Carcinomas, Ovar-
ian Epithelial) OR (Epithelial Carcinoma, Ovarian) OR 
(Epithelial Carcinomas, Ovarian) OR (Ovarian Epithelial 
Carcinomas) OR (Epithelial Ovarian Cancer) OR (Ovar-
ian Epithelial Cancer) OR (Cancer, Ovarian Epithelial) 
OR (Cancers, Ovarian Epithelial) OR (Epithelial Cancer, 
Ovarian) OR (Epithelial Cancers, Ovarian) OR (Ovarian 
Epithelial Cancers) OR (Ovarian Cancer, Epithelial) OR 

(Cancer, Epithelial Ovarian) OR (Cancers, Epithelial Ovar-
ian) OR (Epithelial Ovarian Cancers) OR (Ovarian Can-
cers, Epithelial) OR (Ovarian Epithelial Carcinoma) OR 
(Epithelial Ovarian Carcinoma) OR (Carcinoma, Epithelial 
Ovarian) OR (Carcinomas, Epithelial Ovarian) OR (Epi-
thelial Ovarian Carcinomas) OR (Ovarian Carcinoma, Epi-
thelial) OR (Ovarian Carcinomas, Epithelial)” and “(alpha-
Fetoproteins[MeSH Terms]) OR (alpha Fetoproteins) OR 
(alpha-Fetoprotein) OR (alpha Fetoprotein)” in the PubMed 
database, ClinicalTrials.gov, China National Knowledge 
Infrastructure (CNKI) database and Wanfang Med Online. 
We identified 27 cases with explicit follow-up periods, the 
data for which are summarized in Table 1 (including our 
present cases).

Statistical analysis

Statistical analysis was performed using the R version 3.5.3 
(R Core Team (2020), R Foundation for Statistical Comput-
ing, Vienna, Austria). Survival curves were compared using 
the Kaplan–Meier method. For all statistical tests, the dif-
ferences were considered statistically significant when the 
P value was < 0.05.

Results

Case presentation

Case 1

A 77-year-old, gravida 3, para 3, Chinese woman was admit-
ted to our hospital with a chief complaint of a palpable pelvic 
mass and abnormal uterine bleeding. Computed tomography 
(CT) revealed a 10.5 × 6.9 cm solid cystic mass occupying 
the pelvic and abdominal cavity with rich intralesional 
vascularization. Positron emission tomography–computed 
tomography (PET-CT) revealed some metastatic lesions in 
the mesenterium and peritoneum. However, gastroscopy and 
colonoscopy showed no mass. The serum tumor markers 
that were elevated were as follows: AFP = 27,356.0 ng/mL 
and CA125 = 555.8 U/mL. (The patient’s attending doctor 
decided to test AFP; it was her own opinion, not a routine 
procedure.) The patient received laparoscopic biopsy, and 
the pathology was interpreted as undifferentiated carcinoma. 
Tumor debulking, total hysterectomy, bilateral salpingo-
oophorectomy and omentectomy were carried out after two 
cycles of preoperative adjuvant chemotherapy consisting of 
taxol and carboplatin (R1). During the procedure, we found 
an 8-cm-diametric cystic and solid mass on both sides of the 
ovaries. Metastatic lesions had spread diffusely throughout 
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the peritoneum, the omentum and the surface of the bladder 
and rectouterine fossa.

Pathology report

The pathology of this original surgery was interpreted 
as high-grade serous carcinoma of both ovaries with the 
involvement of metastatic lesions on the surface of the 
omentum, bladder, rectum and pelvic area, partially with a 
YST component. Grossly, the right and left ovarian tumors 

were 10 and 8 cm in diameter, respectively, and the lesions 
were very fragile with a nodularity like a rotten flesh sur-
face. The cut section showed a gray yellow focus and partial 
hemorrhage and a necrotic area. There was also a mass of 
yellowish-gray tissue with a total volume of 5 × 3 × 1 cm on 
the surface of the rectum. Microscopic findings show high-
grade papillary serous carcinoma with yolk sac component. 
Immunohistochemistry (IHC) was performed to confirm the 
ultimate histological diagnosis. The tumor cells were posi-
tive for AE1/AE3, CK7 and P53, focally positive for AFP 

Table 1  Summary of alpha-fetoprotein producing epithelial ovarian cancer

EC endometrioid carcinoma; CCC  clear cell carcinoma; MMMT malignant mixed mesodermal tumor; NA not available; PEB bleomycin/etopo-
side/cisplatin; T paclitaxel or docetaxel; C carboplatin; TC paclitaxel/carboplatin; VDC vincristine/dactinomycin/cyclophosphamide; CAP cispl-
atin/pirarubicin hydrochloride/cyclophosphamide; GP gemcitabine/cisplatin; NED no evidence of disease; AWD alive with disease; DOD died of 
recurrent disease

Authors Age Stage Pathology Serum AFP (ng/mL) Serum 
CA-125 
(U/mL)

Completion of 
surgery

Chemotherapy Follow-up

Nogales [3] 64 IA EC  > 300 Elevated Complete VDC DOD 14 m
Nogales [3] 71 IA EC Elevated Elevated Complete Cisplatin-based NED 12 m
Nogales [3] 31 IIIC EC 7600 Elevated Complete Cisplatin-based DOD 8 m
Nogales [3] 40 IV EC 33 Elevated Complete Cisplatin-based DOD 6 m
Abe [11] 52 IA EC 24,518 8439 Complete PEB → TC NED 20 m
Kamoi [7] 54 IA EC 13,143 170 Complete C → PEB NED 21 m
Meguro [2] 58 IC EC 102,768 324.8 Complete TC NED 12 m
Kane [20] 23 IIIC EC 2726 (post) 85 (post) Complete PEB → P NED 12 m
Horiuchi [21] 53 IA EC 2484.3 1349 Complete Yes DOD 6 m
Li [6] 41 IIIB EC 5202 85.2 Complete PEB NED 8 m
Lawrence [22] 48 IA EC 200 NA Complete Yes NED 24 m
Maida [23] 53 IIIC CCC 2759 438 Suboptimal CAP NED 4 m
Li [24] 62 IV CCC  > 350 488 Complete PEB → GP AWD 40 m
Chao [25] 52 IIIC CCC 60,721 38.1 Complete TC→T DOD 18 m
Lawrence [22] 49 IIIA CCC 300 NA Complete Yes DOD 15 m
Morimoto [26] 59 IIB CCC 1606 Normal Complete TC NED 23 m
Takahashi [27] 54 IIIC CCC 4159 Elevated Complete TC NED 48 m
Konishi [28] 53 IIIC Mucinous cystadeno-

carcinoma
1120 27 Complete Yes DOD 7 m

Nomura [29] 62 IIIC Mucinous cystadeno-
carcinoma

4130 NA Complete No DOD 1 m

Arai [30] 71 IC Mucinous cystadeno-
carcinoma

55.6 NA Complete Cisplatin-based DOD 7 m

Suzuki [31] 66 IIIB Serous adenocarci-
noma

17,013 360 Complete TC NED 10 m

Isonishi [32] 59 III Poorly differentiated 
adenocarcinoma

73,687 1599 Complete PEB NED 3 m

Nogales [3] 73 IIIC MMMT 23 Elevated Complete Yes AWD 2 m
Lawrence [22] 67 IIIC MMMT >51,000 NA Complete No DOD 10 d
Current report 1 77 IIIC Serous carcinoma 27,356 555.8 Suboptimal TC NED 2 m
Current report 2 29 IIIC Poorly differentiated 

carcinoma
19,754 169.7 Suboptimal PEB NED 6 m

Current report 3 56 IIIA Poorly differentiated 
carcinoma

2820 171.2 Complete TC→PEB→PE AWD 47 m
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and SALL-4 and negative for OCT3/4, WT-1, α-inhibin, 
PAX-8, PR and ERα. A definite diagnosis of ovarian high-
grade serous carcinoma (FIGO stage IIIC) was made based 
on the clinical presentation, histopathological features and 
IHC profiles (Fig. 1).

The patient was treated postoperatively with two cycles of 
chemotherapy consisting of Taxol and carboplatin. After two 
cycles of chemotherapy, serum AFP decreased to 47.2 ng/
mL, and CA125 decreased to 88.7 U/mL. No signs of clini-
cal or radiological evidence of disease recurrence were 
found at follow-up examinations during the first 2 months 
after the operation.

Case 2

A 29-year-old gravida 2, para 1, Chinese woman consulted 
our hospital with a complaint of lower abdominal discom-
fort. A recent ultrasound test revealed two 5 × 3 cm solid 
cystic masses occupying both sides of the ovaries with rich 
intralesional vascularization. Her CA125 levels were ele-
vated to 169.7 U/mL. AFP was also performed to evaluate 

whether she had ovarian germ cell tumor, such as yolk sac 
tumor, and was elevated to 19,754.0 ng/mL. CT revealed 
multiple metastatic lesions in the peritoneum. A right sal-
pingo-oophorectomy was performed, and intraoperative 
frozen section consultation showed an ovarian malignant 
tumor (the possibility of YST cannot be excluded); there-
fore, right salpingo-oophorectomy and omentectomy along 
with the removal of pelvic metastases were conducted. The 
large mass arising from the ovary was removed, along with 
the involvement on the surface of peritoneum, omentum, 
sigmoid colon, rectum and stomach. However, some dis-
seminated lesions over 1 cm on the uterorectal fossa and 
stomach remained.

Pathology report

The pathology was interpreted as poorly differentiated car-
cinoma with metastatic lesion involvement on the surface 
of the omentum, bladder, rectum and sigmoid colon, par-
tially with yolk sac differentiation, FIGO IIIC. Grossly, the 
right ovarian tumor was 5.3 × 3.5 × 3.5 cm in diameter and 

Fig. 1  Histologic findings of the ovarian tumor in case 1. a High-
grade papillary serous carcinoma. HE 100×, b Solid growth pattern 
of the tumor in the yolk sac differentiation area. HE  100×, c AFP 

immunohistochemical staining is positive in the solid growth area. 
100×, d SALL4 immunohistochemical staining is positive in the solid 
growth area. 100×
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had a fibrous capsule which was partly ruptured. The cut 
surface was mostly solid and gray-white with focal hem-
orrhage and necrosis. Microscopically, pseudo-glandular 
growth pattern and solid growth pattern were found in 
the tumor. The nuclear is sever atypical, with prominent 
nucleoli. The cytoplasm is clear and eosinophilic. Atypical 
mitosis can be seen in the upper right quadrant. Immuno-
histochemically, the tumor cells were positive for AFP and 
focally positive for CK7 and EMA. No apparent expression 
of OCT3/4, SALL-4, Sox-2 or PAX-8 was noted (Fig. 2).

Because initially, the tumor was suspected to have yolk 
sac differentiation, the patient was treated postoperatively 
with one cycle of chemotherapy consisting of bleomycin, 
etoposide and cisplatin. After a cycle of chemotherapy, 
serum AFP decreased to 705.7 ng/mL, and serum CA125 
decreased to the normal value. To confirm the diagnosis, 
the patient underwent gastroscopy. A biopsy revealed a 
poorly differentiated carcinoma of the stomach. We recom-
mended a recheck of the two pathology results to confirm 
the origin of the tumor. However, the patient refused to 
do so and interrupted treatment herself due to COVID-19 
pandemic. Then, she lost contact six months later.

Case 3

A 56-year-old, gravida 3, para 2, Chinese woman presented 
with a complaint of lower abdominal pain. Before visiting 
our hospital, she was found to have a pelvic mass on pelvic 
examination and ultrasound as well as high level of serum 
tumor markers, such as AFP and CA125, in other hospital. A 
recent ultrasound examination showed a 10.3 × 9.4 × 7.1 cm 
mixed echogenic mass with an obvious blood flow signal, 
but ovaries were not detected. We retested the tumor mark-
ers, and the results were as follows: serum AFP = 2820 ng/
mL, CA125 = 171.2  U/mL and CA199 = 380.9  U/mL. 
The patient underwent exploratory laparotomy. There was 
500 mL hemorrhagic ascitic fluid in the abdominal cavity, 
and the left ovary was replaced by a tumor, 12 cm in size, 
which was adhered to the rectouterine fossa. No lesions were 
found in other areas. Most of the tumor was removed, and 
the fast-frozen pathology result was malignant tumor. Total 
hysterectomy with bilateral salpingo-oophorectomy, omen-
tectomy, appendectomy and pelvic lymphadenectomy was 
performed without any residual tumor (R0).

Fig. 2  Histologic findings of the ovarian tumor in case 2. a Pseudo-
glandular growth pattern. HE 100×, b Solid growth pattern. The 
nucleus is severely atypical, with prominent nucleoli. The cytoplasm 

is clear and eosinophilic. Atypical mitosis can be seen in the upper 
right quadrant. HE 100×, c AFP is positive. 100×, d SALL-4 is nega-
tive. 100×
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Pathology report

Pathologic examination demonstrated poorly differentiated 
carcinoma with primary endoderm differentiation, involving 
the left ovary, left fimbriae tubae and appendix, FIGO IIIA. 
Gross finding of the samples displayed a left ovarian tumor 
measuring 11 × 10 × 5 cm, whose lesions were very fragile 
with an irregular surface. The cut surface appeared to exten-
sive rotten fish-like texture with necrosis and hemorrhage. 
Immunohistochemical staining was performed in order to 
confirm the histological diagnosis, and the tumor cells were 
positive for AE1/AE3, AFP, CK7 and EMA. While immu-
nostaining, CA125, SALL-4, ER, PAX-8 and OCT3/4 were 
negative. Additionally, the positive rate of Ki67 staining was 
about 80%. A definite diagnosis of poorly differentiated car-
cinoma of right ovary (FIGO stage IIIA) was made.

The patient was treated postoperatively with six cycles 
of chemotherapy consisting of taxol and carboplatin. The 
serum levels of these markers decreased to normal values 
after one cycle of chemotherapy. The patient had a recur-
rence four times and received seven cycles of PEB, four 
cycles of a combination of PE and bevacizumab, 6 months 
of radiotherapy and 8 months of etoposide. The patient is 

alive with the disease, and it has been 47 months since the 
operation.

Clinicopathological features and prognostic factor 
analysis

To the best of our knowledge, 27 EOC cases with preop-
erative serum AFP elevation have been documented so far. 
The clinical features and histologic findings of these cases 
are summarized in Table 1 and Fig. 3. These patients were 
aged from 23 to 77 years, and most of the cases of this type 
of tumor have occurred in postmenopausal or perimenopau-
sal women. Seventy-four percent of the patients were over 
50 years old, but we were aware of five patients who were 
younger (23–41 years).

Approximately 67% of the patients in our study presented 
with advanced-stage disease (18 were FIGO stage III or IV; 
eight were stage I; and one was stage II). A Kaplan–Meier 
survival curve of the 27 cases, based on data in the published 
literature, is shown in Fig. 4a. For all stages, the median 
overall survival time was 10 months, and the average overall 
survival time was 13.83 months, while ten (37.03%) patients 
died within 18 months. The survival curves for each stage 

Fig. 3  Epidemiological information of patients. Distributions of age (a), stage (b) and pathology (c)
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had route near-overlap, which suggested that postoperative 
pathological staging is hardly correlated with prognosis 
(P = 0. 76).

Of the 27 cases, almost all patients had YST components. 
Endometrioid carcinoma was the most common type, occur-
ring in 11 patients (40.74%), and six of these were associated 
with clear cell carcinoma (22.22%). Mucinous cystadeno-
carcinoma and poorly differentiated carcinoma occurred 
in three cases, and serous adenocarcinoma and malignant 
mixed mesodermal tumors (MMMTs) occurred in two cases. 
We tried to determine the correlation between pathological 
classification and prognostic evaluation in these 27 cases 
and define it in a clearer manner. The results showed that 
there was a correlation between pathology and prognosis 
(P = 0.0018) (Fig. 4b). Mucinous cystadenocarcinoma seems 
to have an undesirable prognosis, but we were unable to 
determine the influence of tumor pathological type on prog-
nosis based on the very small number of cases.

In almost all cases, the patients received total hysterec-
tomy with bilateral salpingo-oophorectomy with or with-
out omentectomy and/or lymph node dissection. Only two 
patients did not receive chemotherapy; one of them died 
within 10 days, while the other died within one month. 
The mean survival time of patients with chemotherapy was 
14.85 months, and that of patients without chemotherapy 
was 0.65 months. There was a firm correlation between 
chemotherapy and prognosis (P < 0.0001), as shown in 
Fig. 4c. In addition, we analyzed the difference between 
different regimens (Fig. 4d). Patients had a good response 
to the regimens for PEB and TC (P = 0.004). However, no 
significant difference between PEB and TC (P = 0.386) was 
found.

Discussion

AFP, one of the fetal serum proteins in the developing 
embryo, is synthesized mainly by the liver and yolk sac, and 
its levels are often increased in malignancies. AFP is well 
established as a useful diagnostic tumor marker for hepa-
tocellular carcinomas, YST, embryonal carcinoma of the 
ovary, and some testicular cancers [4, 5]. However, EOCs 
have rarely been reported to secrete AFP. In this article, we 
described three cases of AFP-producing ovarian tumors: a 
77-year-old postmenopausal woman with high-grade serous 
carcinoma (FIGO IIIC), a 29-year-old woman with poorly 
differentiated carcinoma (FIGO IIIC) and a 56-year-old post-
menopausal woman with poorly differentiated carcinoma 
(FIGO IIIA). We also presented a retrospective review of 
27 cases and analyzed the relationship between prognostic 
factors and disease outcome.

In this investigation, we found that most patients diag-
nosed with this disease were over 50 years old, which means 

that it often occurs in postmenopausal women in the same 
age range as EOC. Nevertheless, the age distribution con-
trasts with the age of patients with typical germ cell tumors, 
which often occur in adolescents and young adults. However, 
there were five patients who were younger (23–41 years) in 
our research. Hence, a young patient with a pelvic mass with 
a high level of AFP in the hospital was easily diagnosed 
with a germ cell tumor. In addition, AFP was not routinely 
examined in ovarian tumors arising in older women. Both 
of these situations might lead to a misdiagnosis and delayed 
treatment. Of the 27 patients, 66.67% had advanced-stage 
disease. Their disease-free survival times were found to be 
from 2–48 months depending on the length of follow-up. For 
all stages, the median overall survival time was 10 months, 
and the average overall survival time was 13.83 months, 
while ten (37.03%) patients died within 18 months. This 
observation revealed that postoperative pathological staging 
was hardly correlated with prognosis (P = 0.76).

These AFP-producing EOCs are generally considered to 
have a poor prognosis, and the optimal approach to manage-
ment is still unknown. Currently, consisting of paclitaxel 
and carboplatin is the first-line chemotherapeutic regimen 
for advanced EOC, and the optimal treatment for germ cell 
tumors is a combination of bleomycin, etoposide and cispl-
atin. It was previously postulated that adjuvant therapy for 
AFP-producing EOCs should include aggressive platinum-
based chemotherapy. However, some evidence has shown 
that patients also have a good response to the PEB regimen 
[6]. Therefore, it is worth considering whether the patient 
should be initially treated with chemotherapy that is effec-
tive in the context of a malignant GCT and additional cycles 
of platinum-based chemotherapy for ovarian carcinoma. It 
is worth noting that Kamoi et al. reported better survival 
following five cycles of PEB chemotherapy and one cycle 
of intraperitoneal carboplatin [7]. According to a published 
paper, almost all patients undergo adjuvant chemotherapy 
treatment, and PEB and platinum-based chemotherapy 
account for the majority of cases. In addition, other chemo-
therapy regimens, such as VDC and CAP, are also applied 
in some patients. Because of the limited number of reports, 
there is no consensus on the optimal treatment regimen for 
this rare tumor type. In this paper, we compared the mean 
survival times of patients with chemotherapy (14.85 months) 
and patients without chemotherapy (0.65 months) using a 
Kaplan–Meier curve. Fortunately, we found a strong cor-
relation between chemotherapy and prognosis (P < 0.0001). 
This revealed that patients with chemotherapy may have 
a longer survival time. However, only two cases did not 
receive chemotherapy; thus, we still need a larger sample 
size to support our results. Moreover, we also analyzed the 
difference between different regimens. Similar to the former 
study, patients had a good response to the regimens for PEB 
and TC, even though there was no difference between these 
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two regimens (P = 0.386) [2]. This result might provide an 
option for the treatment of AFP-providing EOCs. Bleomy-
cin is considered an essential component of the PEB regi-
men. Bleomycin-induced pulmonary toxicity is observed in 
approximately 10% of patients treated with PEB, with clini-
cal symptoms such as dry cough, dyspnea, crackles during 
auscultation, abnormalities on chest radiography and fever 
[8]. Patients with lung diseases, especially older patients, 
may not be tolerant of side effects. Furthermore, bleomy-
cin has a lifetime dose limit, which means that patients can 
receive only a limited cycle of chemotherapy. Under these 
circumstances, considering the same therapeutic effect 
of the two regimens, the TC regimen seems to be a bet-
ter option for treating disease. For treating young patients 
with AFP-producing EOCs, some people believe it is not 
necessary to distinguish EOC from YSTs given that PEB 
is the treatment for both tumors. YST patients are usually 
sensitive to systemic chemotherapy and have a better prog-
nosis, and fertility-sparing surgery could proceed for those 
who desire fertility preservation regardless of stage. AFP-
producing EOC has a poor prognosis, and a radical approach 
was considered. Therefore, early and correct diagnosis of 
AFP-producing EOCs could help doctors choose optimal 
management.

It has been reported that carcinomas of somatic origin are 
occasionally associated with elevated serum AFP and posi-
tive staining for AFP [9, 10]. Abe. A suggested that ovarian 
tumors with a YST component should be considered a rare 
variant, and the development of extraembryonic germ cell 
tissue from tumors of somatic origin is a rare event in the 
female genital tract and occurs mainly in the aerodigestive 
and urinary tracts [11]. However, four theories, namely the 
teratoma theory, retrodifferentiation theory, collision theory 
and neometaplasia theory, have been proposed, and the exact 
explanation for this biological behavior is not known [7, 
12, 13]. In our research, endometrioid carcinoma was the 
most common type, occurring in 40.74% of the patients, 
and the second most common type was clear cell carcinoma 
(22.22%). Mucinous cystadenocarcinoma, poorly differenti-
ated carcinoma, serous adenocarcinoma and MMMTs also 
occurred in several cases. Almost all patients had a YST 
component. As germ cells are not identified histologically 
in the ovaries of postmenopausal women, a direct origin of 
malignant neoplasms from germ cells is highly unlikely at 
that age. We highly suspected that the rare tumor represents 
an EOC with aberrant differentiation because it occurs in the 
same age range as EOC and shows aggressive behavior, but 
the molecular events involved in this transformation have not 
yet been elucidated. Our results also showed that there was a 
correlation between pathology and prognosis (P = 0.0018). 
MMMTs and mucinous cystadenocarcinoma had undesir-
able prognoses compared to other types, which suggests that 
we need to be more aggressive in the treatment for these 

types of tumors. However, we were unable to determine the 
influence of tumor pathological type based on the very small 
number of cases.

Immunohistochemical expression of AFP was found in 
all three cases in our study, which explains the high level 
of serum AFP. Similar to the previous study, it is specu-
lated that these AFP-positive components might be differ-
entiated into yolk sac components [2]. One study indicated 
that SALL4, which is a novel oncofetal marker expressed 
specifically in primitive germ cell tumors, would be of use 
in discriminating between YSTs and EOCs [14]. Interest-
ingly, in our preliminary study, the expression of SALL4 
was detected in the case of high-grade serous carcinoma 
but not in the cases of poorly differentiated carcinoma. The 
possible reason is that we found a yolk sac differentiation 
area in case 1, which may lead to the expression of SALL4. 
Furthermore, all three cases were positive for CK7, with 
most studies showing these markers to be negative in YST, 
suggesting that this kind of tumor has a similarity to conven-
tional ovarian epithelial tumors [15]. In addition, OCT3/4 
expression has been reported only in high-grade immature 
ovarian teratomas [16]. In our study, all three cases were 
negative for OCT3/4, thus confirming their usefulness in 
distinguishing between the two components. PAX8, a broad 
Müllerian-derived tumor marker, is frequently expressed 
by EOC components but never in YST elements [17, 18]. 
However, in our study, no apparent expression of PAX8 was 
noted in these cases. Based on these findings, some “char-
acteristic immunohistochemical markers,” including AFP 
and PAX8, cannot be reliably used to distinguish between 
YST and AFP-producing EOC. A wide comprehensive panel 
including SALL 4, OCT3/4 and CK7 may improve the diag-
nostic accuracy in these cases. However, we still need to find 
a panel of markers to facilitate the distinction and reduce the 
misdiagnosis rate.

In conclusion, AFP-producing EOC is uncommon and 
an extremely malignant type of tumor whose prognosis 
is poor even if an early diagnosis is made. Serum AFP 
levels are not routinely examined in patients with ovar-
ian tumors, especially in older women. Additionally, the 
main concern for young patients with AFP elevation is a 
YST, which has a better prognosis than AFP-producing 
EOCs. The pathologist needs to be alert, as small foci of 
YST with an uncommon papillary-like pattern should not 
be mistaken for epithelial tumors. To date, there is lim-
ited evidence to support an ideal first-line chemotherapy 
regimen for this tumor type. Complete debulking initial 
surgery and adjuvant chemotherapy, namely PEB and TC, 
may be an optimal selection for this kind of tumor. In most 
cases, the elevation in AFP is often associated with the 
elevation in CA-125. However, AFP seemed to be more 
sensitive for tumor follow-up than CA-125 [19]. We can 
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efficiently evaluate therapeutic effects by monitoring the 
level of AFP.

It is highly recommended that a global medical database 
of AFP-producing EOC be established to collect and analyze 
interinstitutional clinicopathological data that can further be 
discussed and shared at oncology conferences. Additionally, 
to have a clear understanding and improve the management 
of AFP-producing EOC, more retrospective and prospective 
clinical studies need to be conducted in the future.
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