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Abstract: 46, XY pure gonadal dysgenesis (PGD) is characterized as a female phenotype 

with strip-like gonads, which has a high tendency to develop into gonadal tumors. Somatic-

type malignancies of germ cell tumors (SMs of GCTs) refer to the presence of malignant 

non-germ cell histologies admixed with GCTs, which are usually chemoresistant and indicate 

poor prognosis. This case report aimed to analyze the special histological type of GCTs and 

the importance of salvage surgery in the treatment of refractory GCTs. We report a unique 

case of gonadal yolk sac tumor (YST) transformed into SMs in a patient with 46, XY PGD. 

This 18-year-old woman underwent laparoscopic pelvic tumor resection, considered her first 

surgery, 2 years ago, and pathology revealed YST with initial alpha-fetoprotein (AFP) level 

measuring .3,000 ng/mL. She underwent seven cycles of chemotherapy, and the AFP level 

decreased to within a normal range after the second cycle. However, a computed tomography 

scan after the seventh cycle revealed abdominal and pelvic metastases, and vaginal bleeding was 

continuously observed. Laparoscopic exploration and laparotomy with tumor subtotal resection 

were performed. A pathology report showed SMs (sarcoma) derived from YST. Whole exome 

sequencing demonstrated that the main somatic mutation was a non-synonymous mutation 

of KRAS (c.182A.G), and this result did not show any indications for targeted drugs. She 

received three cycles of PEI (cisplatin, etoposide, and ifosfamide) chemotherapy but showed 

no response. She refused to undergo further treatment and has been alive with the disease for 

7 months. This suggests that SMs may be one of the reasons for chemoresistance of refractory 

GCTs, and salvage surgery may be one of the most effective treatments for this patient. Targeted 

therapy may be a new choice for chemoresistant GCTs, but drug selection must be based on 

gene sequencing, and its efficacy still needs to be verified by further study.

Keywords: disorder of sex development, germ cell tumor, somatic-type malignancy, salvage 

surgery

Introduction
46, XY pure gonadal dysgenesis (PGD), also known as Swyer syndrome, is estimated to 

have an incidence of 1/80,0001 and is characterized as a female phenotype with strip-like 

gonads, which have a 15%–35% risk of developing into tumors.2,3 Gonadoblastoma is 

the most common one, which is associated with the presence of Y-chromosome mate-

rial.4 Although gonadoblastoma is a benign tumor, it has a high tendency to progress 

into germ cell malignancies, the majority of which are dysgerminomas.5 Others include 

immature teratoma, embryonal carcinoma, and yolk sac tumor (YST).6 Previous studies 
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have demonstrated that testis-specific protein Y-linked 

(TSPY ) gene expression and sex-determining region Y 

(SRY), Wilms tumor 1 (WT1), and SRY box 9 (SOX9) gene 

mutations are associated with tumor development.4,7–9 Hence, 

it is recommended that patients with 46, XY PGD undergo 

preventive bilateral gonadectomy at the time of diagnosis.2

YST is one of the most common malignant ovarian germ 

cell tumors (OGCTs) and has a relatively good prognosis 

owing to its sensitiveness to chemotherapy such as PEB 

(cisplatin, etoposide, and bleomycin) or PVB (cisplatin, 

vincristine, and bleomycin).10 Alpha-fetoprotein (AFP) is its 

typical tumor marker, which can be used not only in estab-

lishing diagnosis but also in the surveillance of treatment 

effect and tumor recurrence.11 In our previous study, the cure 

rates following the initial treatment and 5-year disease-free 

survival for all malignant OGCTs were 85.02% and 86%, 

respectively, and the independent prognostic factors for 

relapse included the level of the medical institution and the 

extent of surgery and disease.12 There is no standard treat-

ment for recurrent OGCTs, and the prognosis is much worse 

even after secondary cytoreductive surgery with salvage 

chemotherapy.12,13 According to National Comprehensive 

Cancer Network (NCCN) Guidelines, the tumor molecular 

genetic testing performed before the beginning of therapy 

for recurrent epithelial ovarian cancer has not been regularly 

recommended for recurrent OGCTs. In addition, genomic 

features contributing to chemoresistance of OGCTs remain 

to be further investigated.

Somatic-type malignancies of germ cell tumors (SMs 

of GCTs) refer to the presence of malignant non-germ cell 

histologies admixed with GCTs.14–16 Traditionally, SMs 

are attributed to the “malignant transformation” of prior or 

concomitant teratoma.17 However, in recent studies, some 

patients with SMs did not have teratoma, and YST has been 

suggested as another origin.18–20 Normally, SMs are catego-

rized into the following two broad categories: sarcomatoid 

neoplasms and epithelioid neoplasms. With the application 

of more sensitive and specific immunohistochemistry (IHC) 

markers, sarcomatoid neoplasms can be classified into sar-

comatoid yolk sac tumor (SYST), sarcomatoid carcinoma, 

and sarcoma. SYST is positive for both pancytokeratin 

(AE1/AE3) and glypican-3 (GPC3), whereas sarcoma is neg-

ative for AE1/AE3 and GPC3.21 SMs have been thought to be 

chemoresistant and predicted to have less favorable prognosis 

in cases of GCTs.21–23 However, there have been no studies 

on the association between SMs of GCTs and prognosis in 

OGCTs. Herein, we report a case of an 18-year-old patient 

with 46, XY PGD who had gonadal YST, which transformed 

into SMs (sarcoma) after undergoing PEB and cisplatin and 

etoposide (PE) chemotherapy. To our knowledge, this is the 

first report of SMs derived from YST in 46, XY PGD.

Case report
The patient is an 18-year-old woman. When she was 13 years 

old, she visited a doctor because of primary amenorrhea. 

Chromosome analysis revealed 46, XY karyotype (Figure 1), 

and she had an artificial menstrual cycle for 2  years. On 

June 1, 2016, the then 16-year-old woman visited the emer-

gency room following a complaint of acute abdominal pain. 

A computed tomography (CT) scan revealed a pelvic mass, 

and the initial AFP level was .3,000 ng/mL. Laparoscopic 

pelvic tumor resection was performed at a local hospital. 

Intraoperative observation showed that the patient had typical 

female external genitalia with sparse pubic hair and a normal 

clitoris. The mass was approximately 10 cm in diameter and 

was not connected to the vagina, and the fallopian tubes were 

discovered on the side of the mass. No other tumors were 

observed after a comprehensive intraoperative exploration 

was performed. The mass was completely resected, and 

the pathology report confirmed that the histological type 

of the gonadal tumor was YST without other GCT or SM 

components after extensive sampling. Smooth muscle tissue 

lined with the endometrium was also observed from certain 

sections, which indicated that both the uterus and pelvic 

tumor had been resected. After the surgery, seven cycles of 

chemotherapy were performed: four cycles with PEB and 

three cycles with PE. The AFP level was within the normal 

limits after the second cycle. However, a CT scan after the 

seventh cycle revealed abdominal and pelvic metastases 

including liver metastases. Furthermore, continuous vaginal 

bleeding occurred after the surgery. Hysteroscopic explo-

ration was performed to search for the cause of vaginal 

bleeding. According to the local operation recording, a 3 cm 

neoplasm in the vagina, which was not connected to the pel-

vic cavity, was noted. The symptom of vaginal bleeding was 

still observed after the surgery, and she received hemostatic 

drugs as the symptomatic treatment.

After almost 1  year since the last chemotherapy was 

performed, the patient was referred to our hospital because 

of vaginal bleeding and abdominal distension. A whole-body 

tomography-computed tomography (PET-CT) scan revealed 

multiple metastases in the abdominal wall and pelvic cavity, 

and on the surface of the liver and intestine. All tumor mark-

ers including AFP were within normal ranges. Consultant 

pathology reports revealed YST in the first surgery, but SMs 

derived from YST for the second surgery.
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Figure 1 The karyotype of the patient. Chromosomal analysis of blood showed 46, XY karyotype.

Owing to the different pathology reports and continuous 

vaginal bleeding, we performed laparoscopic exploration 

and examination under anesthesia. Intraoperative findings 

included the following: 1,500 mL bloody ascitic fluid, mul-

tiple gray solid tumor nodules on the omentum majus and 

liver surface, and an approximately 3 cm bleeding nodule on 

the anterior abdominal wall (Figure 2A and B). There was a 

bleeding neoplasm in the vagina, and after its resection, ulcer 

tissues could be seen at the deep end of the vagina. After 

exploratory surgery, the platelet level gradually declined for 

Figure 2 Intraoperative findings at secondary laparoscopic exploration surgery.
Notes: (A) A 3–cm diameter bleeding tumor nodule was observed on the anterior abdominal wall; (B) multiple grayish white tumor nodules on the liver surface.

an unknown reason and decreased to 30×109/L on the third 

day after the surgery. The patient presented with symptoms 

of hemorrhagic shock, and we had to perform emergency 

exploratory laparotomy on that day owing to acute intraperi-

toneal hemorrhage. The operation (right streak gonad resec-

tion, omentectomy, and tumor resection) was performed after 

obtaining informed consent from the patient. The primary 

purpose of the second surgery in our hospital was hemostasis, 

and it was impossible to perform satisfactory tumor reduction 

at that time (remaining tumor .1 cm).
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The pathology report confirmed SMs derived from YST, 

and the specific histological type of SM was sarcoma. His-

topathological analysis of liver metastatic tumors revealed 

a lacunar, microcystic, or reticular pattern. Irregular or 

fusiform tumor cells were variably sized with severe nuclear 

atypia. Mitotic figures were observed. Pleomorphic tumor 

giant cells could be seen and had a scattered distribution. 

The stroma was edematous with multifocal hemorrhage 

(Figure 3A and B). IHC staining showed that tumor cells 

were focally positive for AE1/AE3 (Figure 3C), but nega-

tive for GPC3 and Sal-like protein 4 (SALL4) (Figure 3D 

and E), and the Ki-67 labeling index was approximately 

10% (Figure 3F). Histopathological analysis of the vaginal 

tumor revealed the same pattern (Figure 4A). IHC staining 

showed that tumor cells were negative for AE1/AE3, GPC3, 

and SALL4 (Figure 4B–D). Histopathological analysis from 

the right gonad sections revealed fibrous tissue with no germ 

cells, which indicated PGD (Figure 5A), and IHC staining 

was negative for octamer-binding transcription factor 3/4 

(OCT3/4) (Figure 5B). All micrographs were taken using 

an Olympus Camera U-TV0.5×C.

Considering the sarcomatous components of the tumor, 

we performed three cycles of PEI (cisplatin, etoposide 

and ifosfamide) chemotherapy. However, pelvic ultra-

sound revealed that the pelvic residual lesions did not 

reduce and vaginal bleeding was still observed, while all 

the tumor markers were within normal ranges. We also 

performed whole exome sequencing, and the germline 

Figure 3 Pathology revealed that the metastatic tumor of the liver surface was SMs (sarcoma) derived from YST.
Notes: (A) Variably sized tumor cells with severe nuclear atypia and edematous stroma with multifocal hemorrhage (H&E, 100×); (B) scattered pleomorphic tumor giant 
cells (H&E, 400×); (C) focal positivity for AE1/AE3 immunostaining in tumor cells; AE1/AE3 immunostaining was positive in YSTs and some sarcomatous tumors (IHC staining, 
200×); (D, E) immunonegativity for GPC3 and SALL4 in tumor cells; (F) Ki-67-positive expression found in approximately 10% of tumor cells (IHC staining, 400×).
Abbreviations: IHC, immunohistochemistry; SMs, somatic-type malignancies; YST, yolk sac tumor.
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Figure 4 Pathology revealed that the vaginal tumor was SMs (sarcoma) derived from YST.
Notes: (A) Fusiform tumor cells with moderate to severe nuclear atypia (H&E, 400×); (B–D) immunonegativity for AE1/AE3, GPC3, and SALL4 in tumor cells (IHC staining, 400×).
Abbreviations: IHC, immunohistochemistry; SMs, somatic-type malignancies; YST, yolk sac tumor.

Figure 5 Histology revealed pure gonadal dysgenesis in the right gonad.
Notes: (A) The gonad is entirely composed of fibrous tissue and devoid of germ cells (H&E, 200×); (B) immunonegativity for OCT3/4 confirming the absence of germ cells 
(IHC staining, 200×).
Abbreviation: IHC, immunohistochemistry.

mutation results demonstrated copy-number variations of 

FGF9 gene (chr13:21948488-25914325)×1 and frameshift 

mutation of MAP3K1 gene c.2822_2827delCAACAA 

(p.Thr941_943del); somatic gene mutation of samples from 

the primary gonadal tumor and metastatic tumors revealed 

a non-synonymous mutation of KRAS (c.182A.G). There 

was no indication for currently targeted drugs.

After communicating with the patient, she refused to 

undergo further treatment. At the time of this writing this 

report, the patient has been alive with the disease 7 months 

after the final PEI chemotherapy was administered.

Discussion
This rare case is worth reporting for the following reasons. 

First, the key lesson we learned from it is the importance of 

early diagnosis of 46, XY PGD and the necessity of undergo-

ing prophylactic gonadectomy as soon as possible. However, 

this can be difficult because of the presence of normal female 
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external genitalia. Most patients are diagnosed only when 

they present with primary amenorrhea.

SRY, MAP3K1, and FGF9 genes have been identified as 

the causative genes in 46, XY PGD.24 Although the mecha-

nism of tumorigenesis in 46, XY PGD is still unclear, studies 

have found that tumor development is associated with TSPY 

gene expression and certain gene mutations, such as SRY, 

SOX9, and WT1.2,4,7,8 In this report, germline gene mutation 

demonstrated copy-number variations of the FGF9 gene 

and frameshift mutation of the MAP3K1 gene, which may 

explain why this patient had the diagnosis of 46, XY PGD. 

Previous studies have reported that the risk of GCTs in 

patients with 46, XY PGD was estimated to be 15%–35%,1 

and a recent study in our hospital showed the incidence to 

be 23.33% (21/90).25 According to this patient’s medical 

history and the intraoperative observation, her left gonad had 

developed into a malignant tumor, and the primary tumor was 

confined without gross metastasis. However, with regard to 

genes associated with gonadal tumorigenesis, the molecular 

genetic testing revealed that the only pathogenic driver gene 

mutation was in KRAS.

The gonadoblastoma is the most common tumor in 46, 

XY PGD, and YST is rare and has usually been reported as 

a coexistent tumor with other GCTs in such patients.25–29 In 

this case, the gonadal tumor in the first surgery was YST 

without other GCT or SM elements, and more specifically, 

it transformed into SMs during the disease process. To our 

knowledge, this is the first report of SMs derived from YST in 

46, XY PGD. SMs of GCTs are mainly reported in testicular 

GCTs. In 1984, Ulbright et al first summarized 11 cases of 

non-germ cell malignancies within GCTs, and these somatic 

malignancies were considered to arise from teratomatous 

elements.14 However, more recent studies have found that 

not all patients with SMs have teratoma; YST and malig-

nant progenitor cells have also been proposed as possible 

origins of SMs.16,20,21,23 Howitt et  al summarized 22 cases 

of SYSTs from 14 patients, of which at least four patients 

lacked teratoma in primary testicular masses.23 Kum et al 

performed interphase fluorescence in situ hybridization 

(FISH) to analyze chromosome 12p overexpression and 

isochromosome 12p (i12p) in 27 pairs of teratoma and SMs 

in metastatic lesions, and the results demonstrated that 78% 

(21/27) of pairs showed the same pattern, which indicated 

that GCTs and SMs may develop from the same progenitor 

cell.30 In this case, we performed the molecular genetic testing 

for samples of the primary tumor and the metastatic tumors, 

and the results revealed the same non-synonymous KRAS 

gene mutation. Based on this result, we propose that, in this 

patient, the YST and the SMs are clonally related and may 

have the same origin. During the clinical course of tumor 

progression, the YST gradually developed into the SMs, 

and the specific histological type of the SMs for this patient 

was sarcoma. Its morphology observed under a microscope 

showed irregular and fusiform tumor cells with severe nuclear 

atypia, and both AE1/AE3 and GPC3 staining results were 

negative. Above all, according to the genetic testing results, 

morphological and IHC features, and the patient’s medical 

history, once again, this case indicated that SMs such as 

sarcoma could indeed be derived from YST.

Sarcomatoid transformation has a low incidence and 

mostly appears in metastases after chemotherapy, especially 

in late recurrences.31,32 Magers et al summarized 124 cases of 

SMs of GCTs, and they believed that the final pathological 

diagnosis of SMs was based on morphological and IHC fea-

tures, instead of serum tumor markers.21 In fact, many patients 

with SMs derived from YSTs have normal AFP levels.21,23,33 

One assumption is that the parietal cells of the yolk sac are 

chemosensitive and can produce AFP, and these cells are killed 

during the chemotherapy, while the remaining mesenchymal 

cells acquire genetic changes and gradually develop into 

tumors.18,20 However, we also need to mention that some SMs 

were found to be coexistent with primary GCTs before any 

treatment. For example, Rice et al summarized that 26.45% 

(32/121) of patients were found to have SMs at the first occur-

rence of GCTs.22 That is, chemotherapy is definitely not an 

essential condition for sarcomatous transformation. The patho-

genesis of SMs needs to be further investigated. In this case, 

sarcoma metastasis, which is characterized as AFP negative, 

was diagnosed after chemotherapy. It developed immediately 

after or perhaps during the chemotherapy, not in late recur-

rence, which is contrary to the previous literature reports.

SMs of GCTs have the following characteristics. They 

are mainly chemoresistant and have worse prognosis than 

GCTs.21,23 Tumor grade is an important prognostic factor in 

sarcomatoid transformation.22 There have been no reports 

about SMs in recurrent OGCTs. Here, we propose that some 

refractory or recurrent OGCTs may transform into SMs, 

which are resistant to former chemotherapy such as PEB or 

PVB therapy. Regarding chemorefractory disease, surgery 

with complete resection seems to be the only way to achieve 

complete remission.21,22 In the present case, it was impossible 

to perform radical surgery, especially for the liver metasta-

ses. However, this salvage surgery prolonged the patient’s 

survival. Three cycles of PEI chemotherapy after the surgery 

showed little effect, as the remaining tumors did not reduce, 

but all the serum tumor markers were within normal ranges.
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Ras genes are the most common target of somatic muta-

tions in human cancers, of which KRAS is the most fre-

quently mutated isoform.34 The signaling pathway upstream 

of KRAS comprises a series of receptor tyrosine kinases 

including the epidermal growth factor receptor (EGFR), and 

the downstream signal pathways include the Ras-Raf-MEK-

EFK (MAPK) pathway and PI3K-AKT-mTOR pathway.35,36 

With regard to therapeutic strategies, first, Ras activation 

could reduce the clinical efficacy of EGFR inhibitors;37 

that is, mutant KRAS is not suitable for EGFR inhibitors. 

Secondly, there are no currently available drugs that directly 

target KRAS. Thirdly, regarding the inhibitors targeting 

the downstream signaling pathway players, such as MEK 

inhibitors or ERK inhibitors, on the one hand, there are no 

available clinical trials about these drugs being administered 

for GCTs and, on the other hand, the results of most current 

clinical trials on these inhibitors have not strongly revealed 

improved outcomes for patients with colorectal, pancreatic, 

or other tumors.37–39 Considering this information, we did 

not recommend any targeted drugs for this patient.

In the case of this patient with a rare disease, several 

discussions took place in a multidisciplinary team (MDT). 

The MDT involves a multifaceted team of health care profes-

sionals such as gynecological pathologists and gynecological 

oncologists. Each case of rare disease can receive an indi-

vidualized and optimized diagnosis and treatment strategy 

through the MDT model.

In summary, we report a unique case of gonadal YST 

transformed into SMs in a patient with 46, XY PGD. Prophy-

lactic gonadectomy is highly recommended for this patient. 

Apart from teratoma, YST can be one of the origins of SMs 

of GCTs. Regarding treatment, owing to the chemoresistant 

characteristics of the tumor, radical surgery is the recom-

mended treatment. Targeted therapy may be considered, but 

drug selection must be based on gene sequencing outcomes, 

and its efficacy needs to be verified by further study.

Consent
Written informed consent was obtained from the patient for 

publishing this case report and any accompanying images. 

The consent was given in the standardized informed consent 

form of the participating institution. The project and consent 

process were approved by the Ethics Committee of Peking 

Union Medical College Hospital, Beijing.
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