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Postpubertal testicular teratoma exhibits malignant biological behavior and
has metastatic potential. We report a case of a 17-year-old patient diagnosed
with postpubertal testicular teratoma with massive retroperitoneal metastasis.
The pathological examination revealed a mature teratoma without any other
components. However, the patient had a significantly increased level of AFP,
and 8F-FDG PET/CT showed the retroperitoneal metastasis had increased FDG
uptake, with a SUVmax of 15.6, suggesting the coexistence of other germ cell
tumor components, and the patient might have a poor prognosis. After resection
of the retroperitoneal tumor, PET/CT further revealed multiple abdominal and
pelvic metastases, with a SUVmax of 22.5. Therefore, the patient received a cycle
of chemotherapy and follow-up PET/CT imaging showed the achievement of
complete metabolic response after the treatment. In this case, PET/CT played
a crucial role in detecting metastasis, compensating for the limitations of
pathological sampling, thus establishing a definitive diagnosis and predicting
prognosis. And it was evident that PET/CT also has the advantage of evaluating
therapeutic efficacy.

postpubertal testicular teratoma, retroperitoneal metastasis, *F-FDG, PET/CT,
alpha-fetoprotein

Introduction

The World Health Organization updated the classification of testicular tumors in the
“Tumors of the urinary system and male genital organs” category in 2022, among which
nonseminomatous germ cell tumors (NSGCTs) include embryonal carcinomas, yolk sac tumors,
choriocarcinomas, and teratomas. Testicular teratomas can be further classified into prepubertal
and postpubertal teratomas, and teratomas unrelated to germ cell neoplasia in situ (GCNIS) are
designated as prepubertal teratomas, while the GCNIS-derived entities are designated as
postpubertal type (1, 2). Prepubertal testicular teratomas typically occur in children and exhibit
a benign biological behavior. On the other hand, postpubertal testicular teratomas usually occur
in adults and may also occur in pediatric patients who have disorders of sex development (3).
The diagnosis of teratomas relies on pathological examination. Postpubertal teratomas, whether
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mature or immature teratomas, are considered as malignant
components and have metastatic potential (4, 5). A significant
elevation of serum alpha-fetoprotein (AFP) suggests the potential
coexistence of yolk sac tumor components in the teratoma (6).
However, due to sampling limitations, pathological examination failed
to show the presence of yolk sac tumors. "*F-fluorodeoxygluxose
(FDG) positron emission tomography/computed tomography (PET/
CT) is used as a favorable examination to detect systemic tumor
metastasis. Mature teratomas have normal or slightly elevated FDG
uptake, so if the tumor has a significantly elevated FDG uptake, it
suggests that there are other components in the tumor (7, 8).
Combined with high FDG uptake on PET/CT images and significantly
increased AFP, patients can be diagnosed more accurately. And a
patient with teratoma coexisting with yolk sac tumor components
usually has a poor prognosis, PET/CT can play a role in detecting
metastasis and evaluating treatment efficacy (9).

Case presentation

A 17-year-old boy accidentally found a left testicular swelling,
which was hard and accompanied by pain. The patient went to the
local hospital and was diagnosed as inflammation. The pain was
relieved after antibiotic infusion, but there was no significant change
in the size of the swelling, so he was consulted at our hospital. The
patient was previously in good health and had no history of tumor,
and had no familial history of hereditary diseases. Laboratory tests
showed markedly increased level of AFP (>1,210 ng/mL) whereas his
HCG level was normal (<0.1 mIU/mL). The ultrasound showed that
there was a cystic mass in the left testis, which tended to be benign.
The pelvic contrast-enhanced MRI revealed that the left testicular
mass contained both solid and cystic components, and it exhibited low
signal intensity on T1WT and high signal intensity on T2WI. There
were multiple reticular structures in the mass, which exhibited low
signal intensity on TIWI and T2WI and high signal intensity on
DWI. The solid components showed significant enhancement on
enhancement scan. And there were no enlarged lymph nodes in the
scanning range (Figures 1A-D). Then, left side radical orchiectomy
was performed. The resected specimen measured 5.5x4.5x 3.3 cm,
and the pathological examination revealed a mature teratoma, with
mostly well-differentiated tissues, while focal areas showed markedly
heterotypic epithelioid cells. Immunohistochemistry staining results
demonstrated the positive expression of AE1/AE3, SALL4, CK7 and
Ki-67 (20%), whereas the negative expression of CD30, EMA, CEA,
PLAP, AFP2, Vim, CD117, S-100, TTF1, PSA, CK20 (Figures 1E-H).

However, half a month after the excision of testicular lesion,
although the patient had no clinical symptoms, the serum level of AFP
remained significantly increased (>1,210ng/mL), so further
examinations were performed. Contrast-enhanced CT of urinary
system showed there was an irregular soft tissue mass on the on the
left side of abdominal aorta and below the left renal hilum, at the size
of 8.4x10.0cm. The mass had an incomplete capsule with unclear
boundary. The internal density was heterogeneous and multiple
patchy necrotic areas could be found. Also, the fatty space surrounding
the lesion was unclear and the lesion demonstrated uneven
enhancement (Figures 2A-C). To further evaluate the whole-body
situation and re-staging, *F-FDG PET/CT was performed. PET/CT
revealed increased FDG uptake at the edges of the tumor with a
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SUVmax of 15.9, while the central FDG uptake was low, indicating a
large area of necrosis. These findings reflected the aggressive growth
and high malignant potential of the tumor. In addition, there were no
metastatic lesions with abnormal FDG uptake in other parts of the
body (Figures 2D-G). Then, the patient underwent resection of the
retroperitoneal tumor, retroperitoneal lymphadenectomy and
nephrectomy of the left side. Postoperative pathological examination
of the resected specimen also revealed a mature teratoma with no
other components. Immunohistochemistry staining results
demonstrated the positive expression of AE1/AE3, CK7, AFP and
Ki-67 (30%), whereas the negative expression of CD30, OCT3/4,
CK20 and p53. Based on pathological findings, postpubertal testicular
teratoma should be considered and the final diagnosis for the patient
was mature teratoma of the testis with retroperitoneal metastasis.

One month after the second operation, the patient’s AFP was still
higher than normal (>1,210ng/mL), so he underwent PET/CT
examination again for re-staging. There were multiple soft tissue
density nodules and masses around the abdominal aorta, spleen, left
psoas major, left diaphragm foot and left pelvic cavity, some of which
had unclear boundaries with adjacent intestines, left adrenal gland and
psoas major muscle. The FDG uptake of these lesions increased
unevenly, with a SUVmax of 22.5, indicating extensive recurrent
metastasis of the tumor (Figures 3A-C). Then, the patients received
one cycle of combination chemotherapy with bleomycin, etoposide
and cisplatin. In half a year, the patient underwent PET/CT
examinations twice to monitor the effect of treatment. Three months
after chemotherapy, PET/CT showed some lesions shrank or
disappeared to varying degrees, and FDG uptake was lower than
before with a SUVmax of 8.4. Furthermore, the PET/CT results after
chemotherapy showed that most of the lesions became smaller or
disappeared, and FDG uptake became normal, achieving complete
metabolic response recovery and suggesting that the treatment was
effective (Figures 3D-F).

Discussion

Although testicular tumors account for only about 1% of all solid
tumors in men, it is the most common solid malignancy in men aged
15-35years (10). The World Health Organization updated the
classification of testicular tumors in the “Tumors of the urinary system
and male genital organs “category in 2022 (1). The two main types of
testicular tumors are germ cell tumors (GCTs) and sex cord-stromal
tumors (SCSTs), with the former accounting for 95% of cases. GCTs
can be divided into pure seminomas, which consist entirely of germ
cells, and all other tumors collectively called NSGCTs. Teratomas,
along with embryonal carcinomas, yolk sac tumors, and
choriocarcinomas, are classified as NSGCTs. Testicular teratoma can
be classified into prepubertal and postpubertal teratoma. Prepubertal
teratoma usually occurs in children and is typically a pure teratoma
with benign biological behavior (11). However, postpubertal testicular
teratomas typically occur in adults and are rarely pure teratomas. They
exhibit malignant biological behavior and 22-38% of patients develop
metastases (4, 5). Only a minority of teratomas contain malignant
somatic tissue components, such as squamous cell carcinoma,
adenocarcinoma, immature neuroectodermal elements, or sarcoma
(12, 13). Testicular teratomas are characterized by slow progression
and lack of typical clinical presentation, presenting with testicular
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FIGURE 1

positive for SALL4 (magnification x100).

Pelvic contrast-enhanced MRI images and pathological images of the testicular teratoma. Pelvic contrast-enhanced MRI revealed that the left
testicular mass contained both solid and cystic components, and it exhibited low signal intensity on TIWI transverse image (A), and high signal intensity
on T2WI transverse image (B). There were multiple reticular structures in the mass, which exhibited low signal intensity on TIWI and T2WI, and
exhibited high signal intensity on DWI transverse image (C). On enhancement scan image (D), the solid components showed significant enhancement.
(E—G) The hematoxylin—eosin (HE) staining (magnification x40 and 100) showed that the mature teratoma was infiltrated with mostly well-
differentiated tissues, while focal areas showed markedly heterotypic epithelioid cells. (H) Immunohistochemistry showed that the tumor cells were
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FIGURE 2

Contrast-enhanced CT and *®F-FDG PET/CT images. The retroperitoneal teratoma exhibited an incomplete capsule and unclear local boundaries on
the enhanced CT plain scan (A), with uneven internal density. And it demonstrated uneven enhancement during the arterial (B) and venous (C) phases
of the contrast-enhanced CT. (D) The whole-body maximum intensity projection showed the retroperitoneal lesion with hypermetabolism. The
transverse (E), coronal (F) and sagittal (G) images of retroperitoneal lesions showed that the tumor had high FDG uptake, with a SUVmax of 15.9.

enlargement, heaviness, discomfort, and mild pain. If a teratoma
exhibits malignant biological behavior, the patient may present with
rapid enlargement of the tumor, as well as systemic symptoms such as
anemia and weight loss. If the tumor metastasizes, the patient may
also experience other clinical symptoms such as progressive
abdominal distension and disturbed bowel habits (14). Most patients
with retroperitoneal teratoma are asymptomatic, and the most
common symptom is nonspecific pain. Patients whose adrenals were
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compressed may present with vertigo and hypertension (15). In our
case, the patient’s testicular teratoma caused pain, while the
retroperitoneal teratoma did not cause any symptoms, which was
consistent with previous studies.

Various imaging modalities such as ultrasound, MRI and CT are
used for evaluating testicular teratomas. Ultrasound evaluation is
often the first choice of imaging modality for testicular teratoma,
which typically shows a cystic or solid cystic mass with heterogeneous
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FIGURE 3

BF-FDG PET/CT images before and after chemotherapy. Before the patient received chemotherapy, the whole-body maximum intensity projection
(A) showed multiple hypermetabolic lesions around the abdominal aorta, spleen, left psoas major, left diaphragm foot and left pelvic cavity. And the
transverse images (B,C) showed that these lesions had significantly increased FDG uptake, with a SUVmax of 22.5. After the patient received a cycle of
chemotherapy, the whole-body maximum intensity projection (D) and the transverse images (E,F) showed that the pre-existing lesions shrank or
disappeared, and the remaining lesions displayed a marked reduction in FDG uptake compared to before.

echogenicity. The mass may contain calcifications and other elements,
such as bone and hair. Immature teratomas are richly vascularized due
to their predominantly solid component, while mature teratomas are
mainly cystic and lack vascularity (16, 17). When a teratoma
undergoes malignant somatic transformation, it may initially present
as a cystic lesion with low-level echogenicity and gradually become
solid, with a heterogeneous pattern of echogenicity and rich blood
flow (18). A benign teratoma typically presents as an ellipsoid mass
with distinct borders on MRI. Mixed signal intensity is observed on
both TIWI and T2WI, and the presence of high signal intensity fat
can also be detected. Contrast-enhanced scanning shows mild and
heterogeneous enhancement. Meanwhile, a malignant teratoma can
present with an indistinct border and heterogeneous signal intensity,
with significant and heterogeneous enhancement (19). CT has a
limitation in evaluating soft tissue components, but it still widely used
for patients with teratomas because it is superior to MRI in scanning
time, cost and scanning coverage. The typical CT manifestation of
teratoma consists of a heterogeneous cystic-solid mass composed of
various components, including fat, hair, and fluid. The cyst wall can
vary in thickness and may exhibit arc-shaped calcification. The density
of the fat component within the cyst is negative. On contrast-enhanced
scans, the solid portion and the septa of the mass show mild to
moderate enhancement, while the low-density areas and the fat
components remain unenhanced. Malignant teratoma is characterized
by the presence of a nodular forming and enhancing soft tissue
component, extracapsular tumor growth with extension into adjacent
structures or metastasis, etc. (20).

The final diagnosis of testicular teratoma relies on pathological
examination. Mature teratomas contain well-differentiated tissues,
typically including three germ layers. Immature teratomas refer to
tumors containing undifferentiated components, resembling tissues
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at embryonic developmental stage, characterized by immature
neuroepithelial islands and varying degree of differentiation including
skeletal muscle, cartilage, and stromal cells. For patients with testicular
GCT, the distinction between mature and immature teratoma is not
of great significance, because both are considered as malignant
components and have metastatic potential. Approximately one-third
of testicular GCTs are mixed, presenting with two or more different
GCT types. Teratoma can coexist with embryonal carcinoma and yolk
sac tumor (21, 22). A small number of teratomas exhibit somatic
malignant transformation, and pathological examination can reveal
that these tumors contain squamous cell carcinoma, adenocarcinoma,
immature neuroectodermal components, or sarcomatous
components (23).

Considering that postpubertal testicular teratomas have
metastatic potential, *F-FDG PET/CT examination combined with
morphological and metabolic information can be used as a favorable
examination to detect metastasis. A literature search was performed
on the PubMed and database from 1997 to 2022, using the keyword
“retroperitoneal teratoma” and “PET/CT. There were night cases of
retroperitoneal teratoma with PET/CT findings. The basic
information and metabolism of retroperitoneal teratoma are
summarized in Table 1 (15, 24-29). Out of these night cases, only
one patient was 7 months old, while other patients were adults,
ranging in age from 23 to 49 years, with more males than females.
Consistent with most reports, the patient we reported was a near-
adult male. Retroperitoneal teratoma generally did not cause clinical
symptoms, as reported in our case, but might also presented as
abdominal pain. When the tumor invaded the spine, patients might
present with back pain. When the tumor was a pure mature
teratoma, there was usually no increased FDG uptake or slightly
increased FDG uptake, which was consistent with previous findings
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TABLE 1 Literature review of retroperitoneal teratoma cases with *F-FDG PET/CT manifestations.

No.

References

Age

Sex

Clinical
symptoms

Primary
tumor site

AFP

Pathological type
of the

retroperitoneal
tumor

10.3389/fmed.2023.1269587

18F-FDG uptake
of the
retroperitoneal
tumor

Abdominal Slight increase (SUVmax
1 Suh et al. (24) 7months | F Retroperitoneum | 27.17ng/mL Mature teratoma
distention 4.1)
Normal Dermoid cyst (a kind of
2 Ma etal. (15) 40years F Asymptomatic Retroperitoneum Slight increase
(<7.5ng/mL) mature cystic teratoma)
Mature teratoma with
Normal
3 Quak et al. (25) 41years M Asymptomatic Testis malignant somatic Significant increase
(<7.5ng/mL)
transformation
Normal Teratoma with malignant Significant increase
4 Rodrigo et al. (26) 42years M Not mentioned | Testis
(<7.5ng/mL) somatic transformation (SUVmax 14.7)
Normal Teratoma with malignant Slight increase (SUVmax
5 Rodrigo et al. (26) 47 years M Not mentioned | Testis
(<7.5ng/mL) somatic transformation 5)
Normal
6 Yousef et al. (27) 49years M Not mentioned Testis Mature teratoma Slight increase
(<7.5ng/mL)
Normal
7 Martin et al. (28) 23 years M Not mentioned | Testis Mature teratoma Normal
(<7.5ng/mL)
Abdominal Normal Teratoma with embryonal
8 Daniel et al. (29) 33 years M Testis Significant increase
pain (<7.5ng/mL) carcinoma
Mature and immature
Normal
9 Daniel et al. (29) 38years M Back pain Testis teratomas with minimal Significant increase
(<7.5ng/mL)
viable malignant tumor

that mature teratomas had a very low avidity for "*F-FDG, with a
SUVmean of 1.38 (7, 8). However, one infant with a mature teratoma
had a SUVmax of 4.1, possibly due to the abundant central nervous
tissue (24). In addition to this, if mature teratomas showed increased
FDG uptake, possibly due to the presence of immature teratoma,
embryonal carcinoma, or malignant somatic tissue components.
However, none of these components were found in the pathological
examination of the patient in our case. It is also worth mentioning
that among the above adult patients, patients with pure mature
teratoma, or teratoma combined with embryonal carcinoma, or
teratoma combined with malignant somatic transformation all had
normal levels of AFP (<7.5ng/mL), whereas the patient in our case
had a significantly increased AFP level (>1,210ng/mL). Literature
reports suggested that elevated AFP or B-HCG could not
be attributed to teratoma components, and an increase in these
tumor markers suggested the presence of coexisting other GCT
components (22, 30). For example, significant elevation of AFP
indicated the presence of yolk sac tumor components in the tumor
(6). The pathological examination of this case did not reveal the
presence of yolk sac tumor components, possibly due to the limited
sampling site. However, combining the significantly elevated AFP
level and the hypermetabolism of the tumor on PET/CT images, it
can be inferred with high probability that this patient had a mixed
GCT, more specifically, a combination of teratoma and yolk sac
tumor. SALL4 is a transcription factor and serves as a marker of yolk
sac tumor (31, 32). In order to verify the presence of yolk sac tumor
components in the patient’s primary testicular teratoma,
we reperformed immunohistochemical staining of the testicular
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teratoma pathology images and found that the tumor cells were
positive for SALL4, suggesting that there was a high probability of
the presence of yolk sac tumor components in the lesion. In terms
of prognosis, it has been reported that patients had a poor prognosis
if other GCT components were present in teratomas, especially in
mature teratomas (9). In addition, AFP levels were correlated with
disease severity (30). Therefore, the patient might have a very poor
prognosis. In our case, *F-FDG PET/CT played an important role
in patients with testicular teratoma and metastatic retroperitoneal
teratoma, as it could compensate for the limitations of pathological
sampling, clarify the diagnosis, and provide more accurate
information about the prognosis.

The standard treatment for all GCTs in adults is radical
orchiectomy. Patients with postpubertal testicular teratoma have a
high incidence of retroperitoneal metastasis, with rates of 30% in
patients with clinical stage I and 75% in patients with clinical stage II
(33). Therefore, the patient underwent imaging examination of the
retroperitoneum, which revealed a massive retroperitoneal metastatic
teratoma. Studies have shown that even in patients with pure testicular
teratoma, approximately 20% of patients may experience recurrence
during surveillance (34, 35). Thus, after undergoing retroperitoneal
tumor resection, the patient received regular PET/CT scans to
monitor tumor recurrence. One month after surgery, PET/CT
revealed extensive recurrent lesions with high FDG uptake, with a
SUVmax of 22.5. The patient then underwent chemotherapy and also
used PET/CT to test the efficacy of the treatment. Late relapse is rare
in patients with testicular GCTs, and follow-up may not be necessary
to detect recurrence after 5years (36). However, this patient not only
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presented with retroperitoneal metastasis but also had extensive
recurrent lesion with hypermetabolism in the abdominal and pelvic
cavity revealed by PET/CT, indicating the need for a longer
follow-up period.

Conclusion

Postpubertal testicular teratoma has metastatic potential and
"E-FDG PET/CT can be used as a favorable examination to detect
systemic tumor metastasis. In addition, although the diagnosis of
teratoma relies on pathological examination, it can be inaccurate
due to sampling limitations. If AFP levels are significantly elevated
and PET/CT shows lesions with high FDG uptake, the presence of
yolk sac tumor component in the teratoma should be suspected.
PET/CT helps to compensate for the limitations of pathological
sampling, thus confirming the diagnosis. If teratoma coexists with
other GCT components, the patient has a poorer prognosis, and
PET/CT plays an important role in predicting patient prognosis,
monitoring tumor metastasis and recurrence, and evaluating the
therapeutic effect.

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 authors.

Ethics statement

Written informed consent was obtained from the minor(s)’ legal
guardian/next of kin for the publication of any potentially identifiable
images or data included in this article.

References

1. Moch H, Amin MB, Berney DM, Compérat EM, Gill AJ, Hartmann A, et al. The
2022 World Health Organization classification of tumours of the urinary system and
male genital organs-part a: renal, penile, and testicular tumours. Eur Urol. (2022)
82:458-68. doi: 10.1016/j.eururo.2022.06.016

2. Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM. The 2016 who
classification of tumours of the urinary system and male genital organs-part a: renal,
penile, and testicular tumours. Eur Urol. (2016) 70:93-105. doi: 10.1016/j.
eururo.2016.02.029

3. Miiller J, Skakkebaek NE, Ritzén M, Ploen L, Petersen KE. Carcinoma in situ of the
testis in children with 45,X/46,XY gonadal dysgenesis. J Pediatr. (1985) 106:431-6. doi:
10.1016/50022-3476(85)80670-3

4. Lyn BJ, Cheng L. 2016 World Health Organization classification of tumors of the
testis and the penis: an update. Zhonghua Bing Li Xue Za Zhi. (2016) 45:518-21. doi:
10.3760/cma.j.issn.0529-5807.2016.08.004

5. Taza F, Chovanec M, Snavely A, Hanna NH, Cary C, Masterson TA, et al. Prognostic
value of Teratoma in primary tumor and Postchemotherapy retroperitoneal lymph node
dissection specimens in patients with metastatic germ cell tumor. J Clin Oncol. (2020)
38:1338-45. doi: 10.1200/jc0.19.02569

6. Peng B, Yang C, Cao YS. Tissue type analysis of 122 pediatric testicular tumors in
young male players. Int ] Med Sci Phys Act Sport. (2023) 23:261-70. doi: 10.15366/
rimcafd2022.89.018

7. Aide N, Briand M, Bohn P, Dutoit S, Lasnon C, Chasle J, et al. avfp3 imaging can
accurately distinguish between mature teratoma and necrosis in '*F-Fdg-negative
residual masses after treatment of non-Seminomatous testicular Cancer: a preclinical
study. Eur ] Nucl Med Mol Imaging. (2011) 38:323-33. doi: 10.1007/
500259-010-1624-9

Frontiers in Medicine

10.3389/fmed.2023.1269587

Author contributions

HJ: Writing - original draft, Writing - review & editing. YQ:
Writing - original draft, Writing — review & editing. WH: Writing -
review & editing. YZ: Writing - review & editing. ZC: Writing -
review & editing. AW: Writing - review & editing, Supervision. LK:
Writing - review & editing, Supervision.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This work was supported by the National Natural Science
Foundation of China (82171970), the Beijing Science Foundation for
Distinguished Young Scholars (JQ21025), the Beijing Municipal
Science & Technology Commission (Z221100007422027), National
High Level Hospital Clinical Research Funding (Interdisciplinary
Research Project of Peking University First Hospital, 2023IR17).

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.

8. Sugawara Y, Zasadny KR, Grossman HB, Francis IR, Clarke MF, Wahl RL. Germ
cell tumor: differentiation of viable tumor, mature Teratoma, and necrotic tissue with
FDG pet and kinetic modeling. Radiology. (1999) 211:249-56. doi: 10.1148/
radiology.211.1.r99ap16249

9. Funt SA, Patil S, Feldman DR, Motzer RJ, Bajorin DFE, Sheinfeld J, et al. Impact of
teratoma on the cumulative incidence of disease-related death in patients with advanced
germ cell tumors. J Clin Oncol. (2019) 37:2329-37. doi: 10.1200/JCO.18.01608

10. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J Clin.
(2023) 73:17-48. doi: 10.3322/caac.21763

11. Brosman SA. Testicular tumors in Prepubertal children. Urology. (1979) 13:581-8.
doi: 10.1016/0090-4295(79)90375-3

12. Cabral FC, Krajewski KM, Rosenthal MH, Hirsch MS, Howard SA. Teratoma with
malignant transformation: report of three cases and review of the literature. Clin Imag.
(2014) 38:589-93. doi: 10.1016/j.clinimag.2014.04.011

13. Yoshida M, Tanaka M, Gomi K, Ohama Y, Kigasawa H, Iwanaka T, et al. Malignant
steroidogenic tumor arising from Sacrococcygeal mature Teratoma. Hum Pathol. (2011)
42:1568-72. doi: 10.1016/j.humpath.2010.12.022

14. Donkol RH, Monib S, Eltounsi I. Occult testicular Teratoma presenting with solid
mesenteric metastasis. ] Ultrasound Med. (2007) 26:675-8. doi: 10.7863/jum.2007.26.5.675

15. Ma X, Xiao J, Wang W. Retroperitoneal dermoid cyst mimicking a Liposarcoma
based on imaging assessment: case report and literature review. Gland Surg. (2021)
10:2062-8. doi: 10.21037/gs-21-65

16. Epifanio M, Baldissera M, Esteban FG, Baldisserotto M. Mature testicular teratoma
in children: multifaceted tumors on ultrasound. Urology. (2014) 83:195-7. doi: 10.1016/j.
urology.2013.07.046

frontiersin.org


https://doi.org/10.3389/fmed.2023.1269587
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.eururo.2022.06.016
https://doi.org/10.1016/j.eururo.2016.02.029
https://doi.org/10.1016/j.eururo.2016.02.029
https://doi.org/10.1016/s0022-3476(85)80670-3
https://doi.org/10.3760/cma.j.issn.0529-5807.2016.08.004
https://doi.org/10.1200/jco.19.02569
https://doi.org/10.15366/rimcafd2022.89.018
https://doi.org/10.15366/rimcafd2022.89.018
https://doi.org/10.1007/s00259-010-1624-9
https://doi.org/10.1007/s00259-010-1624-9
https://doi.org/10.1148/radiology.211.1.r99ap16249
https://doi.org/10.1148/radiology.211.1.r99ap16249
https://doi.org/10.1200/JCO.18.01608
https://doi.org/10.3322/caac.21763
https://doi.org/10.1016/0090-4295(79)90375-3
https://doi.org/10.1016/j.clinimag.2014.04.011
https://doi.org/10.1016/j.humpath.2010.12.022
https://doi.org/10.7863/jum.2007.26.5.675
https://doi.org/10.21037/gs-21-65
https://doi.org/10.1016/j.urology.2013.07.046
https://doi.org/10.1016/j.urology.2013.07.046

Jiao et al.

17. Cai X, Yang X, Li T. Comparative analysis of MRI and B-ultrasound diagnosis of
testicular tumors in children. J Clin Radiol. (2019) 38:313-7. doi: 10.13437/j.cnki.
jcr.2019.02.033

18. Guo C, Wang L, Liu W, Xu H. Ovarian malignant teratoma: ultrasound findings
and misdiagnosis analysis. Chin ] Med Imag. (2013) 21:775-9. doi: 10.3969/j.
issn.1005-5185.2013.10.016

19. Qiu X-X, Xia J, Du L-X, Hu R-E, Lei Y. Diagnostic value of MRI in testicular tumor.
Natl ] Androl. (2012) 18:493-8. doi: 10.13263/j.cnki.nja.2012.06.008

20. Park SB, Cho KS, Kim JK. CT findings of mature cystic teratoma with malignant
transformation: comparison with mature cystic teratoma. Clin Imag. (2011) 35:294-300.
doi: 10.1016/j.clinimag.2010.08.016

21. Krag Jacobsen G, Barlebo H, Olsen J, Schultz HP, Starklint H, Segaard H, et al.
Testicular germ cell tumours in Denmark 1976-1980. Pathology of 1058 consecutive
cases. Acta Radiol Oncol. (1984) 23:239-47. doi: 10.3109/02841868409136019

22.Kim BH. Pure immature Teratoma with increase of serum alpha-fetoprotein - a
case report. Korean J Pathol. (2007) 41:63-5.

23. Motzer RJ, Amsterdam A, Prieto V, Sheinfeld J, Murty VV, Mazumdar M, et al.
Teratoma with malignant transformation: diverse malignant Histologies arising in men
with germ cell tumors. J Urol. (1998) 159:133-8. doi: 10.1016/S0022-5347(01)64035-7

24. Suh YJ, Kim MJ, Lee MJ. Increased *F-Fdg uptake by a retroperitoneal mature cystic
teratoma in an infant. Clin Nucl Med. (2014) 39:352-4. doi: 10.1097/RLU.0b013e3182995dfd

25. Quak E, Kovacs I, Oyen WJ, van der Graaf WT. FDG-PET/CT in a patient with
poor-risk non-seminoma testis with mature teratoma and secondary Gliosarcoma:
multimodality imaging for guiding multimodality treatment. Nucl Med Mol Imaging.
(2015) 49:237-40. doi: 10.1007/s13139-015-0321-9

26. Cardenas-Perilla R. Malignant somatic transformation arising from Teratoma in
metastatic testicular germ cell tumor detected on (18)F-FDG PET/CT. Rev Esp Med Nucl
Imagen Mol. (2022) 41:539-s41. doi: 10.1016/j.remnie.2021.07.004

27. Abu-Salha YM, Ahlschlager L, Milowsky MI, Saunders K, Rose TL, Wobker SE,
et al. Vigilance is key: metastatic teratoma in an enlarging retroperitoneal mass after

Frontiers in Medicine

07

10.3389/fmed.2023.1269587

treatment of advanced seminoma - a case report. J Clin Urol. (2022). doi:
10.1177/20514158221075411

28. Reinhardt MJ, Miiller-Mattheis VG, Gerharz CD, Vosberg HR, Ackermann R,
Miiller-Gartner HW. FDG-PET evaluation of retroperitoneal metastases of testicular
Cancer before and after chemotherapy. J Nucl Med. (1997) 38:99-101.

29. Green DB, La Rosa FG, Craig PG, Khani F, Lam ET. Metastatic mature teratoma
and growing teratoma syndrome in patients with testicular non-Seminomatous germ
cell tumors. Korean J Radiol. (2021) 22:1650-7. doi: 10.3348/kjr.2020.1391

30. Talerman A, Haije WG, Baggerman L. Serum Alphafetoprotein (AFP) in
patients with germ cell tumors of the gonads and Extragonadal sites: correlation
between endodermal sinus (yolk sac) tumor and raised serum AFP. Cancer. (1980)
46:380-5. doi: 10.1002/1097-0142(19800715)46:2<380::AID-CNCR2820460228>3.0.
CO;2-U

31. Wu P, Luo R, Sun B, Zhao J, Xu Q, Feng S, et al. Sall4 is a useful marker for
pediatric yolk sac tumors. Pediatr Surg Int. (2020) 36:727-34. doi: 10.1007/
500383-020-04652-w

32. Cao D, Humphrey PA, Allan RW. Sall4 is a novel sensitive and specific marker for
metastatic germ cell tumors, with particular utility in detection of metastatic yolk sac
tumors. Cancer. (2009) 115:2640-51. doi: 10.1002/cncr.24308

33. Carver BS, Al-Ahmadie H, Sheinfeld J. Adult and pediatric testicular teratoma.
Urol Clin North Am. (2007) 34:245-51; abstract x. doi: 10.1016/j.ucl.2007.02.013

34.Simmonds PD, Lee AH, Theaker JM, Tung K, Smart CJ, Mead GM. Primary
pure teratoma of the testis. ] Urol. (1996) 155:939-42. doi: 10.1016/S0022-5347(01)
66352-3

35.Read G, Stenning SP, Cullen MH, Parkinson MC, Horwich A, Kaye SB, et al.
Medical research council prospective study of surveillance for stage I testicular teratoma.
Medical research council testicular tumors working party. J Clin Oncol. (1992)
10:1762-8. doi: 10.1200/jc0.1992.10.11.1762

36. Richie JP. Late recurrence in 1263 men with testicular germ cell tumors.
Multivariate analysis of risk factors and implications for management. J Urol. (2003)
169:2419-20.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1269587
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.13437/j.cnki.jcr.2019.02.033
https://doi.org/10.13437/j.cnki.jcr.2019.02.033
https://doi.org/10.3969/j.issn.1005-5185.2013.10.016
https://doi.org/10.3969/j.issn.1005-5185.2013.10.016
https://doi.org/10.13263/j.cnki.nja.2012.06.008
https://doi.org/10.1016/j.clinimag.2010.08.016
https://doi.org/10.3109/02841868409136019
https://doi.org/10.1016/S0022-5347(01)64035-7
https://doi.org/10.1097/RLU.0b013e3182995dfd
https://doi.org/10.1007/s13139-015-0321-9
https://doi.org/10.1016/j.remnie.2021.07.004
https://doi.org/10.1177/20514158221075411
https://doi.org/10.3348/kjr.2020.1391
https://doi.org/10.1002/1097-0142(19800715)46:2<380::AID-CNCR2820460228>3.0.CO;2-U
https://doi.org/10.1002/1097-0142(19800715)46:2<380::AID-CNCR2820460228>3.0.CO;2-U
https://doi.org/10.1007/s00383-020-04652-w
https://doi.org/10.1007/s00383-020-04652-w
https://doi.org/10.1002/cncr.24308
https://doi.org/10.1016/j.ucl.2007.02.013
https://doi.org/10.1016/S0022-5347(01)66352-3
https://doi.org/10.1016/S0022-5347(01)66352-3
https://doi.org/10.1200/jco.1992.10.11.1762

	Alpha-fetoprotein-elevated postpubertal testicular teratoma with retroperitoneal metastasis on 18F-FDG PET/CT: case report and literature review
	Introduction
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

