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INTRODUCTION

Metastatic mature teratoma (MMT) is a common 
residual tumor in patients treated with chemotherapy for 
metastatic testicular non-seminomatous germ cell tumors 
(NSGCTs). These residual tumors are typically located at 
the initial sites of metastatic disease and can therefore be 
mistaken for viable malignancy on surveillance imaging. 
The leading theory for residual MMT is “chemotherapeutic 
retroversion”–selective chemotherapy–induced treatment 
of malignant components with the persistence of 
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teratoma, which is resistant to chemotherapy [1]. Another 
theory is the de-differentiation of malignant cells into a 
mature teratoma. 

Growing teratoma syndrome (GTS) is a relatively 
rare phenomenon characterized by the enlargement or 
recurrence of residual MMT sites. GTS was first described in 
1982 as growing metastases during or after chemotherapy 
with normalized tumor markers and histologic confirmation 
of mature teratoma without evidence of embryonal 
components [2]. Although histopathological examination 
shows it is benign, GTS can result in complications due to 
locally aggressive behavior. This article reviews the clinical, 
pathologic, and multimodality imaging features of patients 
with metastatic testicular NSGCT presenting with MMT and 
GTS. These features are summarized in Table 1.

Clinical Background
Testicular cancer is the most common malignancy among 

male aged 20–34 years. NSGCTs are less common than 
seminomas, but they are more aggressive. The preferred 
initial treatment regimen for stage III metastatic NSGCT 
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is orchiectomy followed by cisplatin-based chemotherapy 
[3]. In most patients, however, serum tumor markers 
(alpha-fetoprotein, human chorionic gonadotropin, and 
lactate dehydrogenase) normalize after the completion of 
chemotherapy. Patients with persistently elevated or rising 
tumor markers after primary chemotherapy subsequently 
receive salvage chemotherapy regimens. Patients with normal 
tumor markers after chemotherapy but with residual metastatic 
masses undergo retroperitoneal lymph node dissection and 
staged resection of residual disease in other locations. 

MMT is common in resected specimens and does not 
indicate treatment failure. Approximately 35–40% of 
patients have residual retroperitoneal MMT after induction 
chemotherapy with 40–50% of masses consisting of 
necrosis/fibrosis and 10–15% consisting of viable 
malignancy [4,5]. Among the residual masses with sizes of 
≤ 2 cm, 15–26% are MMT, approximately 67% are necrotic/
fibrotic, and 4–7% contain viable germ cell tumors [6,7].

Residual MMT is resistant to both chemotherapy and 
radiation therapy and requires surgical resection, although 
subcentimeter residual masses can be followed by imaging. 

With successful treatment, patients with MMT have an 
overall favorable prognosis (10-year survival of 92% in 
patients with residual retroperitoneal MMT) [8]. However, 
recurrence rates are high after incomplete resection, and 
residual MMT rarely transforms into germ cell or non-germ 
cell malignancies [9]. 

Although the behavior of MMT is usually indolent, the 
incidence of GTS is approximately 3% in patients with 
advanced NSGCT [10]. Most cases of GTS present within 
two years of the completion of chemotherapy, but longer 
disease-free intervals have been reported [11,12]. The 
factors influencing MMT enlargement consistent with GTS 
are unclear, although cytokines have been proposed to play 
a role in biological regulation [13,14]. The potential for 
local growth involving surrounding structures can result 
in medical and surgical complications. MMT and GTS have 
also been described in patients with ovarian and primary 
mediastinal NSGCTs [14,15].

Pathology
Teratomas are tumors that can contain fully developed 

Table 1. Summary of Metastatic Mature Teratoma and Growing Teratoma Syndrome
Definition Clinical Features Histologic Features Imaging Features

Metastatic 
  mature 
  teratoma

- Residual tumor at sites 
   of metastatic NSGCT
   following chemotherapy

- Usually asymptomatic
- Patients have an overall 
   good prognosis after 
   complete resection

- Well-differentiated tumor 
   with at least one 
   germinal layer
- No embryonal malignant 
   cells
- Frequent association with 
   necrosis and fibrosis

- CT: partially cystic, often 
   multiloculated with enhancing 
   septations
- Fat and calcification more common 
   in female
- MR: variable; T2-hyperintensity due 
   to cystic or necrotic content; 
   T1-hyperintensity due 
   to proteinaceous cyst content; 
   enhancing septations
- Ultrasound: partially cystic mass 
   with anechoic fluid spaces
- PET-CT: not recommended for 
   post-chemotherapy surveillance 
   of NSGCT; teratoma is non-avid or 
   mildly avid; intense uptake may 
   be indicative of viable malignancy 
   or malignant transformation

Growing 
  teratoma 
  syndrome

- Enlarging masses 
   histologically confirmed 
   as metastatic mature 
   teratoma during or 
   after chemotherapy 
   with normalized serum 
   tumor markers

- Potential for local mass 
   effect on or invasion 
   of surrounding structures 
   may result in medical or 
   surgical complications

- Metastatic mature 
   teratoma with enlarged 
   cystic spaces

- Imaging characteristics of metastatic 
   mature teratoma with increasing size 
   and expanding cystic spaces
- Potential imaging findings related 
   to urinary, biliary, bowel, or vascular 
   complications

NSGCT = non-seminomatous germ cell tumor
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tissues and organs originating from one or more of the 
germinal layers (endoderm, mesoderm, and ectoderm), 
including hair, teeth, muscle, and bone. Teratomas are 
present in approximately 50% of NSGCTs, and most 
patients with MMT have evidence of teratoma in their 
primary tumor (Fig. 1) [16]. Other histologic components 
found in NSGCTs are embryonal carcinoma, yolk sac tumor, 
choriocarcinoma, and other rare trophoblastic tumors in 
varying combinations, including seminomas. Pure teratomas 
of the testes are rare. 

Microscopically, mature teratomas have well-
differentiated components with a disordered arrangement 
and cytologic atypia. Immature teratomas contain 
incompletely differentiated embryonic tissue. Grossly, 
teratomas may be solid tumors containing muscle and 

bone or multicystic tumors composed of dilated glands 
or entrapped epidermal structures filled with serous, 
gelatinous, mucinous, or epidermal material (Fig. 1). 
Sebaceous material, hair, and teeth are more common in 
ovarian teratomas than in testicular teratomas [16]. In 
post-pubertal patients, teratomas have malignant potential 
and may transform into NSGCTs, sarcomas, squamous cell 
carcinomas, adenocarcinomas, carcinoid tumors, or primitive 
neuroectodermal tumors [14].

In addition to these features, resected specimens of 
MMT frequently have necrosis, fibrosis, cholesterol clefts, 
and histiocytic infiltration corresponding to the remnants 
of burned-out malignant components. In patients 
progressing to GTS, MMT tends to develop enlarging cystic 
spaces (Figs. 2, 3). 

Fig. 1. A 28-year-old male with testicular non-seminomatous germ cell tumor. 
A. Gross examination of the resected testicular tumor shows near-complete replacement of the testicular parenchyma with solid tumor and cystic 
areas of teratoma. The solid components consisted of teratoma and embryonal carcinoma. B. A histologic slide (hematoxylin and eosin stain, 
x 100) shows the teratomatous component with squamous differentiation (black arrows), glandular differentiation (white arrows), and cellular 
mesenchyme (dashed arrow).

A B

Fig. 2. A 20-year-old male with metastatic testicular non-seminomatous germ cell tumor presenting with growing teratoma 
syndrome. 
A. Gross examination of a resected left para-aortic lymph node shows near-complete invasion by a multicystic metastatic mature teratoma.  
B. A whole histologic slide (hematoxylin and eosin stain) correlates with the multicystic structure of the teratoma.

A B
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Imaging Features 
CT is the most widely used imaging modality for post-

chemotherapy surveillance in patients with metastatic 
NSGCTs typically obtained approximately four weeks after 
completion of chemotherapy and covering all regions 
of potential metastatic disease. This usually includes 
the abdomen and pelvis and, occasionally, the chest. To 
limit radiation exposure, some experts advocate chest 
radiography rather than chest CT in patients without active 
abdominal disease or tumor marker elevation, given the low 
likelihood of chest-only disease [5].

Because MMT usually presents at or near the initial 
metastatic sites, the most common location of MMT in male 
with testicular NSGCT is the retroperitoneum (up to 80% of 
patients) [14]. Other potential sites include the liver, lungs, 
and lymph nodes (iliac, mediastinal, and supraclavicular), 

while MMT in female with ovarian NSGCT may involve the 
peritoneum [9,17,18].

Predicting the histology of residual masses is difficult. 
No imaging reliably differentiates MMT from viable cancer, 
necrosis, or fibrosis [19]. Likewise, small residual foci of 
malignancy may not be apparent and do not consistently 
elevate tumor markers [20]. The size of a residual 
retroperitoneal mass after chemotherapy is an independent 
predictor of relapse, and retroperitoneal tumors that shrink 
by at least 35% after chemotherapy are less likely to 
contain viable cancer or teratoma, although sensitivity and 
specificity are only 73% and 82%, respectively [7,21]. 

Abdominal MMT is typically a hypoattenuating 
retroperitoneal mass on CT with cystic or necrotic contents 
and often multiloculated with enhancing septations (Figs. 
3, 4) [20]. Fat and calcification may be present with larger 

Fig. 3. A 33-year-old male with metastatic testicular non-seminomatous germ cell tumor. 
A. Axial contrast-enhanced abdominal CT at the time of presentation showed a solid left retroperitoneal mass with internal calcification 
(arrow). B. Eight months later, after three cycles of chemotherapy and normalization of tumor markers, an axial contrast-enhanced abdominal 
CT showed enlargement of the mass with increasing low attenuation predominantly corresponding to necrosis (arrow). The mass also resulted 
in hydronephrosis of the left kidney (asterisk). C. PET-CT at that time showed no increased FDG-uptake (arrow). D. This mass was resected and 
gross examination shows near-complete invasion by metastatic mature teratoma with multiple cystic areas filled with yellowish and greenish 
necrotic material. E. The microscopic appearance of one of the cystic areas (hematoxylin and eosin stain, x 2) shows a squamous epithelial lining 
(arrow) filled with keratinized squamous epithelial flakes and cellular debris. Findings are consistent with growing teratoma syndrome in the 
setting of normal tumor markers. F, G. The patient again presented three years later with abdominal pain and normal tumor markers. An axial 
contrast-enhanced abdominal CT (F) and PET-CT (G) showed a large cystic and solid right retroperitoneal mass (arrows). The solid component 
demonstrated marked FDG-uptake (asterisks). Pathology was consistent with metastatic teratoma with embryonal carcinoma, which does not 
produce serum markers. He also had three new lung nodules at that time. H, I. Axial chest CT (H) and PET-CT (I) images showed a left lower lobe 
nodule with no increased FDG-uptake (arrows). J. The nodules were resected and a histologic image of one of the nodules (hematoxylin and eosin
stain, x 40) shows metastatic mature teratoma with cartilaginous differentiation (arrows) within the alveolar parenchyma of the lung (right side 
of image). FDG = fluorodeoxyglucose
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Fig. 4. A 47-year-old male with metastatic testicular non-seminomatous germ cell tumor. 
A. After chemotherapy, tumor markers normalized and an axial contrast-enhanced CT of the abdomen showed residual low-attenuation periaortic 
retroperitoneal lymphadenopathy (arrows). B. An axial contrast-enhanced chest CT image showed a new left supraclavicular lymph node 
(arrow). C. An ultrasound of the supraclavicular lymph node showed a mixed solid and cystic mass with anechoic spaces (arrow). These masses 
were resected, and the pathological findings were consistent with metastatic mature teratoma. D-G. Four years later, the patient presented with 
normal tumor markers and new retrocrural masses (arrows). An axial contrast-enhanced abdominal CT image (D) showed homogeneously low-
attenuation masses. A corresponding contrast-enhanced MRI showed marked T1-hyperintensity (E), mild T2-hyperintensity (F), and inherent T1 
signal without enhancement on a post-contrast image (G). Note the thin septation within the left retrocrural mass in figure parts (E) and (G) These 
masses were resected, and the pathological findings demonstrated multicystic masses compatible with metastatic mature teratoma. New left 
supraclavicular and retrocrural masses with normal tumor markers were consistent with growing teratoma syndrome.

A

E F G

B C D

Fig. 5. A 38-year-old male with metastatic testicular non-seminomatous germ cell tumor treated with chemotherapy 6 years 
earlier. 
A. A surveillance axial contrast-enhanced abdominal CT showed a partially calcified left retrocrural lymph node (arrow). No action was taken 
at that time, and he presented two years later with worsening back pain. B. Axial contrast-enhanced CT showed enlargement of the left 
retroperitoneal mass (arrow), invading the spine (white asterisk) and encasing and displacing the aorta (black asterisk). C, D. Contrast-enhanced 
MRI demonstrated peripheral enhancement with enhancing septations (arrow, C) and non-enhancing T2-hyperintensity corresponding to necrosis 
(arrows, D). E. PET-CT showed fluorodeoxyglucose-uptake along the spine (arrow). The tumor markers were negative, and the pathological 
findings were consistent with metastatic mature and immature teratomas, which were mostly necrotic with minimal viable malignant tumor.
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amounts of fat within the MMT than in the primary tumor 
[22,23]. The MR characteristics of abdominal MMT vary, 
and they are independent of the presence of necrosis or 
viable malignancy [24]. Both cystic and necrotic contents 
in MMT have a high T2 signal. The T1 signal varies with 
the proteinaceous content of cystic fluid - increasing 
protein corresponds to an increasing signal (Figs. 4, 5). 
Subtraction images may help exclude the enhancement of 
inherently T1-hyperintense masses. Enhancing septations 
and enhancing tissue may be present. Calcification is less 
apparent than on CT. 

Mediastinal MMT has imaging features similar to those of 
retroperitoneal MMT [20,25]. Pulmonary MMT is more likely 
to appear as solid than cystic on CT; however, necrotic 
nodules can have low attenuation similar to fluid (Fig. 
6) [20]. The cavitation of pulmonary MMT with air-fluid 
levels has been reported [2,26]. Although ultrasound is not 
utilized for thoracic disease and may not offer an adequate 
resolution for evaluating abdominal disease, MMT may be 
present in accessible regions such as supraclavicular lymph 

nodes. In these situations, ultrasound can demonstrate the 
cystic components suggestive of MMT (Fig. 4) [27]. 

In patients with GTS, enlarging MMT typically 
demonstrates an expanding cystic component, while 
increasing solid and enhancing tissue suggests malignant 
transformation (Fig. 3) [2]. The growth rate in GTS is 
variable, with a median linear growth rate of 0.5 cm/month 
[28,29] and rare long-term stabilization [14,30]. Residual 
masses can grow very large and should be evaluated for 
the mass effect on or direct invasion of the surrounding 
structures. Approximately 12% of cases of GTS result in 
complications, such as urinary, biliary, or bowel obstruction, 
inferior vena cava compression, aorta encasement and 
narrowing, and vascular thrombosis (Fig. 3) [14,27]. Most 
cases of MMT and GTS, however, are asymptomatic (some 
present with abdominal or back pain) with normal tumor 
markers, highlighting the importance of surveillance 
imaging. 

PET-CT can be misleading in patients with metastatic 
NSGCTs, and it currently has no recommended role in post-

Fig. 6. A 24-year-old male with metastatic testicular non-seminomatous germ cell tumor. At presentation, there was a large 
retroperitoneal mass (not shown). 
A, B. Axial contrast-enhanced chest CT images showed extensive pulmonary metastatic disease (white arrows) and enlarged mediastinal lymph 
nodes (black arrow). Following four cycles of chemotherapy, the tumor markers normalized. C, D. A repeat contrast-enhanced CT showed markedly 
improving pulmonary and mediastinal lesions. The residual lung nodules (white arrows) and a subcarinal lymph node (black arrow) decreased in 
size and attenuation. Several lung nodules were resected, and the pathological findings were consistent with metastatic mature teratoma with 
foci of necrosis.
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chemotherapy surveillance or characterization of known 
diseases [5,25]. MMT may be characterized by anything 
from no fluorodeoxyglucose (FDG) uptake to mild uptake, 
and viable malignancy may be associated with a higher 
uptake than MMT. Despite its 90% positive predictive value 
for the presence of viable malignancy or MMT in residual 
masses, PET-CT has a high false-negative rate (up to 40%) 
[25]. Non-FDG-avid MMT cannot be distinguished from 
necrosis, but it should still be resected (Figs. 3, 5). PET-
CT is also limited for the detection of small residual lesions 
and may miss small foci of malignancy within larger masses.

CONCLUSION

Although metastatic testicular NSGCTs have a high 
cure rate, residual metastatic masses are common after 
chemotherapy and may represent viable malignancy, 
teratoma, necrosis, or fibrosis. MMT should be surgically 
resected because they are resistant to both chemotherapy 
and radiation therapy. Some cases of MMT progress to 
GTS, which is defined as enlarging MMT during or after 
chemotherapy with normal serum tumor markers. Imaging 
features of GTS include an enlarging residual mass with 
expanding cystic spaces and the potential for malignant 
transformation or complications due to the involvement 
of surrounding structures. While no imaging modality can 
definitively diagnose MMT, post-chemotherapy surveillance 
imaging is critical in identifying residual sites of disease for 
curative resection in patients with metastatic NSGCTs and 
normalized tumor markers.
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