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Ab s t r ac t
It is a rare entity described among patients with non-seminomatous germ cell tumors (NSGCTs), characterized by enlarging metastatic masses 
despite appropriate systemic chemotherapy and normalized serum markers. The prevalence of growing teratoma syndrome (GTS) is only 1.9–7.6% 
after testicular NSGCT and 12% after ovarian germ cell tumor although more commonly seen is post-testicular and generally affects young adults 
and adolescents. The etiology remains unclear. They are mostly asymptomatic but abdominal pain/distension may be seen. Their prognosis is 
highly dependent on the timing of diagnosis, and early diagnosis has an excellent prognosis. There is no effective medical treatment for GTS 
and it is unresponsive to chemotherapy or radiotherapy. Total surgical removal of mature teratomas is currently the gold standard treatment 
of this condition. Hence, in this article, we have covered the complete review of this rare entity called GTS.
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In t r o d u c t i o n
Growing teratoma syndrome (GTS) is a rare entity and was first 
described by Logothetis et al., in patients with non-seminomatous 
germ cell tumors (NSGCTs).1 The disease had peculiar characteristics 
in the form of enlarging metastatic masses after treatment with 
systemic chemotherapy and surprisingly normal serum markers. 
On detailed microscopic examination, these resected lesions were 
benign mature teratomatous elements without any components 
of viable germ cell tumor (GCT). Prior to the description of this 
unusual presentation of malignancy, any enlarging or new masses 
after treatment of malignancy was considered to be recurrent until 
it was proven otherwise but GTS is an exception to the usual clinical 
behavior of any malignancy.

Logothetis had established three criteria for GTS which are (1) 
normal level of serum tumor markers—AFP and hCG; (2) enlarging 
or new masses despite appropriate chemotherapy; and (3) the 
presence of mature teratoma in the resected specimen. Early 
reports indicated the relation of GTS only to testicular tumors. 
The prevalence of GTS reported in the literature is 1.9–7.6% after 
testicular NSGCT1,2 and 12% after ovarian GCT although more 
commonly seen is post-testicular and generally affects young 
adults and adolescents. However, the etiology is unclear and various 
hypotheses have been published about its origin.

Pat h o g e n e s i s
The most commonly cited one is the transformation theory which 
supports that chemotherapy alters the cell kinetics of a totipotent 
malignant germ cell toward transformation to a benign mature 
teratomatous component.3

Another hypothesis is the retroconversion hypothesis by DiSaia 
et al.,4 which states that chemotherapy destroys only the immature 
malignant cells, leaving behind the mature benign teratomatous 
elements.

The third one is the differentiation theory proposed by Hong 
et al.,5 in which spontaneous evolution occurs during the course 
of chemotherapy and the malignant cells differentiate into 
nonmalignant components.

GTS has been described as NSGCTs arising from the testes, 
ovaries, mediastinum, and pineal gland. They grow at the initial 
site of the tumor and then spread to more distant sites including 
the retroperitoneum, peritoneal cavity, liver, chest, lymph nodes 
(LNs), and mediastinum.

There are some risk factors described by Andre et  al.6 as to 
which teratoma is likely to develop GTS which are the presence of 
mature teratoma in the initial lesion—mature teratoma component 
initially present will less likely respond to chemotherapy and would 
persist and present as GTS, supported by the theory given by  
Di Saia et al. No decrease in size during chemotherapy also implies 
a risk of developing GTS and the third risk factor is the presence of 
teratoma in post-CT residual masses which again points that the 
disease which does not respond to chemotherapy initially may 
progress on to GTS later.

Si g n s a n d Sym p to m s
Patients are mostly asymptomatic but abdominal pain/distension 
may be seen. The median age as has been cited in the literature is 
22 years. The average interval from treatment is around 8 months 
(although can appear during CT or as long as 12 years after treatment).

The most common site is the retroperitoneum and other sites 
of this peculiar disease entity may be the lung, cervical LN, and 
mediastinum.7 As can be understood, it is difficult to diagnose GTS, 
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both for the clinician and the pathologist. As far as the prognosis 
goes, it is highly dependent on the timing of diagnosis; early 
diagnosis has an excellent prognosis. It is always better to excise 
GTS lesions before they become more extensive or potentially 
inoperable and so a vigilant follow-up is warranted, especially 
in cases with risk factors. It has been suggested by Spiess et al.8 
for regular imaging possibly after two cycles of chemotherapy 
to ensure careful monitoring of subtle changes in tumor size and 
appearance to potentially avoid a late diagnosis of GTS and its 
consequences.

Dia g n o s i s
The hallmark is the normalization of tumor markers—α-fetoprotein 
and β-human chorionic gonadotropin. Although tumor markers 
help us in diagnosing the condition, they may not always be normal 
and, other causes of elevated AFP or β-HCG should be ruled out 
before excluding GTS.8 A rapidly growing mass postchemotherapy 
may not be a recurrence especially when associated with normal 
serum tumor markers and should raise a further suspicion of GTS.

There exists no foolproof means of discriminating between 
recurrent GCT and GTS. It is a difficult and challenging task to identify 
this entity with imaging but MR imaging is the preferred modality. 
Fat saturation and gradient-echo MR imaging should be advised 
if this condition is suspected. CT may be an alternative to MRI.9 
The role of ultrasound is limited by its poor sensitivity. However, 
FDG–PET likely has a role as the viable tumor takes up FDG whereas 
the necrosis or a mature teratoma is negative on an FDG scan.9,10

The final diagnosis is by the histopathologic examination of 
the resected mass, and the presence of teratomatous elements 
raises the suspicion of GTS.11 The frequency of the presence of a 

teratomatous component in the primary tumor has been reported 
to be as high as 86%.12 The tumor on gross examination has 
both cystic and solid areas. Microscopic examination may reveal 
different types of tissues like cartilage, bone, ciliated respiratory-
type epithelium, enteric epithelium, and neurogenic tissue with 
intervening stroma composed of undifferentiated mesenchymal 
spindle cells.5 Malignant transformation in a GTS is extremely rare 
but may be seen in 3% of cases.6

Ma n ag e m e n t
Medical management is largely not effective to people who do not 
respond to chemotherapy or radiotherapy as they usually are seen 
following such treatment.1,9,12

The gold standard treatment remains resection of the masses 
and precisely the earliest possible before they become inoperable 
due to their local extension to the surrounding structures. Currently, 
there is no standardized management protocol due to its rarity, but 
Byrd et al.13 have given a comprehensive algorithm to effectively 
manage GTS (Flowchart 1).

The majority of patients are recognized only during follow-up as 
GTS usually presents without symptoms, and thus, strict follow-up 
of patients and vigilant attitude by the clinician are important to 
effectively diagnose and manage this condition.13

Me d i c a l Tr e at m e n t
Although medical management is not the treatment of choice 
but newer targeted therapies have shown promising results.14 
Interferon therapy has been tried and only minor improvements 
have been reported in studies by Rustin et al.15

Flowchart 1: Comprehensive algorithm of management in a suspected case of GTS (proposed by Byrd et al.)
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Bevacizumab, an VEGF inhibitor, has too been studied, and 
significant clinical improvements with radiological stabilization 
of the disease were noted by Mego et al.;16 however, the disease 
progressed after stopping treatment.

Cyclin-dependent kinase inhibitors also have been depicted 
to have a potential role in the management of GTS.17 Studied in 
a phase II trial after a median follow-up of 38 months, a median 
progression-free survival of 5.3  months and event-free survival 
of 16.2 months was noted. The role of these therapies is currently 
limited; however, they may be of utmost importance in surgically 
inoperable cases as they may help decrease the size of the lesion 
and make them amenable to resection. Further research into the 
molecular alterations leading to GTS will help understand and 
would open up newer treatment options for effective management 
and possibly prevention.

Su r g i c a l Tr e at m e n t
Surgical approaches can be only resection of the mass or removal 
of the involved structures also if any. These lesions are locally 
aggressive and can generate symptoms due to their expansile 
nature depending on their location. Hence, a good preoperative 
workup is mandatory along with a surgical team with experts 
from different specialties according to the requirement of the 
case. Surgical resection remains the main treatment modality 
as medical management is still ineffective. Currently, it is the 
gold standard as they are resistant to both chemotherapy and 
radiotherapy. Removal of all lesions should be the goal but 
should be balanced at the cost of increased morbidity. It has been 
seen that 7% of cases needed a caval resection and nephrectomy 
was necessary in 31% of cases.18 Surgery is also indicated to 
decrease the chances of degeneration into an undifferentiated 
testicular tumor component. Histopathology can reveal the 
development of secondary malignancies induced by previous 
chemotherapy.

Re c u r r e n c e
Recurrence of GTS has also been reported and is more common in 
patients who have undergone partial resections (0–4%) compared 
to those who undergo complete resection (72–83%).6,18 Laparotomy 
is commonly done for these cases due to the difficult-to-resect 
masses and previous surgery; however, laparoscopy can be used 
especially in the cases of questionable or limited GTS. Postsurgery, 
further treatment depends on the histopathologic picture, and 
chemotherapy is reinitiated if new malignant cells are detected in 
the specimen.

Pr o g n o s i s
The prognosis of GTS is good and the 5-year overall survival rate 
of patients who undergo surgery for GTS is 89%. These lesions 
are locally aggressive which can cause substantial morbidity and 
mortality if not diagnosed or treated early. Diagnosis at the earliest 
helps remove the disease in toto as later it may not be excisable due 
to the locally aggressive nature. There have been reports of serious 
consequences due to their extensive spread like intestinal necrosis, 
renal necrosis due to vascular obstruction, and fistula formation 
among others.19 There is often a significant involvement of the 
great vessels and/or common iliac vessels. The key is to do surgery 
at the earliest.18 Also, not only consequences due to local spread 
are dangerous but also there is albeit a small risk of malignant 
transformation.

There is a risk of recurrence of GTS and also recurrence of GCTs 
in these patients, and hence, patients must be followed up and 
patient education should be imparted to maximize the quality of 
life and improve survival.20
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