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bstract

Purpose: To review our experience in the management of malignant transformation of teratoma (MTT).
Materials and methods: Nine patients with MTT were identified from January 1980 to August 2005, with all pathological specimens

e-reviewed by a single genitourinary pathologist.
Results: Two patients presented with clinical stage I disease in which malignant transformation occurred within the primary testis tumor

rhabdomyosarcoma in 1 and adenocarcinoma in 1). These patients underwent a primary retroperitoneal lymph node dissection (RPLND).
o viable tumor was identified in the specimen, and both patients were alive without disease at 16 months follow-up. Of the remaining 7
atients, the clinical stages were IIA (N � 1), IIB (N � 3), and III (N � 3), and all were treated with chemotherapy followed by RPLND.
he MTT histology of these RPLND specimens consisted of adenocarcinoma (N � 3), rhabdomyosarcoma (N � 2), angiosarcoma (N �
), and astrocytoma (N � 1). Following preoperative chemotherapy, a significant radiologic response (defined as more than a 25% reduction
n maximum tumor circumferential diameter) was demonstrated in 1 patient, and normalization of serum tumor markers was demonstrated
n 6. At a mean follow-up of 5 years, 3 of these 7 patients were alive with no evidence of disease, 1 had persistent disease, and 3 had died
f disease, and their median disease-specific survival duration was 4.6 years.
Conclusions: In our experience, MTT is significantly resistant to current chemotherapeutic regimens, as demonstrated by its poor

adiologic response to treatment. Alternative therapeutic strategies targeted to MTT are thus needed. © 2008 Elsevier Inc. All rights
eserved.
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. Introduction

Malignant transformation of teratoma (MTT) is defined
s the transformation of a somatic teratomatous component
f a germ cell tumor (GCT) to a non-germ cell tumor
alignant phenotype, with the most frequent histologic sub-

ypes consisting of rhabdomyosarcoma, adenocarcinoma,
nd primitive neuroectodermal tumors [1]. MTT is a rela-
ively rare clinical entity, with one study estimating that it

* Corresponding author. Tel.: �1-713-792-2830; fax: �1-713-794-
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onstitutes only approximately 3% to 6% of metastatic GCT
ases [2,3].

In contrast to conventional GCTs, which have an excel-
ent response to platinum-based chemotherapy with overall
ure rates of over 90% [1,4,5], MTT is a highly aggressive
umor with a propensity for systemic progression. In a study
f 21 patients with MTT, Comiter et al. reported an 81%
ecurrence rate following aggressive platinum-based che-
otherapy and surgical resection, with a median time to

ecurrence of 6 months and an overall disease-specific mor-
ality rate of 24% at a median follow-up of 50 months [3].
ther studies have reported similar treatment-related out-
omes for patients with MTT, and they implicate chemore-
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istance to conventional platinum-based chemotherapy as a
ossible explanation for its poor prognosis [1,3,6–8].

The purpose of this study was to review our experience
n the management of MTT and determine its response to
onventional systemic chemotherapy followed by retroper-
toneal lymph node dissection (RPLND).

. Materials and methods

.1. Study design

Prior to conducting this study, our retrospective chart
eview protocol was approved by the Institutional Review
oard. From our patient database, we were able to identify
patients diagnosed as having MTT from January 1980 to
ugust 2005. Complete medical records for all 9 patients
ere reviewed, and pertinent clinical information (i.e., clin-

cal presentation, treatment, and disease-specific outcomes)
as entered into a database. Clinical staging was assessed

ig. 1. Low-power magnification of angiosarcoma arising within a back

rominent cytologic atypia (inset 2). (Color version of figure is available online.)
sing the 1997 TNM staging system. All patients had a
omplete metastatic evaluation, including assessment of se-
um tumor markers [� fetoprotein (AFP), �-human chori-
nic gonadotropin (HCG), lactate dehydrogenase (LDH)],
nd radiologic evaluation including chest and abdomen/
elvis computed tomography (CT) scans.

The pathologic specimens from the testis and subsequent
esection(s) were re-reviewed by a single genitourinary pa-
hologist (J.A.G.) who confirmed the diagnoses of MTT,
ith the malignant component of these tumors being of

pithelial, mesenchymal, or neural tissue origin (Fig. 1).
he diagnosis of MTT was determined on the basis of the
resence of non-germ cell malignant cancer in the presence
f predominantly mature teratoma, with the tumor sus-
ected to have resulted from malignant transformation of
he teratomatous elements. If viable GCT were present
ithin the specimen, it constituted only a small focus.
Two patients had clinical stage I disease, and both had

TT within the primary testis tumor (1 rhabdomyosarcoma
ransformation and 1 adenocarcinoma transformation).

of teratoma. The tumor cells are positive for CD31 (inset 1) and have
ground
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hese patients had normal serum tumor marker levels at
iagnosis and were treated by a modified-template RPLND.
f the remaining 7 patients, 1 had stage IIA disease, 3 had

tage IIB, and 3 had stage III. To subjectively quantify the
reatment response of these tumors to preoperative systemic
hemotherapy, we established criteria to define a good se-
um tumor marker response and a good radiologic response
o preoperative chemotherapy after its completion. A good
erum tumor marker response was defined as a normaliza-
ion of serum tumor marker levels in patients previously
aving elevated serum tumor marker levels with the refer-
nce ranges for normal serum tumor markers being an
FP � 5 ng/ml, HCG � 1 mIU/ml, and LDH � 618 IU/l.
good radiologic response was defined as a 25% or greater

ecrease in the maximum circumferential diameter of the
umor from the start to the completion of systemic chemo-
herapy as measured on preoperative CT imaging. Follow-
ng RPLND, patients with MTT were either offered adju-
ant chemotherapy or were followed at regular surveillance
ntervals (every 3 to 6 months) with serum tumor markers
nd imaging of the chest and abdomen/pelvis. Patients with
ocal recurrence or systemic metastasis were offered salvage
herapy (surgery, chemotherapy, or both) if they had a good
erformance status (Eastern Cooperative Oncology Group
core of 0–1) and if they were deemed good salvage ther-
py candidates.

.2. Statistical analysis

Descriptive statistics were collected, including the me-
ian and range of values for age at diagnosis, serum tumor
arker levels prior to orchiectomy and RPLND, and largest

iameter of retroperitoneal mass on CT. The methods of
aplan and Meier [9] were used to estimate the median
isease-specific survival (DSS) and recurrence-free survival
RFS).

. Results

.1. Patient characteristics

A summary of the patients’ demographic and clinical
haracteristics is shown in Table 1. The median age of
atients at diagnosis was 32.1 years (range 17–44 years).
ll 9 patients presented with local symptoms, 6 with a
ainless testicular mass, and 3 with a painful testicular mass
one of whom had abdominal/back pain). The median serum
umor marker levels prior to orchiectomy were AFP 25.8
g/ml (1.8–122.0 ng/ml); HCG 1.7 mIU/ml (1.0–491.0
IU/ml); and LDH 515.0 IU/L (451.0–579.0 IU/l). The

linical stages of the primary testis tumors were T1 in 6
atients, T2 in 2, and T3 in 1. The primary tumor histologies
ere mixed nonseminomatous GCT in 6 patients and pure

eratoma in 3. The clinical stages of testis cancer were I in

patients, IIA in 1, IIB in 3, and III in 3. c
Both patients with clinical stage I disease underwent a
rimary RPLND (modified template), with no viable tumor
ound in the surgical specimens (1 patient had normal lym-
hatic tissue and 1 had teratoma alone). Neither of these
atients developed any subsequent recurrences; both were
live without disease at a mean follow-up duration of 16
onths (15.2, 16.6 months). Patients with clinical stage II

nd III testis cancer received a median of 4 cycles of
hemotherapy prior to RPLND. On the basis of our defini-
ions, the majority of patients (6 of 7) had a good serum
umor marker response; however, only 1 had a good radio-
ogic response. Pathologic review of the RPLND specimens
evealed adenocarcinoma in 3 patients (mucinous adenocar-
inoma in 1 case), rhabdomyosarcoma in 2, angiosarcoma
n 1, and astrocytoma in 1. Systemic metastases developed
n 4 patients with the lung (N � 2), abdomen (N � 2), and
one (N � 1) being the sites of disease progression. Three
atients with MTT (2 with clinical stage IIB disease and 1
ith stage IIA disease) did not receive adjuvant or salvage

able 1
atient characteristics (N � 9)

ariable Mean Median Range

ge at diagnosis (in years) 31.1 32.1 17–44
erum tumor markers prior to

orchiectomy
AFP (ng/ml) 44.2 25.8 1.8–122.0
HCG (mIU/ml) 83.4 1.7 1–491.0
LDH (IU/l) 515.0 515.0 451.0–579.0

erum tumor markers prior to
RPLND

AFP (ng/ml) 2.7 2.6 1.0–6.5
HCG (mIU/ml) 1.0 1.0 1.0–1.0
LDH (IU/l) 1,023.0 794.5 489.0–2,014.0

argest preoperative diameter
of retroperitoneal mass
on CT (in cm)

7.1 3.8 1.0–17.0

ariable Number (%)

linical stage of primary tumor
T1 6 (66.7%)
T2 2 (22.2%)
T3 1 (11.1%)

ascular invasion
No 8 (88.9%)
Yes 1 (11.1%)

istology of testis primary tumor
Mixed NSGCT 6 (66.7%)
Teratoma 3 (33.3%)

linical stage of disease
I 2 (22.2%)
IIA 1 (11.1%)
IIB 3 (33.3%)
III 3 (33.3%)
etastatic sites of disease
Confined to testis 2 (22.2%)
Retroperitoneum 4 (44.4%)
Retroperitoneum and liver 1 (11.1%)
Retroperitoneum and lung 2 (22.2%)
hemotherapy, yet they are still alive with no evidence of
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isease. Salvage therapy consisting of systemic chemother-
py (doxorubicin, paclitaxel, and cisplatin for 3 cycles)
ollowed by consolidative surgery (repeat abdominal resec-
ion and lung resection) was administered to 1 patient but he
evertheless died of disease. At last follow-up, 1 patient is
till alive with persistent disease however he has recent
vidence of bony metastases. This patient is being consid-
red for salvage chemotherapy. Two patients with disease
rogression following RPLND were not offered salvage
herapy because of their poor performance status, and re-
eived palliative care. At a mean follow-up duration of 5.0
ears, 3 patients had died of disease, 3 were alive with no
vidence of disease, and 1 was alive with persistent disease.

. Discussion

The present study summarizes our experience in the
anagement of 9 testis cancer patients with MTT treated at

ur center over the past 25 years. Our study is limited by the
arity of this condition combined with the diverse treatment
trategies and chemotherapeutic regimens used. As such, we
re clearly limited in our ability to make definitive conclu-
ions on what may be the optimal treatment of this condi-
ion. Nevertheless, there are several important points that
an be drawn from our study and are useful to the urologic
ncologist managing these patients. Using specific criteria
o define good radiologic and good serum tumor marker
esponses to treatment, we noted that MTT tumors have a
oor radiologic response to chemotherapy despite frequent
ormalization of serum tumor marker levels. Although pre-
ious studies have commented on the chemoresistance of
hese tumors, this is one of the first studies to specifically
uantify their response rates to conventional testis cancer
herapies [1,3,6]. In addition, our study demonstrates a good
utcome associated with MTT within the primary testis
umor for patients with stage I disease. In our study, both of
he patients with clinical stage I testis cancer were surgically
anaged by primary RPLND, with none of the patients

aving any viable tumor within the RPLND specimen and
oth still alive with no evidence of disease at last follow-up.
imilarly, in a previous study, all 5 patients with MTT
onfined to the testis were alive with no evidence of disease
ith follow-up durations ranging from 20 to 120 months

2]. Nevertheless, we feel that primary RPLND is a key
iagnostic and therapeutic modality in patients with MTT
ithin the testis as 1 of 2 patients in our series had teratoma
ithin the RPLND specimen. We hope future studies will
rovide additional insight into the role of primary RPLND
n this patient population.

In the present study, patients with stage II or III testis cancer
ll underwent preoperative chemotherapy (median 4 cycles);
owever, only 1 patient (14%) exhibited a good radiologic
esponse. The normalization of serum tumor marker levels
ithout noticeable radiologic response in many of these pa-
ients may be explained by the effects of chemotherapy on the l
emaining germ cell elements within these tumors. This finding
ndicates that tumor marker response following systemic che-
otherapy in these patients may not be the best surrogate

eterminant of treatment response. The poor radiologic re-
ponse of many of these tumors to chemotherapy further sup-
orts their chemorefractory behavior.

Our incidence of MTT among testis cancer patients
reated at our center over the past 2 decades is 2.2%, which
s quite similar to the incidence rates of 2.9% and 3.5%
reviously reported in 2 retrospective studies [2,3]. Patients
iagnosed with MTT within the RPLND specimen have
ften been treated with chemotherapy and surgery [2,3,6].
hree of the patients in our study received adjuvant chemo-

herapy following RPLND but metastasis developed in all 3,
nd they died of their disease. One of these patients received
alvage chemotherapy and surgery that did not appear to
lter the fate of his disease although he survived beyond 7
ears after RPLND. Three of our patients were alive with no
vidence of disease at last follow-up, offering some hope to
atients, particularly those with low clinical stage testis
ancer. However, it is to be noted that 2 of our patients have
een followed for less than 12 months from the time of
PLND. Overall, we report a 42% disease-specific mortal-

ty rate at a mean follow-up duration of 5 years in patients
ith MTT having clinical stage II and III testis cancer,
hich is consistent with previous studies that have reported
5% to 70% disease-specific mortality rates, with median
urvival durations ranging from 23 to 30.5 months [2,3,6].

Although we were unable to identify clinical or radio-
ogic predictors of treatment response, due to the limited
umber of cases, we believe clinical stage may constitute an
mportant predictor of disease-related outcome, because all
atients with stage I disease were alive with no evidence of
isease whereas all patients with clinical stage III disease
ied of disease. Although somewhat intuitive, clinical stage
as never been explicitly stated in prior studies and should
e taken into account when selecting a treatment strategy
nd counseling patients.

We recognize that there are several limitations to our
tudy. One is its retrospective nature, which is unavoidable
ue to the rarity of this tumor. Another limitation is that the
hemotherapeutic regimens were not uniform among pa-
ients, making it difficult to evaluate the efficacy of a
pecific chemotherapeutic regimen in treating MTT.
evertheless, the present study helps better define the che-
orefractory behavior of MTT using well-delineated treat-
ent parameters. We advise urologists and oncologists

reating this diverse group of patients to consider alternative
herapeutic strategies (e.g., novel chemotherapeutic agents
nd/or gene targeted therapy) to treat MTT than are cur-
ently being used. MTT is a distinct yet rare clinical entity
erived from conventional GCT and characterized by a
igh-risk of disease progression and death. Future studies
hould focus on delineating such treatment strategies (most

ikely as multi-center prospective studies because of the
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arity of this condition), with the goal of improving the
rognosis associated with these tumors.

. Conclusions

MTT develops in a small subset (2.2%) of testis cancer
atients. Patients with stage I disease have an excellent prog-
osis and we feel primary RPLND is an excellent diagnostic
nd therapeutic option in these patients. MTT in patients with
linical stage II and III testis cancer is characterized by a poor
adiologic response to preoperative chemotherapy despite a
avorable tumor marker response. The poor prognosis seen in
hese patients is due largely to the chemoresistance of MTT,
nderscoring the need for more effective alternative therapeu-
ic strategies to be developed.
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