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Abstract
Objective—Primary mediastinal germ-cell tumors are rare, and the effect of newer drugs and
treatment strategies in this disease on overall survival is not known. We retrospectively assessed
treatment outcomes at a single institution.

Materials and methods—We identified men seen at our institution from 1998 through 2005
for mediastinal germ-cell tumors. Medical records were reviewed for patient characteristics,
histology, tumor markers, treatment, and survival outcome.

Results—Thirty-four patients met study criteria, of whom 27 had nonseminomatous germ-cell
tumor (NSGCT) and 7 had pure seminoma. Eleven patients (41%) with NSGCT were alive at last
contact with a median overall survival time of 33.5 months. Among 13 patients with NSGCT
referred to us at initial diagnosis, 7 (54%) were alive and recurrence-free at a median follow-up of
56.5 months. Progression-free survival was associated with absence of risk factors (any histology
other than endodermal sinus tumor, β-hCG > 1000 mIU/mL, or disease outside the mediastinum).
For the patients whose disease progressed (n = 5) or who had been referred to us for salvage
treatment (n = 14), the 3-year overall survival from the date of first progression was 23%.
Conversely, patients with seminoma did uniformly well with platinum-based chemotherapy; most
did not undergo radiation or surgery.

Conclusion—Chemotherapy given to maximum effect followed by surgical consolidation
resulted in long-term progression-free survival for 54% of patients with mediastinal NSGCT. The
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number of risk factors present at diagnosis may be associated with survival outcome and should be
studied in a larger test group.
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1. Introduction
Extragonadal germ-cell tumors comprise a rare subgroup of germ-cell neoplasms, most of
which arise in the anterior mediastinum [1-3]. Primary mediastinal germ-cell tumors
(PMGCTs) account for less than 5% of germ-cell malignancies and are more common in
men but also occur in women. PMGCTs in men display a different biological behavior than
do primary tumors of the testis or PMGCTs in women.

With standard chemotherapy consisting of 4 courses of bleomycin, etoposide, and cisplatin
(BEP), men with nonseminomatous PMGCT have a worse prognosis for survival than do
those with mediastinal seminoma or primary tumors of the testis [4]. The reported long-term
survival rate for patients treated with chemotherapy in the 1970s and 1980s, not all of whom
received cisplatin, was 20% to 27% [5,6]. A report from Indiana University [7] described 31
patients with nonseminomatous PMGCT who received cisplatin, bleomycin, and either
vinblastine (20 patients) or etoposide (11 patients) followed by surgical resection; 15
patients (48%) achieved long-term disease-free survival. In a retrospective study of 64
patients with mediastinal nonseminomatous germ-cell tumors (NSGCTs) treated in France
from 1983 through 1990, the estimated 2-year overall survival rate was 53% [8]. More
recently, a 5-year overall survival rate of 45% was reported in an international analysis of
141 patients with mediastinal NSGCT from 11 cancer centers, treated from 1975 through
1996 in the United States and Europe [9].

The optimal strategy for achieving long-term survival in patients with mediastinal NSGCT
remains to be defined. High-dose chemotherapy with autologous peripheral blood stem cell
transplantation was studied in the salvage setting [10–12] and as first-line treatment [13] for
patients with mediastinal NSGCT and other poor-risk patients, and was not more effective
than standard chemotherapy. Other treatment variables that may determine survival outcome
include the duration of chemotherapy, use of additional drugs (e.g., taxanes, anthracyclines,
or alkylating agents), and timing of surgery. To help identify successful treatment practices
and predictors of survival, we performed a retrospective analysis of the recent experience
with PMGCTs at The University of Texas M. D. Anderson Cancer Center.

2. Materials and methods
2.1. Patient selection

From a clinical database, we obtained a list of all patients with extragonadal germ-cell
tumors who had been seen at M. D. Anderson Cancer Center from 1998 through 2005. After
obtaining approval from our institutional review board, we evaluated the records and
identified 34 men with PMGCT who had been seen during the study period. Patients were
included in the analysis regardless of whether they had been treated or had experienced
treatment failure before their referral to us. We retrieved medical records from the referring
physicians for patients who had received treatment before their first encounter at M. D.
Anderson and for their most recent follow-up. We reviewed the records to determine the
patients' characteristics, histologic and tumor marker evaluation results, treatments given,
and survival outcomes. Reported patient deaths were also verified with the online Social
Security Death Index.
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2.2. Treatment
The chemotherapy regimens that had been given and the duration of treatment in each case
had been determined by the treating physician. Patients with NSGCT had been offered post-
chemotherapy surgical consolidation if they had anatomically resectable disease.
Postoperative adjuvant chemotherapy or radiotherapy had been administered at the
discretion of the treating physician and with the recommendations of a multidisciplinary
team.

2.3. Histopathologic analysis
The pathologic assessment of resected tissue was evaluated for each patient. Residual
disease was characterized according to whether elements of viable germ-cell malignancy,
non-germ-cell malignancy, or teratoma were present.

2.4. Statistical analysis
Overall survival time was calculated from the date of the initial clinical diagnosis of
PMGCT until the patient's death or last follow-up. Progression-free survival (PFS) was
calculated as the time from diagnosis to progression, relapse, or death from any cause. Time
to progression (TTP) was calculated as the time from diagnosis to progression or relapse.
The median survival times were estimated by using the Kaplan-Meier method. For patients
who were still alive at the end of our study period, we censored the overall survival data at
the latest date when patients were known to be alive.

We developed a risk factor scoring system in which 1 point was given for each of 3 risk
factors at diagnosis: extramediastinal disease, histologic characteristics other than those of
endodermal sinus tumor (EST), and serum β human chorionic gonadotropin (β-hCG)
concentration > 1,000 mIU/mL, for a maximum score of 3 points. Subgroup analysis of TTP
was performed using the log-rank test. The significance level was set at 0.05 for all tests.

3. Results
3.1. Patients' characteristics

Among the 34 patients whose records we included, 27 had had NSGCT according to the
results of histologic and serum tumor marker evaluations and 7 had had pure seminoma.
Eleven of the patients (41%) with NSGCT had had evidence of disease outside the
mediastinum at diagnosis; the lungs were the most common site of metastasis (Table 1).
Lymph nodes were the only site of metastasis among patients with pure seminoma and were
present in 2 patients (29%).

3.2. Histologic and tumor marker evaluations
The histologic features of NSGCT were mixed in 15 patients (56%), EST in 6 patients
(22%), poorly differentiated carcinoma in 3 patients (11%), choriocarcinoma in 2 patients
(7%), and embryonal carcinoma in 1 patient (4%). The serum β-hCG concentration at
diagnosis was known for 20 patients with NSGCT; 4 of those patients had concentrations of
greater than 1,000 mIU/mL (Table 2).

3.3. Chemotherapy regimens
All 27 patients with mediastinal NSGCT had received cisplatin-based chemotherapy, and 17
(63%) had received BEP or etoposide plus cisplatin (EP) as the first treatment regimen
(Table 3). Twenty-four men had received at least 1 course of preoperative chemotherapy,
whereas the other 3 had undergone surgical resection or debulking initially (before referral
to us). Eleven patients (41%) with NSGCT had received more than 4 courses of preoperative

Rodney et al. Page 3

Urol Oncol. Author manuscript; available in PMC 2014 March 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



chemotherapy. Seven patients with mediastinal seminoma had received BEP (n = 1), EP (n =
5), or radiotherapy (n = 1) as the primary treatment.

3.4. Postchemotherapy surgical resection
Nineteen of the 27 patients with NSGCT (70%) and 1 of the 7 patients with seminoma
(14%) had undergone postchemotherapy resection of a residual mediastinal mass. Histologic
examination had shown only fibrous tissue and necrosis in 2 patients with NSGCT (11% of
those who underwent resection) and in the patient with seminoma. Histologic evaluation of
residual tumor in the other cases of NSGCT had revealed malignant NSGCT alone in 8
patients (42% of those who underwent resection), malignant germ-cell tumor plus sarcoma
in 2 patients (11%), and teratoma alone in 4 patients (21%). The remaining 3 patients'
histologic examinations of residual tissue had revealed teratoma plus adenocarcinoma and
sarcoma, sarcoma alone (with pretreatment histologic features of embryonal carcinoma), and
unknown.

3.5. Hematologic malignancy
None of the men had developed acute leukemia. One who had had an elevated serum α-
fetoprotein (AFP) concentration at diagnosis had had abnormal large nucleated cells in the
peripheral blood and bone marrow. The abnormal cells had been CD45 negative and had
lacked hematopoietic differentiation, being consistent with circulating germ-cell tumor cells
rather than leukemia. That patient had died of tumor progression. Another patient had
developed pancytopenia after completion of chemotherapy and resection of the mediastinal
mass. Bone marrow examination had revealed myelodysplastic syndrome, and he had died
of infectious complications without evidence of germ-cell tumor recurrence.

3.6. Survival outcomes
Sixteen patients with nonseminomatous PMGCT were known to have died: 15 had had
progressive disease, and the other had died of infectious complications of myelodysplastic
syndrome. All of the treatment failures and 14 deaths had occurred within 3 years of
diagnosis. Eleven patients with NSGCT (41%) and all 7 with seminoma had been alive at
last contact, with a median follow-up of 51.3 months (range, 22–110 months). Figure 1
shows the survival data for the 27 patients with mediastinal NSGCT.

For the subgroup of patients with NSGCT who had been referred to us at or near the time of
diagnosis (n = 13), 7 (54%) had been alive and continuously free of recurrence at last
contact (Fig. 1B), with a median follow-up of 56.5 months (range, 33–110). This group
included patients who had been treated plus those who had been untreated before their
referral, as long as there had been no evidence or history of tumor progression after
treatment had been started. Treatment was considered to have been any surgery,
radiotherapy, or chemotherapy.

Nineteen patients had been considered for second-line or salvage therapy: 5 who had been
treated initially at M. D. Anderson and 14 who had been referred to us after progression or
relapse. Eighteen of those patients had received salvage chemotherapy, and all 19 had
experienced further progression. Ten of those 19 patients (53%) had been alive 1 year from
the date of the first progression, and the estimated 3-year overall survival from the date of
first progression was 23% (Fig. 2).

3.7. Salvage therapy
Salvage chemotherapy had been administered to 18 patients with mediastinal NSGCT at its
first progression or relapse. The responses had been transient, and all 18 patients had
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eventually experienced further disease progression. Three of the 19 patients with
progression or relapse had had surgical resection of all visible disease and were known to be
alive and clinically tumor free at 12, 27, and 55 months from the date of the first progression
(Fig. 2). One patient had experienced metastatic recurrence of low-grade angiosarcoma,
which had also been a component of his primary tumor, and for which he had undergone
salvage chemotherapy and multiple surgeries. He was alive with residual lesions but no
active disease 6 years after the first progression and was taking low-dose thalidomide.

3.8. Prognostic factors in mediastinal NSGCT
The median TTP of mediastinal NSGCT was calculated according to known prognostic
factors, including serum β-hCG concentrations greater than 1,000 mIU/mL at diagnosis [11],
EST histology [14], and the presence of extramediastinal tumor at diagnosis [15] (Table 2).
Patients with those high β-hCG concentrations had a median TTP of 10.8 months, with no
long-term survivors. The median TTP was 9.2 months for patients with extramediastinal
disease at diagnosis, and was not estimable (range, 10 to 110+ months) for patients with
EST as the only histologic diagnosis. This suggested that EST was a favorable rather than an
adverse feature in nonseminomatous PMGCT.

Among the patients with NSGCT who had been referred to M. D. Anderson at diagnosis, 4
(31%) had had a histologic diagnosis of EST with tumor confined to the mediastinum; all
had experienced long-term PFS. Two of the patients referred for salvage therapy had had
EST initially confined to the mediastinum. One of them had refused to undergo mediastinal
resection after chemotherapy, and the other had had mostly necrotic tumor at resection, from
which the diagnosis of EST was suspected but never confirmed.

From these data, we identified 3 adverse features as candidate prognostic risk factors:
extramediastinal disease at diagnosis, serum β-hCG concentration greater than 1,000 mIU/
mL at diagnosis (if known), and any mixed or single histologic diagnosis other than EST.
Next, we categorized the 13 patients with NSGCT who had been referred to us at diagnosis
into 3 prognostic groups according to their number of risk factors. Table 4 shows the 2-year
PFS and TTP analysis for these patients, grouped by adverse features and number of risk
factors.

4. Discussion
In this contemporary single-institution series of patients with PMGCT, we found a 54% rate
of long-term PFS for newly diagnosed mediastinal NSGCT. Historically, the reported
survival rates for mediastinal NSGCT were 45% to 48% in the 1990s [7,9] and 20% to 27%
in the 1980s [5,6]. Improvements in the prognosis over time are likely due to diverse factors,
such as routine use of cisplatin-based chemotherapy, advances in supportive care,
improvements in surgery, and newer imaging techniques. Unfortunately, however, the cure
rate for mediastinal NSGCT remains significantly below that of intermediate- and good-
prognosis testicular cancer and mediastinal seminoma [4]. All 7 of our patients with pure
seminoma were alive and free of disease at their last assessment. Six of them had received
chemotherapy; most had not undergone radiotherapy, and the results of the only
postchemotherapy surgery for seminoma had revealed fibrosis.

Certain patient characteristics at the time of diagnosis were associated with a better
prognosis for patients with NSGCT. For patients with newly diagnosed NSGCT, the median
TTP had not yet been reached for the subgroups characterized by tumor confined to the
mediastinum, serum β-hCG of 1,000 mIU/mL or less at diagnosis, or histologic features of
EST (Table 2). A risk factor scoring system based on these 3 parameters is potentially useful
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in predicting survival, as shown in Table 4. Our results, however, were obtained with a small
number of patients and should be statistically validated with a larger test group.

A histologic diagnosis of EST has been described as a poor-risk feature in the setting of
testicular NSGCT [16], where it is also more reliably diagnosed on the basis of pathology in
the orchiectomy specimen. The diagnosis of mediastinal EST is typically made on clinical
grounds, based on a markedly elevated serum AFP concentration, normal or modestly
elevated β-hCG concentration, and tumor biopsy results compatible with a diagnosis of EST
[14]. EST is relatively insensitive to cisplatin-based chemotherapy yet susceptible to
surgical resection. In testicular cancer, the reported survival rate was worse for patients with
EST in the setting of advanced metastatic disease (lung metastases >2 cm or extrapulmonary
metastases) but not in low-volume disease (lung metastases ≤2 cm) compared with non-EST
tumors; moreover, survival did not improve with the use of cisplatin as opposed to non-
cisplatin chemotherapy [16]. A similar effect was reported by Kuzur et al. [14] in patients
with mediastinal EST in whom advanced or unresectable disease carried a dismal prognosis
but occasional cures were achieved surgically.

The association of EST with favorable outcome in our series contrasts with earlier published
results, possibly because these patients are now recognized as candidates for aggressive
surgery [12,17]. Our data suggest that those patients with EST confined to the mediastinum
have a much better prognosis than other subgroups with mediastinal NSGCT, and the
proportion of such patients could account in part for some of the observed differences in
outcome between studies.

Our series included 19 patients whose tumor had progressed or recurred after primary
chemotherapy. Further disease progression was observed in every patient who had
undergone salvage chemotherapy, despite the occurrence of transient antitumor responses.
Tumor-free status was surgically achieved in 3 of these patients, including 1 man who
experienced 47 months of continuous PFS after resection; notably, his tumor had features of
EST.

Our data indicate that surgery is the most effective salvage modality for relapsed mediastinal
NSGCT, but it is possible that salvage chemotherapy also contributed to positive outcomes
by preoperatively reducing the burden of viable tumor. Fizazi et al. [18] reported the results
of a retrospective study of patients with mediastinal NSGCT treated between 1976 and
1993, in which 20 patients required salvage chemotherapy and all experienced further
disease progression. In 1994, Saxman et al. [10] reported the results of 42 patients who
received salvage chemotherapy for recurrent mediastinal NSGCT, of whom only 2 patients
(5%) were alive without evidence of disease at their last follow-up; both patients had
histologically diagnosed EST. Ganjoo et al. [19] reported the outcome of 17 patients with
mediastinal NSGCT who received second- or third-line salvage chemotherapy, of which
none were disease-free.

For the treatment of PMGCTs at our institution, we administer chemotherapy before surgery
whenever possible [20]. Some patients appear to benefit from more than 4 courses of
preoperative chemotherapy when the tumor markers continue to decline, as had been used in
11 patients in our series. There is also potential risk from delaying surgery in patients whose
tumors are chemotherapy resistant. The optimal duration of preoperative chemotherapy is
difficult to determine without conducting a prospective randomized study.

5. Conclusions
Long-term disease-free survival was achieved in 54% of patients with mediastinal NSGCT,
most commonly by using induction chemotherapy followed by consolidation surgery. These
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results are possible using the standard BEP regimen for patients with mediastinal NSGCT.
Cisplatin-based chemotherapy is curative for the vast majority of patients with mediastinal
seminoma. Salvage regimens that have been successful in testicular cancer have had, in
contrast, little effect on the long-term survival of patients with mediastinal NSGCT. It
remains to be determined whether earlier exposure to drugs such as ifosfamide and
paclitaxel during the first 4 courses could improve survival for poor-risk patients. Our data
suggest that the patients who are at greatest risk are those who have 2 or more risk factors at
diagnosis.
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Fig. 1.
Kaplan-Meier plot of the (A) overall survival and (B) progression-free survival duration for
27 patients with mediastinal nonseminomatous germ-cell tumors. The median progression-
free survival from diagnosis was 8.5 months for patients referred in relapse and was not
estimable for the patients referred at diagnosis (log rank P < 0.001).
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Fig. 2.
Kaplan-Meier plot of the overall survival duration for 19 patients with relapsed mediastinal
nonseminomatous germ-cell tumors. Survival time was calculated from the date of first
progression.
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Table 1
Characteristics of 34 patients with primary mediastinal germ cell tumors

Characteristic Nonseminoma n = 27 Seminoma n = 7

At diagnosis

 Median age, years (range) 30 (20–53) 32 (20–60)

 Site of metastasis, no. (%)

  Lung 7 (26) 0

  Liver 2 (7) 0

  Bone 1 (4) 0

  Blood/bone marrow 1 (4) 0

  Lymph nodes 0 2 (29)

  None detected 16 (59) 5 (71)

At time of referral to M. D. Anderson Cancer Center

 Median days from diagnosis to first visit (range) 145 (0–673) 26 (0–164)

 Untreated (%) 6 (22) 5 (71)

 Treated and no progression (%) 7 (26) 2 (29)

 Treated and progressed or relapsed (%) 14 (52) 0

 Prior treatment modality

  Surgery (%) 10 (37) 0

  Radiotherapy (%) 2 (7) 1 (14)

  Chemotherapy (%) 18 (67) 1 (14)

   1–4 courses 12 1

   More than 4 courses 6 0

Urol Oncol. Author manuscript; available in PMC 2014 March 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rodney et al. Page 12

Table 2
Median TTP in patients with mediastinal nonseminomatous germ cell tumors

No. patients Median TTP, months (range) Log-rank P

Newly diagnosed patients, n = 13

 Extramediastinal metastases:

  Present 6 18.9 (1.4, 52.5+)

  Absent 7 NE (22.6, 110.3+) 0.03

 Histologic diagnosis:

  Mixed 8 23 (1.4, 52.5+)

  Single, EST 4 NE (56.6, 110.3+) 0.09

  Single, non-EST 1 14.8 (14.8)

 β-hCG concentration:

  ≤1000 mIU/mL 9 NE (1.4, 100.0+)

  >1000 mIU/mL 2 13.6 (12.4, 14.8)

  Unknown 2 NE (23.0, 110.3+) 0.03

Patients referred after relapse, n = 14

 Extramediastinal metastases:

  Present 5 5.3 (3.9, 9.2)

  Absent 9 10 (3.5, 20.2) 0.04

 Histologic diagnosis:

  Mixed 7 5.3 (3.5, 18.1)

  Single, EST 2 10.1 (10.0, 10.2)

  Single, non-EST 5 8.5 (3.9, 20.2) 0.76

 β-hCG concentration:

  ≤1000 mIU/mL 7 5.3 (3.5, 18.1)

  >1000 mIU/mL 2 6.5 (3.9, 9.2)

  Unknown 5 10.2 (7.4, 20.2) 0.27

All patients, n = 27

 Extramediastinal metastases:

  Present 11 9.2 (1.4, 52.5+)

  Absent 16 19.2 (3.5, 110.3+) 0.14

 Histologic diagnosis:

  Mixed 15 12.7 (1.4, 52.5+)

  Single, EST 6 NE (10.0, 110.3+)

  Single, non-EST 6 8.9 (3.9, 20.2) 0.05

 β-hCG concentration:

  ≤1000 mIU/mL 16 20.4 (1.4, 100.0+)

  >1000 mIU/mL 4 10.8 (3.9, 14.8)

  Unknown 7 12.7 (7.4, 110.3+) 0.25

TTP = time to progression (defined as the time from diagnosis to first recurrence or progression); NE = not estimable; EST = endodermal sinus
tumor; β-hCG = β human chorionic gonadotropin.

Urol Oncol. Author manuscript; available in PMC 2014 March 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rodney et al. Page 13

+
indicates the observation was censored.
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Table 3
Initial chemotherapy given to 27 patients with mediastinal NSGCT

No. of patients treated

Regimen First course Second course Third course Fourth course

BEP or EP 17 16 13 13

VIP or VeIP 1 2 2 2

BOP or OP 6 0 0 0

CisCA 0 5 1 0

POMB 0 0 4 0

ACE 0 1 0 6

Paclitaxel, ifosfamide, cisplatin 0 0 2 1

Paclitaxel, bleomycin, vincristine, cisplatin 1 0 0 0

Vincristine, cisplatin, doxorubicin 2 0 0 0

Etoposide, ifosfamide, ciplatin, epirubicin 0 1 0 0

Paclitaxel, cisplatin, doxorubicin 0 0 1 0

Doxorubicin, ifosfamide 0 0 1 1

Docetaxel, bleomycin, cisplatin 0 0 0 1

Total no. 27 25 24 24

NSGCT = nonseminomatous germ cell tumor; BEP = bleomycin, etoposide, cisplatin; EP = etoposide, cisplatin; VIP = etoposide, ifosfamide,
cisplatin; VeIP = vinblastine, ifosfamide, cisplatin; BOP = bleomycin, vincristine, cisplatin; OP = vincristine, cisplatin; CisCA, cisplatin,
cyclophophamide, doxorubicin; POMB = cisplatin, vincristine, methotrexate, bleomycin; ACE = actinomycin, cyclophosphamide, etoposide.
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