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Background: Given the lack of evidence-supported guidance for therapeutic recommendations
of primary mediastinal malignant germ cell tumors (PMMGCTs), our study aimed to investigate
the clinicopathological features, treatment strategies, and prognostic factors of PMMGCTs.
Methods: We carried out a consecutive retrospective evaluation on a series of patients diagnosed
with PMMGCTs in Peking Union Medical College Hospital from January 2000 to August 2020.
Results: A total of 58 patients were eligible, consisting of 51 males and seven females.
There were 15 patients with seminomas, 39 with nonseminomatous germ cell tumors
(NSGCTs), and four with mixed germ cell tumors (GCTs). The 5-year overall survival was
45%, with a median survival time of 32.37 months. Except for the lost follow-up of seven
patients, a univariate analysis of overall survival on the remaining patients showed signifi-
cant differences in pathological type (mixed GCTs were regarded as NSGCTs) (p=0.036),
tumor size (>1lcm) (p=0.006), and other sites metastases (OSM) (p=0.001), respectively.
Multivariate Cox regression analysis revealed that OSM and surgical resection were inde-
pendently associated with overall survival in all kinds of PMMGCTs.

Conclusion: OSM was an independent risk factor for patients with PMMGCTs. Surgery
was proved to contribute to long-term survival. More in-depth clinical evidence is urgently
needed to guide the treatment of PMMGCTs.

Keywords: primary mediastinal malignant germ cell tumors, surgery, prognosis

Introduction

As a set of rare diseases, primary mediastinal germ cell tumors (PMGCTs) comprise
a heterogeneous group of neoplasms, accounting for 1-3% of germ cell tumors
(GCTs) and 15% of adult anterior mediastinal masses.'” PMGCTs usually show
more aggressive behavior and poorer prognosis than GCTs in gonadal counterpart.
PMGCTs are divided into seminomas, nonseminomatous GCTs (NSGCTs) (including
yolk sac tumor, embryonal carcinoma, and choriocarcinoma), and teratomas accord-
ing to histological differences.* NSGCTs are often associated with increased serum
alpha-fetoprotein (AFP) and/or beta-human chorionic gonadotropin (B-HCG), which
contributes to disease diagnosis and treatment surveillance.” In clinical practice, we
usually define mature teratoma as a benign disease, and other PMGCTs are consid-
ered as the malignant kinds. The treatment strategy for NSGCTs is a multimodal
approach which includes cisplatin-based chemotherapy followed by surgical resection
of residual tumors, and radiotherapy could be considered in the case of seminoma for
their high sensitivity." In general, seminomas have better prognosis than NSGCTs.°
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However, no randomized trials have ever been carried
out to guide treatment in patients with PMGCT due to its
rarity and complexity. Current supportive evidence for
therapeutic recommendations are based on observational
series and experiences of GCTs arising in gonads. Thus,
our study aimed to introduce our therapeutic strategies and
investigate the associated prognostic factors for patients
with primary mediastinal malignant germ cell tumors
(PMMGCTs).

Materials and Methods

Patients and Therapeutic Regimen

We consecutively evaluated a series of patients who were
pathologically diagnosed with PMMGCTs in Peking
Union Medical (PUMCH) from
January 2000 to August 2020. This study was approved
by The Institutional Review Board of PUMCH. Written
informed consent was obtained from eligible patients. This

College Hospital

study was conducted in accordance with the Declaration of
Helsinki. Patients’ data including basic information and
schemes for diagnosis and treatment was retrospectively
collected through the electronic medical record system.

All patients were managed in a multidisciplinary team
including senior surgeons and physicians in the Department
of Thoracic Surgery and Department of Oncology. Patients
were systemically evaluated to exclude metastatic or multi-
ple primary lesions in other sites. Patients with highly sus-
pected malignant GCTs or with a definite diagnosis (based
on radiological findings, aspiration cytology and levels of
tumor markers) were treated with neoadjuvant chemother-
apy as a priority, whereas surgery was performed when
a complete response was not achieved. Patients with inde-
terminate diagnosis were recommended to accept surgical
explorations for biopsy and resection. Postoperative che-
motherapy or radiotherapy was selectively conducted
depending on their pathology findings, imaging findings,
and levels of tumor markers. Chemotherapy or radiotherapy
was applied to patients with inoperable tumors or with
contraindication for surgery.

Statistical Analysis

Statistical analysis was performed by SPSS 23.0 software
(IBM Corp., Armonk, NY). Measurement data conforming
to normal distribution was presented as X4s, while the
non-normal distribution data was displayed by median
(range). Counting data was exhibited as numbers (percen-
tage). Kaplan-Meier method was applied to survival

analysis in which the starting point was set on the date
of the detection of PMMGCTs and the ending point was
set on the date of death or the date of follow-up. Log rank
test and Cox regression risk model were performed to
analyze prognostic factors. The difference was considered

as statistically significant when p<0.05.

Results

Patients’ Characteristics
A total of 60 patients diagnosed with PMMGCTs during
the last 20 years were retrieved, where two patients with-
out detailed information of treatment were eliminated from
the study. The demographics and clinicopathological char-
acteristics of 58 patients with PMMGCTs are shown in
Table 1.

There were 51 male patients, accounting for 87.9% of
all eligible patients. The median age of onset was 23.31
years (13.19~57.32). The common symptoms included
chest pain (36.2%), cough (29.3%), chest tightness

Table 1 Patient Demographics and Clinicopathological
Characteristics

Variables Value
Gender (male) 51 (87.9%)

Median age of onset (range) 23.31 (13.19~57.32)

Symptoms
Chest tightness 15 (25.9%)
Chest pain 21 (36.2%)
Weakness 1 (1.7%)
Low-grade fever 11 (19.0%)
Cough 17 (29.3%)
Swelling at neck 10 (17.2%)
Menstrual disorder 2 (3.4%)
Dyspnea 1 (1.7%)
Dysphagia 1 (1.7%)
Absence of symptoms 8 (13.8%)
Myasthenia gravis 1 (1.7%)
Superior vena cava syndrome 11 (19.0%)

Smoking history 13 (22.4%)

Alcohol drinking history 9 (15.5%)

Median tumor size (range) 10.25 (1.40~30.00)

Pathological type

Seminoma 15 (25.9%)

NSGCTs 39 (67.2%)

Mixed GCTs 4 (6.9%)
(Continued)
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Table | (Continued).

Variables Value

Elevation of AFP (52) 27 (51.9%)

Elevation of B-HCG (52) 22 (42.3%)

OsM 22 (37.9%)
Lung and pleura 18 (31.0%)
Lymph nodes 7 (12.1%)
Chest wall and other sites in mediastinum 7 (12.1%)
Brain 4 (6.9%)
Bone 3 (5.2%)
Liver 3 (5.2%)
Kidney I (1.7%)
Adrenal gland I (1.7%)

Surgery
Radical resection 25 (43.1%)
Palliative resection 19 (32.8%)
No surgery 14 (24.1%)

Other therapies
Preoperative chemotherapy 19 (32.8%)
Postoperative chemotherapy 33 (56.9%)
Chemotherapy 51 (87.9%)
Radiotherapy 26 (44.8%)

Masaoka-Koga staging

| 5 (8.6%)
Il 10 (17.2%)
[ 30 (51.7%)
v 13 (22.4%)
Blood system malignancies 3 (5.2%)

Abbreviations: AFP, alpha-fetoprotein; f-HCG, beta-human chorionic gonadotro-
pin; GCT, germ cell tumor; NSGCT, nonseminomatous germ cell tumor; OSM,
other sites metastases.

(25.9%), low-grade fever (19.0%), and swelling at the
neck (17.2%). Patients were characterized by superior
vena cava syndrome and myasthenia gravis at the rate of
19.0% (11 patients) and 1.7% (one patient), respectively,
while 13.8% of them were asymptomatic.

All PMMGCTs were located in the anterior mediasti-
num, the median size was 10.25 cm (1.40~30.00). Among
all the patients, 15 of them (25.9%) were pathologically
confirmed as seminomas, 39 (67.2%) were diagnosed as
NSGCTs (one of yolk sac tumor, embryonal carcinoma
and choriocarcinoma, or mix of the three types), another
four cases (6.9%) were classified into mixed GCTs
(defined as GCTs combining seminoma/teratomas and
NSGCT-components). Tumor markers test was applied to
52 cases, including 14 with seminomas, 35 with NSGCTs,
and another three with mixed GCTs. Increased AFP was

detected in 27 patients (51.9%) (26 with NSGCTs and one
with mixed GCTs). Rise of B-HCG was found in 22
patients (42.3%), among which 18 cases were NSGCTs,
two cases were mixed GCTs, and another two cases were
seminomas (<1,000 TU/L).

Although there was no official recommendation of
staging system for PMMGCT, we applied the Masaoka-
Koga staging system for thymic malignancies to
PMMGCT. The corresponding numbers of patients who
were classified into stage I, II, III, and IV when diagnosed
with PMMGCTs were 5, 10, 30, and 13, respectively.

Malignancies in blood system were detected in three
patients (5.2%) during the period of follow-up (chronic
myelomonocytic leukemia, myelodysplastic syndromes,
and not special leukemia, respectively). Other sites metas-
tases (OSM) occurred in 22 cases (37.9%) during the
courses of disease. Lung and pleura (31.0%), lymph
nodes (12.1%), chest wall, and other sites in mediastinum
(12.1%) were the commonest metastatic sites, followed by

brain (6.9%), bone (5.2%), and liver (5.2%).

Treatment

There were 14 patients (24.1%) who received no surgery,
and three of them did not receive any treatment because of
rapid progression and death before therapy, while another
11 patients received both chemotherapy for extensive dis-
ease and radiotherapy for regional disease. There were 44
patients (75.9%) who underwent surgery, of which 25
patients (43.1%) underwent radical resection and 19
patients (32.8%) received palliative resection. Among the
44 patients, 19 of them received preoperative neoadjuvant
chemotherapy, while 33 of them received postoperative
adjuvant chemotherapy. Radiotherapy was applied to 26
of the patients (44.8%).

The chemotherapy protocols including BEP regimen
(bleomycin, etoposide, and cisplatin), EP regimen (etopo-
side and cisplatin) and VIP regimen (etoposide, ifosfamide,
and cisplatin) were selectively applied according to patients’
performance status, pathology, bleomycin associated pul-
monary toxicity, and their further therapeutic strategies.
EMA-CO regimen (Etoposide, methotrexate, and dactino-
mycin followed by cyclophosphamide and vincristine) was
provided to patients diagnosed with mediastinal chorioe-
pithelioma. Conducting three to four cycles of neoadjuvant
chemotherapy was the commonest therapeutic scheme.

Here, we reported a clinical case presenting our routine
diagnosis and treatment strategies. A male patient, aged 28,
was detected to have an anterior mass with a maximum
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diameter of 7.9 cm by computed tomography (CT) scanning
during health examination in June 2020. After CT-guided
transthoracic fine needle aspiration cytology (FNAC) was
performed, the pathology result showed immature teratoma.
The tumor markers test suggested significant elevation of
both AFP (2,572.0 ng/mL) and B-HCG (959.89 IU/L). The
patient was admitted to the Department of Oncology and
received three cycles of chemotherapy of VIP regimen, after
which the levels of AFP and B-HCG fell down to the normal
range, and CT examination after two cycles neoadjuvant
chemotherapy indicated partial response of tumor. Then
median sternotomy was performed. The result of postopera-
tive pathology indicated GCTs (consisting of 20% yolk sac
tumor and 80% mature teratoma) with visceral pleura invol-
vement and negative lymph nodes, and the ki-67 index was
70~75% (yolk sac tumor). After three cycles of VIP regimen
postoperative adjuvant chemotherapy, unfortunately, the dis-
ease progressed, followed by four cycles of BEP regimen
salvage chemotherapy, which had a partial response. The CT

images during the period of neoadjuvant chemotherapy are
shown in Figure 1.

Survival and Prognosis

Among 58 patients in this study, the median follow-up time
was 20.60 months. By the end of follow-up, the track of
seven patients were lost (including two seminomas, four
NSGCTs, and one mixed GCT); 26 patients died and 25
patients survived. The 5-year overall survival (OS) was
45%, with a median survival time of 32.37 months. The
OS curve of the whole population is shown in Figure 2.

In the univariate analysis of OS on 51 patients, patho-
logical type (mixed GCTs were regarded as NSGCTs here)
(»=0.036), tumor size (>11 cm, dichotomized around the
median) (p=0.006), and OSM (p=0.001) showed signifi-
cant differences in OS. Surgical resection (p=0.062), level
of AFP (p=0.054), and Masaoka-Koga staging (p=0.072)
indicated potential influences on OS. OS curves in uni-
variate analysis are displayed in Figure 3. However, no

Figure | CT images showed partial tumor response to neoadjuvant chemotherapy.
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Figure 2 Overall survival curve of 51 patients with PMMGCTs.

statistical difference was found in gender (p=0.757), age at
onset (p=0.554), adjacent structure resection (p=0.556),
radiotherapy (p=0.905), chemotherapy (p=0.411), preo-
perative neoadjuvant chemotherapy (p=0.695), and post-
operative adjuvant chemotherapy (p=0.780).

Multivariate Cox regression analysis showed that OSM
(HR=4.437, 95% CI=1.530~12.352, p=0.006) and surgical
resection (HR=0.242, 95% CI=0.082~0.715, p=0.010)
were independently associated with OS (Table 2).

Table 2 Multivariate Cox Regression Analysis of OS in 51
Patients with PMMGCTs

Variables Multivariate Analysis

HR 95% CI p-value
Tumor size (>11 cm) 1.663 0.586~4.722 0.340
Pathological type 3.332 0.783~14.175 0.103
OsM 4.347 1.530~12.352 0.006*
Surgical resection 0.242 0.082~0.715 0.010*

Notes: * p<0.05.

Abbreviations: Cl, confidence interval; HR, hazard ratio; OS, overall survival;
OSM, other sites metastases; PMMGCTs, primary mediastinal malignant germ cell
tumors.

Considering that mixed GCTs possess the same
aggressive biology and prognosis to NSGCTs, we re-
analyzed the prognostic factors in the reorganized
cohort of patients including both pure NSGCTs and
mixed GCTs. Excluding five patients lost to follow-
up, a total of 38 patients were enrolled. Univariate
and multivariate analysis results shown in
Figure 4 and Table 3.

Similarly, OSM (HR=13.825, 95% CI=3.199~59.742,
p=0.000) and surgical resection (HR=0.089, 95%
CI=0.021~0.376, p=0.001) showed significant differences
in OS.
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Figure 3 Comparison of OS between different groups in 51 patients with PMMGCTs. (A) Pathological type, (B) tumor size, (C) other site metastases, (D) surgical

resection, (E) level of AFP, (F) Masaoka-Koga staging.
Notes: “<” means no more than, “>” means more than.
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Figure 4 Comparison of OS between different groups in 38 patients with NSGCTs and mixed GCTs. (A) Surgical resection, (B) tumor size, (C) other sites metastases.

Notes: “<” means no more than, “>" means more than.

Discussion
As a series of rare diseases, PMMGCTs are lack of speci-
ficity in symptoms, signs, and clinicoradiological charac-
teristics, which results in difficulty of clinical diagnosis.
Although Marcus et al’ evaluated FNAC of mediastinal
masses and concluded that the sensitivity and specificity of
FNAC for GCT were 100% and 99%, respectively, though
only two cases with GCTs were enrolled. In our study,
there were 37 patients who received aspiration cytology
examination, and 31 of them were considered as GCTs or
malignant GCTs (not mentioned in Table 1), despite the
difficulty in obtaining specific pathological classification
for each specimen. Considering the specificity of AFP and
B-HCG discussed in our study, we recommended aspira-
tion cytology combined with tumor marker testing as an
effective diagnostic strategy, especially when it’s difficult
to promote our therapeutic decision-making.
Cisplatin-based chemotherapy followed by surgical
resection of the residual tumor has been reported as
a standard protocol with
PMMGCTs."** However, it’s hard to completely con-
form to this protocol because of the complexity in

treatment for patients

Table 3 Multivariate Cox Regression Analysis of OS in 38
Patients with NSGCTs and Mixed GCTs

Variables Multivariate Analysis

HR 95% CI p-value
Tumor size (>11 cm) 0.776 0.256~2.354 0.654
OSM 13.825 3.199~59.742 0.000%*
Surgical resection 0.089 0.021~0.376 0.001*

Notes: * p<0.05.
Abbreviations: Cl, confidence interval; GCTs, germ cell tumors; HR, hazard ratio;
NSGCTs, nonseminomatous germ cell tumors; OS, overall survival; OSM, other
sites metastases.

realistic situations, therefore, there is no optimal treat-
ment pattern that can be applied to all patients. In our
single center, there were many more patients character-
ized by more advanced and complex diseases, and some
patients were transferred from local hospitals after
receiving initial therapeutic intervention which caused
complications and inconsistency of therapeutic protocols.
The results of this retrospective study revealed the
obvious advantage of surgical resection to prolong OS
of patients with PMMGCTs. According to statistical
analysis, radiotherapy and chemotherapy in our study
did not exert positive influences on OS, perhaps because
the majority of patients in our center received more
aggressive and inconsistent adjuvant treatments. All in
all, we still recommended this multimodal aggressive
approach to obtain more chances of long-term survival.
Furthermore, OSM was proved to be an independent risk
factor for OS in our study. In our study, 22 patients had OSM
during courses of disease. Though most of them died of
metastases, five patients with lung and lymph node metas-
tases were still alive after active treatment. The management
of patients with advanced stage diseases is always a thorny
problem, especially for patients with PMMGCTs. Clinical
scientists have tried approaches to overcome some difficul-
ties, such as modifying chemotherapy regimen'® and chan-
ging non-surgical treatment patterns.'’ As suggested in other
reviews and reports,>'? aggressive surgery combined with
chemotherapy and radiotherapy has shown potential
benefits to long-term survival for some selected patients.
Patients with limited lung and pleura metastases may gain
potential long-term survival after receiving active treatment.
In recent years, Necchi et al'® performed genomic profiling
on 44 primary mediastinal NSGCTs and found a slight dif-
ference in genomic alteration, but evidence for precision

https:
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treatment was not sufficient. Zschibitz et al'* analyzed
patients with platinum refractory GCTs who were treated
with checkpoint inhibitors, including two patients with
PMMGCTs (with negative expression of PD-L1), unfortu-
nately, none of them showed an obvious survival benefit.
Clinical investigation of new therapeutic options is necessary
for these patients.

Prognostic classification for GCTs from the International
Germ Cell Cancer Consensus Group is the most widely used
strategy in clinical practice.'>'® There is no official staging
system for PMMGCTs. Considering that PMMGCTs have
developed from the anterior mediastinum, we tried to apply
the Masaoka-Koga staging system for thymic malignancies
to PMMGCTs. Our results revealed that Masaoka-Koga sta-
ging system showed ordered appropriateness in OS curves
for PMMGCTs, thus we considered it reasonable to apply the
Masaoka-Koga staging system to PMMGCTs, although the
statistical difference was not significant.

To our knowledge, this was the fourth largest single-
center study of PMMGCTs to date, following reports from
Russia,'” China,'® and Peru.'® We reported more cases with
advanced-stage PMMGCTs. However, this study had sev-
eral limitations. First, it was a retrospective study which
lasted for 20 years, which affected the consistency of the
patients’ treatment due to medical levels and limitations in
the past. Second, some patients were transferred from local
hospitals after initial treatment, which caused complexity in
their diseases and treatment regimens. Finally, cases in our
study contained less early-stage tumors, which might affect
the overall assessment of PMMGCTs.

Conclusions

PMMGCT is a rare and aggressive disease, which lacks
clinical experience. Aspiration cytology combined with
tumor markers testing was an effective diagnostic strategy.
Patients with seminomas had better prognosis than patients
with NSGCTs. OSM was an independent risk factor for
with PMMGCTs.
a multimodal aggressive treatment approach, contributed

patients Surgery, as a part of
to long-term survival. The Masaoka-Koga staging system
could be considered to predict the clinical prognosis for
patients with PMMGCTs. More robust and in-depth clin-
ical evidence is needed for the development of precise and

effective therapeutic strategies for PMMGCTs.

Abbreviations
AFP, alpha-fetoprotein; 3-HCG, beta-human chorionic gona-
dotropin; CT, computed tomography; FNAC, fine needle

aspiration cytology; GCTs, germ cell tumors; NSGCTs, non-
seminomatous germ cell tumors; OS, overall survival, OSM,
other sites metastases; PUMCH, Peking Union Medical
College Hospital; PMGCTs, primary mediastinal germ cell
tumors; PMMGCTs, primary mediastinal malignant germ
cell tumors.
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