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ABSTRACT

Objectives: To obtain information on outcome stratified by histology, extent and primary treatment patients’
data with primary malignant mediastinal germ cell tumors treated between 1998 and 2018 were retrospec-
tively analyzed.

Methods: The primary treatment for localized malignant mediastinal germ cell tumors was neoadjuvant
bleomycin + etoposid + cisplatin (BEP) + surgery (n=22); or surgery + adjuvant BEP (n=16). For dissem-
inated disease (n=21) first line BEP + second line chemotherapy were administered. For nonseminomas
(NS) the NLR at start of BEP was analyzed in relation to disease-free survival (DFS), progression-free sur-
vival (PFS), and overall survival (OS).

Results: After neoadjuvant treatment the 5-year DFS was 100% for seminomas (S), and 63.4% for NS. The 5-
year OS was 100% for S, and 76.9% for NS. The 5-year DFS and OS after surgery + BEP for S was 72.9% and
100%, for NS was 75% and 87.5%, respectively. The 5-year PFS and OS of metastatic patients for S was 60%
and 80%, while the median PFS and OS of NS were 5.7 and 11.1 months, respectively. Objective response
(P=0.006) and low NLR (P=0.043) were independent prognostic markers of longer OS.

Conclusions: We confirmed the good outcome of BEP-treated S, while NS had poorer prognosis. Previously
published prognostic models for NS were validated. Based on NLR and response a new prognostic model
was developed.
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Introduction

Mediastinal germ cell tumors (MGCT) account for only 2.2% of all germinal tumors and
constitute 25% of all extragonadal tumors.! These neoplasms usually occur in adolescent and
young adults. At diagnosis the disease extension is metastatic in 41% of cases.! Primary germ
cell tumors are classified as pure seminomas (S) and nonseminomas (NS). NS include benign
and malignant teratoma, choriocarcinoma, yolk sac tumor, embryonal cell carcinoma, and mixed
type tumors. Germ cell tumors of the mediastinum are thought to arise as a consequence of an
error of migration of germ cells along the urogenital ridge during embryogenesis.” Measurement
of the serum tumor markers beta-human chorionic gonadotropin (8-HCG) and alpha-fetoprotein
(AFP) are indispensable in the management of nonseminomatous germ cell tumors, since
approximately 90% of patients with nonseminomatous MGCT will have elevation of 1 or both
markers.> Primary mediastinal S may occasionally be associated with mild elevation of HCG
levels. In addition, lactate dehydrogenase is elevated in approximately 90% of these patients and
serial determinations are useful in monitoring the activity of disease. Most masses are localized
in the anterior mediastinum, but 3%-8% of tumors arise within the posterior mediastinum.*
For staging purposes chest and abdominal CT scan should be performed to define the extent
of disease, the relationship with the surrounding structures, and the presence or absence
of metastases.”® The nonseminomatous germ-cell tumors in young males with mediastinal
masses and elevated levels of AFP and B-HCG may be diagnosed without tissue biopsy, and the
treatment may be initiated.?-” All patients with S or NS should be treated with curative intent,
preferably in high-volume centers, since suboptimal treatment leads to a worse outcome.?
Locally advanced and bulky diseases should be treated initially with cisplatin-based combina-
tion chemotherapy (CHT). In NS surgical resection of the residual disease even when tumor
markers are persistently elevated has been reported by several authors to be beneficial.®:?
In spite of that Lemarié et al."" already have stated that “Extent of disease remains the most
important variable associated with outcome” and ever since others have also demonstrated that
the extension (stage) is a significant prognostic marker,'>!> unfortunately, many publications
and amongst them those which large series'*!> evaluated together patients with localized and
metastatic disease. To obtain more information on the outcome stratified by histology, extent,
and primary treatment type we retrospectively collected and analyzed the chart data of patients
with malignant MGCT. The prognostic factors for nonseminomatous MGCT were also assessed.

Materials and methods

Patients with mediastinal tumor (n=663) were identified from the electronic database of the
institute. There were only 59 primary MGCT, which were included in the analysis. The presence
of primary testicular tumor was excluded by clinical and radiographic examination of testes.

The primary treatment for localized MGCT was neoadjuvant bleomycin + etoposid + cisplatin
(BEP) (n=22) + surgery; or surgery (n=16) + adjuvant BEP/EP. The treatment for disseminated
disease was first line BEP (n=21). Patients who progressed received further lines of CHT.
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The tumor response was controlled according to RECIST 1.1. The level of tumor markers (AFP,
B-HCG, lactate dehydrogenase) were measured as indicated in patients with germ line tumors.
The treatment of young males with mediastinal masses and elevated serum tumor markers (AFP
and B-HCG) was initiated without a tissue biopsy.”-'* The neutrophil-to-lymphocyte ratio (NLR)
at the start of CHT was evaluated as a possible biomarker of survival.'s For all metastatic NS
patients good, intermediate and poor prognostic subgroups were constructed according to the
model of Necchi et al.,'” Fedyanin et al.,,'® Hartmann et al.'” and by totalizing markers of survival
found by Rodney et al.?% and Liu et al.'?

The primary objective of this study was to determine the disease-free survival (DFS),
progression-free survival (PFS), and overall survival (OS). The survivals were analyzed according
to Kaplan-Meier method and by multivariate Cox regression. The objective response (OR) was
also assessed. Finding predictive markers was the secondary objective. For all statistical analy-
ses the NCSS program (NCSS 12 Statistical Software (2018). NCSS, LLC. Kaysville, UT) was used.
P < 0.05 was considered statistically significant.

The Hungarian Medical Research Council (21679-2/2016/EKU) and the Ethical Committee of
the institute approved the study.

Results

Clinicopathologic characteristics of patients (n=59) are presented in Table 1. The histopatho-
logic diagnoses were determined from primary mediastinal biopsy (n=29) or surgical tissue
samples (n=30).

Efficacy of neoadjuvant therapy

The primary treatment of 22 patients (9 S and 13 NS) was neoadjuvant BEP (3-4 cycles).
One patient with S and 3 patients with NS received palliative radiotherapy (RT) before CHT.
Patients with S had 100% OR after BEP and further surgery was not necessary. None of these
patients progressed during the follow-up (median 97 [95%CI 83-152] months). In case of NS the
OR was 77%, while 2 patients presented stable disease and 1 progressed. The pathologic stage
after surgery of these patients was ypTO for 4 patients, <10% of viable tumor tissue remained in
5 patients (and is unknown for 4 patients who had the surgical intervention at other institutes).
In 6 patients with NS 2 cycles of EP was administered after surgery. During the follow-up 4
patients (1 after the adjuvant therapy) progressed and 3 died. The DFS at 5 and 10 years was
uniformly 100% for S and 63.4% for NS (log rank test P = 0.062). The OS at 5, 10, and 15 years
was uniformly 100% for S and 76.9% for NS (log rank test P = 0.133).

Efficacy of primary surgery + adjuvant therapy

Surgery as primary treatment (in the S and NS group only 1 and 2 cases were incomplete
resections, respectively) was followed by adjuvant BEP in 14 patients (7 S and 7 NS), while for
2 patients (1 S and 1 NS) the adjuvant BEP was not administered. Two patients with S received
also adjuvant RT after BEP. Out of these 16 patients (14 BEP-treated and 2 monitored) 2 S and
2 NS progressed and 1 NS died during the follow-up (median 101 [95% CI 81-142] months). The
survivals were calculated from the date of surgery. Patients who previously received neoadjuvant
treatment were not included. The DFS rate at 5, 10, and 15 years for S was uniformly 72.9%, and
for NS was uniformly 75% (log rank test P = 0.937), while the OS rate at 5, 10, and 15 years for
S was uniformly 100% and for NS was uniformly 87.5% (log rank test P = 0.317).
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Table 1
Clinicopathologic characteristics of patients with primary MGCT and the prognostic groups for
patients with nonseminoma.

Parameters N (%)
Age, median (range) 29 (16-65) y
BMI, median (range) 24.2 (16-36)
Period from first symptoms to diagnosis 4.4 (0-52) wk
Major symptoms
Pain 24 (41)
Cough 21 (36)
Fever 15 (25)
Dyspnoe 13 (22)
Gynecomastia 5(8)
Other 6 (10)
None (screened) 16 (27)
Misdiagnosed at other hospitals 15 (25)
Testes
Calcification 8 (14)
Cysts 3 (5)
Atrophy, hypoplasia 7 (12)
Histology
Pure seminoma 22 (37)
Nonseminoma 37 (63)
Yolk sac tumor 11 (30)
Malignant teratoma 9 (24)
Embryonal carcinoma 3(8)
Choriocarcinoma 1(3)
Mixed 6 (16)
Not specified* 7 (19)
Seminoma Nonseminoma
Stage (Moran-Suster)®
[ 9 (41) 8 (22)
1 8 (36) 13 (35)
A 2(9) 6 (16)
1B 3 (14) 10 (27)
Localization of distant metastases at diagnosis
Lung 1(5) 10 (27)
Lymph node 2(9) 2 (5)
Bone 1(5) 2 (5)
Brain 0 (0) 2 (5)
Liver 0 (0) 1(3)
Tumor marker levels at the start of therapy
AFP
Normal 21 (95) 8 (22)f
High 0 (0) 27 (73)
NA 1(5) 2 (5)
B-HCG
Normal 18 (82) 25 (68)
High 4 (18) 9 (24)
NA 0 (0) 3(8)
LDH
Normal 10 (45) 7 (19)
High 10 (45) 25 (68)
NA 2(9) 5(13)
NLR, median (range) 4.2 (0.7-44.1) 6.3 (2.3-20.1)

(continued on next page)
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Table 1
(continued)

Prognostic groups for patients with nonseminoma
According to Necchi et al.””
Surgery
Yes
No
Pathology
Viable cancer
Necrosis or teratoma
Lung metastases
Yes
No
Poor
Good
According to Fedyanin et al.'®
Age
<29y
>29y
Tumor size
<10 cm
> 10 cm
NA
Poor
Good
According to Hartmann et al.'” [prognostic score]
Metastases
CNS
Liver
Lung
High B-HCG
Sum of prognostic scores (+2 for mediastinum)

gk WwN

6
Intermediate®
Poor [>3]
According to Rodney et al.2° [prognostic score]
Extramediastinal extent
Yes
No
Not yolk sac tumor
Yes
No
B-HCG > 1000 mIU/ml
Yes
No
NA
Sum of prognostic scores
0
1
2
3
According to Liu et al.?
Extramediastinal extent
No
Yes

6 (162
3(8)!
18 (49)!
9 (24)!

29 (78) [1]
8 (22) [0]

26 (70) [1]
11 (30) [0]

6 (16) [1]
28 (76) [0]
3(8)

2 (6)
10 (29)
17 (50)
5 (15)

8 (22)
29 (78)

(continued on next page)
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Table 1 (continued)

Response rate

OR (CR/PR) 26 (70)

SD/PD 11 (30)
Poor (no OR) 11 (30)
Medium (OR, extent) 19 (51)
Good (OR, no extent) 7 (19)

AFP, alpha-fetoprotein; BMI, body mass index; CNS, central nervous system; CR, complete
response; HCG, human chorionic gonadotropin; LDH, lactate dehydrogenase; NA, not available;
NLR, neutrophil-to-lymphocyte ratio; OR, objective response; PD, progressive disease; PR,
partial response; SD, stable disease.

* Were categorized as nonseminoma according to elevated AFP levels.

T P <0.001.

Efficacy of first line therapy

At the time of diagnosis 21 patients (5 S and 16 NS) had locally advanced, inoperable
metastatic disease and out of them 13 (3 S and 10 NS) had distant spread. They received 3-4
BEP + 1EP cycles as first line CHT. Two patients (1 S and 1 NS) were metastasectomized and
3 patients with NS were treated by RT prior to the first line CHT. The OR was 60% and 62.5%
for S and NS, respectively. One to one patient presented stable disease, while 1 S and 5 NS pro-
gressed. The median follow-up was 117 (95%CI 62-126) months. The PFS and OS were calculated
from the start of first treatment. The PFS rate at 5, 10, and 15 years for S was uniformly 60%,
for NS was 12.5%, 0%, and 0%, respectively (log rank test P = 0.045). The median PFS was 5.7
months for NS. The OS rate for S at 5, 10, and 15 years was 80%, 80%, and 40%, respectively, and
for NS was uniformly 12.5% (log rank test P = 0.013). The median OS was 169.3 and 11.1 months
for S and NS, respectively.

Patients who progressed after neoadjuvant or adjuvant therapy received further therapy
as follows: S: 1 patient RT and 1 metastasectomy + BEP (1 cycle); NS: 4 patients vinblas-
tine+ifosfamide+cisplatin (VelP) or etoposide+ifosfamide+cisplatin (VIP) and 2 patients other
treatments (metastasectomy, adriamycin-based CHT). After progression further RT, CHT (VelP,
VIP, taxan-based, etc) or surgery was applied for 11 patients.

The OS curves for all patients are presented in Fig. 1. The influence of different parameters
on OS was analyzed only for patients with NS, because only very few S cases progressed.
The univariate analysis revealed that stage (LIl vs III); extramediastinal extent, OR after
surgery +adjuvant CHT or first-line CHT, lung metastasis, surgery and NLR were statistically
significant markers of survival. Patients with higher (>median) NLR had significantly longer OS
(P = 0.014).

Markers of survival

The prognostic model suggested by Necchi et al.!” for NS resulted in a highly significant (P =
6.5 x 10~7) difference in OS (Fig. 2A), likewise the Hartmann's'® model (P = 1.4 x 10~°) (Fig. 2C)
and the Fedyanin’s model'® (P = 0.033) (Fig. 2B). The number of risk factors reported by Rodney
et al.2® were not associated with OS (data not shown). Significantly different OS curves (P =
1.4 x 10~*) were observed by combination of the 2 survival markers presented by Liu et al.!?
(Fig. 2D).

All variables with P < 0.1 in univariate analysis (age, tumor size, and 8-HCG besides of the
abovementioned parameters) were used in multivariate analysis, while stage, pulmonary metas-
tases and surgery were excluded because of multicollinearity. Two variables proved to be in-
dependent markers of OS: OR (hazard ratio=0.25; 95%CI 0.1-0.7; P = 0.006) and NLR (0.34;
0.1-0.96; 0.043). Combination of these variables resulted in significantly different survival curves
(P = 1.0 x 10~%) (Fig. 3).
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Fig. 1. Overall survival of patients with primary mediastinal germ cell tumor. Log rank test P = 0.002. Survival rate at
5, 10, and 15 years for nonseminoma is uniformly 51%, while for seminoma is 95%, 95%, and 76%, respectively.

Discussion

In this retrospective study the clinical features and outcomes of 59 consecutive patients with
MGCT, who were treated at our institute over a 20-year period, were analyzed.

The frequency of symptoms in different series is strongly correlated to distribution of his-
tology, and teratomas and S are more frequently discovered incidentally, because these tumors
grow slowly.>21:22 Qur and earlier studies proved that the histologic type is the most impor-
tant prognostic factor.'*20-23 S both in localized and in disseminated stage has a better prog-
nosis than NS. All primary NS fall into the poor-risk category of the International Germ Cell
Consensus Classification.*

Neoadjuvant treatment

Neoadjuvant CHT consisted of 3 BEP/EP cycles. Since 2016, when a study by Ranganath et
al.”> was published VIP is preferred over BEP, because patients are at high risk for bleomycin-
related postoperative pulmonary complications.

Our 9 patients with localized S had 100% OR after BEP and further surgery was not nec-
essary and no progression was observed. There are very few studies, which separately investi-
gated a nonmetastatic cohort with S treated with preoperative CHT (Table 2). Lamarié et al.!’
presented nonmetastatic patients receiving primarily cisplatin-based CHT and 30% of patients
underwent surgical resection, the others were treated by further RT or CHT. Forty percent of
patients relapsed and 30% died. Napieralska et al.2> reported BEP- and RT-treated patients and
after treatment the majority of them presented CR and recurrence occurred only in 1 patient.
In a study of Fizazi et al.26 the patients were treated by platinum-based CHT and subsequent
complete surgical resection was done in 33% of patients. Usually the histology in residual mass
was necrosis. According to Albany et al.?’ the primary S represents a good-risk disease with a
cure rate near 100% when treated with BEP/EP and thus no surgical resection is needed.
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Fig. 3. Overall survival (OS) according to median neutrophil-to-lymphocyte ratio (NLR)

and best response of patients

with nonseminoma. Log rank test P = 3.5 x 10~%; survival rate at 5, 10, and 15 years for CR/PR+low NLR is uniformly
77%, for CR/PR +high NLR is uniformly 44.4%. CR, complete response; PD, progressive disease; PR, partial response; SD,

stable disease.
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Table 2
Response and survival of patients with MGCT in our study and literature.
Seminoma Nonseminoma
Study N OR 5-y 0S Study n OR 5-y 0OS mOS
% % % % Months

Localized disease (stage I, II)

Neoadjuvant CHT + surgery

[11] 10 90 84 [13] <35 66
[25] 8 88 100 [22] 56 63
[26] 6 100 83 [28] 24 65
This 9 100 100 [29] 16 80
[30] 1 91 64
[32] 5 60"
this 13 77 77
Surgery + adjuvant therapy
[4] 7 86 [13] <35 69
[11] 8 100 [33] 14 21 8
[25] 8 100 this 8 88 NR
[26] 5 100
This 8 100

Metastatic disease (stage IIIA, IlIB)

First line CHT
[35] 15 67 [13] <26 37
[36] 5 100 [20] 6 177
This 5 95 [22] 19 26
[28] 28 36 9.6
[29] 5 59
[37] 14 43
this 16 13 111

BEP, bleomycin + etoposid + cisplatin; CHT, chemotherapy; mOS, median OS; NR, not reached; OR, objective response; OS,
overall survival.

* 4-year OS.

T 2-year progression-free survival.

The mainstay of treatment of nonmetastatic locally advanced (primarily inoperable) NS is
cisplatin-based CHT, followed by surgery.?® In a study of Wang et al. all patients (Moran-Suster’s
stage 1/I1) received platinum-based CHT as first treatment.'> Our higher rate of 5-year OS may be
due to the adjuvant CHT applied to 46% of patients. In a series of NS from Indiana University the
initial treatment was cisplatin-based CHT and only those patients underwent surgical resection
who did not achieved CR and adjuvant EP was administered if residual cancer was identified.??
In a study by Sarkaria et al.”® patients (Moran-Suster’s stage I/II) were treated preoperatively
with cisplatin-based CHT, however, the OS was measured from time of surgery and 4.5 months
was the median interval from start of CHT to surgery and no further adjuvant treatment was re-
ported. The 5-year OS rate was similar in our study to those reported by Kang et al,2° where all
except 1 patient received preoperative cisplatin-based CHT. The patients with nonmetastatic NS
reported by Dulmet et al.>® received preoperative PVB and for all with partial response (n=A6,
54.5%) salvage CHT was administered. Despite that the 5-year OS rate remained relatively low
(Table 2), which may be explained by the frequent (91%) presence of yolk sac tumor (compo-
nent) with poor prognosis.’! Kay et al.>? reported patients with nonmetastatic disease receiving
preoperative cisplatin-based CHT. Forty percent of them died early (<3 month, because of sur-
gical complications and postoperative brain metastases), but the others had long (>48 months)
0S. CHT facilitated tumor removal in 2 patients whose disease has been previously declared
inoperable.
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Primary surgery + adjuvant therapy

In our study surgery as, primary treatment (47% for all localized S) was followed by adjuvant
BEP for all but 1 patients. Two patients with S received also adjuvant RT. No patients died during
the study period. Lamarié et al.'! presented nonmetastatic patients with S who primarily un-
derwent surgery. They received adjuvant RT (88%) and/or CHT (25%) and remained disease-free
during follow-up of 17-92 months (Table 2). In a study by Takeda et al.* patients with localized
S postoperatively received RT (86%) and CHT (14%) and only 1 patient died after relapse at 29
months. Fizazi et al.26 reported about patients treated by surgery and adjuvant cisplatin-based
CHT (60%) or RT (40%). In another study by Napieralska et al.?> surgery was followed by BEP
(75%) and/or RT (75%). All patients responded with CR and only 25% of patients relapsed.

Albeit primary CHT and primary surgery followed by CHT both result in good survival rates,
therefore, it seems that surgery does not play a role in the definitive treatment of localized S.”

In our study NS patients underwent surgery as primary treatment (38% of all localized NS)
and 87.5% of them received adjuvant CHT (Table 2). Wang et al.”®> found that the 5-year OS for
localized disease treated primarily by surgery (further CHT not specified) was 71.4% for RO and
62.5% for R1/2. A median OS of 8 months could be calculated from data reported by Kolodzejski
et al.®® for patients with nonmetastatic NS treated primarily by surgical resection, however, the
71.4% of patients received postoperative CHT and/or 28.5% RT. The short survival may also be
due to the relative high rate of yolk sac tumor (component) (43%) and incomplete resections
(36%), moreover the modern CHT was available only for a part of patients.

Comparing the outcome for the post- vs preoperative CHT for localized NS patients it seems
that in our study the postoperative CHT had some advantage (25% vs 30.8% relapses; 12.5% vs
23% deaths; 87.5% vs 77% 5-year OS, respectively). The histologic pattern for the 2 groups was
different (eg the presence of yolk sac tumor [component] with poor prognosis®' was 37.5% vs
46.2%, respectively [data not shown]). Similar results were reported by Liu et al.>* however, the
stage of disease was not reported. We suggest comparative investigations in larger series with
homogeneous stage and histology.

Primary chemotherapy of metastatic patients

The S patients with disseminated disease had a worse prognosis than their localized coun-
terparts (Table 2). These metastatic patients received first line BEP. One patient was metasta-
sectomized. Nichols et al.>® reviewed patients with advanced S treated by cisplatin-based CHT.
Among them 47% presented distant metastases. Eighty percent of patients responded favorably
and 67% are long survivors, while 33% with persistent or recurrent disease died. Jain et al.>®
followed-up for a median of 20 months patients treated by cisplatin-based CHT completed by
surgical resection in 60% of patients and RT in 40% of cases.

Since the histologic diagnosis was made by needle biopsy and tumor markers, we could not
rule out the possibility of NS elements, (especially in widespread disease) which can worsen the
outcome. In a large cohort'* resection of residual mass of mediastinal S after chemotherapy in 1
patient demonstrated mature teratoma, which indicates the initial presence of nonseminomatous
elements.

Metastatic NS patients had a dismal outcome (Table 2). Rodney et al.2? reported only the
2-year PFS rate and the median time to progression for newly diagnosed patients with metas-
tases (some had undergone postchemotherapy resection of a residual mediastinal mass). For the
whole cohort of 11 patients the median time to progression was even shorter (9.2 months).
The 5-year OS rates in some studies?223:29:37 were higher than our results. In all above studies
postchemotherapy surgery was applied. The 5-year OS rate in another study'® was also longer
than our results, while the 5-year PFS rates were comparable (11% and 13%), however, the exact
number of patients and the resection rate after CHT were not detailed. The median OS reported
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for the largest series?® is similar to our findings. In our study for the entire NS group the OS at
5 years was 51%, which result is comparable to the best results of above studies.

Prognostic markers

We could validate 4 published prognostic models for NS.'>17-19 Numerous findings suggested
that inflammation has an important role in carcinogenesis and disease progression.>® Among
other serum level of CRP or albumin, hematologic markers of systemic inflammatory response,
such as absolute white-cell count or NLR were found to be prognostic markers.3° For testicular
germ cell cancer several studies'®-40 investigated NLR as a predictive marker and the lower NLR
was in strong correlation with longer survival. This is the first time that NLR was demonstrated
to be a prognostic marker of OS in patients with primary mediastinal NS.
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