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ABSTRACT

Primary mediastinal nonseminomatous germ cell tumors
(PMNSGCT) frequently become refractory to chemotherapy,
and no effective salvage therapy exists. We performed genomic
profiling on a series of 44 PMNSGCT and compared the results
with those from chemorefractory, metastatic pure seminoma-
tous (Sem, n = 22) and nonseminomatous (NS, n = 86) testicular
germ cell tumors. Archival tissues were sequenced by a hybrid
capture-based technology (FoundationONE; Foundation Medi-
cine, Inc., Cambridge, MA). Microsatellite instability (MSI) and
tumor mutational burden (TMB, mutations [mut]/Mb) were
determined.

Statistically significant differences in genomic alterations
(GA) of PMNSGCT versus NS included higher TP53 pathway
GA (p < .0001), PIK3CA pathway GA (p < .0001), and lower
cell-cycle pathway GA (p = .0004). There were no MSI-high
PMNSGCT cases. Mean TMB was similar between the groups,
but there were more ≥10 mut/Mb in the PMNSGCT group
versus NS (11.4% vs. 4.6%).

The GA identified in PMNSGCT were similar to the findings
from NS, with differential opportunities for targeted therapies
and immunotherapies. Further study of precision treatments
appears warranted. The Oncologist 2019;24:e142–e145

INTRODUCTION

Primary mediastinal nonseminomatous germ cell tumors
(PMNSGCT) are rare neoplasms arising from the anterior medias-
tinum in young adults. Their clinical behavior is usually more
aggressive than that associated with their primary gonadal coun-
terpart. PMNSGCT carry a relatively poor prognosis, with only
40%–50% of patients cured with first-line chemotherapy com-
paredwith the 90%or greater cure for testicular germ cell tumors
(GCT) treated with similar regimens. Those patients who relapse
have only a limited likelihood of being rescued by second-line
chemotherapy, including high-dose chemotherapy or aggressive
surgery [1]. For this reason, clinical investigation of new thera-
peutic options is warranted for these patients. However, clinical
research on GCT has historically suffered from huge limitations
owing to the low frequency of the disease and to the lack of
known druggable molecular drivers. In the following study, we
used genomic profiling to search for new routes to targeted ther-
apy and immunotherapy for this uncommon and challenging dis-
ease, and we aimed at comparing the frequency of the genomic
alterations identified in refractory GCT of different tumor origin.

MATERIALS AND METHODS

Archival tissues from 152 patients with chemotherapy-treated
and refractory GCT were sequenced using a U.S. Food and Drug

Administration-approved hybrid capture-based genomic
profiling assay (FoundationONE; Foundation Medicine,
Inc., Cambridge, MA) in a Clinical Laboratory Improve-
ment Amendments-certified, College of American Pathologists-
accredited laboratory (FoundationMedicine, Inc.). The pathologic
diagnosis of each case was centrally reviewed by an experienced
pathologist (J.S.R.).

In brief, ≥50 ng DNA was extracted from formalin-fixed,
paraffin-embedded tissue blocks. The samples were assayed
using adaptor-ligation, and hybrid capture for all coding
exons from 287 (version 1) to 315 (version 2) cancer-related
genes plus select introns from 19 (version 1) to 28 (version 2)
genes frequently rearranged in cancer was performed.
Sequencing of captured libraries was performed using the
Illumina HiSeq technology (Illumina, San Diego, CA) to a
mean exon coverage depth of >500×. Resultant sequences
were analyzed for all classes of genomic alterations, includ-
ing short variant alterations (base substitutions, insertions,
and deletions), copy number alterations (focal amplifications
[<20 Mb], nonfocal amplifications [≥20 Mb], and homozy-
gous deletions), and selected gene fusions or rearrange-
ments, as previously described [2]. Microsatellite instability
(MSI) was determined on 114 loci. Tumor mutational burden
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(TMB, reported as mutations [mut]/Mb) was determined on

0.8 Mb (version 1) or 1.1 Mb (version 2) of sequenced DNA

for each sample based on the number of somatic base sub-

stitution or indel alterations per Mb after filtering to remove

known functionally oncogenic somatic mutation. TMB defini-
tions followed the cutoffs originally established in melanoma,

non-small cell lung cancer, and urothelial bladder cancer: low

(0–5 mut/Mb), intermediate (6–19 mut/Mb), and high (>20

mut/Mb). The analyzed patients should have experienced a

relapse after at least one cisplatin-based chemotherapy regi-

men. Among these patients, we identified 44 PMNSGCT,

22 testicular seminomas, and 86 testicular nonseminomas or

mixed GCT. The characteristics and molecular findings from

patients with testicular GCT have been already presented [3].

RESULTS AND DISCUSSION

Among PMNSGCT, there were 43 males and 1 female, median
age was 28 years (interquartile range: 20–36.7), 11 (25%)
showed sarcomatous features suggestive of malignant trans-
formation, 2 (4.5%) had unresectable mature teratoma, and
15 patients (34.1%) showed a yolk sac tumor component. The
source of tumor tissue was the primary mediastinal mass, vis-
ceral metastases, and lymph node metastases in 23 (52.3%),
19 (43.2%), and 2 (4.5%) cases, respectively. Prechemother-
apy tumor tissue was analyzed in 41 patients (93.2%). The
comparison of genomic profiling between PMNSGCT and tes-
ticular GCT is presented in Table 1. Statistically significant dif-
ferences in the distribution of genomic alterations consisted
of more frequent alterations related to the TP53 and PI3K
pathway and less frequent alterations in cell-cycle pathway.
No significant differences were found in the distribution of
DNA damage response and repair gene alterations, that were
found in 2.3% of PMNSGCT. No cases of MSI-high tumors
were observed among PMNSGCT. Although the median TMB
was equally low (2.4 mut/Mb in PMNSGCT, 2.7 mut/Mb in

nonseminoma, and 1.8 mut/Mb in seminoma), there were
several cases with intermediate or high TMB in PMNSGCT,
resembling testicular nonseminomas, in contrast with testicular
seminomas. Sarcomatous features were identified in 3 (3.5%)
of 86 nonseminomatous testicular GCT. Findings obtained in the
population of patients with sarcomatous components resem-
bled those from the overall PMNSGCT, except for a lower
median TMB (1.9 mut/Mb). The overall spectrum of the single
genomic alterations identified in PMNSGCT is shown in Figure 1.
Targetable genomic alterations impacting downstream pathway
activations included BRAF (n = 3, 6.8%), ERBB2, NTRK1, MTOR,
and TSC1 genes (n = 1, 2.3% in all cases). When the PMNSGCT
in which the primary tumor was sequenced is compared with
cases where a recurrent or metastatic tumor site was sequenced,
the KRAS and PTEN gene alteration frequencies were similar,
BRAF alterations were identified in both groups, and ERBB2,
NTRK1, KIT, and TSC1 alterations were identified in the recur-
rent/metastatic tumors only.

The present study analyzed one of the largest series of
patients with refractory GCT, including PMNSGCT, reported
thus far; it also included the molecular characterization of sar-
comatous malignant transformation arising from PMNSGCT,
for which no similar data are available when looking at the
most relevant studies [4]. The study is aimed at providing
clinical researchers with new opportunities for investiga-
tion in the very uncommon PMNSGCT, which is considered
an orphan disease. The FoundationONE assay was primarily
developed to obtain a comprehensive molecular characteri-
zation of tumor samples for clinical use, mainly in those
patients who develop resistance to conventional therapies,
as well as to give patients the opportunity of being included
in clinical trials of targeted drugs based on their molecular
profile. As reported in a previous study, TP53 alterations
were notably prevalent in PMNSGCT [4]. Therefore, this is
the second large study corroborating the negative prognostic
significance of TP53 alterations in PMNSGCT, and integrating
this feature into clinical prognostic models is warranted.

Table 1. Genomic alterations observed in PMNSGCT versus features from gonadal primary GCT

Main GA subgroups Genes altered PMNSGCTa Sem NS p valueb

Total no. 44 22 86

TP53 pathway TP53, MDM2 36 (81.8%) 1 (4.5%) 17 (19.8%) <.0001

RAS-RAF pathway KRAS, NRAS, HRAS, BRAF 20 (45.4%) 13 (59.1%) 44 (51.2%) .581

Cell-cycle pathway CCND1/2/3, CDK4/6, CDKN2A/B, RB1 10 (22.7%) 12 (54.5%) 48 (55.8%) .0004

RTK pathway ERBB2, PDGFRA, KIT, MET, FGFR1/2/3 3 (6.8%) 6 (27.3%) 6 (6.9%) >.99

PI3K pathway PIK3CA, MTOR, PTEN, AKT1/2 19 (43.2%) 6 (27.3%) 6 (6.9%) <.0001

DDR pathway BRCA1/2, ATM, CHEK2, MUTYH 1 (2.3%) 3 (13.6%) 12 (13.9%) .060

GA per tumor, mean (SD) 4.0 (2.5) 2.9 (2.6) 4.0 (2.7) >.99

MSI-high 0 0 1 (1.2) >.99

Median TMB, mut/Mb (range) 2.4 (0–55.7) 1.8 (0–6.3) 2.7 (0–23.4) >.99

TMB ≥10–20 mut/Mb 3 (6.8) 0 3 (3.5) >.99

TMB ≥20 mut/Mb 2 (4.5) 0 1 (1.2) >.99
aGA in PMNSGCT with sarcomatous malignant transformation (n = 11): RAS-RAF pathway: 4/11 (36.4%); TP53 pathway: 10/11 (90.9%); Cell-
cycle pathway: 2/11 (18.2%); RTK pathway: 1/11 (9.1%); PI3K pathway: 6/11 (54.5%); DDR pathway: 0; TMB (median): 1.9 mut/Mb
(IQR: 1.5–3.9).
bFisher’s exact test or t test, where appropriate; reference comparison: PMNSGCT versus NS.
Abbreviations: DDR, DNA-damage response and repair genes; GA, genomic alterations; GCT, germ cell tumors; IQR, interquartile range; MSI,
microsatellite instability; Mut, mutations; NS, testicular nonseminomas; PMNSGCT, primary mediastinal nonseminomatous germ cell tumors;
SD, standard deviation; Sem, testicular seminomas; TMB, tumor mutational burden.
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Figure 1. Oncoprint displaying all the genomic alterations observed in the population of 44 patients with primary mediastinal non-
seminomatous germ cell tumors. Genes are ordered alphabetically. At the top of the figure, the plot of tumor mutational burden
(mutations/Mb) for each single patient is reported. On the right, there is a plot indicating, for each single gene, the frequency of
observed genomic alterations.
Abbreviation: GCT, germ cell tumor.
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Similar to the findings in the testicular GCT study, although
the genomic alterations found in PMNSGCT did not reveal a
high frequency of potential genomic targets, there were intrigu-
ing options for both targeted therapies and immunotherapies
in the PMNSGCT group in selected patients. Based on our
findings, there may be opportunities for targeted therapies in
PMNSGCT with several agents targeting the PI3K pathway,
added to a few more opportunities for agents targeting BRAF,
ERBB2, and NTRK1 in the few genomically altered patients.
Given the absence of MSI-high tumors and the relatively low
TMB associated with these neoplasms, we confirmed that there
are huge limitations, at the molecular level, for the rational
development of immunotherapy in GCT, including PMNSGCT.
These findings add to the ultimate literature reporting discour-
aging preliminary findings from trials of immune checkpoint
inhibitors in refractory GCT [5, 6] and enforce the assumption
that therapeutic opportunities may come through appropriate
patient selection. Limitations in our study include the lack of
annotated clinical data, which prevented us from analyzing the
effect of genomic profiling on the efficacy of specific therapeu-
tic regimens and from conducting survival analyses based on
the genomic findings.

CONCLUSION

Genomic alterations identified in this study were similar to
those identified in primary testicular NS, with a higher fre-
quency of yolk sac differentiation and TP53 alterations and
slightly increased opportunities for targeted therapies (BRAF,
ERBB2, and NTRK1) and immunotherapies (5% with TMB
≥20 mut/Mb). Further study of precision treatments for this
orphan disease appears warranted.
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