Clinical Study

Oncology

Oncology 2021;99:215-224
DOI: 10.1159/000512562

Received: September 14, 2020
Accepted: October 26, 2020
Published online: January 20, 2021

Gliomatosis Cerebri Growth Pattern: Association
of Differential First-Line Treatment with Overall
Survival in WHO Grade Il and Il Gliomas

Iris Divé2 P <9 Eike Steidl®%f Marlies Wagner® <9 Katharina Filipski® < ¢
Michael C. Burger®? <9 Kea Franz®? <99 Patrick N. Harter® %€ Qliver Bahr? > <d

Emmanouil Fokas® <" Ulrich Herrlinger'  Joachim P. Steinbach® < d

aDr. Senckenberg Institute of Neurooncology, Goethe University, Frankfurt am Main, Germany; ®University Cancer
Center Frankfurt (UCT), Goethe University, Frankfurt am Main, Germany; ‘Frankfurt Cancer Institute (FCI),

Goethe University, Frankfurt am Main, Germany; “German Cancer Consortium (DKTK), Partner Site Frankfurt/Mainz,
Frankfurt am Main, Germany; ©Institute of Neurology (Edinger-Institute), Goethe University, Frankfurt am Main,
Germany; finstitute of Neuroradiology, Goethe University, Frankfurt am Main, Germany; 9Department of Neurosurgery,
Goethe University, Frankfurt am Main, Germany; "Department of Radiotherapy and Oncology, Goethe University,
Frankfurt am Main, Germany; 'Department of Neurology, University Medical Center Bonn, Bonn, Germany

Keywords
Low-grade glioma - Gliomatosis cerebri - First-line
treatment - Overall survival

Abstract

Introduction: Gliomatosis cerebri (GC) is defined by diffuse,
widespread glial tumor growth affecting three or more cere-
bral lobes. Previous studies in gliomas found no distinct his-
tological or molecular GC subtype, yet the presence of GC is
associated with worse median overall survival (OS). Here, we
explored whether differing therapeutic strategies in first-
line treatment could account for this. Methods: From our
University Cancer Center database, 47 patients with histo-
logical diagnosis of WHO grade Il or lll glioma and GC imag-
ing pattern were identified. GC criteria were confirmed by
independent review. Patients with WHO grade Il or lll glioma
with non-GC pattern served as control cohort (n = 343). Re-
sults: Within the GC patient cohort, lower WHO grade, mu-
tated isocitrate dehydrogenase 1 (IDH1) status, and absence
of contrast enhancement were associated with better OS.
Compared to the control cohort, patients with GC had sig-
nificantly shorter OS independent of histological diagnosis

or IDH1 mutation status. Patients with GC preferentially re-
ceived chemotherapy alone (62 vs. 18%), and less frequently
radiochemotherapy (21 vs. 27%). OS was significantly short-
erin the GC cohort compared to the non-GC cohort both for
chemotherapy (3.9 vs. 7.6 years, p = 0.0085) and for com-
bined radiochemotherapy (1.1 vs. 8.4 years, p < 0.0001).
However, when only patients who received biopsy plus che-
motherapy were analyzed, the differences lost statistical sig-
nificance (3.5 vs. 6.6 years, p = 0.196). Conclusion: We found
major differences in the selection of first-line therapies of GC
versus non-GC patients. Our results suggest that these differ-
ences may partly account for the worse prognosis of GC pa-
tients. © 2021 S. Karger AG, Basel

Introduction

Gliomatosis cerebri (GC) refers to glial tumors with
diffuse, infiltrative tumor growth affecting three or more
cerebral lobes [1, 2]. GC was formerly considered a sepa-
rate glial tumor entity [3] but has been removed as such
from the revised WHO classification of CNS tumors pub-
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lished in 2016 [4]. This mainly resulted from the lack of
distinct pathohistological features of GC tumors, as GC
growth pattern can occur in both oligodendrocytic and
astrocytic tumors encompassing WHO grades II, III and
IV. Moreover, GC tumors have not been found to differ
in the occurrence of molecular pathologies that are com-
monly observed in glial tumors with non-gliomatosis
growth pattern, such as mutations in tumor protein 53
(TP53) or isocitrate dehydrogenase 1 (IDH1) [5, 6]. Ad-
ditionally, studies employing genome-wide DNA meth-
ylation analysis in pediatric and adult cohorts were un-
able to identify a subgroup exclusive to GC [7, 8].

Despite these findings, the clinical management of GC
remains challenging as no standard of care exists [9]. In
subgroup analyses of oligodendroglioma, astrocytoma,
and glioblastoma, the presence of GC is associated with
worse overall survival (OS) [10]. In the absence of a GC-
specific molecular profile, the factors responsible for the
worse clinical outcome of GC remain ill-defined. Possible
causes include differences in clinical presentation that
may be caused by the widespread CNS involvement.
Among neurological manifestations of GC, neurocogni-
tive impairment can be seen in up to 25% of the cases and
may delay the diagnosis [10, 11], particularly in elderly
patients. With regard to differential usage of therapy, sur-
gical options are reduced to diagnostic biopsy in the ma-
jority of GC patients. Notably, gross total resection has
been proven to be crucial for OS in low-grade glioma [12].
While in some GC patients, partial resection may be jus-
tified to reduce compression of adjacent structures or to
remove tumor sections with features indicative of a more
aggressive phenotype, the impact on OS is unknown.
Likewise, radiotherapeutic options are limited. Involved
field therapy with the current standard of 54 Gy for WHO
grade II histology and 59.4 Gy for anaplastic tumors [13]
is not feasible in a large proportion of GC patients due to
the extent of brain involvement. However, whole-brain
radiation with 45 Gy is associated with neurotoxicity and
may be insufficient for anaplastic tumors. In contrast,
there is no evidence of decreased efficacy of alkylating
chemotherapy in GC patients.

Departing from these aspects, we asked whether differ-
ing utilization of therapeutic strategies in the first-line
treatment could differentially influence the outcome of
patients diagnosed with WHO grade ITand III glioma and
GC tumor expansion. In a retrospective study design, we
analyzed clinical characteristics, histology, and treat-
ment-matched OS of patients with histologically con-
firmed WHO grade II and III glioma with and without
GC growth pattern.
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Materials and Methods

Patients

The patient data bank of the University Cancer Center (UCT)
Frankfurt was screened for patients treated between 2005 and 2017
with diagnosed glioma WHO grade II or III, and with a record of
GC tumor extension. Of the resulting cases, tumor extension was
evaluated independently by three investigators (M.W., LD., ].P.S.)
by review of magnetic resonance imaging (MRI) scans prior to bi-
opsy/resection and treatment initiation. In case of disagreement,
images were discussed in detail in order to reach consensus. GC
growth pattern was defined as tumor lesion affecting 3 or more ce-
rebral lobes as detected by MRI on T2-weighted sequences. Basal
ganglia, cerebellum, and brain stem were considered a separate
lobe. MRI scans of patients with GC growth pattern were addition-
ally evaluated for the presence of tumor contrast enhancement. Pa-
tients not matching GC criteria, patients <18 years or without his-
tologically confirmed diagnosis were excluded from the study. The
control cohort was constituted from the data bank of the Univer-
sity Cancer Center Frankfurt. Between 2005 and 2015, patients with
histologically confirmed WHO grade IT and III glioma were identi-
fied. Patients with a record of GC, patients without histological di-
agnosis, with unknown IDH mutation status or age <18 years were
excluded from this cohort. All of the resulting 343 cases were in-
cluded in the non-GC control cohort. The molecularly character-
ized non-GC patient cohort utilized here solely for comparisons
with the GC growth pattern-cohort has been analyzed in detail re-
garding the impact of molecular features, grading and different
treatment strategies on outcomes. A manuscript of this study
[Steidl et al.] is currently in the submission process elsewhere.

Histological Classification

Histopathological diagnoses were performed on treatment-na-
ive, formalin-fixed, paraffin-embedded tumor samples by two ex-
perienced neuropathologists (P.N.H., K.F.). IDHI mutation status
was assessed by immunohistochemical analysis with a mutation-
specific antibody against IDHIR132H. IDH1/IDH2 sequencing
was rarely available. To account for this, tumors not showing IDH1
mutation as assessed by either IDH1R132H staining or sequencing
were designated “IDH1R132H non-mutant.” To discriminate be-
tween IDH1 mutant oligodendroglial and astrocytic tumors, we
performed additional staining for trimethylation at lysine 27 of
histone 3 (H3K27me3) staining in all samples for which paraftin-
embedded tissue was available. As recently published [14], tumors
showing alack of nuclear H3K27me3 staining in combination with
retention or non-conclusive nuclear a-thalassemia/mental retar-
dation syndrome X-linked (ATRX) staining and IDHIR132H mu-
tation were classified as oligodendrogliomas. O6-methylguanine-
DNA methyltransferase (MGMT) gene promoter methylation was
investigated by methylation-specific PCR or DNA methylation ar-
ray (Illumina).

Statistical Analysis

OS was defined as time from biopsy or surgical resection to
death from any cause. It was estimated using the Kaplan-Meier
method, and statistical significance between two subgroups was
calculated by univariate analysis using the log-rank (Mantel-Cox)
test. Time to treatment failure (TTF) was defined as beginning of
one therapy to the beginning of any following therapy, or death by
any cause.
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For multivariate analysis, the Cox proportional hazard model
was employed. A p-value of <0.05 was considered statistically sig-
nificant. Univariate analysis and all data illustrations were per-
formed with Graph Pad Prism 5.0 (GraphPad Software, Inc., San
Diego, CA, USA). Cox regression analysis was performed with
SPSS Statistics version 20.0 (IBM Corp., Armonk, NY, USA).

Results

Patient Characteristics

Through our data bank research, we identified 47 pa-
tients with a histological diagnosis of WHO grade IT and III
glioma and radiologically confirmed GC growth pattern
(Table 1). Compared to the non-GC control cohort, the GC
cohort contained more male patients (62 vs. 50% in the
non-GC cohort), and median age at the time of diagnosis
was higher (49 vs. 42 years). The interquartile range of the
GC cohort was 24 versus 18 years of the non-GC cohort.
Almost 80% of the GC cohort showed astrocytic histology,
this percentage being lower in the non-GC cohort (65%).
Oligodendrocytic tumors were found in 21% of the GC cas-
es versus 36% of the non-GC cases. IDH1 mutation status
was determined for all non-GC and 81% of GC samples. In
the remaining 19% of GC cases (n = 9), IDH status could
neither be determined by IDH1R132H antibody staining
nor sequencing due to lack of tumor tissue. Detailed mo-
lecular and immunohistochemical characteristics of the GC
tumors are provided in supplementary Table 1.

Prognostic Factors within the GC Patient Cohort

The median OS of the GC patient cohort was 3 years
(Fig. 1a). However, the course of disease was highly vari-
able, with OS ranging from 0.5 months to 10 years. TTF
was approximately 0.9 years for both first- and second-
line treatment (supplementary Fig. 1a).

The WHO grade was prognostic with median OS of
5.3 years in the WHO grade II subgroup versus 1.1 years
in the grade III subgroup (p = 0.0002) (Fig. 1b). There was
a trend towards better OS for the oligodendrocytic sub-
group compared to astrocytic tumors, but values did not
yield statistical significance (p = 0.0627) (Fig. 1c). The
presence of IDH1R132H mutation was highly prognostic
and was 5.3 versus 1.1 years in the IDHIR132H non-mu-
tant group (p < 0.0001) (Fig. 1d). MGMT methylation sta-
tus was not a significant prognosticator, but the sample
size was too small for a definitive conclusion (shown in
supplementary Fig. 2a). However, the presence of patho-
logical contrast enhancement of the tumor in the initial
MRI was associated with significantly shorter OS (supple-
mentary Fig. 2b).

Gliomatosis Cerebri in WHO Grade II
and III Gliomas

Table 1. Characteristics of the gliomatosis cerebri (GC) and non-
GC cohort

Variable GC Non-GC
(n=47) (n=343)
n % n %
Sex
Male 29 62 171 50
Female 18 38 172 50
Age, median (range) 49 (27-81) 42 (19-82)
WHO grade
1I 21 45 164 48
11T 26 55 179 52
Histology
Oligodendrocytic 10 21 121 36
Grade II 5 49
Grade III 5 72
Astrocytoma 37 79 222 65
Grade II 16 115
Grade 111 21 107
IDH status
IDH1R132H non-mutant 20 43 84 24
Mutated 18 38 259 76
Unknown 9 19 0 0
MGMT status
Methylated 12 25 109 32
Non-methylated 7 15 36 10
Inconclusive 8 17 0 0
Unknown 20 43 198 58

IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine
DNA, methyltransferase. Refer to supplementary Table 1 for
detailed molecular and immunohistochemical characteristics of
the GC tumors.

OS of GC and Non-GC Patient Cohorts

Next, we analyzed OS of the GC patient cohort in com-
parison to the non-GC group. As expected, patients with
GC had significantly shorter OS. Median OS of the whole
GC cohort was 3 years as opposed to 11.7 years in the
non-GC group (p < 0.0001) (Fig. 2a). This difference per-
sisted when GC patients were compared to non-GC pa-
tients regarding WHO grade (Fig. 2b). OS for WHO
grade I tumors was 5.3 years in the GC and 12.8 years in
the non-GC group (p < 0.0001), and for WHO grade III
tumors 1.1 and 7.7 years, respectively (p < 0.0001). Dif-
ferences between the groups were equally significant in
relation to histomorphological diagnosis (fig. 2¢, supple-
mentary Fig. 3). For IDH1R132H mutated as well as non-
mutant tumors, OS of the GC cohort was significantly
shorter (Fig. 2d). Median OS for IDH mutated GC-tu-
mors was 5.3 years as opposed to 12.8 years in the non-GC
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Fig. 1. Overall survival (OS) of WHO grade II and III glioma patients with gliomatosis cerebri (GC) growth pat-
tern. a OS of the whole GC patient cohort (n = 47). Median OS percentages according to (b) WHO grade, (c)
histomorphological diagnosis, and (d) IDH1R132H mutation status (log-rank test). Tick marks indicate censored
patients. oligo, oligodendroglioma and oligodendrocytic tumors; astro, astrocytoma; IDH, isocitrate dehydroge-

nase; ns, not significant.

cohort (p = 0.0011). This difference persisted with regard
to TTF for first-line treatment, being 2.2 years in the GC
cohort (supplementary Fig. 1b) versus 5.1 years in the
non-GC cohort (data not shown).

For IDH1R132H non-mutant GC-tumors, median OS
was 1.1 versus 3.1 years in the non-GC cohort (p=0.0001).
In a multivariate cox regression analysis, increased age,
WHO grade III, lack of IDHI1R132H mutation, presence
of GC growth pattern and lack of surgical intervention
were identified as unfavorable prognostic factors (supple-
mentary Table 2).
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First-Line Treatment Regimen

The clinical data was then analyzed with regard to the
first-line treatment (Fig. 3). Of the whole GC cohort, 9%
of the patients did not receive any treatment after the di-
agnosis was established by stereotactic biopsy; in the
non-GC cohort, this percentage was lower (3%) (Fig. 3a).
The majority of all GC patients received chemotherapy
(62%) as first-line treatment, as opposed to 18% of the
non-GC cohort. This imbalance persisted when we only
included those patients who received biopsy and chemo-
therapy (51 vs. 10%, respectively) (Fig. 3b), and was less
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Fig. 2. Comparison of overall survival of the gliomatosis cerebri (GC) cohort to the non-gliomatosis cohort. a OS
of the GC patient cohort (1 = 47) and the non-GC cohort (n = 343). OS percentages according to WHO grade
(b), histomorphological diagnosis (c), or IDH mutation status (log-rank test) (d). Tick marks indicate censored
patients. oligo, oligodendrocytic tumors; IDH, isocitrate dehydrogenase as assessed by immunohistochemistry
of IDH1R132H; Mut, IDH1R132H mutated tumors; WT, IDH1R132H non-mutant tumors.

pronounced for the combination of surgical resection
and chemotherapy (11 vs. 8%) (Fig. 3c). Radiochemo-
therapy was less represented in the GC cohort. In the GC
cohort, radiotherapy alone was much less frequently ad-
ministered (2% of the cases only vs. 20% in the non-GC
group). The non-GC cohort more frequently underwent
surgical resection without adjuvant treatment. Corre-
sponding absolute numbers are depicted in supplemen-
tary Table 3.

Gliomatosis Cerebri in WHO Grade II
and III Gliomas

OS of Treatment-Matched Subgroups

Owing to the unbalanced distribution of first-line
treatment choices among the 2 patient cohorts, we hy-
pothesized that the OS difference between the GC and
non-GC cohort would be less pronounced when compar-
ing treatment-matched subgroups. Therefore, we ana-
lyzed OS for GC and non-GC patients that had received
the same first-line therapy (Fig. 4). A comparison of OS
of the patients who received no additional treatment after
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radiochemotherapy.

biopsy revealed no statistical significance, possibly due to
the small number of patients in each group encompassing
3 patients in the GC, and 12 in the non-GC group (data
not shown). In the chemotherapy subgroup, OS was sig-
nificantly shorter for GC patients with a median survival
of 3.9 versus 7.6 years for non-GC cohort (p = 0.0085)
(Fig. 4a). This effect persisted with regard to radiochemo-
therapy, OS of GC patients being 1.25 years as opposed to
8.4 years for non-GC patients (p < 0.0001) (Fig. 4b). Due
to the small numbers in the GC cohort, the comparison
for radiotherapy or surgery alone was not feasible.

To avoid potential bias caused by the unequal distribu-
tion of surgical resections performed, we separately ana-
lyzed GC and non-GC patients who received biopsy (Fig. 4c)
or surgical resection (Fig. 4d) prior to chemotherapy. In
these treatment-matched comparisons, OS of GC and non-
GC patients lost statistical significance. For biopsy and che-
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motherapy, median OS was 3.6 years in the GC versus 6.6
years in the non-GC cohort (p = 0.196). For resection and
chemotherapy, median OS was 7.2 and 9 years (p = 0.103),
respectively. In order to further purify the cohort compari-
son, we then compared OS following biopsy and chemo-
therapy for IDH mutant tumors only (Fig. 4e) which again
was not significantly different (median OS 5.3 vs. 12.5 years,
p = 0.556). Due to small patient numbers, the analysis for
the combination of resection and chemotherapy as well as
resection and radiochemotherapy was not feasible.

Discussion
In this retrospective, single-center study, we analyzed

patient characteristics, first-line treatment and treat-
ment-matched OS of 47 patients with GC growth pattern
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as compared to 343 patients without GC. Our findings
confirm the presence of GC as prognosticator for worse
OS in WHO grade II/III glioma. Of note, this was inde-
pendent of histological diagnosis and IDH1 mutation sta-
tus, and the hazard ratio for GC of 3.772 was second only
to that of IDH1 mutation (HR = 13.815) in the multivar-
iate Cox regression analysis (supplementary Table 2).
With regard to treatment strategies, we found that pa-
tients with GC predominantly received chemotherapy
alone. Surgical resection and radiotherapy were rarely
performed, while the percentages of patients who re-
ceived combined radiochemotherapy were similar in
both cohorts (Fig. 3). Thus, our study of this monocentric
cohort of a large German brain tumor center confirms
that the therapeutic strategies pursued in GC patients dif-
fered from those in non-GC patients. In OS analysis
matched for either chemotherapy alone or radiochemo-
therapy, the GC group continued to show statistically sig-
nificant shorter OS as compared to non-GC patients
(Fig. 4). However, after excluding patients receiving re-
section, OS of GC and non-GC patients receiving chemo-
therapy did not differ significantly, while there was still
considerable difference in median OS (3.6 years in the GC
vs. 6.6 years in the non-GC cohort) (Fig. 4c-d). Similarly,
when only IDH1 mutated cases without resection were
compared, OS did not differ with statistical significance.
Overall, our findings suggest that differences in first-line
treatment might, at least in part, account for the worse
prognosis of patients with GC pattern.

Our study has several limitations. First, due to the lim-
ited number of cases in subgroup analyses, the results
must be interpreted with caution. Second, the potential
impact of second-line and salvage therapies not analyzed
here has to be taken into account. However, although sal-
vage therapies were frequently employed in the pivotal
studies demonstrating efficacy for radiochemotherapy in
unselected lower grade glioma cohorts [15], they were not
able to nullify the large survival benefit brought about by
first-line combination therapy. Moreover, regarding our
pivotal finding of chemotherapy alone (Fig. 4c-d), non-
GC patients would be expected to derive more benefit
from salvage radiotherapy. Third, the interpretation of
our findings is arguably limited by the composition of the
GC cohort. As compared to the non-GC group, the GC
group contained a higher percentage of WHO grade III,
astrocytic, and IDH wild-type tumors. In line with previ-
ous studies [16-20], these attributes were associated with
shorter OS (Fig. 1, 2). As IDH1 mutation was predomi-
nantly assessed by IDH1R132H staining, rare IDH muta-
tions might not have been detected. The discrimination

222 Oncology 2021;99:215-224
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between IDH1R132H mutated oligodendroglial and as-
trocytic tumors was facilitated by additional evaluation of
H3K27me3 by immunohistochemistry [14]. However, of
the IDH1R132H-mutated GC cases, tumor tissue was
only available in about 40%, leaving the possibility of an
even higher percentage of astrocytic tumors in this co-
hort. Hence, a selection bias in favor of the non-GC co-
hort cannot be excluded.

Regarding clinical management of GC, no guidelines
exist. Consequently, the key question remains whether GC
gliomas should be treated in reference to their histological
and/or molecular non-GC counterparts. For anaplastic ol-
igodendroglioma and oligoastrocytoma, the EORTC26951
[21] and RTOG 9402 [22] trials have established the ben-
eficial role of combined radiochemotherapy. Subgroup
analyses of both trials have shown that this effect is driven
by IDH mutant tumors. Likewise, the RTOG 9802 and
CATNON trials showed longer OS with combined radio-
chemotherapy for high-risk low-grade tumors and 1p/19q
non-codeleted anaplastic gliomas as compared to radio-
therapy alone, respectively [15, 23]. Again, benefit was only
shown for tumors displaying IDH mutations. In contrast,
we found that GC patients who received radiotherapy, ei-
ther alone or in combination with chemotherapy, showed
worse OS (p = 0.0047) (supplementary Fig. 4a) and shorter
TTF (supplementary Fig. 4b). Of note, most of the 11 GC
patients who underwent RT had astrocytic tumors without
IDH mutation (supplementary Table 3), thus not match-
ing the histological criteria of the aforementioned studies.
In one of the cases, radiotherapy was employed as salvage
therapy due to rapid tumor progression. No obvious radi-
ation-related complications, such as radionecrosis, were
observed. However, negative impact on cognition cannot
be excluded. Overall, our findings highlight the challenges
of the use of radiotherapy for GC patients. Radiotherapy
has been attributed efficacy for GC treatment in case stud-
ies as well as retrospective studies containing a variety of
radiation protocols [10, 24-26]. In contrast, studies with
larger patient numbers failed to evidence the beneficial im-
pact of radiotherapy on OS in GC patients [11, 27, 28].
Furthermore, no association between radiotherapy dose/
volume and OS has been established until now [10, 29].
Notably, to the best of our knowledge, no prospective stud-
ies investigating the impact of radiotherapy on OS in mo-
lecularly well-defined GC patient groups exist. Hence, the
ambivalent role of radiotherapy for GC reported in the lit-
erature might be explained by the lack of adequately de-
signed trials.

To date, the only GC-specific prospective therapy trial
was the NOA-05 trial which was designed to investigate
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the efficacy of primary chemotherapy with procarbazine
and lomustine in patients with GC [20]. While the study
underlined the feasibility of chemotherapy in this patient
cohort, the informative value of the study is limited by the
heterogeneity of the study population, including WHO
grades II-IV as well as IDH mutated and wildtype tumors.
In retrospective studies as well as our cohort analysis
(Fig. 3), most patients with GC tumor expansion received
chemotherapy. A correlation of response to chemothera-
py and MGMT promotor methylation status was not fea-
sible, due to the small percentage of MGMT availability
and the resulting small numbers in subgroups. Still, it re-
mains unclear (i) which alkylating substance or protocol
(i.e., temozolomide, lomustine, PCV or lomustine plus
temozolomide) should be chosen for first-line treatment
[30], (ii) if chemotherapy should be combined with radio-
therapy, possibly guided to aggressive tumor regions by
amino acid PET or advanced MRI techniques, (iii) if the
widespread tumor expansion may be a target for other
strategies, such as IDH inhibitors for IDH mutant tu-
mors, immune therapies (IDH vaccines, checkpoint in-
hibitors), or even antiangiogenesis treatment [31, 32].

In conclusion, our study identifies significant imbalanc-
es in first-line treatment approaches between GC and non-
GC cohorts of WHO grade II/III gliomas. Our subgroup
analyses suggest that these imbalances could potentially im-
pact OS of GC patients. Even considering the limited num-
ber of patients in our study, the lack of systematic treatment
guidelines for GC tumors strongly encourages validation of
our findings in a prospective, multicenter study design.
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