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Abstract

Title: The Effect of Phenotypic and Genomic Changes in Primary IDH-negative Glioblastoma on

Progression Free Survival

Background: GBM is a deadly brain tumor, representing 15% of all primary brain tumors and affecting
more than 10,000 people annually. While a few genomic alterations have been useful in guiding the
treatment course, they are not always applicable due to the molecular heterogeneity of GBM. Moreover,
analyses of cellular changes in GBM have not been explored extensively.

Objective: This project aims to discover new predictors of longer progression-free survival (PFS) among
Glioblastoma (GBM) patients, including phenotypic changes at the cellular level and genomic copy
number variations (CNV).

Public Health Impact: GBM is a highly malignant brain tumor of unclear mechanism with varying
molecular heterogeneity. Further studies of genomic events and phenotypic cellular changes are needed to
advance the understanding of GBM survivability.

Methods: The study design is a retrospective cohort study of 60 patients who were diagnosed with
primary, IDH-negative GBM, treated at the Dana Farber Cancer Institute (DFCI), and had genomic data
and biopsy tissue available. Clinical data were extracted from clinical charts. OncoCopy data for CNV’s
were accessed through the DFCI database, while phenotypic cellular data were obtained directly from
imaging of the biopsy samples. The analyzed measure of clinical outcome was progression-free survival
(PFS). ANOVA, 2-sided t-tests, and Spearman correlations were used to detect differences in genomic
and phenotypic states among the samples. Kaplan-Meier analyses, Log-rank tests, and Wilcoxon tests
were conducted to evaluate survival-related data. P-values of <.05 were considered to be significant.
Results: The data was validated through confirmation of existing knowledge of GBM, including longer
PFS associated with MGMT methylation status, gross total resection, and chemotherapy (p <0.005 for all).
Of the 33 CNV’s tested, 2 were significantly associated with shorter PFS: Monosomy 14 (p=0.010) and
MET gene gain/amplification (p=0.049). However, the amount of cilia, total scarring, acute scarring, or
micronuclei were not indicative of PFS (R* <0.01 for all). These cellular events were also not associated
with tumor size, age, MGMT status, or each other (p>0.40 for all).

Conclusions: Monosomy 14 and MET gene gain/amplification were found to be associated significantly
with shorter survival. Similar findings for Monosomy 14 have previously been reported in meningiomas,
while the MET gene is a known growth factor, which add credibility to these findings. The significance of
cellular changes in GBM remains unclear. Further analysis correlating the phenotypic changes to the

genomic alterations may shed more light on their mechanisms.
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Glossary of Abbreviations

CNV: Copy number variations
DFCI: Dana Farber Cancer Institute
GBM: Glioblastoma multiforme

PFS: Progression-free survival



Introduction:

Glioblastoma Multiforme (GBM) is a highly malignant brain tumor, representing 15% of all
primary brain tumors and affecting more than 10,000 people annually. Since the advent of Next General
Sequencing technology, genomic studies and associations with outcome have been studied extensively in
the context of GBM. By performing genomic profiling, targeted therapies towards specific gene
mutations, such as BRAF mutations, have been shown to be successful in the treatment of GBM.' In
addition, genomic studies have identified subtypes of GBM, each of which are associated with genetic
aberrations, such as those involving EGFR, NF1, and PDGFRA/IDH1. Each of these subtypes was shown
to have an intrinsically different response to various chemotherapies, highlighting the complexity of
GBM.? Similarly, numerous other gene mutations were found to be correlated with different outcome,
including IDH1 mutations and MGMT-methylation status with longer overall survival, and p53
overexpression with unfavorable outcome.

In contrast, however, studies involving the phenotypic, cellular changes in GBM have not been
extensively explored. One of the few studies focusing on this topic includes primary and motile cilia in
craniopharyngioma subtypes by Coy et al, who suggested that cilia-dependent hedgehog signaling may
contribute to the pathogenesis of adamantinomatous craniopharyngioma.” While genomic alterations have
certainly been proven to be useful, the resulting proteins are the actual, resulting products that lead to
various phenotypic changes in the cells, which may be more reflective of the progression of GBM.

Thus, we aimed to discover new predictors of progression-free survival (PFS) in GBM patients,
in light of the molecular heterogeneity of GBM. Our approach involved the analysis of both genomic
copy number variations (CNV), as well as phenotypic changes at the cellular level, the latter of which has

not been analyzed in the context of GBM.

Student Role
My role was to gather and analyze all of the clinical and genomic data from Epic, as well as to

analyze the phenotypic data gathered by Dr. Shannon Coy.

Methods:

The study design is a retrospective cohort study 60 patients diagnosed with primary, IDH-
negative GBM, all of whom were treated at the Dana Farber Cancer Institute (DFCI) and had genomic
data obtained. Because patients with recurrent tumors tend to be exposed to varying clinical trials, with
some chemotherapy agents, such as Temozolomide, causing genomic alterations on their own, the
analyses for such patients were excluded. IDH-positive GBM patients were also excluded due to their

extremely small sample size within the gathered cohort.



Clinical data were extracted from clinical charts for each patient and were deidentified (coded for
all uses). (Table 1) OncoCopy data regarding genomic alterations were accessed through the DFCI
database, while phenotypic molecular data were obtained directly from imaging of the biopsy samples.
The analyzed measure of clinical outcome was PFS, which was defined as length of time between first
administration of treatment and date on which progression of disease was detected. Overall survival was
not analyzed, as patients often experience recurrent GBM, for which patients are treated with various
clinical trial therapies, due to lack of standardized treatment, making comparisons between groups
difficult. Phenotypic changes of interest included presence of cilia, as well as amount of total scarring,
acute scarring, and micronuclei. Genomic changes of interest included the various gene mutations as
indicated by the OncoCopy data. Other independent variables included age, MGMT status (methylated,
partially methylated, unmethylated), and tumor size.

ANOVA, 2-sided t-tests, and Spearman correlations were used to detect differences in genomic
and phenotypic states among the samples. The Spearman correlation was chosen rather than the Pearson
correlation, as the data were assumed to be not normally distributed. Kaplan-Meier analyses, Log-rank
tests, and Wilcoxon tests were conducted to evaluate survival-related data. P-values of <.05 were

considered to be significant.

Results:

First, the data collected was validated through confirmation of existing scientific knowledge
regarding GBM. Research has shown that MGMT methylation, gross total resection surgery, and
chemotherapy are associated with longer survival. In our data set, MGMT methylation status was shown
to be significantly associated with longer PFS (p<0.0001). Gross total resection surgery, compared to
subtotal resection or no surgery, was also significantly associated with longer PFS (p=0.0001). Similarly,
the use of chemotherapy at the time of radiation therapy, as well as adjuvant chemotherapy upon
completion of radiation therapy were both significantly associated with longer PFS (p=0.005, p<0.0001
respectively) (Figure 1).

Subsequently, PFS was correlated with the phenotypic data (Figure 2). However, the amount of
cilia, total scarring, acute scarring, or micronuclei were not indicative of PFS status (R2 =0.01, <0.001,
<0.001, <0.001 respectively). While the amount of micronuclei visually seemed to be correlated inversely
with PFS, further testing also showed a non-significant association (R* <0.001). In light of these negative
results, other tests of association were attempted, including those between: 1) amount of cilia and MGMT
status; 2) amount of cilia and total scarring; and 3) amount of total scarring and MGMT status. However,
those analyses also revealed non-significant results (p=0.42, p=0.56, and R*=0.02 respectively). The next

hypotheses tested involving the phenotypic data was they were associated with the patient’s age or tumor



size at diagnosis. (Figure 3, 4) However, these results were all negative as well. (Age vs [cilia, total
scarring, acute scarring, micronuclei]: R%=0.006, 0.024, 0.015, 0.016 respectively). (Tumor size vs [cilia,
total scarring, acute scarring, micronuclei]: R?=0.016, 0.034, 0.010, 0.013 respectively).

Next, the OncoCopy data was analyzed for association with PFS. Overall, 64 chromosomal
events were collected from the patient cohort. In order to reduce the number of hypotheses tested, only
genomic alterations that occurred in four or more patients were considered for analysis, which resulted in
33 alterations tested. Of these, two chromosomal events were significant. Monosomy 14 was associated
with a shorter PFS (Log-rank test p=0.0102), while gain or amplification of the MET gene were also
associated with a shorter PFS (Wilcoxon p=0.0494) (Figure 5). The Wilcoxon test was used for the latter
case, as the survival curves of the three MET statuses crossed, which would potentially show a false

negative result had the Log-rank test been used.

Discussion:

The finding of Monosomy 14 linked to shorter PFS in GBM patients is a novel finding.
Monosomy 14 has previously been reported in meningiomas as a relatively common CNV, also
associated with shorter survival.*> While meningiomas and GBMs have separate entities with intrinsically
different origins of tumorgenesis, they both seem to be affected in a similar manner by the single
chromosomal deletion of chromosome 14. In contrast, although the presence of cilia was considered to
contribute to the pathogenesis of certain craniopharyngioma subtypes, no significant correlation was
found in the PFS, age at diagnosis, or tumor size in GBM patients. As the function and molecular
significance of these cellular changes are not yet fully known, further studies to elucidate their roles
would be essential.

Several limitations exist in this study. First, the sample size of sixty GBM patients may not be
adequate to capture other significant findings. Second, the determination of progression of disease is
prone to some subjectivity, as it can range from visual enlargement of tumor burden on imaging, which is
more concrete, to clinical deterioration, which may be variable. As both cases would require new
interventions, those events would mark the end of PFS with new interventions initiated at that point,
thereby not always being uniform. Third, while the use of other technologies and datasets were initially
planned, namely Cyclic Immunofluorescence, they were not prepared by the time of the write up, and

were unable to be incorporated into the study.



Conclusion:

Monosomy 14 and MET gene gain/amplification were found to be associated significantly with
shorter PFS in Primary IDH(—) GBM patients. Similar findings for Monosomy 14 have previously been
reported in meningiomas, while the MET gene is a known growth factor, which add credibility to these
findings. However, the amount of cilia, total scarring, acute scarring, or micronuclei were not indicative
of PFS. These cellular events were also not significantly associated with tumor size, age, MGMT status,

or each other.

Suggestions for Future Work:

Further analysis correlating the phenotypic changes to the genomic alterations may further shed
light on these mechanisms in GBM. Moreover, Sorger et al at the Brigham and Women’s Hospital have
recently developed new technology called Cyclic Immunofluorescence, which allows visualization of
cellular morphology and protein expression.’ While its use has not yet been expanded to analyze GBM, it
has been verified in other cancer and control cells.” Incorporating such new technologies would further

advance the understanding of GBM mechanisms.
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Table 1: Patient Demographics

Number of Patients 60

Histology Primary GBM, IDH-

Gender
Male 34 (56.7%)
Female 26 (43.3%)

Age (years 41-86 (Median 67)

Location
Frontal 20 (33.3%)
Temporal 13 (21.7%)
Parietal 11 (18.3%)
Occipital 3 (5.0%)
Fronto-Temporal 1 (1.7%)
Fronto-Parietal 2 (3.3%)
Parieto-Occipital 6 (10.0%)
Temporo-Parietal 4 (6.7%)

Non-resectable 1 (1.7%)
Subtotal 13 (21.7%)
Gross total 40 (66.7%)
NOS 6 (10%)
Radiation Therapy 100%
Concomittant
Chemotherapy
TMZ (Temozolomide) 46 (76.7%)
Other 2 (3.3%)
TMZ+Other 7 (11.7%)
None 5(8.3%)
Adjuvant Chemotherapy
™Z 34 (56.7%)
Other 3 (5.0%)
TMZ+Other 9 (15.0%)
None 14 (23.3%)
Promonsr imeol |51 s
Prog. Free Survival (days) 8’\7/1_;;1131 216)
MGMT status
Methylated 25 (41.7%)
Partial 7 (11.7%)
Unmethylated 27 (45%)
Unknown 1 (1.7%)




Figure 1: Confirmation of Existing Knowledge related to GBM
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Figure 2: Association between Progression Free Survival and Phenotypic Molecular Changes
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Figure 3: Association between Age at Diagnosis and Phenotypic Molecular Changes
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Figure 4: Association between Tumor Size at Diagnosis and Phenotypic Molecular Changes
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Figure 5: Association between Progression Free Survival and Genomic Alterations
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