Gliomas - An experience based on molecular markers
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ABSTRACT

Background: Gliomas account for 45% of all intracranial tumors. Newer technologies have allowed deeper genetic and epigenetic analysis
leading to the discovery of IDH (Isocitrate dehydrogenase) mutations and their association with ATRX (alpha-thalassemia/mental
retardation syndrome X-linked) and p53, for better diagnosis and prognosis. In this study, we analysed their expression and correlated
with various clinicopathological parameters. A follow up to prognosticate gliomas based on the molecular findings is also attempted.
Materials and Method: During last 5 years both retrospective and prospective cases were included in the study. Immunohistochemistry
for IDH1, ATRX, and p53 was done and reported based on intensity and percentage of tumor cells expressing the markers. Results: A total
of 53 cases of gliomas were included, excluding primary glioblastomas and ependymomas. The patient’s age ranged from 10 to 53 years.
The male to female ratio was 1.3:1. IDH1 positivity was seen in 88% of diffuse astrocytoma, 80% of anaplastic astrocytoma, 90% of
oligodendroglioma, 60% of anaplastic oligodendroglioma, and 54% of glioblastoma. A significant association was seen between positive
IDH1 expression and low-grade gliomas (p = 0.028). A combined analysis of expression of IDH1 and ATRX versus IDH1, ATRX, and p53
with WHO grade showed a statistically significant association. A follow-up of 32 patients was available. Out of 24 IDH1+ (positive) cases,
22 patients had a median survival of 21.5 months (92%). Out of 8 IDH1- (negative) cases, 5 had a median survival of 15.8 months (62%).
Conclusion: Gliomas expressing IDH1 mutation show improved survival of patients. Combined analysis of IDH1, ATRX, and p53 has
diagnostic and prognostic significance. For routine cases of gliomas, a combination of IDH1 and ATRX are sufficient; however, the use
of p53 is recommended for further prognostication and for possible targeted therapy in the future.
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Introduction by grade IT and III astrocytoma and oligodendroglioma (OG).*¥
The symptoms, treatment, and prognosis of gliomas depend on
Glioma is a broad category of tumors originating from the glial the patient’s age, location, and type of the tumor and also on
cells of the brain. They are found in adults as well as in children, some mutations that have been recently introduced.!!
have a slightly higher male preponderance and the most frequent
location is the frontal lobe.!' IDH1 mutations are seen in 70-80% of grades II and III
astrocytomas and around 80% of OG. They are also common
Gliomas account for 45% of all intracranial tumors with an in secondary GBs (~82%) but are rare in primary GBs
age-standardized incidence rate of 4.67/100,000 petsons pet year.”! and almost always absent in ependymomas.’®” Gliomas
The most frequent subtypes include glioblastomas (GB), followed expressing these mutations are said to be more chemo and

radiosensitive.l
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The p53 mutation is seen in the range of 58-83% in astrocytomas.
Secondary GBs also show p53 mutations but these mutations
are rare in primary GBs and OGs.["

The new 2016 WHO classification incorporated molecular
parameters in addition to histology to define the tumor entities
and it is hoped that this will aid both in the diagnosis and
prognosis of glioma patients.®! Patients put a lot of trust in their
primary care physicians and look up to them to understand the
intricacies of their disease. Itis therefore desirable that physicians
have a fair understanding of the role of molecular markers in
diagnosis and prognosis of the discase.

This study is done to correlate the molecular markers IDHT,
ATRX, and p53 with various clinicopathological parameters in
gliomas and to follow up these patients to attempt prognostication
based on molecular findings.

Material and Methods

The present study includes both retrospective and prospective
cases from October 2014 to July 2019. This study has been
approved by the Institute’s Scientific Advisory Committee and
the Institute’s Ethics Committee (NEIGR/IEC/M3/T8/17).
The relevant clinical and radiological data were obtained for
all the cases. The biopsy received in neutral buffered formalin
was processed and hematoxylin and eosin (H&E) sections were
stained. Light microscopy findings were recorded and WHO
grading of tumors was done. Cases of ependymoma and primary
GB (denovo GB cases) were excluded. The present study was
approved by the Research and Ethics Committee.

The cases were sub-typed based on the histological features as
pilocytic astrocytoma (PA), diffuse astrocytoma (DA) [Figure 1],
anaplastic astrocytoma (AA), OG [Figure 2|, anaplastic
oligodendroglioma (AO), and GB [Figure 3].

Assessment of IDH1, ATRX, and p53 was done on
immunohistochemistry (IHC) by the horse radish peroxidase
method. The paraffin-embedded sections were stained by
mouse monoclonal antibody raised against IDH1 (IDH1
R132H, clone: H09, Dianova), ATRX (clone: BSB-108), and
p53 (DO7, Cell Marque). Each ITHC slide was examined under
a light microscope by 3 independent observers without the
knowledge of the patient’s other data. All the neoplastic cells
were examined.

IDH1-R132H staining was considered positive when it
demonstrated moderate to strong cytoplasmic positivity,
petinuclear positivity, and weaker nuclear positivity.”!

ATRX immunostain was considered positive (retained) when
cases showed strong nuclear positivity. Endothelial cells and
lymphocytes acted as an internal control in case of ATRX
staining. A complete absence of nuclear stain was interpreted
as a loss of ATRX expression (mutated).
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Figure 1: Diffuse Astrocytoma, WHO Grade Il, IDH Mutant, ATRX loss,
p53 positive (a) Diffuse Astrocytoma (20X, H&E) (b) IDH1 showing
cytoplasmic, perinuclear and weak nuclear positivity (40x) (c) ATRX
loss with endothelial cells as internal control (40X) (d) p53 showing
3+ nuclear positivity (20x)
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Figure 2: Oligodendroglioma, WHO Grade Il, IDH mutant, ATRX
retained, p53 negative (a) Oligodendroglioma (4X, H&E) (b) IDH1
showing cytoplasmic and perinuclear positivity (40X) (c) ATRX
retained (40X) (d) p53 negative (40x)

Figure 3: Glioblastoma, WHO Grade 1V, IDH mutant, ATRX loss, p53
positive (a) Glioblastoma (20x, H&E) (b) IDH1 showing cytoplasmic
and peinuclear positivity (40X) (c) ATRX loss with endothelial cells as
internal control (40X) (d) p53 showing 3+ nuclear positive (40x)
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The p53 stain was graded as 0, 1+, 2+, and 3+.1

0: when no cell stained nuclear positive.

1+ : <10% cells showing nuclear positivity

2+: clusters of cells showing nuclear positivity

3+: all tumor cells showing nuclear positivity.

0, 1+ score was considered negative and 2+, 3+ score was
considered positive

Results

A total of 53 histologically diagnosed cases of PA; DA, AA,
OG, AO, and secondary GB were obtained fulfilling the
inclusion and exclusion criteria. The patient’s age ranged from
10 to 53 years with a mean of 32 years. Out of the 53 cases,
30 (56.6%) were male while 23 (43.39%) were female, with
a male-female (M: F) ratio of 1.3:1. Of the 53 cases studied,
34% presented with frontal lobe lesion followed by parietal,
fronto-parietal, and temporal lobes. Patients presented with
multiple symptoms with headache being the most common
followed by vomiting and altered sensorium. Out of 53 cases,
2 patients were diagnosed as PA, 9 as DA, 10 as OG, 5 each
as AA and AO, and 22 patients as secondary GB. WHO
grade I tumors were seen in 2 cases (3.7%), grade 1I in
19 cases (35.8%), grade 111 in 10 cases (18.8%), and grade IV
in 22 cases (41.5%), respectively.

IDH]1 mutation

IDH1mutation (IDH1 positivity) was observed in 8/9 DA
(88.8%), 4/5 AA (80%), 9/10 OG (90%), 3/5 AO (60%) and
12/22 GB (55%). Overall, positivity was seen in 20/30 males
and 16/23 females.

ATRX mutation

ATRX mutation (loss of staining) was observed in 9/9
DA (100%), 4/5 AA (80%), and 12/22 GB (55%), whereas
non-mutated ATRX status (retained staining) was seen in all the
cases of PA, OGs, and AOs.

p53 mutation

P53 mutation was seen in 8/9 DA (88.8%),4/5 AA (80%), 14/22
GB (63.6%) and 1/5 AO (20%), wheteas none of the OG and
PA showed p53 mutated.

Statistical analysis

Statistical analysis was calculated by IBM SPSS statistics software
and P value of <0.05 considered as statistically significant.
The association of IDH1 expression with age, sex, location,
symptoms, WHO grade, and histological lineage are enumerated
in Table 1. The association of ATRX expression with age, sex,
WHO grade, and histological lineage are enumerated in Table 2.
The association of p53 mutation with age, sex, WHO grade, and
histological lineage are enumerated in Table 3. The association
of IDH and ATRX with WHO grading and the association
of IDH, ATRX and, p53 with WHO grading are illustrated in
Tables 4 and 5.
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Follow-up

A follow-up of 32 patients was available out of 53, which included
11-GB, 6-DA, 8-OG, 3-AA, 3- AO, and 1- PA. Of the 11 GB
cases, 7 were IDH1+ (positive) and 6 were alive till the date of
the last follow-up. One IDH1 + GB patient succumbed within
4 months, giving an average survival of 14.8 months. Among the
4 IDH1- (negative) GB cases, only 1 survived for 24 months and
the other 3 patients succumbed within 6 months of diagnosis.

Out of 6 DA (5 IDH1 + case and 1 IDH1 — case), all were
alive and had a median survival of 37.8 months. Out of 8 OG

Table 1: Association of IDH1 with various
clinico-pathological parameters in CNS Gliomas

Characteristics Status of IDH1 P
Mutated Non-mutated
(n=36) (n=17)

Age
<40 years 29 14 0.8
>40 years 7 3

Gender
Male 20 10 0.8
Female 16 7

Location
Frontal lobe 14 4 0.5
Other sites 22 13

Symptoms
Headache + 21 12 0.39
Headache- 15 5
Vomiting+ 9 4 0.9
Vomiting- 27 13
Altered sensorium+ 6 6 0.13
Altered sensotium- 30 11

WHO Grade
WHO grade 11 17 2 0.028
WHO grade III + IV 19 13

Histological Lineage
Astrocytic tumors 24 14 0.23
Oligodendroglial tumors 12 3

Table 2: Association of ATRX with various

clinico-pathological parameters in CNS Gliomas

Characteristics ATRX status P
Mutated Non-mutated
(n=25) (n=28)

Age
<40 years 19 24 0.2
>40 years 06 04

Sex
Male 16 14 0.3
Female 9 14

WHO Grade
11 9 10 0.85
1+ 1v 16 16

Histological Lineage
Astrocytic tumors 25 13 <0.0001
Oligodendroglial tumors 0 15
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(7IDH1+ and 1 IDH1-), all were alive and had a median survival
of 13.57 months. Out of 3 AA (all IDH1+), 2 were alive and
median survival was 21 months. 1 patient of AA survived for
only 10 months from the time of diagnosis. All 3 AO cases
were alive (2 IDH1+ and 1 IDH1-) and the median survival was
17 months. One PA case survived for 23 months.

Therefore, of the 24 IDH1+ cases which were followed-up,
22 (91.6%) were alive allowing a median survival of 21.5 months
and of the 8 IDH1- cases, 5 (62.5%) were alive and had a median
survival of 15.8 months.

Discussion

In the present study, the patient’s ages ranged from 10 to
53 years with a mean age of 32 years. The maximum number
of patients were in the age group of 31-40 accounting for
37.7%. Thambi ez al., Krishnatreya ¢t al., Jaiswal ] ez al., found

similar findings.['"""?!

The M: F ratio of 1.3:1 was similar to other studies,['>!*!!
whereas in the study by Thambi ¢7 a/, a slightly higher female

preponderance was noted with a M: F rato of 0.9:1.1'

Table 3: Association of p53 with various
clinico-pathological parameters in CNS Gliomas

Characteristics p53 Status P
Positive (n=27) Negative (n=26)

Age
<40 years 22 21 0.6
>40 years 05 05

Sex
Male 16 14 0.6
Female 11 12

WHO Grade
11 8 11 0.2
I + 1V 19 13

Histological Lineage
Astrocytic tumors 26 12 0.0000135
Oligodendroglial tumors 1 14

Table 4: Association of IDH1, ATRX with WHO Low
Grade vs WHO High Grade Gliomas

WHO IDH1 + IDH1 + IDHI1- IDHI1- P
GRADE ATRX-L ATRX-R ATRX-L ATRX-R (Fisher)
I+11 8 11 1 3 0.01
III+1v 14 3 2 11

ATRX-L=Loss, ATRX-R=Retained

Frontal lobe lesions were most commonly seen (34%) similar
to other studies.™'"' The present study had one patient each,
presenting with occipital and temporo-occipital glioma whereas
another study in the northeast done by Krishnatreya e/ a/. found
no cases of occipital glioma.” In our study, patients presented
with multiple symptoms, the headache was the most common
followed by vomiting, altered sensorium, seizures, and fever.

Mondal ¢z al. also found the most common presentation of brain
tumors is a headache (63 cases, 48.46%).!1 In a study done by
Grier ¢z al. the seizure was the presenting symptom in 72%—89%
of patients while in the study by Rasmussen ¢ a/. the focal deficit

was the most common symptom seen in 64% of the patients.!'¥

The WHO grading of gliomas in our study had similar findings
to the study conducted by Mondal S e @/

Comparison of WHO grading with IDH1 showed that
IDH1mutation is more commonly seen in WHO grade 11
low-gtade gliomas, 17/19 cases (89%) although WHO Grade 1
tumors like PA lacked this mutation.

In the study done by Agarwal S ¢f a/. immunoreactivity for
IDH1 was noted in 30/50 cases accounting for 60%.["!
Capper ¢/ al. and Cai et al. also found findings similar to
the present study.”?” Both these studies had cases of
oligoastrocytoma (OA) and anaplastic oligoastrocytoma (AOA)
which showed IDH1 mutation but as the present study did
not have any OA and AOA cases, IDH1 mutation in these
categories could not be assessed.

IDH1 mutations were more prevalent in younger patients as seen
in the present study but no statistically significant relationship
between age and IDH1 mutation (p = 0.864) was seen. The study
done by Yusoff e al. also found no significant relation with age
and IDH1 mutation while the significant association with younger
age was found in the study done by Das ¢ 2/

Sex distribution in IDH1 mutation was not found to be
statistically significant. There were 66.6% males and 69.5%
females with IDH1 mutation indicating a slightly higher value
in females which correlates with the findings of Jaiswal ¢z 2/ and
Das et al"*? Yosoff et al. found IDH1 mutations to be more

common in males.?!!

The most common symptom in our study was headache (63.6%
in IDH1+ cases), followed by vomiting (69% in IDH1+ cases)
and altered sensorium (50% in IDH1+ cases) but none were

Table 5: Association of IDH1, ATRX and p53 with WHO Low Grade vs WHO High Grade Gliomas

WHO IDH1 + IDH1 + IDH1 + IDH1 + IDH1- IDH1- IDHI1- IDHI1- P
GRADE  ATRX-L ATRX-R ATRX-L ATRX-R ATRX-L ATRX-R  ATRX-L  ATRX-R (Fisher)
P53+ (n=21) P53+ (n=2)  P53- (n=1)  P53- (n=12) P53+ (n=1) P53+ (n=3) P53- (n=2) P53- (n=11)

I+11 7 2 1 9 1 0 0 3 0.02
I + IV 14 0 0 3 0 3 2 8

ATRX-L=Loss, ATRX-R=Retained

Journal of Family Medicine and Primary Care
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statistically significant with an IDH1 mutation. Jaiswal e 4/ in
their study found seizure as the most common symptom and a
significant association was found between seizures and IDH1
mutation in their study."

The association of IDH1 mutation was also not statistically
significant with the site of the tumor though 77.7% of IDH1
positive cases were found in the frontal lobe. In the study done
by Jaiswal e al., 71% of all frontal gliomas had IDH1 expression
and were statistically significant.”

In the present study, even though not statistically significant, IDH1
mutations were seen more often in younger patients, in females, with
vomiting being the most common presenting symptom and frontal
lobe the most common location. Statistically significant association
of IDH1mutation with low-grade glioma (WHO grade II) versus
high-grade gliomas (WHO grade 111 and IV) was obtained with
a P value of 0.028, showing that IDH1 mutations are more
common in low-grade gliomas and therefore low-grade gliomas
have a better prognosis. Jaiswal ¢z a/. in their study found a higher
association of WHO grade II and I1I tumors (p-value of 0.0008)
with IDH1 mutations.l” Similar results wete also found in studies
done by Yan ¢ a/. Hartmann ef a/*"

ATRX mutation was not seen in any case of PA, OG, AO while
mutation was seen in all the cases of DA (100%). ATRX mutation
was also seen in 4/5 (80%) cases of AA and 12/22 (54.54%)
cases of secondary GB. Tumors of the oligodendroglial lineage
did not show ATRX mutation in the present study, which infers
that ATRX retained status could be used for confirming an
oligodendroglial lineage in centers where advanced techniques
like FISH (fluorescent z situ hybridization) for detecting 1p19q
mutation are not available. ATRX mutation compared with age,
sex, and WHO grading did not show any statistical significance.

The histological lineage showed a sole statistically significant
relation with ATRX status in the present study (p-value=<0.0001),
reiterating their importance in detecting oligodendroglial tumors.
Ebrahimi ¢f al, and Liu e/ al, also found similar findings.”>*"
Ebrahimi ez al. found that ATRX loss was significantly associated
with astrocytic lineage tumors (p < 0.001) which was similar to

the present study.™

Liu e al., also assessed the effects of age, sex, and WHO
classification with ATRX status.”® The results indicated that
sex and WHO classification did not significantly affect ATRX
status, which was similar to the present study; however, age was
significantly associated which was not seen in the present study.

The histological lineage had sole statistical significance in relation
to p53 mutation (p-value = 0.0000135) signifying that they are
more prevalent in astrocytic tumors. No statistical significance
of the association of p53 was seen between age, sex, and WHO
grade in the present study. The p53 mutations were more
prevalent in tumors of astrocytic lineage and are rare in grade 1
tumors like PA and OG tumorts.

Journal of Family Medicine and Primary Care

Kiyrtitsis e# al., and Sipayya et al., found similar findings.”’* Sipayya
¢t al. also found p53 positivity in 41% of OG.*! In the present
study, however, p53 mutation was absent in grade II OG but
was seen in 20% of AO.

Komori e# al. found that the combined IHC for IDH1, p53, and
ATRX improves the molecular classification of diffuse gliomas
in daily practice.” However, in the present study, an association
of IDH1, ATRX with WHO low grade versus high grade and
IDH1, ATRX, p53 with WHO low grade versus high grade both
showed statistically significant P value, enhancing the fact that
using 2 IHC markers for confirming the subtype of gliomas is
equally good for routine practices.

A follow-up of 32 patients out of 53 was obtained in the present
study. A total of 24 IDH1 + cases were present in the follow-up,
22 (91.6%) of whom were alive and had a median survival of
21.5 months. IDH1- cases were 8 in number. 5 (62.5%) were
alive with a median survival of 15.8 months. This cleatly shows
that IDH1 mutation is associated with increased survivability in
glioma patients. The statistical significance of survival with IDH1
mutation could not be evaluated due to inadequate number of
cases that had follow up in each glioma category. Lv ¢ al., and
Jones e# al., also found that IDH1 mutated cases had improved
overall survival and progression-free survival in cases of gliomas

as compared to IDH1 wild type cases.P™!

This study is limited by its small sample size, unavailability of
FISH, and Next Generation Sequencing for confirming cases
of OG and IDH1 negative cases, respectively.

Conclusion

Majority of the gliomas expressing IDH1 mutation are
associated with improved survival even though this was not
statistically proven due to the inadequate number of cases in
each category. All OGs had retained ATRX status, and maybe
used for confirming an oligodendroglial lineage in centers where
advanced techniques like FISH for detecting 1p19q mutation is
not available. The IHC status of 3 markers IDH1, ATRX, and
p53 versus 2 markers IDH1 and ATRX with WHO grade of
gliomas were both found to be statistically significant. Therefore,
for routine cases of gliomas, a combination of IDH1 and ATRX
is sufficient; however, the use of p53is recommended for further
prognostication and for possible targeted therapy in the future.
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