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Abstract

Purpose Mutations in the Isocitrate Dehydrogenase (IDH) genes, IDHI or IDH?2, define a group of adult diffuse gliomas
associated with a younger age at diagnosis and better prognosis than IDH wild-type glioblastoma. Within /DH mutant glio-
mas, a small fraction of astrocytic tumors present with grade 4 histologic features and poor prognosis. In molecular studies,
homozygous deletion of CDKN2A4/B is independently predictive of poor prognosis and short survival. As a consequence,
2021 WHO classification now also recognizes this molecular feature, CDKN2A/B deletion, as sufficient for classifying an
astrocytoma as IDH-mutant, WHO Grade 4, regardless of histological grading. Here, we investigate outcomes of patients
with WHO Grade 4 IDH-mutant astrocytoma both with and without CDKN2A/B deletion, to compare these groups and
evaluate clinical and radiographic factors that contribute to survival.

Methods We retrospectively identified 79 patients with IDH-mutant astrocytoma with CDKN2A/B deletion detected at ini-
tial diagnosis across five international institutions as well as a comparison group of 51 patients with IDH-mutant, astrocy-
toma, histologically Grade 4 without detectable CDKN2A4/B deletion. We assembled clinical and radiographic features for
all patients.

Results We find that CDKN2A/B deletion was associated with significantly worse overall survival (OS; p=0.0004) and
progression-free survival (PFS; p=0.0026), with median OS of 5.0 years and PFS of 3.0 years, compared to 10.1 and 5.0
years for tumors with a grade 4 designation based only on histologic criteria. Multivariate analysis confirmed CDKN2A4/B
deletion as a strong negative prognosticator for both OS (HR=3.51, p <0.0001) and PFS (HR =2.35, p=0.00095). In addi-
tion, in tumors with CDKN2A/B deletion, preoperative contrast enhancement is a significant predictor of worse OS (HR 2.19,
95% CI 1.22-3.93, p=0.0090) and PFS (HR =1.74, 95% CI=1.02-2.97, p=0.0420).

Conclusions These findings underscore the severe prognostic impact of CDKN2A4/B deletion in IDH-mutant astrocytomas
and highlight the need for further refinement of tumor prognostic categorization. Our results provide a key benchmark of
baseline patient outcomes for therapeutic trials, underscoring the importance of CDKN2A/B status assessment, in addition to
histologic grading, in clinical trial design and therapeutic decision-making for IDH-mutant astrocytoma patients.
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Introduction

Mutations in the Isocitrate Dehydrogenase (IDH) 1 or 2
genes are defining genomic changes found in diffuse glio-
mas of younger adults [1-3]. Patients with IDH-mutant
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astrocytomas generally have a better prognosis compared
to those with IDH wild-type glioblastomas. However,
molecular profiling has revealed subgroups of IDH-mutant
astrocytomas that experience a more aggressive disease
course. The most significant negative prognostic genetic
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alteration identified in IDH-mutant astrocytomas is homo-
zygous deletion of Cyclin-Dependent Kinase Inhibitor
2 A/B (CDKN2A/B) [4]. CDKN2A/B deletion is one of the
most common genetic alterations in cancer, found across
multiple cancer types. This genetic locus encodes the p16
kinase inhibitor protein, which acts as a tumor suppres-
sor by inhibiting the activity of Cyclin Dependent Kinase
(CDK) 4/6 activity. In the absence of G1 regulation by p16,
increased CDK4/6 activity leads to the hyperphosphoryla-
tion of retinoblastoma protein (Rb) and increased progres-
sion through the G1/S transition [5]. Therefore, the loss of
this tumor suppressor removes a key inhibitory force on
the cell cycle and leads to increased cell proliferation and
malignant tumor growth.

In the context of IDH-mutant astrocytomas, CDKN2A4/B
deletion is infrequently observed at initial diagnosis,
reported at a rate of ~ 10% [6, 7] and is rarely associated with
lower histologic grade or oligodendroglial origin [4, 6]. At
recurrence, particularly after radiation therapy [7], or with
histologic grade progression, the frequency of CDKN2A/B
deletion increases to 30-60% in IDH-mutant astrocytoma
cases [7, 8]. Homozygous loss of CDKN2A/B is associated
with a significantly worsened prognosis when detected at
initial diagnosis, with a median survival of 3-5 years, com-
pared to 7-12 years in CDKN2A/B wild-type tumors [4, 6].

The revised 2021 WHO classification now acknowl-
edges CDKN2A/B deletion as a separate criterion suffi-
cient to designate an astrocytoma as IDH-mutant, WHO
Grade 4, whereas this classification previously was based
solely on histological presence of pallisading necrosis or
microvascular proliferation within the tumor specimen [9].
This classification update signals the need for a continu-
ing rounds of iterative prognostic refinement, as the poor
prognostic tumors previously categorized as grade 2 or 3
are now included in the grade 4 cohort alongside histologic
grade 4 tumors, and the relative prognostic relationship of
histologic features independent of molecular features will
require re-assessment.

This effort takes on additional urgency given the increas-
ing translational potential of CDKN2A4/B as a precision
medicine target in IDH-mutant astrocytoma [10, 11]. Due
to the limited available data on predictors of survival within
this newly defined grade 4 subclass of IDH-mutant astrocy-
tomas, we identified a large, international cohort of patients
with IDH-mutant astrocytoma with CDKN2A4/B homozy-
gous deletion. In this study, we sought to characterize the
overall and progression free survival (PFS) implications
of CDKN2A/B homozygous deletion, in comparison to a
control cohort of patients with histologic grade 4 disease
without detectable CDKN2A/B deletion, and identify
radiographic predictors of survival within patients harbor-
ing CDKN2A4/B deletion. We confirm the strong negative
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prognostic effect of CDKN2A/B deletion in a multi-centered
cohort of patients with IDH-mutant astrocytoma, iden-
tify preoperative contrast enhancement as a novel predic-
tor of shorter overall survival (OS) specifically within the
CDKNZ2A/B deleted subgroup, and provide important histor-
ical reference comparison cohort data for future clinical tri-
als enrolling patients with CDKN2A/B deleted, IDH-mutant
astrocytoma.

Methods
Patient population and data collection

This study was approved by the Institutional Review Boards
of all participating institutions. Patients with IDH-mutant
glioma treated at Massachusetts General Hospital (MGH),
the Dana Farber Cancer Institute (DFCI), University Hospi-
tal Heidelberg (UHH), University Hospital Dresden (UHD),
and Fudan-Shanghai (FS) with available CDKN2A/B geno-
typing were identified and compiled for grouped analy-
sis by the Massachusetts General Hospital Department of
Neuro-oncology. All cases had a hotspot mutation in IDH1
or IDH2, as determined by immunohistochemistry (IHC),
Sanger Sequencing, polymerase chain reaction, or next gen-
eration sequencing. Tumors designated as an astrocytoma,
IDH-mutant, exhibit nuclear loss of ATRX expression by
IHC, mutation in ATRX by next generation sequencing
(NGS), and/or no evidence of deletion of chromosome
Ip and 19q [12]. CDKN2A/B testing was done by panel
(MGH), array comparative genomic hybridization (DFCI)
or fluorescent in situ hybridization (FISH) (MGH, UHH,
UHD, and FS). All CDKN2A4/B genotyping was conducted
on tissue retrieved from the patient’s initial surgery. For
comparison, the MGH IDH-mutant patient database was
queried to assemble a cohort of patients with molecularly
characterized astrocytoma, IDH-mutant, WHO Grade 4
based only on histologic criteria (microvascular prolifera-
tion or necrosis). All tumors in the comparison cohort had a
hotspot mutation in IDH1 or IDH2, as determined by immu-
nohistochemistry (IHC), Sanger Sequencing, polymerase
chain reaction, or next generation sequencing. Similar to
the CDKN2A/B deleted cohort, this consisted exclusively
of astrocytomas, as determined by nuclear loss of ATRX
expression by IHC, mutation in ATRX by NGS, and/or no
evidence of deletion of chromosome 1p and 19q [12]. Of 67
Grade 4 astrocytoma, IDH-mutant, in the database, 54 cases
without detectable homozygous deletion of CDKN2A/B
were identified, with the remaining 13 cases with homozy-
gous deletion of CDKN2A4/B added to the deletion cohort.
Three of 54 cases had hemizygous deletion of CDKN2A4/B
and were excluded. Of the remaining 51 cases in the
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comparison cohort, CDKN2A/B deletion was not detectable
by FISH and/or NGS in 15 cases; the CDKN2A4/B status of
the remaining 36 cases is unknown because the diagnosis
was made prior to the time during which CDKN2A42/B test-
ing became routine [9].

Clinical and radiographic data were extracted from the
electronic medical record by clinical and research staff at
participating institutions. Clinical data included age, sex,
extent of surgical resection, date and type of upfront treat-
ment, dates of progression, date of death, last known follow-
up, and presence of preoperative enhancement. Extent of
surgical resection was determined by the amount of residual
T2 hyperintensity on the first post-operative MRI. Presence
or absence of contrast-enhancement on imaging was deter-
mined by local neuroradiologist and reviewed by clinical
and research staff at participating institutions. Tumors were
considered to be positive for contrast-enhancement if both
perpendicular areas on a single slice was at least 10 mm, in
accordance with RANO 2.0 criteria [13]. Dates of progres-
sion were determined by the treating neuro-oncologist or
neurosurgeon based on RANO 2.0 criteria [13].

Survival and statistical analysis

Overall survival (OS) was defined as time from the date of
initial surgery to the date of death from any cause. Progres-
sion-free survival (PFS) was defined as the time from the
date of initial surgery to the date of progression or death.
Patients without OS or PFS events were censored at last
known follow-up.

Survival and all other statistical analyses were performed
in GraphPad Prism and R Studio (Packages: “survival”
version 3.5.8 and “survminer” 0.4.9). The Kaplan-Meier
method was used to estimate OS and PFS. Median follow-
up time was determined using the reverse Kaplan-Meier
method. Comparisons between groups was assessed using
the log-rank test.

Cox proportional hazard modeling was used to assess pre-
dictors of OS and PFS. Categorical variables were analyzed
using the Chi-Square test while differences between means
and medians were analyzed using a student’s unpaired T-test
or ANOVA. For all analyses, a two-sided P-value of 0.05
was used to determine statistical significance.

Results
Clinical and radiologic characteristics
We retrospectively identified 79 patients with IDH-mutant

astrocytoma with CDKN2A/B homozygous deletion treated
among five distinct institutions (Massachusetts General

Hospital, USA (n=13); Dana Farber Cancer Institute,
USA (n=16); University Hospital Heidelberg, Germany
(n=34); University Hospital Dresden, Germany (n=06);
and Fudan-Shanghai, China (n=10)) diagnosed between
1993 and 2023 (Table 1). Importantly, only cases in which
CDKN2A/B deletion was identified at initial diagnosis were
included. Patient demographics were similar among the
cohorts, which was 58% male and had a median age at diag-
nosis of 36.2 years (Table 2), consistent with what has been
previously reported [ 14, 15]. Of note, there were differences
in patterns of administration of adjuvant therapy among
institutions (Table 1).

As described in Methods, we concurrently identified 51
patients from Massachusetts General Hospital with astro-
cytoma, IDH-mutant, WHO grade 4, in which the grade
4 designation was made by histologic features alone to
serve as a comparison cohort. The median age of this com-
parison group was 37.9 years (35.0 years for CDKN2A/B
intact, 39.4 years for CDKN2A4/B unknown) and it was 63%
male. Overall, the demographics of CDKN2A4/B deleted,
CDKN2/B intact and CDKN2/B unknown cohorts are well
matched (Table 2).

Patients in the comparison cohort with tumors that
received a WHO Grade 4 designation based on histologic
features only were more likely to have received adjuvant
radiation, chemotherapy or combination of the two when
compared to patients with CDKN2A4/B - deleted tumors
(Table 2). Notably, significantly more patients in the
comparison cohort received adjuvant radiation and temo-
zolomide combined compared to those in the CDKN2A/B
- deleted cohort (100% vs. 81%, p=0.001).

There was no significant difference in the incidence of
preoperative contrast enhancement between the CDKN2A/B
- intact cohort and the CDKN2A/B - unknown cohort
(86.7% vs. 80.6%, p=0.61). Interestingly, the incidence of
preoperative contrast enhancement was significantly lower
in the CDKN2A4/B - deleted group compared to the com-
parison cohort (Tables 2 and 58.2% vs. 82.4%, p=0.004).

Impact of CDKN2A/B homozygous deletion on
overall and Progression Free Survival

In the cohort of 79 patients with IDH-mutant astrocytoma
with homozygous deletion of CDKN2A4/B followed for a
median of 5.1 years with 45 events observed, the median OS
was 5.0 years. The median PFS in this cohort, based on 54
progression events, was 3.0 years. In contrast, the median
OS of the comparison cohort of 51 patients with tumors that
received a WHO Grade 4 designation based only on histo-
logic features was 10.1 years, with the median OS in the
15 patients with IDH-mutant astrocytoma without detect-
able CDKN2A/B deletion undefined, followed for a median
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Table 1 Characteristics of patients with IDH-mutant astrocytoma with CDKN2A4/B homozygous deletion across five institutions (N=79). Abbre-
viations IQR, interquartile range; RT, radiation therapy; TMZ, temozolomide; n/a, not applicable

Heidelberg DFCI ShanghaiCDKN2A/B MGH Dresden p-value
CDKN2A/B CDKN2A/B Deleted CDKN2A/B CDKN2A/B
Deleted Deleted N (%) Deleted Deleted
N (%) N (%) N (%) N (%)
Patient Demographics
N 34 16 10 13 6
Male 22 (64%) 7 (40%) 5 (50%) 10 (77%) 2 (33%) 0.77
Median Age (IQR) 34.0 (28.8-44.3) 40.3 (31.2-50.7) 37.0(32.5-43.3) 41.4 (33.0-48.8) 31.5(28.0-35.8) 0.31
Adjuvant Therapy
RT+TMZ 21 (61%) 15 (94%) 10 (100%) 13 (100%) 5(83%) 0.02
TMZ Only 1 (3%) 0 0 0 0
RT Only 5 (15%) 1 (6%) 0 0 0
None 7 (21%) 0 0 0 1 (17%)
Radiographic Data
Contrast Enhancement 19 (56%) 11 (69%) 2 (20%) 10 (77%) 4 (67%) 0.06
Extent of Resection
Gross Total Resection 11 (32%) 6 (38%) 9 (90%) 4 (30%) 5(83%) 0.12
Subtotal Resection 19 (56%) 9 (56%) 1 (10%) 8 (62%) 0
Biopsy (or unknown) 4 (12%) 1 (6%) 0 1 (8%) 1 (17%)
MGMT promoter status
Methylated 23 (68%) 10 (63%) 10 (100%) 10 (77%) 4 (67%) 0.06
Unmethylated 5 (15%) 5(31%) 0 0 1 (16%
Unknown 6 (18%) 1 (6%) 0 3(23%) 1 (16%)
Median Survival (years)
Overall Survival 4.0 11.0 Undefined 52 2.1 0.4225
Prog.free Survival 2.8 8.0 Undefined 22 2.0 0.3486
Median Follow-up 15.2 5.1 2.4 3.7 1.96 n/a

Table 2 Cohort characteristics of patients with astrocytoma, IDH-
mutant, WHO Grade 4, based on CDKN2A/B status. Abbreviations
IQR, interquartile range; RT, radiation therapy; TMZ, temozolomide;
NE, not evaluated; n/a, not applicable

CDKN2A/B Histologic grade 4  p-value
Deleted Comparison cohort
N (%) N (%)

Patient Demographics

N 79 51

Male 46 (58%) 32 (63%) 0.60

Median Age (IQR)  36.2 (30-44) 37.9(31-48.1) 0.11

Adjuvant Therapy

RT+TMZ 64 (81%) 51 (100%) 0.067

TMZ Only 1 (1%) 0

RT Only 6 (8%) 0

None 8 (10%) 0

Radiographic Data

Contrast 46 (58%) 42 (82%) 0.004

Enhancement

Survival Data

Death 45 events 20 events (39%) 0.049
(57%)

1st Progression 54 events 29 events (57%) 0.183
(68%)

Median Follow-up 5.1 7.3 n/a
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of 3.9 years, while the median OS of the 36 patients with
unknown CDKN2A/B status was 10.1 years, followed for a
median of 10.8 years. Similarly, the median PFS in the com-
parison cohort was 5.0 years (3.3 years for CDKN2A/B -
intact and 5.9 years for CDKN2A4/B - unknown). Although
a small number of cases in the CDKN2A4/B - unknown
group may have CDKN2A/B deletion, the outcomes of this
comparison cohort are similar to what has been reported
for CDKN2A/ B non-deleted cases by Shirahata et al. [4]
and Appay et al. [6]. Compared to the tumors designated
as grade 4 based on histologic features, CDKN2A/B homo-
zygous deletion was associated with significantly shorter
OS (HR 2.45, 95% CI 1.51-3.99, p=0.0004) and PFS (HR
1.95, 95% CI 1.27-3.00, p=0.0026) by log-rank analysis
(Fig. 1A and B). Importantly, the significantly shortened
OS and PFS observed in our large, international cohort are
in agreement with what has been described previously for
smaller, single country cohorts [4, 6], emphasizing general-
izability to real-world scenarios.

In a Cox Regression Multivariate Model adjusting for
CDKNZ2A/B status, age, adjuvant treatment, extent of resec-
tion, and preoperative contrast enhancement, CDKN2A/B
homozygous deletion remained strongly predictive of
shorter OS (HR=3.51, 95% CI 1.92-6.38, p<0.0001;
Table 3). Similarly, CDKN2A/B homozygous deletion was
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Fig. 1 Kaplan-Meier curves of the effect of CDKN2A/B homozygous deletion on (A) overall survival and (B) progression-free survival. P-values

represent significance level as determined by log-rank test

Table 3 Results from the Cox regression analysis of the overall and progression free survival of multicentered cohort (N=130). * indicates p <0.05

Overall survival

Progression free survival

HR 95% CI p-value HR 95% CI p-value
CDKNZ24/B Deletion 3.51 1.92-6.38 <0.0001* 2.35 1.41-3.90 0.00095*
Age (Continuous) 1.03 1.01-1.06 0.0162* 1.03 1.01-1.05 0.00644*
Adjuvant Treatment 0.77 0.30-1.98 0.5857 0.86 0.36-2.1 0.73433
Extent of Resection (GTR) 0.87 0.51-1.48 0.6074 0.64 0.41-1.02 0.06284
Contrast Enhancement 2.43 1.24-4.75 0.0092* 1.73 1.03-2.93 0.04011*
Events 65 83
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Fig. 2 Kaplan-Meier curves of the effect of CDKN2A4/B homozygous deletion in patients who received adjuvant radiation and chemotherapy on
(A) overall survival and (B) progression-free survival. P-values represent significance level as determined by log-rank test

also associated with shorter PFS when adjusting for the
same variables (HR =2.35, 95% CI 1.41-3.90, p=0.00095;
Table 3). Because our cohort was heterogeneously treated,
we went on to investigate OS and PFS specifically in patients
who received adjuvant radiation therapy and chemotherapy
to control for a possible influence from treatment. We identi-
fied 64 (81%) patients in the CDKN2A/B deleted cohort and
51 (100%) patients in the comparison cohort who received
upfront treatment with radiation followed by adjuvant
chemotherapy (Table 1). Within this group, CDKN2A/B
homozygous deletion remained significantly associated
with shorter OS and PFS on both univariate (OS: 4.6 vs.
10.1 years, p=0.0003; PFS: 2.6 vs. 5.0 years, p=0.0024;
Fig. 2) and multivariate analysis (OS: HR=3.21, 95% CI

1.75-5.86, p<0.0001; PFS: HR=2.25, 95% CI 1.35-3.74,
p=0.0019) (Table 4).

Altogether, these survival data demonstrate the strong
negative prognostic effect of CDKN2A4/B homozygous dele-
tion in IDH-mutant astrocytoma, even when controlling for
key variables that are associated with survival.

Predictors of survival within CDKN2A/B deleted
patients

Although the impact of CDKN2A4/B homozygous deletion

on survival has been well demonstrated in the existing liter-
ature, radiographic predictors of survival within this subset
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Table 4 Results from the Cox regression analysis of overall and progression free survival of patients treated with adjuvant radiation and chemo-

therapy (N=115). * indicates p <0.05

Overall survival

Progression free survival

HR 95% C1 p-value HR 95% C1 p-value
CDKN2A4/B Deletion 3.21 1.75-5.86 <0.0001* 225 1.35-3.74 0.0019*
Age (Continuous) 1.03 1.00-1.10 0.0462* 1.03 1.00-1.05 0.0223*
Extent of Resection (GTR) 0.83 0.47-1.45 0.5075 0.63 0.39-1.02 0.0616
Contrast Enhancement 2.04 1.10-3.94 0.0333* 1.57 0.93-2.65 0.0927
Events 58 76
A Overall Survival C Overall Survival
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Fig. 3 Kaplan-Meier curves of the effect of pre-operative contrast
enhancement on survival outcomes of patients with tumors with
CDKN2A4/B deletion (A / B) and comparision cohort with grade 4

of patients have not been thoroughly explored. Due to the
previously reported association between preoperative con-
trast enhancement (CE) and poor survival outcomes in IDH-
mutant glioma [16-18], we investigated whether CE was
prognostic in our CDKN2A/B deleted cohort. CE, present
in 46 (58%) of cases with CDKN2A/B homozygous dele-
tion, was associated with shorter OS (4.0vs 7.3 years, HR
2.19, 95% CI 1.22-3.93, p=0.0090) and PFS (2.2 vs. 3.3
years, HR=1.74, 95% CI=1.02-2.97, p=0.0420) (Fig. 3).
CE remained significantly associated with worse OS, but
not PFS after adjusting for frontline treatment and age in
Cox regression analysis (OS: HR=2.49, 95% CI 1.17-
5.28, p=0.0176; PFS: HR=1. 81, 95% CI=0.98-3.36,
p=0.0588) (Table 5). In contrast, in the comparison cohort

@ Springer

—— Non-enhancing

Probability of Survival
(3.
o
1

] p =0.239
0 1 1 I I 1
0 5 10 15 20 25
Years
D Progression Free Survival
c .
.g 100- == Enhancing
g == Non-enhancing
(=2 4
o
o
e
O 50
2
< . p =0.487
R
2
o 0 1 1 I 1 1
0 5 10 15 20 25
Years

determination made on histologic grounds (C / D). P-values represent
significance level as determined by log-rank test

of tumors designated as WHO grade 4 by histologic fea-
tures only, there was no association between preoperative
contrast-enhancement and OS (HR 1.95, 95% 0.64-5.94,
p=0.239) or PFS (HR 1.40, 95% CI 0.59-3.34, p=0.487).
Overall, these data indicate that preoperative contrast-
enhancement on MRI performed at initial diagnosis may
be a significant predictor of shorter OS specifically with
patients with CDKN2A/B deleted, IDH-mutant astrocytoma.
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Table5 Results from cox regression analysis of overall and progression free survival within patients with CDKN2A/B deletion (N =79). * indicates

p<0.05

Overall survival Progression Free survival

HR 95% CI p-value HR 95% CI p-value
Contrast Enhancement 2.49 1.17-5.28 0.0176* 1.81 0.98-3.36 0.0588
Age (Continuous) 1.01 0.98-1.05 0.5297 1.02 0.99-1.05 0.2675
Adjuvant Treatment 0.87 0.32-2.41 0.7954 0.97 0.38-2.50 0.9537
Extent of Resection (GTR) 0.81 0.42-1.58 0.5418 0.74 0.41-1.36 0.3391
Events 45 54
Discussion Although this study was limited by its retrospective

Here, we present the clinical outcomes of a large, multi-
centered cohort of patients with astrocytoma, IDH-mutant,
WHO grade 4. Across five institutions (Massachusetts
General Hospital, Dana Farber Cancer Institute, Univer-
sity Hospital Heidelberg, University Hospital Dresden,
and Fudan-Shanghai, China), we identified 79 patients
with IDH-mutant astrocytoma found to have CDKN2A/B
deletion at initial diagnosis. In this geographically diverse
cohort, we report a median OS of 5.0 years and a PFS of 3.0
years, consistent with what has been reported previously [4,
6]. These outcomes contrast starkly with those observed in
our comparison cohort of patients with IDH-mutant astro-
cytoma with WHO grade 4 designations made on histologic
grounds, in which median OS and PFS were 10.1 and 5.0
years, respectively. After adjusting for upfront treatment,
age, and preoperative contrast enhancement, CDKN2A/B
homozygous deletion remains an exceedingly strong nega-
tive prognosticator of both OS and PFS.

Importantly however, despite the shared designa-
tion of IDH-mutant astrocytoma, grade 4 for tumors with
CDKN2A/B deletion and those with histological evidence
of necrosis and/or microvascular proliferation, we show that
these two pathways to the grade 4 designation are not prog-
nostically equivalent. Similarly, Appay et al.. 2019 exam-
ined a large cohort of IDH-mutant astrocytoma patients
and found that the presence of necrosis and/or microvascu-
lar proliferation was only prognostically significant in the
absence of CDKN2A/B deletion, suggesting that the pres-
ence of the CDKN2A4/B homozygous deletion necessitates a
fundamental change in the grading of these tumors [6]. This
highlights the nuance of transitioning from grading cohorts
solely defined by histologic features to the inclusion of
molecular features to make accurate prognostic predictions,
emphasizing the need to iteratively re-define and re-assess
prognostic cohorts, and uncover more molecular features
to further modernize the classification system. It is entirely
possible that grade 4 histologic features were prognostic in
the past because they identified cohorts more likely to be
CDKNZ2A/B deleted, but are not prognostic in-isolation, in
the absence of detectable molecular alterations.

nature, we attempted to control for the effect of heterog-
enous upfront treatment between patients and institutions by
including an analysis of a subset of patients who received
radiation and adjuvant temozolomide in the upfront setting.
The study was also limited by the fact that the CDKN2A4/B
status is unknown in many cases within the comparison
cohort. Nevertheless, this comparison cohort clearly empha-
sizes the concept that histologic features more broadly and
heterogeneously define patient cohorts, when compared to
narrowly-defined cohorts derived using molecular features,
which impacts accurate prognostication.

Furthermore, our study examined radiographic pre-
dictors of survival within the IDH-mutant astrocytoma
CDKN2A/B deleted subgroup, identifying preoperative con-
trast enhancement as a predictor of worsened OS. Impor-
tantly, we identify contrast enhancement as a prognostically
relevant variable within this patient population. A recurring
theme within studies of patients with IDH-mutant gliomas
is that the variables traditionally thought to influence out-
comes, such as age and presence of contrast-enhancement
on imaging, require iterative re-assessment in the current
era of molecular diagnosis, with each update of cohort defi-
nition. In particular, the literature is mixed as to whether CE
and survival are associated in IDH-mutant astrocytoma. Our
data illuminate a likely explanation for these mixed find-
ings, suggesting that the prognostic relationship may not be
static between molecular subgroups. Although our analysis
is limited by small number of non-enhancing tumors in the
CDKNZ2A/B intact subgroup, we find that pre-operative CE
serves as a negative prognostic factor primarily within the
CDKN2A/B deleted, IDH-mutant astrocytoma subgroup.

Overall, this study of the largest cohort of patients with
IDH-mutant astrocytoma with CDKN2A4/B deletion pub-
lished to date aligns with previous work demonstrating the
strong negative prognostic impact of CDKN2A/B deletion
in IDH-mutant astrocytoma [4, 6, 7, 19, 20], reinforcing
the significant negative prognostic impact of CDKN2A/B
deletion in patients with IDH-mutant astrocytoma across
a large, multi-centered cohort. Critically for the future,
the outcome data reported herein serve as a key reference
cohort for future clinical trial design as precision medicine
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targets for this therapeutically orphaned patient population
are explored.
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