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Review

KoMnnekcHu# ornag BUCOKO3J10AKiICHOT
actpouutomu III cTtyneHA: aHan1acTU4YHa
acTpouyMTOoMa — MNOLUMPEHICTb, NATOJIOrifA,
NikyBaHHSA Ta peunaus

Munxanno Opoc, Onekcanap MNMynunk, Muxanno Opoc (Mon.)

Yokropoacbkuii HalioHasibHWIA YHIBEPCUTET, Yokropoa, YKkpaiHa

AHannactnyHa actpouutoMa (AA), knacudikoBaHa BcecsiT-
HbOK OpraHi3ali€lo OXOPOHW 340pPOB’S AK acTpouMTOMa BUCO-
KOro ctyneHs 3noskicHocTi III, aBnse coboto 3HauHy rpyny 3s10-
AKICHUX MyXJIMH FO/IOBHOro MO3Ky. Llel ornsag nitepatypm Mmae
Ha MeTi HagaTn NOBHWI ornsag AA, OXOnJYM i MOWMPEHICTD,
TWUNKW, NATOMOriYHi 0cO6NMBOCTI, MeToAM NiKyBaHHSA Ta MoAesi
peunamnsis. AA nNepeBaxHO Bpa)kae gopocnmx BikoM Big 30 no
50 pokiB, gewo yacTiwe 4YosoBiKiB. [MyXSIMHa XapakTepU3yeTb-
CA NiABULLEHOIO KNITUHHOK Ta A4EPHOI0 aTUMIED Ta >XXBaBow
MITOTUYHOK aKTUBHICTIO, WO Bigpi3HSAE 1i Bi4 aCTPOLMUTOM HUX-
yoro crtyneHs. lNatonoriyHo AA NEMOHCTPYE reTeporeHHICTb Yy
MONEKYNApHUX 3MiHaX, BKJ4Yarum myTauil B reHax IDH1 Ta
IDH2, BTpaTy retepo3uroTHOCTi Ha XpoMocomi 10 Ta 3MiHM B
aneni p53, Wo cnpuse ii arpecmBHii NoBeAiHLI Ta pe3UCTEHTHO-
CTi A0 3BMYANHUX MeTOAIB NikyBaHHSA. CTaHAapTHE JliKyBaHHS
nepeabavae MakCuManbHy XipypridyHy pesekuito 3 noAanbLlUo
NpOMEHeBOIO Tepani€lo Ta a4 toBaHTHOI XiMioTepanielo TEMO30-
nomigoMm, ska, sik 6yno nokasaHo, NOKpally€E BUXUBaHICTb 6e3

rnporpecyBaHHsa NyxXnuMHU. He3BaXkaloum Ha arpecuBHe JliKyBaHHSA, AOBOJI MOLWWPEHI peunansu,
AKi YacTO NpOrpecyTb A0 MYyNbTUPOPMHOI rniobnactomm abo actpoumtomm IV cTyneHs, ki ma-
I0Tb MOraHui NporHo3. OCTaHHi AOCSATHEHHS B ranysi MONeKynsapHoOro npodintoBaHHsa Ta LifbOBOI
Tepanii AaloTb HAAIl0 Ha MOKpaLLleHHSA NiKyBaHHSA Ta NPOrHo3iB. MNMOTOYHI AOCNiIAXEHHSA MIKPOOTO-
YEHHS NYXJ/IMHW Ta iIMyHOTEpaneBTUYHUX NiAXOAIB € NePCNeKTUBHMMM ANt ManbyTHIX TepaneBTny-
HUX cTpaTerin. Llei ornsaa nigkpecntoe HeobXiAHICTb NMPOAOBXEHHS AOCNIAXEHHS iHHOBaUiMHMX
MEeTOoAiB NiKyBaHHA Ta NepcoHasni3oBaHol MeanuUMHU AN NiABULEHHS BUXMBAHHA Ta AKOCTI XUTTA
MauieHTIiB 3 aHaN/1aCTUYHOK acTPpoOLUUTOMOILO.

KnrouoBi cnoBa: acTpounToMa, aHanaacTMYHa acTpoumToma, rnioma, rinioMma BUCOKOro CTyrneHs

3J1I09KICHOCTI.
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Comprehensive review of high-grade
astrocytoma grade III: Anaplastic
astrocytoma - prevalence, pathology,
treatment, and recurrence

Mykhaylo Oros, Oleksandr Pulyk, Mykhailo Oros Jr

Uzhhorod National University, Uzhhorod, Ukraine

Anaplastic astrocytoma (AA), classified as a Grade III high-
grade astrocytoma by the World Health Organization,
represents a significant subset of malignant brain tumors. This
literature review aims to provide a comprehensive overview
of AA, covering its prevalence, types, pathological features,
treatment modalities, and recurrence patterns. AA primarily
affects adults between the ages of 30 and 50, with a slightly
higher incidence in males. The tumor is characterized by
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increased cellularity, significant nuclear atypia, and brisk mitotic
activity, distinguishing it from lower-grade astrocytomas.
Pathologically, AA displays heterogeneity in molecular
alterations, including mutations in the IDH1 and IDH2 genes, financial support for thelr study.

loss of heterozygosity on chromosome 10, and alterations in © All authors, 2024

the p53 pathway, contributing to its aggressive behavior and =

resistance to conventional therapies. Standard treatment

involves maximal surgical resection followed by radiotherapy and adjuvant chemotherapy with
temozolomide, which has been shown to improve progression-free survival. Despite aggressive
treatment, recurrence is common, often progressing to glioblastoma multiforme, a Grade IV
astrocytoma, which portends a poor prognosis. Recent advancements in molecular profiling
and targeted therapies offer hope for improved management and outcomes. Ongoing research
into the tumor microenvironment and immunotherapeutic approaches holds promise for future
therapeutic strategies. This review underscores the need for continued exploration of innovative
treatments and personalized medicine to enhance survival and quality of life for patients with
anaplastic astrocytoma.
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require ethical approval.
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Introduction

Anaplastic astrocytoma (AA) is a sporadic and
aggressive brain tumor. Astrocytes, which are
star-shaped cells in the brain, can transform into
tumors known as astrocytes or astrocytomas
[1]. Anaplastic astrocytomas account for more
than 30% of all astrocytomas. Astrocytes and
related cells create a protective sheath around
other nerve cells in the brain and spinal cord.
The group of these cells is called glial cells, and
the tissue they create is called glial tissue. Grade
III Anaplastic Astrocytomas are what the World
Health Organization (WHQO) calls high-grade as-
trocytomas. A primary brain tumor known as
anaplastic astrocytoma (AA) typically begins to
grow at a median age of 41. It is astrocytic and
spreads throughout the brain. Among the two
kinds of high-grade (malignant) astrocytomas,
anaplastic astrocytomas predominate compared
to low-grade astrocytomas [1, 2].

Methods

Data sources and search strategy:

A comprehensive electronic search was per-
formed on PubMed/Medline. The search was
conducted using the following query: (Astro-
cytoma OR grade III astrocytoma OR Anaplas-
tic Astrocytoma). In addition, we conducted
a thorough manual screening of referenced
publications from prior meta-analyses, sys-
tematic reviews, cohort studies (both retro-
spective and prospective), and other review
articles to find any relevant research.

Study selection:

All studies were included if they satisfied the
following eligibility criteria, which may be repre-
sented as PICOS: 1) P (Population): Individuals
diagnosed with Anaplastic Astrocytoma, a Grade
III astrocytoma. 2) I (Intervention): Occurrence
and nature of the disease; 3) C (Control): Sur-
gical and adjuvant therapeutic intervention; 4)
O (Outcome): Overall survival and recurrence.
5) S (Studies): Evaluate and analyze review and
cohort studies published in English.

Data extraction and quality assessment
of studies:

Two reviewers conducted separate searches
on electronic databases. The searched stud-
ies were transferred to the EndNote Reference
Library software version 20.0.1 (Clarivate An-
alytics), and any duplicate studies were re-
viewed and eliminated.
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Incidence/epidemiology/distribution of AA
The correlation between chronological age and
anaplastic astrocytoma (AA) occurrence and
relative survival was examined in the research
by Smoll and Hamilton (2014) [3]. The Surveil-
lance, Epidemiology, and End Results database
was used to identify 3,202 individuals with AA.
These data were examined across different age
groups to find the standardized mortality ratio,
relative survival rate, and incidence rates. De-
lay-entry modeling was employed to represent
temporal patterns. The overall age-adjusted
incidence rate of AA was 3.5 per million per-
son-years. After adjusting for age, the rate ra-
tio was 1.28, with a total of 4.0 per 100,000
person-years for males and 3.1 per 100,000
person-years for females. As people age, they
are more likely to have AA (P,.001). Kids had a
rate of 0.9 per 1,000,000 person-years. Adults
had a rate of 4.7 per 100,000, while older peo-
ple had a rate of 8.4 [3].

Using Join point analysis to examine trends,
Fang et al. (2018) provided rates (95% con-
fidence intervals) for the age-adjusted inci-
dence and incidence-based mortality of WHO
grade III gliomas from 2000 to 2013 [4]. De-
spite a 0.16% rise in overall incidence rates
between 2000 and 2013, there was no sta-
tistical significance. The 95% confidence in-
terval was 0.55-0.87%. On the other hand,
incidence rates increased significantly among
those aged 18 to 39, with an APC of 0.99%
(95% CI: 0.34% 1.63%). The 40-59-year-old
age group and the 60+-year-old age group
both saw non-significant decreases between
2000 and 2013 (APC = 0.30%; 95% CI:1.21%
0.62% and APC = 0.11%, respectively; 95%
CI: 1.57% 1.38%) [4].

Symptoms and Characteristics of AA

Anaplastic astrocytoma symptoms can range
from mild to severe, and they are size and lo-
cation-dependent. Blood pressure rises in the
brain, which manifests most of the symptoms.
Though it often progresses at a snail’s pace,
anaplastic astrocytoma can grow rapidly in
rare cases. The exact symptoms that a brain
tumor produces are correlated with its precise
location. The cerebrum, the big spherical brain
that fills most of the skull, is the most typical
site for anaplastic astrocytomas to grow. How-
ever, they can occur elsewhere in the central
nervous system [1]. Each hemisphere of the
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brain is responsible for a different function. In
the brain, anaplastic astrocytomas can develop
in the occipital, parietal, frontal, and temporal
lobes. Memory loss, changes in personality
and temperament, and hemiplegia (paralysis
on the opposite side of the body) can all be
symptoms of a tumor in the frontal lobe. Sei-
zures, difficulties with memory and coordina-
tion, and trouble speaking are all symptoms of
a tumor in the temporal lobe. Neurologic com-
plaints, either localized or widespread, are
common in AA patients (Grimm and Chambe-
rian, 2016) [5]. A variety of localized symp-
toms, such as weakness, sensory loss, visual
impairment, linguistic dysfunction, gait distur-
bance, and tumor location-specific symptoms,
might manifest. Generalized symptoms can
manifest in various ways, including changes in
personality, seizures, and headaches.

Headaches and nausea are common ear-
ly signs of a tumor, which can be caused by
the tumor’s growth or a buildup of cerebro-
spinal fluid around the brain and spinal cord.
The widespread distribution of glial cells in the
central nervous system allows these tumors
to develop in several locations, each of which
can produce a unique set of symptoms. De-
pending on the tumor’s location, gliomas can
cause various symptoms, including problems
with language function, double or distorted
vision, convulsions, paralysis or numbness in
the limbs, memory loss, and gradual changes
in temperament or conduct. Additionally, sei-
zures and specific neurological deficits are di-
agnostic of high-grade astrocytomas [1, 2, 5].

Histopathology and Molecular features
of AA

It is believed that AA develops from a low-
er-grade tumor precursor since the histolo-
gy of the disease is usually diverse, including
parts of the low- and high-grade tumor. WHO
classifies AA as a grade III anaplastic glioma
with aberrant nuclei, greater cell density, gli-
al markers, and no neuronal markers [1, 5].
On the other hand, glioblastoma is character-
ized by the absence of micro vascularization
and necrosis (Louis et al., 2007) [6]. Though
it can vary greatly within tumors and overlap
with low-grade astrocytoma and glioblastoma
(GBM), the MIB-1 labeling index in anaplas-
tic astrocytoma (AA) usually falls within the
5-10% range [7, 8]. Theeler et al. (2012) dis-
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covered that pathologists frequently struggle
to accurately forecast clinical prognosis [9].

Radiological features of Anaplastic Astro-
cytoma

Grade III tumors are diagnosed using imaging
examinations and tumor biopsies. Unlike ana-
plastic astrocytomas, glioblastoma multiforme
(GBM) tumors show signs of cell death, known
as necrosis, in biopsy samples. These days, no
imaging technique can compare to magnetic
resonance imaging (MRI). Computed tomogra-
phy (CT) scans are also used. To help neurosur-
geons visualize the tumor in contrast to the nor-
mal brain, they inject an agent that generates
image contrast intravenously in both cases [5].

In some cases, an MRI with frameless stereo-
tactic guidance might be useful for neurosur-
geons. To do this study using a high-resolu-
tion contrast MRI, the patient may be asked to
have certain markers—called fiducials—placed
on their scalp. A computer generates a 3D
brain model by analyzing MRI scans. This has
the potential for use in the operating room to
lessen the risk of brain damage during surgery
while simultaneously increasing tumor clear-
ance and decreasing surgical exposure [10].

Diagnosing anaplastic astrocytoma with mag-
netic resonance imaging (MRI) necessitates a
thorough clinical assessment, complete patient
medical background, and several imaging tech-
niques, including computed tomography (CT)
scanning and magnetic resonance imaging. In
addition to guiding potential surgical proce-
dures, these imaging modalities can help deter-
mine the tumor’s size, location, and extent [2].

Surgical Treatment of Anaplastic Astro-
cytoma

The management of high-grade astrocytomas
necessitates a thorough approach. Despite its
importance, surgery is rarely a cure-all. Due
to the microscopic level at which malignant
tumors penetrate healthy brain tissue, com-
plete microscopic excision is extremely un-
usual, and recurrence is almost assured. It is
the goal of the neurosurgeon doing the sur-
gery to remove the astrocytoma in its entirety
[5]. Unfortunately, complete tumor excision
is not always achievable because of the as-
trocytoma’s proximity to fragile brain tissue.
For some, surgery is their only choice. Some
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patients may need further treatments to com-
pletely eradicate cancer cells and reduce the
chances of recurrence [1, 5].

To achieve the maximum possible excision of
gliomas, their clinic has reportedly been using
“information-guided surgery” with intraopera-
tive MRI and updated navigation since 2000.
An improved navigation system and intraop-
erative MRI were utilized to ensure maximal
resection of all lesions, whether they were
T2-weighted high-signal intensity or con-
trast-enhanced T1-weighted [5]. It was stan-
dard practice to use intraoperative monitoring
methods like somatosensory evoked poten-
tials and motor evoked potentials. Intraoper-
atively, in particular, awake speech/language
mapping and direct cortical motor stimulation
were used for patients with eloquent area in-
juries. Chemo and RT were administered after
surgical procedures in every instance.

In a 2006 study, Kramm et al. looked at the ef-
fect of tumor excision on survival rates in chil-
dren and adolescents with cancerous gliomas
[11]. While in a 2020 study, the researcher
found that the amount of tumor removed was
the best predictor of both overall survival (OS)
and event-free survival (EFS) in both single and
Cox regression models. Gross total resection
(GTR) had an OS rate of around 48% and an
EFS rate of around 14% after four years, while
non-total resection had an OS rate of around
13% and an EFS rate of around 2% [12].

Radiotherapy (RT)

Radiation therapy administered after surgery
is standard practice for the treatment of ana-
plastic astrocytomas to eradicate any remaining
cancerous cells. Radiation treatment is a viable
option to surgery in cases when the precise loca-
tion and/or advancement of the malignancy ren-
der surgery unfeasible. Most cells that proliferate
quickly are cancerous; radiation therapy targets
these cells specifically [5]. Some unwanted side
effects may occur if healthy cells (such as bone
marrow and hair follicles) are killed. Radiation
therapy aims to eliminate cancer cells while
minimizing harm to healthy cells by accurately
assessing and delivering doses to the affected
tissue. Radiation treatment hinders or halts the
proliferation of cancer cells by accessing their
DNA with high-energy beams [2]. Postopera-
tive radiation treatment was administered to all
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patients in the Scoccianti et al. (2012) research
[13]. Conventional fractionation was used by
90.5% of patients, whereas 3D-CRT was used
by 86.1% of patients. In 80 cases (27.1%), the
CRT treatment plan relied on registered CT and
MRI. Patients treated with hypo-fractionation (3
Gy for every fraction) had a median dosage of
39 Gy (range, 30-45 Gy), compared to patients
treated with conventional fractionation (1.8-2
Gy for each fraction) whose median dosage was
60 Gy (range, 54-66 Gy). The time it took from
surgery to the beginning of radiation therapy
was an average of 47 days (14-91 days) [13].

Chemotherapy (CT)

Chemotherapy with targeted anticancer med-
ications is another viable treatment option for
anaplastic astrocytoma. Currently, there is
just one authorized chemotherapeutic therapy
available for anaplastic astrocytoma. As of yet,
no agents have obtained the required authori-
zations for use in pediatric patients. Regarding
anaplastic astrocytoma, most chemotherapy
medicines have shown relatively limited effi-
cacy. Scoccianti et al. (2012) found that 166
out of 198 patients (83.8% of those who had
postoperative chemotherapy) received con-
current and sequential TMZ according to the
standard schedule, while 67.1% of the total
sample received TMZ as part of their postop-
erative chemotherapy [13]. Only a tiny fraction
of the population got sequential TMZ (n=14,
10) or only contemporaneous (n=14, 22). The
patient did not get any more chemotherapy
drugs. Both the RT-only group and the RT +
TMZ group had similarly balanced pretreat-
ment characteristics, except for a significant
imbalance in postoperative KPS, 3D-CRT, con-
ventional fractionation, and a total dose of 60
Gy [12]. Anaplastic astrocytoma treatment by
chemotherapy was the subject of retrospective
research by Kim et al. (2012) [14].

They looked at the survival rates of three dif-
ferent groups using different treatment pro-
cedures at one facility. The research included
86 people, 39 of whom were men and 47 of
whom were women, who had just been diag-
nosed with AA after surgery. In the RT Group,
31 patients (36.0%) were exposed just to ra-
diation; in the ACNU-CDDP Group, 30 patients
(34.9%) were administered nimustine-cispla-
tin chemotherapy before RT; in the PCV Group,
25 patients (29.1%) were administered pro-
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carbazine, lomustine, and vincristine chemo-
therapy following irradiation [14].

Radiotherapy and Chemotherapy Com-
bine Therapy

Additional treatment options for anaplastic as-
trocytoma include chemotherapy with specific
anticancer drugs. There is currently just one
approved chemotherapeutic treatment for an-
aplastic astrocytoma. Yet, no agents have re-
ceived the necessary approvals for pediatric
patients. When it comes to anaplastic astrocyto-
ma, the majority of chemotherapeutic medica-
tions have demonstrated only moderate effec-
tiveness. Scoccianti et al. (2012) found that 166
out of 198 patients (83.8% of those who had
postoperative chemotherapy) received concur-
rent and sequential TMZ according to the stan-
dard schedule, while 67.1% of the total sam-
ple received TMZ as part of their postoperative
chemotherapy [13]. Only a tiny fraction of the
population got sequential TMZ (n=14, 10) or
only contemporaneous (n=14, 22). The patient
did not get any more chemotherapy drugs. Both
the RT-only group and the RT + TMZ group had
similarly balanced pretreatment characteristics,
except for a significant imbalance in postoper-
ative KPS, 3D-CRT, conventional fractionation,
and a total dose of 60 Gy. Anaplastic astrocyto-
ma treatment by chemotherapy was the subject
of retrospective research by Kim et al. (2012)
[14]. They looked at the survival rates of three
different groups using different treatment pro-
cedures at one facility [13, 14].

Complication and Recurrence

Holm et al. (2017) researched anaplastic glio-
mas to identify recurrence patterns following
maximum surgical resection and postoperative
radiation [15]. Of the patients, 31 (42.4%)
had illness progression or recurrence. This oc-
curred at different time intervals, ranging from
3 to 143 months following their initial diag-
nosis, with a median time of 19 months. Out
of 31 instances of failure, 27, which accounts
for 87.1% of the total, occurred during a span
of 60 months following the therapy [15]. The
extent of Resection (EOR) affected patterns of
recurrence. According to Fisher’s exact test,
the amount of resection and recurrence pat-
terns were found to be significantly different
(p 0.05). There were no infield CTV/margin-
al failures among the Sub-total Resection
(STR) and Partial Resection (PR) - Biopsy (Bx)
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groups, and the vast majority of recurrences
(14/18, 77.8%) were infield GTV failures. Six
recurrences, or 46.2% of the total, occurred in
the Gross Total Resection (GTR) group due to
CTV/marginal failures. There are three types
of radiation treatment adverse effects: acute,
early-delayed, and late. Headache, nausea,
drowsiness, fever, and perhaps worsening of
neurological symptoms may arise within two
weeks after starting radiation therapy (RT).
One of the early-delayed effects, which typi-
cally manifests between two weeks and three
to four months after radiation treatment ends,
is the “somnolence syndrome,” a combination
of hypersomnia, lethargy, and irritability [16].
The most prevalent long-term consequences of
brain irradiation include radionecrosis, cogni-
tive impairment, and leukoencephalopathy. An
investigation of cognitive problems in survivors
of low-grade glioma who did not experience
progression was unable to confirm a previously
postulated association between radiation and
cognitive impairments. The research of Grimm
and Thomas (2013) uncovered hypothalam-
ic-originating radiation-induced endocrine dis-
ruption that occurs gradually [5].

Overall Survival

The age-standardized rates for RS after 5 and
10 years were 23.6% and 15.1%, respective-
ly, according to research by Smoll and Hamil-
ton (2014) [3]. It was nevertheless clear that
the elderly did much worse at the beginning
and end of the study compared to the younger
participants, even after accounting for overall
mortality rates. At age 10, the RS rate was 36%
among the youth and just 3.5% among the el-
derly. There is no statistically significant dif-
ference between the total and relative survival
rates, as shown in Figure 3. The median sur-
vival duration in the study conducted by Scoc-
cianti et al. (2012) was 20.6 months, and 210
out of 295 individuals passed away during the
research [13]. In the first year, actuarial sur-
vival was 70.2%; in the fourth year, it dropped
to 28.6%. The study conducted by Holm et al.
(2017) reported a median follow-up duration
of 55 months (ranging from 8 to 180 months)
for all patients [15]. The median follow-up du-
ration among the survivors was 84 months (30
to 180 months). The overall survival rates were
56.6% after five years and 60.4% after ten
years, while the progression-free survival rates
were 60.4% and 60.4%, respectively [15].
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