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Case report: tumor-treating fields prolongs IDH-mutant anaplastic 
astrocytoma progression-free survival and pathological evolution 
to glioblastoma
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Abstract: Gliomas are one of the most common tumors of the central nervous system, which cause 
significant morbidity and mortality. Glioblastoma (GBM) is an aggressive and debilitating disease, which is 
the most common primary brain tumor in adults. Despite optimal surgical resection followed by radiotherapy 
and adjuvant chemotherapy, prognosis of patients with GBM remain poor. Tumor-treating fields (TTFields), 
as a novel treatment approach, is being explored through increased clinical application. Herein, we report the 
case of a 46-year-old man who was diagnosed as anaplastic astrocytoma [World Health Organization (WHO) 
Ⅲ grade], IDH1 R132 mutation, IDH2 R172 mutation, and a methylated MGMT promoter, without 1p36 
and 19q13 heterozygosity loss. About 2.5 months after surgery, the patient presented with seizures, aphasia, 
and memory loss. Following the first-line treatment, TTFields was shown to be a valuable treatment option 
to control clinical symptom burden. The use of TTFields was shown to prolong progression-free survival 
and delay the pathological upgradation to glioblastoma.  Notably, combined TTFields and chemotherapy 
might be beneficial in terms of risk reduction for pathological upgradation. To the our current knowledge, 
this is the first case report that attempts to offer possible strategies based on TTFields toward delaying 
pathological upgradation from anaplastic astrocytoma (WHO Ⅲ grade) to glioblastoma.
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Introduction

Gliomas are one of the most common tumors of the central 
nervous system, which cause significant morbidity and 
mortality (1). Mutations in the isocitrate dehydrogenase 
(IDH) 1 or 2 genes are frequently detected in lower [World 
Health Organization (WHO) II/III] grade tumors but are 
typically absent in classical glioblastoma. The IDH gene 
has also been identified as a metabolic driver enzyme in 

the development of several tumor types (1,2). Mutations of 
IDH lead to loss of catalyzing interconversion of isocitrate 
to α-ketoglutarate (α-KG), alter the cellular epigenetic 
profile, inhibit differentiation, and initiate tumorigenesis (3).  
Mutation of IDH1 is detected in 70–90% of low-grade 
gliomas and upgraded glioblastomas (4). Notably, the 
diagnostic importance of IDH mutational status was 
recently recognized in an update of recommended grading 
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criteria and terminologies for IDH-mutant astrocytomas 
(5,6). Astrocytomas with an IDH-mutation that exhibit 
microvascular proliferation or necrosis or cyclin-dependent 
kinase inhibitor (CDKN) 2A/B homozygous deletion, or 
any combination of these features, have been formerly 
considered as “glioblastoma, IDH-mutant, WHO grade 
IV” (7). Herein, we have reported a case of an IDH-mutant 
anaplastic astrocytoma upgraded to glioblastoma, in which 
the use of tumor-treating fields (TTFields) prolonged 
progression-free survival. We have also discussed in detail 
what is known to date about the CDKN2A/B homozygous 
deletion and TTFields, and how TTFields have been 
synergistically used with other treatments. We present the 
following article in accordance with the CARE reporting 
checklist (available at https://dx.doi.org/10.21037/atm-21-
4760).

Case presentation

A 46-year-old previously healthy man presented with 
progressive memory loss for 6 months. The patient had no 

significant prior history or familial history of cancer. He 
experienced facial and limb convulsions, and a 10-minute 
episode of unconsciousness 1 month ago, which he was 
unable to recall after awaking. 

On further inquiry, he denied nausea, vomiting, or 
headaches, visual or speech disturbances, limb paresthesia, 
or weakness. His past medical history was a trauma to 
the left abdomen and right thigh 10 years ago, for which 
he had undergone surgical treatment. The patient had a 
history of hypertension for 1 year, and his blood pressure 
had reached up to 150/100 mmHg. His blood pressure had 
been controlled at 130/80 mmHg by oral administration 
of felodipine sustained-release tablets 5 mg once a day. 
Neurologic examination revealed normal strength, grade 5 
power of his extremities, with normal reflexes. The patient’s 
Karnofsky Performance Score (KPS) was 100. 

The patient underwent brain magnetic resonance 
imaging (MRI) with and without contrast, which showed 
intracranial space-occupying lesions, and enhanced signals 
in the left frontal lobe, junction area of left frontal lobe, 
temporal lobe, and parietal lobe (Figure 1). He underwent 
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Figure 1 Preoperative MRI showing (A) a slightly higher signal in T2 sequence, (B) high signal in FLAIR sequence, (C,D) enhanced signal. 
MRI, magnetic resonance imaging; FLAIR, fluid-attenuated inversion recovery.
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left frontotemporal craniotomy plus artificial dural repair, 
and postoperative MRI examination showed no residual 
tumor (Figure 2). The pathology result reported anaplastic 
astrocytoma (WHO Ⅲ grade), IDH1 R132 mutation, 
IDH2 R172 mutation, and a methylated MGMT promoter, 
without 1p36 and 19q13 heterozygosity loss. The patient 
underwent standard treatment, consisting of radiotherapy of 
a total dose of 54 Gy in 30 divided fractions, with concurrent 
daily temozolomide (TMZ; 75 mg/m2 of body surface 
area), followed by 3 cycles of adjuvant TMZ (150 mg/m2)  
for 5 days every 28 days. About 2.5 months after the 
operation, the patient presented with seizures, aphasia, 
and memory loss. An MRI examination showed no sign of 
tumor recurrence (Figure 3). The patient’s chemotherapy 
regimen was changed to cisplatin (80 mg/m2) combined 
with TMZ (150 mg/m2). His speech function improved 
after using bevacizumab targeted therapy treatment. 

About 4.5 months after the operation, the patient 
started TTFields (Figure 4). Thus, the patient received 
chemotherapy and targeted therapy treatment for 3 cycles, 

the regimen was cisplatin (30 mg/m2), TMZ (150 mg/m2),  
and bevacizumab (5 mg/kg). Brain MRI scan showed 
abnormal signals in the left caudate nucleus and left 
ventricle, suggesting tumor recurrence (Figure 5). The 
patient experienced more frequent seizures than before, 
and his speech was slurred after the seizure. To confirm 
whether the tumor had recurred, the patient underwent 
stereotactic biopsy about 10 months after the operation. 
The pathological results showed glioblastoma. Molecular 
test results confirmed MGMT promoter methylation, IDH 
wild type, EGFR amplification, with PTEN and CDKN2A/
B homozygous deletion.

All procedures performed in this study involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee(s) 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal.
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Figure 2 Postoperative MRI showing (A,B) a mixed slightly higher T1T2 signal, (C) a high FLAIR signal, (D) enhanced signal after 
contrast. MRI, magnetic resonance imaging; FLAIR, fluid-attenuated inversion recovery.
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Discussion

Gliomas are common intrinsic brain tumors, which are 
classified into different subtypes by the WHO grades (8). 
Numerous studies have attempted to identify molecular 
biomarkers and prognostic indicators in gliomas and stratify 
these tumors into different grades. Genetic and epigenetic 
features facilitate a relatively complete grading system and 
underlying complex biological effect that results in different 
clinical outcomes. One of the most significant of these 
driving molecular changes has been the IDH-wild type and 

IDH-mutant of adult anaplastic astrocytoma. Assessment 
of the glioma for IDH mutations was recommended as 
a required molecular testing for “integrated diagnosis” 
in the 2016 revised WHO classification of tumors of the 
central nervous system. In addition to histologic grade, the 
clinical outcome needs to be described within these IDH 
categories (9). Current diagnostic, prognostic, and predictive 
considerations also depend on IDH status (10). With the 
recent publication of the cIMPACT-NOW update 5, new 
molecular features are now included in the diagnostic and 
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Figure 3 Post-radiation MRI showing (A) a mixed high T2WI signal, (B) a high signal FLAIR, (C,D) a piece of small ring-shaped 
enhancement. MRI, magnetic resonance imaging; FLAIR, fluid-attenuated inversion recovery.

Figure 4 Placement of the tumor-treating fields electrodes. 
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grading system (7). The update highlighted the homozygous 
deletion of the cyclin-dependent kinase inhibitor 2A/B 
(CDKN2A/B) gene as a new clinical molecular indicator 
in IDH-mutant glioma (11,12). Clinical data showed that 
these tumors behave similarly to glioblastoma (GBM). 
Therefore, the proper classification of IDH-mutant glioma 
is increasingly dependent on molecular genetic tests for 
neuropathological evaluation. 

The TTFields have emerged as an additional treatment 
option by delivering low-intensity (1–3 V/cm), intermediate-
frequency (100–500 kHz), alternating electric fields to 
inhibit tumor cell growth (13,14). A randomized clinical 
trial analysis of 315 patients with GBM, who had completed 
standard chemoradiation therapy, showed that adding 
TTFields to maintenance TMZ chemotherapy significantly 
prolonged the progression-free survival (PFS) and overall 
survival (OS) (15). Thus, TTFields was approved by the 
Food and Drug Administration (FDA) in adjuvant treatment 
of GBM, based on the positive phase 3 EF-11 (recurrent 
GBM, rGBM) results and EF-14 (newly diagnosed GBM, 
ndGBM) trials. Notably, TTFields is classified as a category 

1 recommendation in the National Comprehensive Cancer 
Network® guidelines for ndGBM and is recognized as 
a treatment advancement in clinical cancer care by the 
American Society of Clinical Oncology (16). China’s Glioma 
Treatment Guidelines [2018] also recommend TTFields 
for patients with GBM based on level 1 evidence. However, 
experience of applying TTFields in IDH-mutant anaplastic 
astrocytoma is very limited (17).

Currently, the standard treatment for anaplastic 
astrocytoma is based on surgical resection, followed 
by adjuvant radiotherapy (RT) plus concomitant and 
maintenance TMZ chemotherapy. Despite the multi-
disciplinary team (MDT), PFS and OS of IDH-mutant 
anaplastic astrocytoma were unfavorable because anaplastic 
astrocytoma almost always upgrades to GBM. A study showed 
that PFS for GBM was 4.0 months in the TMZ-alone 
group and 6.7 months in the TTFields-TMZ group (18).  
Bevacizumab prolongs PFS in ndGBM and rGBM, but was 
no available evidence supporting IDH-mutant anaplastic 
astrocytoma with homozygous deletion of the CDKN2A/
B. However, the present case indicated that TTFields in 
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Figure 5 Pre-biopsy MRI showing (A,B) a higher T2 signal, (C) a high signal FLAIR, (D) uneven enhancement and blurred edges. MRI, 
magnetic resonance imaging; FLAIR, fluid-attenuated inversion recovery.
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combination with maintenance temozolomide treatment can 
benefit patients with ndGBM who were previously tested 
as IDH-mutant anaplastic astrocytoma with homozygous 
deletion of the CDKN2A/B. In addition to the first-line 
treatment, TTFields prolonged PFS to nearly 10 months 
and delayed the pathological upgradation to GBM. The 
patient has expressed a desire to maintain the efficacy of 
TTFields, and hopes for favorable long-term results. The 
TTFields is considered a valuable treatment option to 
control clinical symptom burden. Additionally, there has 
been reported that the combination of TTFields with proton 
radiotherapy in treatment of primary GBM, and observed   
complete radiological response after subtotal resection (STR), 
chemoradiation, and TTFields. The results also suggested 
that adjuvant TTFields therapy can structurally affect the 
residual tumors after subtotal resection (19). The most 
common TTFields-related adverse event was array-associated 
skin irritation (13-16). In the present case, no adverse 
reactions were clinically identified. Given the generally poor 
outcome of IDH-mutant anaplastic astrocytoma patients 
with homozygous deletion of the CDKN2A/B, TTFields is 
increasingly being explored as a novel treatment approach in 
clinical trials. Overall, ongoing and future trials will evaluate 
TTFields in other types of glioma and solid tumor brain 
metastases and explore the potential benefit for patients.
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