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Abstract 

We present three cases of O6-Methylguanine-DNA Methyl-
transferase (MGMT) methylated high grade gliomas with distant 
recurrence. All three patients had a radiographic stability of orig-
inal tumor site at time of distant recurrence indicating impres-
sive local control with Stupp protocol in patients with a MGMT 
methylated tumors. All patients had a poor outcome after distant 
recurrence. For one patient Next Generation Sequencing (NGS) 
was available for both original and recurrent tumor and did not 
reveal any difference other than high tumor mutational burden 
in the distant recurrent tumor. Understanding risk factors of 
distant recurrence in MGMT methylated tumors and investigat-
ing correlations between recurrences will help plan therapeutic 
strategies to prevent distant recurrence and improve survival of 
these patients. 

Keywords: Distant recurrence; High grade glioma; MGMT 
methylated

Highlights

• Patients with positive MGMT promoter methylation status may have a higher rate of distant recurrence and survival is 
significantly shorter post-recurrence in patients with distal recurrence. 

• The original tumor site was stable when distant recurrence occurred, indicating good local control with Stupp protocol in 
MGMT methylated tumors.

• The original tumor and distant tumor may harbor many of the same truncal mutations. 

• However, the distant tumor may accumulate additional mutations which could be contributing factors to its spread.
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Introduction 

MGMT methylated high grade gliomas have better response 
to treatment and better survival as compared to MGMT un-
methylated gliomas [1]. Distant recurrence is more common in 
MGMT methylated tumors [2]. We present a series of three cas-
es of MGMT methylated gliomas with distant recurrence who 
had poor outcomes despite the MGMT methylated status. All 
these patients had stable original tumor site when distant re-
currence occurred. This observation indicates good local control 
in MGMT methylated high grade glioma with current standard 
treatment. However, standard treatment fails to prevent distant 
recurrence and therapeutic strategies to prevent distant recur-
rence are warranted in selected MGMT methylated patients. 

Cases

Patient 1 

A sixty-five years old female was diagnosed with glioblas-
toma World Health Organization (WHO) grade 4, Isocitrate 
Dehydrogenase Enzyme (IDH) wild type (WT), MGMT methyl-
ated. She underwent complete resection of the left frontal tu-
mor followed by treatment with Stupp protocol (concomitant 
temozolomide + radiation sixty gray x thirty fractions followed 
by six cycles of maintenance temozolomide. Postoperative isch-
emic volume was <1ml. Surveillance imaging one-year after ini-
tial surgery (four months post completion of Stupp protocol) 
revealed stable postoperative surgical cavity with development 
of a new remote rim-enhancing left temporal mass (Figure 1). 
She underwent re-resection with pathology revealing glioblas-
toma, IDH-WT, MGMT methylated with increased tumor muta-
tional burden when compared with initial pathology. She was 
initiated on concurrent temozolomide and radiation for the 
recurrent tumor. However, her clinical course was complicated 
by perforated diverticulitis requiring hospitalization. She had 
significant deterioration in her functional status and the family 
opted to transition to hospice care (two months after second 
craniotomy).

This patient had distant recurrence four months after com-
pletion of Stupp protocol. The molecular profile (next gen-
eration sequencing by OncoPlus panel) of original and distant 
tumor was similar with exception of high tumor mutational 
burden in the recurrent tumor (Table 1). The original tumor site 
was stable when distant recurrence occurred indicating good 
local control with Stupp protocol.

Patient 2

 A fifty-seven years old male with diagnosis of glioblastoma 
WHO grade 4, IDH WT, MGMT methylated. He underwent com-
plete resection of right frontal tumor followed by treatment 
with Stupp protocol (concomitant temozolomide + radiation 
sixty gray x thirty fractions followed by six cycles of maintenance 
temozolomide. Postoperative ischemic volume was 18ml.

After completion of four cycles of temozolomide he had in-
creased enhancement around the resection cavity. Resection of 
enhancing lesion revealed radiation necrosis. He then received 
six cycles of bevacizumab for radiation necrosis. Surveillance 
imaging sixteen months after initial surgery (five months post 
completion of Stupp protocol) revealed a stable postoperative 
surgical field but with development of a new remote rim-en-
hancing tumor in the posterior fossa (Figure 2). 

This patient had distant recurrence five months after com-
pletion of Stupp protocol. The original tumor site was stable 
when distant recurrence occurred indicating good local control 
with Stupp protocol. The patient elected to be transitioned to 
hospice due clinical decline.

Patient 3 

A thirty-one years old male patient diagnosed with IDH mu-
tant, WHO grade 4, MGMT methylated astrocytoma. He under-
went craniotomy with complete resection of left frontal tumor 
followed by treatment with Stupp protocol (concomitant temo-
zolomide + radiation sixty grays x thirty fractions followed by six 
cycles of maintenance temozolomide. Postoperative ischemic 
volume was 2ml.

Surveillance imaging 21 months after initial surgery (approxi-
mately 10 months post completion of Stupp protocol) revealed 
stable postoperative surgical field and development of a new 
remote rim-enhancing tumor in the cerebellar vermis (Figure 
3). A suboccipital craniectomy was performed with resection of 

Figure 1: Axial view of magnetic resonance imaging of the brain 
with contrast. A: original tumor, ring enhancing lesion in left frontal 
lobe with surrounding edema and midline shift. B: distant new ring 
enhancing lesion in left temporal region.

Case 1: Comparison of molecular profile of original tumor and recurrent 
tumor

Molecular profile Original tumor Distant recurrent tumor 

IDH1/2 variants Negative Negative 

EGFR amplification Positive Positive

TERT promoter variant Positive Positive

CDKN2A loss Positive Positive

Tumor Mutation 
burden 

1.7 mutations/mega-
base

106.0 mutations/megabase

MGMT methylation Positive Positive

Abbreviations: IDH: Isocitrate Dehydrogenase Enzyme; MGMT: O6-Methylgua-
nine-DNA Methyltransferase; EGFR: Epidermal Growth Factor Receptor; TERT: 
Telomerase Reverse Transcriptase; CDK: Cyclin-Dependent Kinase Inhibitor. 

Table 1: 

Figure 2: Axial view of magnetic resonance imaging of the brain 
with contrast. A: Original tumor, ring enhancing lesion in right fron-
tal lobe with surrounding edema and midline shift. B: Complete re-
section of right frontal tumor. C: Stable original right frontal tumor 
at the time of distant recurrence. D: Distant new enhancing lesion 
in left cerebellar tonsil and vermis.
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vermian tumor and placement of ventriculoperitoneal shunt. 
He then received palliative radiation (twenty-five gray x five 
fractions). He had a significant decline in functional status and 
was transitioned to palliative care. This patient had distant re-
currence ten months after completion of Stupp protocol. The 
original tumor site was stable when distant recurrence occurred 
indicating good local control with Stupp protocol.

Review of Literature 

Recurrence pattern in glioblastoma is classified into two sim-
ple groups; local recurrence and non-local/distant recurrence 
based on distance from original resection cavity and radiation 
field [2,3]. Local recurrence is more common and occurs early in 
the course of the disease [4-6]. Distant recurrence is less com-
mon and develops after a longer time interval as compared to 
local recurrence [7]. 

Distant recurrence is related to various factors including pres-
ence of MGMT promoter methylation Complete Resection of 
Enhancing Tumor (CRET), preoperative tumor volume (>50cc), 
post-surgical ischemia and tumor involvement of the Subven-
tricular Zone (SVZ) [1,37-11]. Postoperative ischemic volume 
and hypoxia might introduce an infiltrative tumor growth with 
diffuse and more distant tumor recurrence patterns [11,12].

Patients with positive MGMT promoter methylation status 
have higher rate of distant recurrence which is likely due to bet-
ter local control in these patients with temozolomide which may 
be a radiation sensitizer [2]. Temozolomide has systemic activity 
as well as higher response rates in MGMT methylated patients 
[1]. However, distant recurrence rate is higher in MGMT meth-
ylated patients. In our patient series of MGMT methylated high 
grade gliomas with distant recurrence, the original tumor site 
was stable at the time of distant recurrence indicating good lo-
cal control with Stupp protocol. Survival is significantly shorter 
post-recurrence in patients with distal recurrence [3,12]. Similar 
trend of poor survival was seen in all three of our patients had 
poor outcomes after distant recurrence. Patients with positive 
MGMT methylation have significantly better survival. However, 
a minority of these patients develop distant recurrence which 
leads to poor prognosis despite the positive MGMT methylation 
status. The role of expanded field radiation in selected MGMT 
methylated patients to prevent distant recurrence should be ex-
plored in clinical trials. 

Additionally, one would wonder if the genetic make-up of 
the distant tumor is different from the original tumor. Next gen-
eration sequencing for patient 1 revealed a both tumor samples 
were high tumor mutational burden in recurrent tumor which 
is likely temozolomide induced (Table 1). Both tumors were 
MGMT methylated. Understanding risk factors leading to dis-
tant recurrence and investigating correlations between recur-
rences will help plan therapeutic strategies to prevent distant 

Figure 3: Axial view of magnetic resonance imaging of the brain 
with contrast. A: Original tumor, ring enhancing lesion in left frontal 
lobe with surrounding edema and midline shift. B: Complete re-
section of left frontal tumor. C: Stable original left frontal tumor at 
the time of distant recurrence. D: Distant new enhancing lesion in 
cerebellar vermis extending to the brain stem.

failure and improve survival in high grade glioma patients.  
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