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Abstract Pseudoprogression (psPD) is a radiation-induced
toxicity that has substantial neurological consequence in
glioblastoma (GBM) patients. MGMT promoter methylation
has been shown to be an important prognostic factor of psPD,
but the significance of extent of resection (EOR) remains
unclear. We performed a retrospective analysis on newly
diagnosed GBM patients with assessable MGMT promoter
status who underwent the Stupp protocol. EOR was grouped
into gross total resection (GTR), subtotal resection (STR),
partial resection (PR) and stereotactic biopsy. Contrast
enhancing lesion enlargement was classified as psPD or non-
psPD. Among a total of 101 patients, GTR, STR, PR and
stereotactic biopsy was performed in 57 (56.4 %), 34 (33.7 %),
9 (8.9 %) and 1 patient (1 %), respectively. Follow-up imaging
at the end of Stupp protocol classified 45 patients (44.6 %) as
psPD and 56 (55.4 %) as non-psPD. psPD was observed in 24
(61.5 %) of 39 patients with methylated MGMT promoter and
21 (33.9 %) of 62 patients with unmethylated MGMT pro-
moter (p < 0.01). psPD was documented in 17 (29.8 %), 19
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(55.9 %), 8 (88.9 %) and 1 (100 %) patient with GTR, STR,
PR and stereotactic biopsy (p < 0.01), respectively. On mul-
tivariate analysis MGMT promoter status (OR 3.36, 95 % CI
1.36-8.34) and EOR (OR 4.12, 95 % CI 1.71-991) were
independent predictors of psPD. A Cox proportional hazards
model showed that MGMT status (HR 2.51, p < 0.01) and
EOR (HR 2.99, p < 0.01) significantly influenced survival.
MGMT status and EOR have a significant impact on psPD.
GTR can reduce the side effects of psPD and prolong survival.

Keywords Extent of resection - Glioblastoma -
MGMT promoter status - Pseudoprogression

Introduction

Glioblastoma is the most common primary malignant brain
tumor in adults and has a dismal prognosis [1, 2]. Median
survival is only 14.6 months even with the standard care
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of, so-called Stupp protocol [3]. The occurrence of pseu-
doprogression (psPD), radiation-induced toxicity that has
substantial neurological consequences, has been increas-
ingly recognized since the European and Canadian ran-
domized trial was published in 2005 [4-8]. Although psPD
has been reported to be a favorable factor for survival it can
have detrimental clinical consequence, increase the use of
corticosteroids and downgrade the quality of life for
glioblastoma patients. In addition, the difficulty in distin-
guishing psPD from a true progression can be misleading,
and even fatal. psPD has been recognized as a manifesta-
tion of radiation therapy, but there are only a few publi-
cations on its actual incidence within a large series of
glioblastoma patients undergoing the Stupp protocol. This
can be attributed to the large number of factors that can
create biases in the radiologic diagnosis of psPD. More-
over, despite technological advances in neuroimaging there
is no imaging modality that can clearly differentiate psPD
from a true progression. Known risk factors of psPD
include total radiation dose, fraction size, addition of
stereotactic radiosurgery (SRS) or chemotherapy to radio-
therapy, and 0°-methylguanine-DNA methyltransferase
(MGMT) promoter methylation status, but the significance
of extent of resection (EOR) remains unclear [6, 9—-13].
The purpose of this study was to investigate the incidence
and the prognostic importance of EOR for psPD in newly
diagnosed glioblastoma patients with assessable MGMT
promoter methylation status who were treated with the
Stupp protocol.

Materials and methods
Eligibility criteria

From July 2006 to November 2013, a total of 258 patients
underwent surgery for newly diagnosed glioblastoma at
Yonsei University Health System in Seoul, Republic of
Korea. The data of 204 patients with assessable MGMT
promoter methylation status were analyzed retrospectively
after obtaining informed consent from every patient. The
study was approved by the institutional review board and
conducted in accordance with the ethical guidelines of the
Declaration of Helsinki. In total, 175 patients underwent
radiotherapy plus continuous daily temozolomide (TMZ)
followed by 6 cycles of maintenance TMZ on an outpatient
basis. Patients who only underwent surgery (n = 7), sur-
gery followed by radiotherapy (n = 5), surgery followed
by radiotherapy and chemotherapy (n = 3), and surgery
followed by concurrent chemoradiotherapy only (n = 14)
were excluded from the study. Of these, 101 patients were
enrolled in the study excluding those who received total
radiation dose exceeding 66 Gy (n = 31), fraction size

@ Springer

exceeding 2.5 Gy (n = 5), and addition of SRS (n = 16)
or immunotherapy (n = 22).

Patient evaluation

Patients’ neurologic status and blood tests for hematologic,
renal, and liver panels were checked before the beginning
of each chemotherapy cycle. Follow-up magnetic reso-
nance imaging (MRI) was performed 4 weeks after the end
of concurrent chemoradiotherapy, 23 days after the end of
the 3rd and 6th TMZ cycles, every 6 months for the first
2 years after the end of Stupp protocol, and annually
thereafter. DNA isolated from paraffin-embedded samples
was used to determine MGMT promoter status by methy-
lation-specific polymerase chain reaction (MSP) as previ-
ously described with some modifications [14-16]. Low-
quality DNA yielding uncertain results on PCR results
were discarded. Unmethylated control DNA and methy-
lated control DNA with bisulfite treatment (Qiagen, Ger-
many) were used as negative and positive controls,
respectively. After the DNA was annealed at a temperature
of 59 °C, PCR products were separated on 8 % polyacry-
lamide gels, stained with ethidium bromide and examined
under ultraviolet illumination by a pathologist who was
blinded to clinical information. MGMT promoter status was
determined based on the molecular size of the PCR product
compared to negative and positive controls [14—-16].

Treatment (surgery, radiotherapy
and chemotherapy)

Surgery was performed under neuro-navigation guidance
(iNtellect Cranial Navigation®, Stryker, MI, USA) with
diffuse tensor imaging (DTI) tractography (Stealthviz'™,
Medtronic, MN, USA) and 5-aminolevulinic acid (5-ALA)
fluorescence. Patients took a standard preoperative oral
dose of 1500 mg 5-ALA (Gliolan®, Medac, Germany)
mixed with 50 mL of sterile water, 4 h prior to surgery. A
blue-filter modified microscope (OPMI Pentero®, Carl
Zeiss AG, Germany) was used for fluorescence guidance.
Extent of resection (EOR) was classified by comparing
contrast enhancing lesion between preoperative and post-
operative gadolinium enhanced T1-weighted MRI per-
formed within 48 h after surgery. AIl images were
reviewed retrospectively by a single, experienced neuro-
radiologist who was blinded to clinical information, taking
into account postoperative blood products that appear
hyperintense on non-contrast T1-weighted images. Patients
were classified into four groups based on EOR: gross total
resection (GTR), defined as more than 95 % resection;
subtotal resection (STR), 90-95 % resection; partial
resection (PR), less than 90 % resection; and stereotactic
biopsy if the objective was histologic confirmation with no
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intention of cytoreduction. GTR included lobectomies,
sparing eloquent areas in cases of non-dominant frontal or
temporal lobe lesions. In cases of dominant hemisphere
lesions, maximal lesionectomy with 5-ALA fluorescence
was performed leaving eloquent areas with minimal
5-ALA staining. Areas of eloquence were defined accord-
ing to the University of California, San Francisco (UCSF)
classification and were as follows: sensorimotor areas
(precentral and postcentral gyri), basal ganglia, internal
capsule, thalamus, visual cortex around the calcarine sulcus
and perisylvian language areas in the dominant hemisphere
(superior temporal, inferior frontal, inferior parietal gyri)
[17]. Tumor size was measured as the largest diameter of a
contrast enhancing lesion on gadolinium enhanced T1-
weighted MRIL

During the concomitant chemoradiotherapy phase, TMZ
chemotherapy (75 mg/m?) was administered daily before
each radiotherapy session. Radiotherapy began within
3 weeks after surgery in most of the patients. All patients
received three-dimensional conformal radiotherapy (3D-
CRT) or intensity-modulated radiotherapy (IMRT) with
tomotherapy after computed tomography (CT) simulation.
Gross tumor volume (GTV) was defined as the contrast
enhancing residual tumor and operative cavity plus a
0.5-1 cm margin. Clinical target volume (CTV) was
defined as the GTV plus peritumoral edema with a 1-2 cm
margin. A smaller CTV (GTV plus a 1.5-2 cm margin,
excluding the entire peritumoral edema) was applied for
some patients (25/101, 24.8 %) in the earlier years of this
study. CTV— GTV represented peritumoral edema with a
1-2 cm margin. Median GTV, CTV, and CTV-GTV were
115.0 cm® (range, 10.6-307.2 cm3), 366.6 cm’ (range,
87.6-732.6 cm®), and 248.9 cm® (range, 45.1-588.5 cm®),
respectively. High and low GTV, CTV, and CTV-GTV
were divided by their median values. Median doses of
60 Gy (range, 42-66 Gy) and 46 Gy (range, 24-54 Gy)
were prescribed for the GTV and CTV, respectively. The
most commonly used dose-fractionation schedule was
60 Gy with 2 Gy per fraction. Median duration of radio-
therapy was 43 days (range, 30-74 days).

Maintenance TMZ chemotherapy (150 mg/m*/day for
the first cycle and then 200 mg/m?/day for 5 days, every
28 days) was suspended after 6 cycles only if follow-up
MRI showed no radiologic abnormalities according to the
Response Assessment in Neuro-Oncology (RANO) criteria
and the case was considered to be non-progressive disease
(non-PD) [18]. A median 6 cycles (range, 1-24) of TMZ
were administered. Chemotherapy was stopped at any time
during the Stupp protocol under the following conditions:
Karnofsky performance status (KPS) <50, absolute neu-
trophil count (ANC) <500/mm3, platelet count <10,000/
mm?, or Common Terminology Criteria for Adverse Event

(CTCAE) grade 3 or above (version 4.0, National Cancer
Institute, published June 14, 2010).

Diagnosis of pseudoprogression

T2-weighted and gadolinium enhanced T1-weighted axial,
coronal, sagittal images were acquired using 1.5-T (Intera,
Philips Medical Systems, Best, Netherlands or Signa,
General Electric Healthcare, Milwaukee, WI, USA) or 3.0-
T (Achieva, Philips Medical Systems, Best, Netherlands)
MRI systems. New enhancing lesions on gadolinium-en-
hanced T1-weighted MRI that appeared within the radia-
tion field and regressed upon observation alone or with
corticosteroids on serial MRI follow-ups were regarded as
pseudoprogression (psPD) [18]. Lesions outside or within
the radiation field that failed to disappear and continued to
increase were considered progressive disease (PD) with
consequent discontinuation of chemotherapy. PD and non-
PD patients were defined as non-psPD patients. Diagnostic
modalities other than conventional MRI such as magnetic
resonance perfusion imaging (MRP), magnetic resonance
spectroscopy (MRS), fluoro-deoxy glucose positron emis-
sion tomography (FDG-PET) and surgical tissue confir-
mation were used for equivocal diagnosis between psPD
and PD.

MRP was performed to calculate the relative cerebral
blood volume (rCBV) of the lesion of interest. Decreased
rCBV indicated psPD resulting from ischemic changes
caused by occlusive vasculopathy [19]. Multi voxel proton
MRS was performed to compare the MR spectra of the
lesion of interest and the adjacent normal brain tissue.
Changes in choline (Cho)/creatinine (Cr) and N-acetylas-
partate (NAA)/Cr ratios were also evaluated. Normal val-
ues for Cho/Cr and NAA/Cr were obtained from the
normal appearing white matter on the contralateral hemi-
sphere. Increased lactate/Cr and decreased Cho/Cr sug-
gested psPD, which has previously been shown to
dramatically increase lactate, and reduce NAA and Cr
levels [20]. Patients undergoing '*F-FDG-PET were eval-
uated for metabolic activity using the radiotracer. No
metabolic activity or radiotracer uptake implied psPD
because of the low glucose metabolism in psPD [21].

psPD was diagnosed with conventional MRI (n = 16),
surgery (n =4), and by MRI combined with MRS
(n = 11), MRP (n = 11), and FDG-PET (n = 3).

Statistical analysis
The interval to the development of psPD was defined as the
time from completion of concomitant chemoradiotherapy to

the time of diagnosis of psPD. Clinicopathologic factors
affecting the incidence of psPD were evaluated using the two
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sample Student ¢ test for continuous variables and the Fis-
cher’s exact test for categorical variables. Multivariate
analysis was performed using binary logistic regression
analysis to determine predictors of psPD that had signifi-
cance on univariate analysis. Results were presented as odds
ratio (OR) with 95 % confidence interval (CI). Overall sur-
vival (OS) was measured from the day of surgery to the day
of death or last outpatient visit. The Kaplan—Meier method
was used to estimate OS. Univariate predictors of survival
were assessed by the log-rank comparison method. Multi-
variate analysis was performed using the Cox proportional
hazards model with factors that had significance on uni-
variate analysis. Results were presented as hazards ratio
(HR) with a95 % CI. All statistical analyses were performed
with SPSS software version 18.0 for Windows (SAS Insti-
tute, Inc., Chicago, IL, USA). Two-tailed p values of <0.05
were considered statistically significant.

Results
Patient characteristics

The study included 58 female (57.4 %) and 43 male patients
with a median age of 57 years (range, 22-78 years) and a
median KPS of 70 (range, 40-90). The median tumor size was
4.7 cm (range, 1-10 cm) and GTR, STR, PR, and stereotactic
biopsy were performed in 57 (56.4 %), 34 (33.7 %), 9
(8.9 %), and 1 patient (1 %), respectively. MGMT promoter
was methylated in 39 patients (38.6 %) and unmethylated in
62 patients (61.4 %). Median follow-up duration after surgery
was 17.9 months (range, 4.0-76.1 months) (Table 1).

psPD was diagnosed in 45 patients (44.6 %), PD in 38
patients (37.6 %), and non-PD in 18 patients (17.8 %) at
last MRI scan performed after the end of the Stupp pro-
tocol. Median interval to development of psPD was
3.9 months (range, 0-20 months). Patients who were
diagnosed with psPD were symptomatic in 62.2 % of
cases, with hemiparesis being the most common neurologic
deficit (Table 2). There were no newly developed radia-
tion-induced symptoms in non-psPD patients. Thiry-one
patients (68.9 %) required corticosteroids, 4 patients
(8.9 %) underwent cytoreductive surgery and psPD
regressed in 10 patients (22.2 %) under observation alone.
The majority of symptomatic patients improved after
treatment, but 9 patients (32.1 %) remained unchanged.

Predictors of pseudoprogression

psPD was observed in 24 (61.5 %) of 39 patients with
methylated MGMT promoter and 21 (33.9 %) of 62
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Table 1 Baseline demographics of patients

Variables Patients (n = 101)

Age (years)

Median 57
Range 22-78
Sex (n)
Male 43 (42.6 %)
Female 58 (57.4 %)
MGMT promoter status (n)
Methylated 39 (38.6 %)
Unmethylated 62 (61.4 %)
EOR (n)
Gross total resection 57 (56.4 %)
Subtotal resection 34 (33.7 %)
Partial resection 9 (8.9 %)
Stereotactic biopsy 1 (1.0 %)
Total RT dose (Gy)
Median 60
Range 42-66
RT fractionation dose (Gy)
Median 2
Range 2.0-2.5
Adjuvant TMZ cycles (n)
Median 6
Range 1-24
KPS (median)
Preoperative 70
Postoperative 70
FU duration (months)
Median 17.9
Range 4.0-76.1

EOR extent of resection, MGMT 0°-methylguanine DNA methyl-
transferase, FU follow-up, KPS Karnofsky performance status, RT
radiation therapy, TMZ temozolomide

patients with unmethylated MGMT promoter (p < 0.01).
The incidence of psPD was different according to EOR:
29.8 % (17/57) for GTR, 55.9 % (19/34) for STR, 88.9 %
(8/9) for PR, and 100 % (1/1) in the biopsy group
(p < 0.01) (Table 3). There were no differences between
the psPD and non-psPD group in preoperative KPS, tumor
size, median GTV (105.7 cm? for psPD, and 118.4 cm? for
non-psPD), median CTV (366.0 cm’  for psPD, and
367.1 cm® for non-psPD), median CTV-GTV (198.9 cm®
for psPD, and 256.3 cm’® for non-psPD), and number of
lobes involved by the lesion before surgery. On multi-
variate analysis MGMT promoter status (OR 3.36, 95 % CI
1.36-8.34) and EOR (OR 4.12, 95 % CI 1.71-9.91) were
independent predictors of psPD (Table 4).
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Table 2 Neurologic deficits of pseudoprogression

Patients (n = 45)

Symptoms
Yes 28 (62.2 %)
Hemiparesis 8 (28.6 %)
Cognitive decline 3 (10.7 %)
Dysarthria 3 (10.7 %)
Gait disturbance 3 (10.7 %)
Altered consciousness 3 (10.7 %)
Headache 2 (7.1 %)
General weakness 1 (3.6 %)
Nausea 1 (3.6 %)
Paraparesis 1 (3.6 %)
Seizure 1 (3.6 %)
Tingling 1 (3.6 %)
Visual disturbance 1 (3.6 %)
No 17 (37.8 %)
Treatment
Corticosteroid 31 (68.9 %)
Observation 10 (22.2 %)
Surgery 4 (8.9 %)
Symptom Improvement
Yes 19 (67.9 %)
No 9 (32.1 %)

Significance of pseudoprogression on survival

A median OS of 28.8 months (95 % CI, 21.6-36.0 months)
was achieved: 39.6 months (95 % CI, 27.8-51.3 months)
in the psPD group and 24.7 months (95 % CI,
19.8-29.6 months) in the non-psPD group, with no statis-
tical difference (p = 0.187). Median OS according to EOR
divided into GTR and non-GTR groups was 39.6 months
(95 % CI, 26.0-53.1 months) and 19.9 months (95 % CI,
15.5-24.5 months), respectively (p < 0.01). Median OS
was also analyzed to determine the significance of pseu-
doprogression on survival within each EOR group. A sig-
nificant difference in survival was noted between psPD and
non-psPD patients who received GTR (p = 0.043)
(Fig. 1a), but significance was lost in the STR (p = 0.792)
(Fig. 1b) and PR groups (p = 0.395) (Fig. 1c). There was
also no difference in survival between psPD and non-psPD
patients who achieved more than 90 % tumor resection
(STR and GTR groups) (p = 0.299). Age (p = 0.565),
preoperative KPS (p = 0.718), and lesion eloquence
(p = 0.187) were not predictive of survival. A Cox pro-
portional hazards model showed that MGMT status (HR
2.51, p < 0.01) and EOR (HR 2.99, p < 0.01) significantly
influenced survival.

Discussion

Distinguishing psPD from a PD in newly diagnosed
glioblastoma patients undergoing the Stupp protocol has
been a diagnostic dilemma for neuro-oncologists. psPD and
PD share in common the underlying mechanism of blood—
brain barrier (BBB) disruption, which causes nonspecific
contrast enhancing lesion enlargement on MRI. Hence,
misdiagnoses are frequent and can lead to inadequate,
inappropriate or delayed treatment. psPD is a reversible
change that generally occurs 3—12 months after the end of
radiotherapy, but predominantly appears in the first
3 months [22]. The incidence of psPD in glioblastoma
patients receiving the standard treatment has been reported
to range from 6 to 46.7 %, but is suspected to occur more
frequently [23]. For these reasons, many neuro-oncologists
and the RANO criteria advocate caution when diagnosing
PD until completion of the 3rd maintenance TMZ cycle,
which falls within 3 months after the end of radiotherapy.
This principle was followed carefully in this study, which
no patient recurred before termination of the 3rd TMZ
cycle. Correct diagnosis of psPD has been a controversial
issue in studies involving this radiation-induced phe-
nomenon. Even with the most advanced radiologic tool
available today, serial imaging with conventional MRI may
still remain the most reliable method to determine psPD or
PD [4-6]. However, in equivocal diagnoses where follow-
up imaging cannot yield a conclusion, imaging modalities
with greater discrimination (higher specificity) can help
avoid unnecessary surgeries. MRP, MRS, and FDG-PET
are some of the tools with higher specificity that can
compensate for the high false positive rate of a conven-
tional MRI [24].

Apart from achieving a correct diagnosis, there are
several other factors to consider in psPD studies. Radia-
tion-related risk factors such as total radiation dose, frac-
tion size, and the addition of SRS or chemotherapy to
radiotherapy are potential biases that can affect psPD [9—
13]. The occurrence of psPD shows a steep increase when
total radiation doses exceed 65 Gy or fraction doses exceed
2.5 Gy per day [9-11]. Excluding these elements from the
beginning of this analysis was important in order to
examine the significance of EOR on psPD. To the authors’
knowledge, EOR has not previously been identified as a
significant factor in psPD. The pathophysiology of psPD
represents a combination of endothelial cell apoptosis,
BBB breakdown, and radiation injury to residual tumor
cells [25]. According to this notion, a greater number of
residual tumor cells with increased apoptosis and disrupted
BBB will lead to increased permeability and, as a conse-
quence, radiographic enhancement. Brandes et al. [6]
showed that MGMT methylated glioblastomas harbor
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Table 3 Incidence of

. . Variables Pseudoprogression/total no. of patients P
pseudoprogression according to
clinicopathologic factors Sex (n) 0.229
Male 16/43 (37.2 %)
Female 29/58 (50 %)

Gliomatosis (n)
None
Unilateral
Midline cross
Eloquence (n)
Eloquent
Non-eloquent
MGMT promoter status (n)
Methylated
Unmethylated
EOR (n)
Gross total resection
Subtotal resection
Partial resection
Stereotactic biopsy
Age (yrs)
<60
>60
GTV (cm?)
Low (10.6-115)
High (115-307.2)
CTV (cm?)
Low (87.6-366.6)
High (366.6-732.6)
CTV-GTV (cm®)
Low (45.1-248.9)
High (248.9-588.5)

0.554

36/85 (42.4 %)

4/7 (57.1 %)

5/9 (55.6 %)
0.688

26/55 (47.3 %)

19/46 (41.3 %)
<0.01

24/39 (61.5 %)

21/62 (33.9 %)
<0.01

17/57 (29.8 %)

19/34 (55.9 %)

8/9 (88.9 %)

1/1 (100 %)
0.977

28/63 (44.4 %)

17/38 (44.7 %)
0.274

17/42 (40.5 %)

22/42 (52.4 %)
0.827

19/42 (45.2 %)

20/42 (47.6 %)
0.274

17/42 (40.5 %)
20/42 (52.4 %)

CTYV clinical target volume, EOR extent of resection, GTV gross tumor volume, MGMT Oﬁ-methylguanine

DNA methytransferase

higher incidence of psPD than unmethylated tumors.
MGMT is an enzyme that inhibits apoptosis by preventing
the accumulation of O®-methylguanine. Methylation of the
MGMT promoter silences its expression, impeding the
cell’s capability to repair radiation induced DNA damage
and resulting in cell death [26, 27]. The results of this study
showed that the greater the number of residual contrast
enhancing tumor cells, the more susceptible the cells are to
radiation injury. Larger CTV-GTYV generally indicates that
more normal brain tissue containing microscopically infil-
trative tumor cells are being irradiated. Therefore,
increased incidence of radiation-induced injury can be
expected, regardless of EOR. However, a wider radiation
field including the peritumoral edema did not increase the
incidence of psPD in this study. This might be due to the
fact that more tumor cells susceptible to radiation injury
exist within the contrast enhancing region than the peritu-
moral edema [25].

It has previously been suggested that psPD has a
favorable impact on survival in newly diagnosed
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Table 4 Multivariate analysis of pseudoprogression

OR 95 % CI )4

MGMT promoter status

Unmethylated 1.00

Methylated 3.36 1.36-8.34 <0.01
EOR

GTR 1.00

Not GTR (STR, PR, Bx) 4.12 1.71-9.91 <0.01
Sex

Male 1.00

Female 1.72 0.71-4.17 0.23
Age

<60 1.00

>60 0.83 0.33-2.09 0.69

Bx stereotactic biopsy, CI confidence interval, EOR extent of resec-
tion, GTR gross total resection, MGMT 0°-methylguanine DNA
methytransferase, OR odds ratio, PR partial resection, STR subtotal
resection
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Fig. 1 Overall survival (OS) between patients with and without pseudoprogression according to extent of resection (EOR). a Gross total

resection (GTR). b Subtotal resection (STR). ¢ Partial resection (PR)

glioblastoma patients undergoing the Stupp protocol [5, 6].
There is no doubt that epigenetic silencing of MGMT leads
to improved survival [28]. Since MGMT methylated tumors
tend to have higher levels of psPD and the biology of psPD
enhances the effectiveness of chemotherapeutic agents, one
might expect prolonged survival in patients with psPD.
However, the results of this study showed that the occur-
rence of psPD was associated with increased survival only
in the patients with GTR, and not in patients with gross
residual tumors. We believe that the effect of EOR over-
powers the effect of psPD associated with MGMT methy-
lation. On multivariate analysis, only MGMT status and
EOR significantly influenced survival.

The ultimate goal of decreasing psPD is to avoid any
undesired neurologic deficits that can lower the patient’s
compliance with the Stupp protocol. In this study, 62.2,
68.9 and 20 % of the patients with psPD exhibited neuro-
logic deterioration, prolonged use of corticosteroids, and
early termination of the Stupp protocol due to permanent
deficits, respectively. EOR based on gadolinium enhance-
ment proved to be sufficient for reducing psPD and its
subsequent consequences as long as it included more than
95 % removal of the contrast enhancing lesions on MRI.
psPD is a diagnosis of uncertainty. Only careful MRI fol-
low-up according to the RANO criteria with the use of
advanced radiologic techniques will help discern psPD
from a PD in equivocal situations.

Conclusion
psPD is a radiation-induced phenomenon with subsequent

brain edema that can lead to neurologic deterioration,
prolonged use of corticosteroids and early termination of

the Stupp protocol in newly diagnosed glioblastoma
patients. It can be confusing with a true progression,
leading to the risk of inappropriate, inadequate, or delayed
treatment. MGMT status and EOR have a significant impact
on psPD. GTR can concomitantly reduce the side effects of
psPD and prolong survival.
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