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Abstract

Purpose—Pseudoprogression (PP) during adjuvant treatment of glioblastoma (GBM) is frequent
and is a clinically and radiologically challenging problem. While there are several reports of the
frequency of PP in GBM cohorts including mainly patients with primary GBM, there are few data
on the incidence of PP in patients with secondary glioblastomas (sGBM). Therefore, the goal of
this study was to evaluate the frequency of PP in sSGBM.

Methods and Materials—We retrospectively evaluated the incidence of PP in adult patients
with sSGBM treated with chemoradiation therapy (CRTx) using temozolomide (TMZ) and sought
to assess if there was an association between PP and MGMT promoter methylation status, IDH
mutations status, or 1p/19q codeletion. The definition of PP according to the Response
Assessment in Neuro-Oncology Working Group was used.

Results—None of the evaluable 15 sGBM patients in our series demonstrated a PP. Of the 9
sGBM patients who received concomitant CRTx with TMZ, 6 patients had the methylated MGMT
promoter, and 6 patients had IDH mutations. There also was no PP identified in sSGBM patients
who received sequential CRTX, irrespective of MGMTor IDH status. The median time of follow-
up was 3.4 years after diagnosis of an sGBM, and the median overall survival was 18.2 months
(range, 14.3-45.2 months). Three of 15 patients had previously received radiation therapy for their
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World Health Organization low-grade 2 glioma, while none of them had received chemotherapy at
that stage.

Conclusions—Based on this small series of SGBM patients treated with CRTx (concomitantly
or sequentially) the frequency of PP appears to be very low in sGBM, even in those patients with
methylated MGMT promoter or IDH mutations. Our results highlight the differences between
primary glioblastomas and SGBM in particular as they relate to PP.

Introduction

World Health Organization (WHO) grade 4 glioblastoma (GBM) represents the most
common and aggressive primary brain tumor, with a very poor survival rate (1). The
majority of GBM cases (>90%) are primary glioblastomas (pGBM), which manifest rapidly
after a short clinical history and without evidence of a less malignant precursor lesion, at an
average age of 61 years (2). Secondary glioblastomas (sSGBM) are, conversely, less frequent,
develop more slowly from lower grade, WHO grade 2 gliomas, and affect younger patients
(2). Thus, pGBM and sGBM represent 2 clinically distinct entities with different genetic
alterations during their evolutions (3). However, the current standard conventional treatment
of both GBM entities includes surgical tumor resection followed by concomitant radiation
therapy and chemotherapy (CRTx) with temozolomide (TMZ). While patients were under
treatment, a transient enlargement of the enhanced postoperative lesion on magnetic
resonance imaging (MRI) was reported in up to 50% of GBM patients (4). If the enlarged
lesion does not represent true tumor progression, this phenomenon is referred to as
pseudoprogression (PP) (4,5). The Response Assessment in Neuro-Oncology (RANO)
working group stated that apparent radiologic progression can be considered true
progression within 12 weeks of completion of CRTx only if new lesions have appeared
outside the radiation field (beyond the high-dose region or the 80% isodose line) or if
pathology confirmation of progressive disease has been obtained (6). However,
differentiating between true progression and PP is still challenging for the neuroradiologist
and other members of the treatment team. This is based on the fact that there are currently
no definitive radiologic criteria, despite the RANO criteria, to differentiate between true
progression and PP in GBM. Therefore, the distinction between true progression and PP is
made retrospectively by comparing imaging studies longitudinally (5). Furthermore, the
recognition of this fact is paramount in avoiding misdiagnosis of recurrent tumors, resulting
in an unnecessary second surgery, a change in the patient’s treatment, or taking a patient off
study. Besides, some studies have demonstrated that PP is associated with improved
prognosis of GBM patients, making PP a potential prognostic marker for GBM patients
(7,8).

Most data about PP are in relation to pGBM, and, to date, no study has reported on the
frequency of PP in exclusively sSGBM. We therefore performed a retrospective study to
evaluate the frequency of PP in sGBM and to emphasize some of the unique MRI
characteristics of SGBM in comparison with pGBM.
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Methods and Materials

Study population and treatment

Adult patients who had had surgery for sGBM between 2005 and 2012 were identified and
categorized on the basis of histological criteria, provided that a WHO grade 2, low-grade
glioma (LGG) tumor had been diagnosed at least 1 year prior to surgery for SGBM. A senior
neuropathologist (K.D.G.) performed histopathology. All patients were at least 18 years old
at diagnosis and gave informed written consent for molecular analyses of tumor tissue. The
study was approved by the local ethics committee.

Patients were included only if they received either sequential radiation therapy followed by
chemotherapy with TMZ or concomitant CRTx (radiation therapy plus continuous daily
TMZ followed by 6 cycles of adjuvant TMZ, according to the known standard protocol [1])
after surgical resection with histological verification of a SGBM. No antiangiogenic therapy
was performed in any of the patients. Radiation therapy to the contrast-enhancing residual
tumor and resection cavity was prescribed, with an anatomically confined 2.5-cm GTV;
gross tumor volume-CTV: clinical target volume, expansion and a 0.5-cm CTV: clinical
target volume-PTV:planning target volume expansion, to a dose of 58 to 60 Gy in daily 1.8-
to 2-Gy fractions using 3-dimensional conformal radiation therapy.

The first MR image was routinely performed immediately after surgery for sGBM (within
the first 24—-48 hours). MR images were obtained regularly throughout the follow-up period
at 3-month intervals. Pseudoprogression was defined according to RANO guidelines (6) as a
new or progressing lesion during concomitant CRTx or 12 weeks thereafter, inside the
radiation field (defined as the 80% isodose line), which was either stable for at least 4
months or diminished on follow-up MRI, without further treatment. The follow-up MRIs
were reviewed until the deaths of all patients.

As a comparison population, 71 pGBM patients were analyzed to determine the rate of PP
during and after concomitant CRTX.

IDH1/2 mutations and MGMT promoter status assessment

IDH1 and -2 mutations were assessed using direct DNA sequencing, as reported previously
(9-11). The MGMT promoter methylation status was determined by methylation-specific
polymerase chain reaction (MsPCR), as described by Esteller et al (9-10) and other work
(10).

1p/19q codeletion status

Status of 1p/19q codeletion was detected by fluorescence in situ hybridization analysis,
using samples of paraffin-embedded tumor tissues, by using probes to detect 1p36.1 to 36.3
(target, red) and 1g25.1 to 25.3 (control, green) for 1p detection, and 19p13.1 to 13.30
(green, control) and 19913.1 to 13.4 (red, target) for 19q detection (Vysis; Abbot
Laboratories, Abbot Park, IL), following the recommendations of the manufacturer. Per
case, 1 to 5 punch preparations of 1.2-mm diameter from the respective areas (at least 60%
tumor, no pure necrosis or hemorrhage) were then combined in tissue arrays together with
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negative and positive controls and with normal brain tissues. Evaluation and documentation
were performed by microscopy (Axioplan I microscope with filter sets 49 and 23 and
Image Pro software; Carl Zeiss, Jena Germany). For evaluation, depending on the extent of
tumor cells, 50 to 100 clearly recognizable tumor cells were evaluated, with a cutoff at 50%
positive cells, following the guidelines of European Confederation of Neuropathological
Societies (12).

Progression and survival

Progression-free survival was defined as the time interval between first diagnosis of a SGBM
and first tumor recurrence or tumor progression seen in the MRI. Overall survival was
defined as the interval from the day of first surgery for sGBM until death or the end of
follow-up. All patient data were updated on June 16, 2013.

Results

Patient characteristics

According to the aforementioned criteria, the data of 15 patients with sGBM were analyzed
(Table 1). Nine patients received concomitant CRTx (radiation therapy plus continuous
daily TMZ followed by adjuvant TMZ), and the remaining 6 patients underwent a
sequenced radiation therapy followed by chemotherapy with TMZ. Three patients (20%)
received radiation therapy after surgical treatment for their LGG. No patients received
chemotherapy for their LGG.

The median age at diagnosis of sSGBM was 40 years (range, 34.6-55.36 years). The median
time of follow-up was 3.4 years after diagnosis of sGBM. On average, the progression-free
survival was 10.8 months (range, 3.6-17.9 months) after diagnosis of SGBM. All 15 patients
died from tumor progression. The median overall survival of the SGBM patients in our series
was 18.2 months (range, 14.3—-45.2 months)

Molecular analyses

Ten patients (66.6%) carried an IDH mutation as well as methylated MGMT promoter status
(Table 1). Only 2 patients had 1p/19q codeletion; in these 2 cases, the SGBM tissue
exhibited oligodendroglial components.

Pretreatment MRI characteristics of sGBM

The sGBM characteristic features in the persurgical MRI (Table 2 and Fig. 1) were frontal
localization in 10 cases (66.6%); bihemispheric involvement in 4 cases (26%); insular
involvement in only 3 cases (20%); infiltration of the corpus callosum in 6 cases (40%);
subependymal involvement in 6 cases (40%); huge mass effect with a midline shift greater
than 10 mm in 4 cases (26%); large extent of edema spreading over two lobes in 4 cases
(26%); intratumoral cysts in 5 cases (33.3%); intratumoral necrosis in only 2 cases (13.3%);
tumor microsatellites in 5 cases (33.3%); and reduced enhancement manner in the contrast-
enhanced T1-weighted images (no enhancement, point, or ring enhancement) in 14 cases
(93.3%), whereas only 1 patient showed spread heterogeneous enhancement.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 March 03.
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Progression assessment in the follow-up MRIs of sGBM patients

Four of 15 patients (26.6%) developed an early recurrence within 3 months after surgery and
immediately after completing the concomitant CRTx (Fig. 3). In 1 of these cases, a second
surgical procedure followed, confirming the short-term recurrence. In the 3 remaining cases,
new remote enhancing lesions occurred, so that a second surgery was not necessary for
histological confirmation. Except for these 4 cases, none of the remaining 11 patients
exhibited any suspicious lesions during the 3-month period immediately after concomitant
treatment. On those patients’ MRIs, no contrast enhancement was shown over a relatively
long time (Fig. 2). However, after the occurrence of a new local or distant contrast
enhancement on MRI, the tumors grew explosively in a multifocal manner, and the patients
died a short time after recurrence from clinical deterioration and massive tumor progression,
making a true progression very likely. In 3 cases, the patients even developed a meningeal
seeding of the GBM.

A pathological confirmation was achieved in 5 patients, through a second surgery, showing
a true tumor progression.

Pseudoprogression rate in sGBM

None of the 15 patients in our series demonstrated PP during the 3-month period
immediately after treatment according to the criteria defined earlier. Of the 9 SGBM patients
who received concomitant CRTx with TMZ; 6 patients carried methylated MGMT promoter,
and 6 patients carried IDH mutations. No case of PP was identified. Similar results were
found in sSGBM patients who received sequential CRTX, irrespective their molecular
analyses results (Table 1). Also no case of PP was identified on MRI during quarterly
follow-ups. Similar results were demonstrated in SGBM patients, who received sequential
CRTX, irrespective of their molecular analyses results (Table 1). Even if the definition of PP
were extended to 6 months or longer, no case of PP in our study population was identified.
All patients died because of their massive tumor progression after a sometimes short,
sometimes long “rest period,” with high probability of true progression.

Intrainstitutional comparison with a primary GBM population

Of 71 patients with pGBM (26 patients with methylated and 45 with unmethylated MGMT
promoter), 19 patients (26.7%) had evidence of PP during the first 6 months after
concomitant CRTx with TMZ (Fig. 4, see Supplementary material). Of those, 26 patients
had methylated MGMT and 6 had unmethylated MGMT promoter status. In a subgroup of 14
young pGBM patients (median age, 43.8 years), there were 4 cases of PP (Table 3), whereas
none of the patients in our young sGBM patients’ population (median age, 40 years) showed
evidence for PP.

Discussion

Based on this small series of sGBM patients treated with CRTx (in concomitant or
sequential manner), the frequency of PP is very low (in none of the included 15 sGBM
cases), which highlights the biological differences between pGBM and sGBM in terms of
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their incidence of PP. We did not find other studies of the rate of PP in sSGBM as a rare
entity of GBM.

Retrospective data suggested that PP may occur more commonly in GBM patients with a
methylated MGMT promoter (>90%) than in those with unmethylated promoter
(approximately 40%) and is associated even more with improved survival (13). However, as
shown in our study, despite the fact that most of the patients in our series had a methylated
MGMT promoter (66.6%), none of them showed any sign of PP. MGMT promoter status
appears not to be associated with the incidence of PP in sGBM. The MGMT promoter
methylation status might therefore not predict the incidence of PP in sSGBM, as it does in
pGBM.

A further aspect is the IDH mutation, which is very common in SGBM but not in pGBM
(3,10,14,15). A recently published work postulated that the IDH1 mutation is a potential
novel marker for distinguishing PP from true progression in patients with GBM treated with
CRTXx (16). In contrast, our series of 10 sGBM patients harboring an IDH mutation,
including 2 patients with oligodendroglial components exhibiting 1p/19q codeletions, did
not support the latter hypothesis, as none of them had PP. Thus, we conclude that IDH
mutations are not associated with PP in SGBM.

The mechanism of PP is still poorly understood and is thought to be due to injury of the
endothelial cells of the blood-brain barrier (BBB) as reaction of the subacute radiation
process and treatment-related necrosis (5). Thus, PP seems to be induced by a pronounced
local tissue reaction with an inflammatory component, vasogenic edema causing abnormal
vessel permeability, and subsequently, new or increased contrast enhancement on
neuroimaging (17). However, as sGBMs are known to show a lower extent of enhancement
in contrast-enhanced T1-weighted images and intratumoral necrosis (15), as is also shown in
our series (Table 2 and Fig. 1), an explanation for the lack of PP in this study might be based
on these 2 facts. In other words, the reaction of the tumor to radiation and the chemotherapy
necrosis are less vigorous and the BBB, which might generally be less affected in sSGBM
with less contrast enhancement in the MRI, avoid such acute damage of the tissue, making
PP in this subtype of tumors unlikely. Another aspect is the patients’ age by first GBM
diagnosis and radiation. It has been shown that older patients’ normal brains tolerate
radiation more poorly, both radiographically and functionally (18,19). It might be that older
individuals are more prone to PP following combined CRTx. However, in a subgroup
comparison of our “young” sGBM group with a similar “young” pGBM population, we
found several cases of PP in the latter group.

Conclusions

Finally, our study is limited by its retrospective manner and low number of sGBM patients.
While only 3 patients received radiation therapy for their low-grade WHO grade 2 glioma
and 12 of 15 patients had not, it remains possible that previous treatment might contribute to
our observation that the PP is rare in sGBM. Therefore, more work and larger series are
needed to confirm that the rate of PP in SGBM is indeed very low.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 March 03.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Supported in part by National Institutes of Health/National Cancer Institute awards RO1CA108633 and
RC2CA148190, and the OSU-CCC.

We thank Silke Soucek for supporting the statistical analysis.

References

1.

Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N Engl J Med. 2005; 352:987-996. [PubMed: 15758009]

. Louis, DN.; Ohgaki, H.; Wiestler, O., et al. The 2007 WHO classification of tumors of the central

nervous system. Lyon, France: IARC Press; 2007.

. Ohgaki H, Kleihues P. The definition of primary and secondary glioblastoma. Clin Cancer Res.

2013; 19:764-772. [PubMed: 23209033]

. Taal W, Brandsma D, de Bruin HG, et al. Incidence of early pseudo-progression in a cohort of

malignant glioma patients treated with chemoirradiation with temozolomide. Cancer. 2008;
113:405-410. [PubMed: 18484594]

. Brandsma D, Stalpers L, Taal W, et al. Clinical features, mechanisms, and management of

pseudoprogression in malignant gliomas. Lancet Oncol. 2008; 9:453-461. [PubMed: 18452856]

. Wen PY, Macdonald DR, Reardon DA, et al. Updated response assessment criteria for high-grade

gliomas: Response assessment in neuro-oncology working group. J Clin Oncol. 2010; 28:1963—
1972. [PubMed: 20231676]

. Park CK, Kim J, Yim SY, et al. Usefulness of MS-MLPA for detection of MGMT promoter

methylation in the evaluation of pseudoprogression in glioblastoma patients. Neuro Oncol. 2011,
13:195-202. [PubMed: 21075779]

. Kang HC, Kim CY, Han JH, et al. Pseudoprogression in patients with malignant gliomas treated

with concurrent temozolomide and radiotherapy: potential role of p53. J Neurooncol. 2011;
102:157-162. [PubMed: 20632071]

Juratli TA, Kirsch M, Robel K, et al. IDH mutations as an early and consistent marker in low-grade

astrocytomas WHO grade 11 and their consecutive secondary high-grade gliomas. J Neurooncol.
2012; 108:403-410. [PubMed: 22410704]

10. Juratli TA, Kirsch M, Geiger K, et al. The prognostic value of IDH mutations and MGMT

promoter status in secondary high-grade gliomas. J Neurooncol. 2012; 110:325-333. [PubMed:
23015095]

11. Hartmann C, Meyer J, Balss J, et al. Type and frequency of IDH1 and IDH2 mutations are related

to astrocytic and oligodendroglial differentiation and age: a study of 1,010 diffuse gliomas. Acta
Neuropathol. 2009; 118:469-474. [PubMed: 19554337]

12. Woehrer A, Sander P, Haberler C, et al. FISH-based detection of 1p 19q codeletion in

oligodendroglial tumors: procedures and protocols for neuropathological practice - a publication
under the auspices of the Research Committee of the European Confederation of Neuro-
pathological Societies (Euro-CNS). Clin Neuropathol. 2011; 30:47-55. [PubMed: 21329613]

13. Brandes AA, Franceschi E, Tosoni A, et al. MGMT promoter methylation status can predict the

incidence and outcome of pseudoprogression after concomitant radiochemotherapy in newly
diagnosed glioblastoma patients. J Clin Oncol. 2008; 26:2192-2197. [PubMed: 18445844]

14. Juratli TA, Peitzsch M, Geiger K, et al. Accumulation of 2-hydroxy-glutarate is not a biomarker

for malignant progression in IDH-mutated low-grade gliomas. Neuro Oncol. 2013; 15:682-690.
[PubMed: 23410661]

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 March 03.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Juratli et al.

15.

16.

17.

18.
19.

Page 8

Lai A, Kharbanda S, Pope WB, et al. Evidence for sequenced molecular evolution of IDH1 mutant
glioblastoma from a distinct cell of origin. J Clin Oncol. 2011; 29:4482-4490. [PubMed:
22025148]

Motegi H, Kamoshima Y, Terasaka S, et al. IDH1 mutation as a potential novel biomarker for
distinguishing pseudoprogression from true progression in patients with glioblastoma treated with
temozolomide and radiotherapy. Brain Tumor Pathol. 2013; 30:67-72. [PubMed: 22752663]

de Wit MC, de Bruin HG, Eijkenboom W, et al. Immediate post-radiotherapy changes in malignant
glioma can mimic tumor progression. Neurology. 2004; 63:535-537. [PubMed: 15304589]
Scalliet P. Radiotherapy in the elderly. Eur J Cancer. 1991; 27:3-5. [PubMed: 1707288]

Lawrence YR, Li XA, el Naga I, et al. Radiation dose-volume effects in the brain. Int J Radiat
Oncol Biol Phys. 2010; 76:5S20-S27. [PubMed: 20171513]

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 March 03.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Juratli et al.

Page 9

Summary

Pseudoprogression (PP) is common in patients receiving adjuvant chemo-radiation
therapy for primary glioblastoma (GBM). We retrospectively evaluated the incidence of
PP in 15 secondary GBM patients treated with chemoradiation therapy and its association
with MGMT promoter methylation and IDH mutation status. In this small series, there
was no PP in sGBM observed (0 of 15 cases), not even in patients with methylated
MGMT promoter (0 of 10) or IDH mutations (0 of 10), suggesting that PP might be an
infrequent event in secondary GBM.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 March 03.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Juratli et al.

Page 10

Fig. 1.
(A-C) Examples of contrast-enhanced T1-weighted MR images of primary glioblastomas

showing ring enhancement, necrosis, and superficial (subpial) growth are shown. (D-G)
Examples of secondary glioblastoma with an IDH mutation. FLAIR and T2-weighed images
(D, E) show a large tumor in a frontal location, bihemispheric involvement, and intratumoral
cysts. Contrast-enhanced T1-weighted images (F-G) depict a relatively reduced
enhancement and tumor microsatellites. FLAIR, fluid attenuated inversion recovery; MR,
magnetic resonance.
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Fig. 2.
Local patterns of recurrence in a SGBM patient treated with CRTx are shown postcontrast

T1-weighted MRI scans over 18 months. MRIs were obtained at 3 months (a), 6 months (b),
and 15 months (c) after concomitant CRTx showed no contrast enhancement. After 18
months, there is a dramatic example of “sudden” local recurrence with increased “diffuse”
areas of enhancement (d). CRTX, chemoradiation therapy; MRI, magnetic resonance
imaging; sGBM, secondary glioblastoma.
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Fig. 3.

Eagrly recurrence of a SGBM immediately after completing the concomitant CRTx shown in
postcontrast T1-weighted MRI scans. A preoperative MRI (a), a postoperative MRI scan 1
month after completing concomitant CRTx with a local recurrence (b), a postoperative MRI
after the second surgical procedure with histological confirmation of GBM tissue (c), and a
follow-up MRI after 2 cycles of adjuvant TMZ with multifocal enhancing recurrence are
shown. CRTx, chemoradiation therapy; MRI, magnetic resonance imaging; SGBM,
secondary glioblastoma.
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