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Pseudoprogression and MGMT Status in Glioblastoma Patients:
Implications in Clinical Practice
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Abstract. Pseudoprogression (PsPD) is a pathological feature
recently reported by some authors in malignant glioma patients
treated with radiotherapy in combination with temozolomide. In
radiological imaging, it is shown as an increase in the size of
the tumor lesion and contrast enhancement occurring within a
Sfew months from the completion of radio-chemotherapy without
worsening of the neurological signs and symptoms. In 21% -
50% of the patients, the same lesion disappears a few months
after its appearance. In 12 glioblastoma patients treated with
radio-chemotherapy, 4 cases of early radiological progression
without discontinuation of temozolomide treatment are reported.
At the sunsequent tumor assessment, 2 cases (13% ) were
revealed to be PsPD. The two patients who experienced PsPD
had the longest progression and survival times of all patients.
In both patients with PsPD, the O°-methylguanine-DNA
methyltransferase (MGMT) promoter was found to be
methylated. The PsPD phenomenon opens the prospect of a new
era for the management of glioblastoma patients undergoing
radio-chemotherapy.

Pseudoprogression (PsPD) is a recent finding reported in newly
diagnosed, malignant glioma patients treated with radiotherapy
and concomitant chemotherapy with the alkylating agent
temozolomide (1, 2). The radiological imaging performed
within 3-6 months of completion of the combined treatment
shows an increase both in tumor size and contrast enhancement
without worsening of the neurological signs and symptoms of
the patient. Notwithstanding this evidence, in 21%-50% of
patients the disappearance of the lesion is documented a few
months after its appearance (1, 2). The causes of this
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phenomenon are not completely understood. One possible
explanation is that the activity of temozolomide in association
with radiation therapy could be capable of killing the cancer
cells with secondary tissue reactions such as edema and
permeation of the vascular endothelia in the tumor area. The
highest incidence of PsPD has been shown for patients with
methylation of the 06—methylguanine—DNA methyltransferase
(MGMT) promoter (2), confirming, probably, greater activity
of the combined treatment in this subset of patients. The
improvement of survival in the patients who demonstrated
PsPD and MGMT methylation is an important finding in
clinical practice (2), but it must be confirmed by further
experience. The present report supports the evidence of PsPD
in glioblastoma patients submitted to radio-chemotherapy and
underlines that the subset of patients with MGMT promoter
methylation experiencing PsPD have improved time to
progression and survival. The management of PsPD in clinical
practice is also discussed, focusing attention on the evaluation
of the rise of this phenomenon after radiotherapy combined
with temozolomide and with maintenance temozolomide.

Case Report

Between November 2006 and April 2008, twelve patients
with newly diagnosed gliobastoma were treated at our
institution with radiotherapy combined with temozolomide.
Table I shows the patient characteristics.

Radiotherapy consisted of involved-field irradiation at a
dose of 2.0 Gy per fraction given once daily for 5 days
(Monday to Friday), over a period of 6 weeks, for a total of
60 Gy. The radiotherapy was administered using a linear
accelerator with 6 to 15 MV photons and using a highly
conformal three-dimensional-radiotherapy (3D-RT)
technique. Concomitantly to radiation therapy, the patients
received temozolomide 75 mg/mz/d for six weeks, followed
by temozolomide 200 mg/m?/d for 5 days, every 28 days
until disease progression (3). The patients started radio-
chemotherapy within 40 days after the surgical procedures.
Also within 40 days from surgery up to 7 days before radio-
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Figure 1. Magnetic resonance imaging (MRI) assessment, outcome of disease and correlation with MGMT promoter status.

chemotherapy, 40 days after the end of treatment and then
every 2-3 months, magnetic resonance imaging (MRI) of the
brain was performed with a superconductive machine before
and after contrast medium infusion (gadolinium-DTPA 0.2
mmol/kg). The radiological response was assessed according
to the criteria of Macdonald et al. (4) .

The MRI assessment and outcome of disease are shown in
Figure 1. Two months after the end of radio-chemotherapy 4
progressive disease, 6 stabilizations and 2 partial responses
were observed. Treatment was continued in all the patients,
including those with evidence of an increase in the tumor
lesion. Five months after the end of radio-chemotherapy, MRI
showed complete disappearance of tumor in 2 of the 4
progressive patients. Figure 2 shows one of the two cases in
which PsPD was documented. The two patients with PsPD
were 63 and 65 years old and received the same dose of
radiotherapy (total dose 60 Gy) and temozolomide (200
mg/mz/d for 5 days, every 4 weeks). In both patients, no
significant worsening of the neurological signs and symptoms
was observed during the combined therapy and following
temozolomide alone; the time to progression was 7.6 and 9.1
months, survival was 20.5 and 24.8 months, respectively, and
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Table 1. Demographic characteristics.

Total patients

Age (median)
(range)

Gender
Male
Female

Karnofsky performance status (median)
(range)

Barthel index (median)
(range)

Mini mental status (median)
(range)

Time to enrolment from diagnosis (median weeks)
(range)

Surgical procedure (patients)
Subtotal resection
Biopsy

Neurological symptoms (patients)
Yes
No

MGMT status (patients)
Methylated
Unmethylated

12
58
(45-72)

7 (58%)
5 (42%)
90

(70-100)
80

(60-100)
26

(25-30)

43
(3-6)

8 (67%)
4 (33%)

6 (50% )
6 (50% )

5 (42%)
7 (58%)
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Figure 2. Case of a glioblastoma patient with PsPD during maintenance temozolomide. MRI SE T1 sequences after Gd-DTPA infusion. A: presurgical
evaluation; tumor in the right temporal lobe; B-C: 40 days after radiotherapy combined with temozolomide treatment; no tumor lesion shown. D-E:
2 months after radio-chemotherapy; MRI shows a nodular area of enhancement after contrast medium infusion at the site of surgery and in the
medial right temporal lobe (arrows). Both areas were included in the field of radiation therapy. F-G: 5 months after radio-chemotheapy; no

enhancement after contrast medium infusion in the right temporal lobe.

the MGMT promoter was methylated in both cases. In
contrast, the remaining two patients with evidence of
progression at the first MRI after radio-chemotherapy
underwent further progression of disease. Their time to
progression and survival were 4.5, 4.8 months and 12.3 and
12.2 months, respectively; the MGMT promoter was
unmethylated in both cases.

The patients with PsPD continued chemotherapy with
temozolomide until disease progression (total cycles 9 and
10, respectively), while those with progression were
switched to second-line chemotherapy.

Discussion

Among the patients with newly diagnosed glioblastoma, the
subgroup with MGMT promoter methylation of the tumor
appears to benefit the most from the addition of
temozolomide to radiotherapy (5). This enzyme repairs the
DNA damage caused by alkylating agents such as
temozolomide and this injury to DNA culminates in apoptotic

cell death. Methylation of the promoter of MGMT turns off
transcription of the gene, reducing the intracellular level of
MGMT and inhibiting the repair mechanism. The study by
Stupp et al. demonstrated that the prognosis was better for
the glioblastoma patients receiving radio-chemotherapy
including temozolomide, in which there was methylation of
the MGMT promoter, than for those without the methylation
(3). The recent article by Brandes et al. demonstrated that
PsPD correlated significantly with methylation of the MGMT
promoter in patients undergoing concurrent radiotherapy plus
daily temozolamide followed by maintenance temozolomide
(2). The patients with methylated MGMT promoter had a
higher probability of PsPD (91.3% ) as opposed to those with
unmethylated MGMT promoter (41% ) (2).

Importantly, PsPD lesions usually occur within six
months from the completion of radiotherapy (1), as was the
case of our two patients with PsPD. This early onset might
help differentiate PsPD from radionecrosis which has
similar radiological findings to PsPD but a rather late
emergence (6, 7).
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The present cases confirm that patients with PsPD are more
likely to have methylation of the MGMT promoter, also
confirming that PsPD patients have a longer time to progression
and survival than those with confirmed disease progression.
These data could be related either to an intrinsic better outcome
for patients with tumors with MGMT methylation or a better
response to radio-chemotherapy in patients with PsPD.

From the histopathological features, PsPD represents a
continuum between the subacute radiotherapy reaction and
treatment-related necrosis including edema, gliosis,
endothelial-cell apoptosis, fibrinoid deposition, hyalinization,
thrombosis and finally vessel occlusion, causing increased
contrast enhancement by neuroimaging. In particular, the
endothelial-cell apoptosis induced by the radiation is mainly
membrane-damage dependent and it is a process related to
various intracellular molecular pathways (phosphokinase
proteins, caspase) (8). Temozolomide-induced DNA damage
associated with radiotherapy-induced DNA/membrane
damage might activate the molecular pathways leading to an
increase of endothelial-cell death; these events could explain
the higher incidence of PsPD in patients treated with
temozolomide radio-chemotherapy.

The appearance of radiological abnormalities, such as
PsPD, might prompt a change in clinical practice, as they
could be mistaken as being the result of inefficient treatment.
In glioblastoma patients who have MGMT promoter
methylation and who show radiological progression, the
ongoing treatment should not be modified, since the response
could be due to an early-delayed reaction to radiotherapy.
Like the legend of the mythological three-headed dog
Cerberus, the MGMT status is, from now, a marker for
glioblastoma, able not only to predict the outcome of disease
and the response to temozolomide treatment, but also to better
address the diagnostic and therapeutic choices some months
after the end of radio-chemotherapy. Neverthless, in the
absence of prospective studies, it is reasonable to continue
maintenance temozolomide in patients without methylation
who have radiological evidence of disease progression and no
worsening of the neurological signs and symptoms. However,
this last group of patients should be subjected to a closer
clinical-instrumental follow-up to identify those individuals
whose progression is real as early as possible.
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For this reason, additional prospective studies are still
necessary to determine the degree of correlation between
MGMT status and PsPD incidence in newly diagnosed
glioblastoma patients following radiotherapy concomitant
with temozolomide treatment.

References

1 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 //3:
405-410, 2008.

2 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 26: 2192-
2197, 2008.

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

4 Macdonald DR, Cascino TL, Schold SC Jr and Cairncross JG:
Response criteria for phase II studies of supratentorial malignant
glioma. J Clin Oncol 8: 1277-1280, 1990.

5 Hegi ME, Diserens AC, Gorlia T et al: MGMT gene silencing
and benefit from temozolomide in glioblastoma. N Engl J] Med
352:997-1003, 2005.

6 Chamberlain MC, Glanz MJ, Chalmers L, Van Horn A and Sloan
AE. Early necrosis following concurrent temodar and
radiotherapy in patients with glioblastoma. J Neuroncol 82: 81-
83, 2007.

7 Ruben JD, Dally M, Bailey M et al: Cerebral radiation necrosis:
incidence, outcomes, and risk factors with emphasis on radiation
parameters and chemotherapy. Int J Radiat Oncol Biol Phys 65:
499-508, 2006.

8 Roodemann HP and Blaese MA: Response of normal cells to
ionizing radiation. Semin Radiat Oncol /7: 81-88, 2007.

Received January 27, 2009
Revised April 14, 2009
Accepted May 5, 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


