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ABSTRACT

Background. Chemoradiation (CRT) can significantly modify
the radiographic appearance of malignant gliomas, especially
within the immediate post-CRT period. Pseudoprogression
(PsP) is an increasingly recognizedphenomenon in this setting,
and is thought to be secondary to increased permeability as
abyproductof thecomplexprocessof radiation-induced tissue
injury, possibly enhanced by temozolomide. We sought to
determine whether the addition of a vascular endothelial
growth factor (VEGF) signaling inhibitor (cediranib) to con-
ventional CRT had an impact on the frequency of PsP, by
comparing two groups of patients with newly diagnosed
glioblastoma before, during, and after CRT.
Methods. All patients underwent serial magnetic resonance
imaging as part of institutional review board-approved clinical
studies. Eleven patients in the control group received only

chemoradiation, whereas 29 patients in the study group
received chemoradiation and cediranib until disease progres-
sion or toxicity. Response assessment was defined according to
Response Assessment in Neuro-Oncology criteria, and patients
with enlarging lesions were classified into true tumor progres-
sions (TTP) or PsP, based on serial radiographic follow-up.
Results. Two patients in the study group (7%) showed signs
of apparent early tumor progression, and both were sub-
sequently classified as TTP. Six patients in the control group
(54%) showed signs of apparent early tumor progression, and
threewere subsequently classified as TTPand three as PsP.The
frequency of PsP was significantly higher in the control group.
Conclusion. Administration of a VEGF inhibitor during and
after CRT modifies the expression of PsP by imaging. The
Oncologist 2014;19:75–81

Implications for Practice: Pseudoprogression is an unsolved clinical dilemma during postchemoradiation surveillance for
malignant gliomas. It has received substantial attention in the era of temozolomide-based regimens, mimicking early disease
progression on imaging studies and challenging patient management and interpretation of clinical trials. This study suggests that
the incidence of pseudoprogression in patients receiving antiangiogenic therapy is low and that enlarging lesions in this patient
population are more likely to represent true tumor progression than transient post-treatment effects.

INTRODUCTION

Glioblastomas (GBMs) have proven to be one of the most
challenging neoplasms in modern clinical oncology. They are
associated with devastating neurological sequelae and dismal
prognosis, and because of their inherent genetic, cellular, and
histologic complexity, this neoplasm is resistant to most
treatment modalities. Almost all patients will present with
recurrent disease within 12 months [1], and few survive past
5 years. Despite the advancements in anatomical and
functional imaging technology, there are still significant
limitations in imaging characterization of GBM, including
determination of tumor boundaries, characterization of

tumoral versus pathological nontumoral tissue in the brain,
and differentiation of therapy-induced changes from re-
current tumor.

Pseudoprogression (PsP) is a transient phenomenon that
has recently gained substantial attention. PsP mimics true
tumor progression (TTP) and is a considerable challenge for
patientmanagementand interpretationofclinical trials [2].On
magnetic resonance imaging (MRI), PsP appears as increasing
contrast enhancement and vasogenic edema at the tumor site
or resection margins, most commonly in the first 3 months
following chemoradiation (CRT). PsP is thought to be induced

Correspondence: Marco C. Pinho, M.D., 5323 Harry Hines Boulevard, Dallas, Texas 75390-9061, USA. Telephone: 214-648-1142; E-Mail: marco.
pinho@utsouthwestern.edu Received March 21, 2013; accepted for publication November 5, 2013; first published online in The Oncologist
Express on December 5, 2013. ©AlphaMed Press 1083-7159/2013/$20.00/0 http://dx.doi.org/10.1634/theoncologist.2013-0101

TheOncologist 2014;19:75–81 www.TheOncologist.com ©AlphaMed Press 2014

mailto:marco.pinho@utsouthwestern.edu
mailto:marco.pinho@utsouthwestern.edu
http://dx.doi.org/10.1634/theoncologist.2013-0101
http://www.TheOncologist.com


by a treatment-related local tissue reaction accompanied by
a robust inflammatory process that manifests as edema and
transient increase in permeability of the blood-brain barrier
[3–5]. It is not possible to distinguish between PsP and early
TTP clinically or radiographically, and the PsP diagnosis is
usuallymade by histological evaluationoron follow-up imaging
studies when enhancing lesions subsequently regress or
become stable without changes in treatment. PsP is relatively
common in the early post-CRT follow-up of patients with GBM
[5]. Population-based studies have reported frequencies of PsP
ranging from 28% to 50% of early radiographically progressing
GBMs [4–11].

Anti-vascular endothelial growth factor (anti-VEGF) agents
are known to induce prominent changes in vessel permeability
by restoring the blood-brain barrier and alleviating edema [12,
13] and have recently been incorporated into clinical practice
after the failure of CRT [13, 14]. More recently, experimental
trials have explored the potential of anti-VEGF therapy in the
treatment of newly diagnosed GBM [15, 16] as a means to
exploit a “normalization window” for tumor vasculature, in
which a more organized and efficient vascular supply could
improve chemotherapeutic delivery and tumor oxygenation,
resulting in improved efficacy of CRT [12, 17, 18]. Because this
new strategy places the use of anti-VEGF agents in the same
timeline as the development of PsP, we sought to determine
the extent to which the antipermeability effect of VEGF
blockademodifies the imaging appearance ofGBM in theearly
treatment period, with a special focus on the incidence of PsP.

MATERIALS AND METHODS

Study Population and Treatment Strategies
We evaluated and compared clinical and imaging data from
two groups of patients with newly diagnosed GBM who were
enrolled in two independent institutional review board-
approved clinical trials performed at Massachusetts General
Hospital and the Dana-Farber Cancer Institute. The first group
(study) came froma phase II study of cediranib in combination
with daily temozolomide and radiation in patients with newly
diagnosed GBM. The second group (contemporary control)
camefromaparallel imagingtrialdesignedtoassesstheeffects
of standard radiation and chemotherapy on MRI for newly
diagnosed GBM. Additional trial details can be found online
(ClinicalTrials.gov identifiers NCT00662506 and NCT00756106)
and inrecentlypublishedwork fromourgroup[19].Allpatients
participating in this study signed institutional review board-
approved informed consent forms. Inclusion criteria for the
twogroupsweresimilarand includedpatients aged18yearsor
older with pathology-proven GBM after biopsy or resection
who were eligible to receive standard postsurgical temozolo-
mide (TMZ) and radiation. Evidence of residual contrast-
enhancing tumor on postsurgical MRI ($1 cm in at least one
dimension) for evaluation of tumor response was necessary.
Other inclusion criteria for both studies included a Karnofsky
performance score $60 and Mini-Mental score .15, ade-
quate organ and bone marrow function, no concomitant
enzyme-inducing antiepileptic drugs, no prior anti-VEGF
therapy, and no Gliadel wafers.

Both groups (study and control) received the same dose
andscheduleofCRTasdescribedbyStuppel al. [1]. Inaddition,

the study group received cediranib 30 mg per day orally,
starting concomitantly with CRT and continuing without
interruption until disease progression or toxicity. Enrolled
patients did not receive any additional chemotherapeutic or
investigational agent onboth studies. Patient accrual occurred
from February 2009 to February 2011 for the study group and
from August 2008 to August 2010 for the control group.When
available, O6-methylguanine-DNA-methyltransferase (MGMT)
promotermethylationstatuswasobtainedthroughchart review.

MRI
Serial imaging studies for both study and control groups were
performed on similar 3.0Tmagnetic resonance scanners (Tim
Trio; Siemens, Munich, Germany, http://www.medical.siemens.
com). Patients had to be on a stable dose of steroids for 5 days
before the MRI. Two baseline MRI scans were acquired before
initiationof therapy aswell as onday11,weeklyduringCRTuntil
day 50 and then monthly until disease progression. The imaging
protocol used for this analysis included standard two- and three-
dimensional anatomical pre- and postcontrast T1-weighted
images (repetition time: 600 ms; echo time: 12 ms; 5-mm slice
thickness; 1-mm interslice gap; 0.43-mm in-plane resolution;
23 slices and 5123512matrix) and fluid-attenuated inversion
recovery (FLAIR) images (repetition time: 10,000 ms; echo
time: 70 ms; 5-mm slice thickness; 1-mm interslice gap;
0.43-mm in-plane resolution; 23 slices and 5123 512matrix).
The postcontrast T1 images were acquired after the admin-
istration of 0.2 mmol/kg of gadolinium-diethylene-triamine
penta-acetic acid. Scan-to-scan reproducibility was improved
by usage of the “AutoAlign”method [20].

Response Assessment
Central reviewofpre- andpostcontrast T1-weightedandFLAIR
imageswasperformedbyan independent radiologistwhowas
blinded to clinical data and who obtained standard bidimen-
sional measurements on T1-weighted postcontrast images.
The reader was also blinded to the order of the imaging time
points to avoid bias in tumor measurements from expected
treatment effects. Clinical evaluations were performed by the
treating oncologists.Tumor response was determined accord-
ing to the updated Response Assessment in Neuro-Oncology
(RANO) criteria for malignant gliomas [2], taking into account
clinical performance, dose of steroids, dimensions of contrast-
enhancing lesions, andextensionof tumor-relatedFLAIR signal
abnormalities. Patients who demonstrated signs of progres-
sion on imaging inside the radiation field during the first 12
weeks after completion of radiation were considered to have
apparent early tumor progression (AETP) and (if clinically
feasible)weremaintainedon the same treatment regimenand
imaging surveillance. During follow-up, patients with lesions
that maintained growth despite treatment were considered
to have TTP. PsP was diagnosed in patients with stable or
regressing lesions for a period of at least 6 months without
changes in therapy (Fig. 1). Repeat biopsiesor resectionsat the
time of AETP were not deemed necessary by the treating
neuro-oncologists for pathologic analysis in most cases, given
the increasing recognition of PsP [5, 21–23].

Statistical Analysis
Percentages of observed frequencies of AETP, TTP, and PsP
were calculated for the study and control groups, as were
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the percentages of patients with favorable response status at
3 months after completion of CRT (stable disease, partial re-
sponse, and complete response). Differences between groups
were assessed with Fisher’s exact test. Statistical significance
was set at a5 0.05.

RESULTS

Patient Characteristics
The study group enrolled 40 patients, and 14 patients were
accrued to the control group. Patient characteristics are
outlined in Table 1.

Eleven patients (27.5%) were removed from the study
group before completion of aminimumof 3months of follow-
up after CRT exclusively because of drug toxicities and sowere
not included in the analysis.These toxicities included elevated
liver enzymes, hematological toxicity, fatigue/anorexia, and
hemorrhage. In the control group, three patients (21.4%)
electively discontinued trial participation to enroll in experi-
mental drug investigations immediately after CRT and were
also excluded. In the study group, MGMT promoter methyl-
ation was detected in 17 patients (42.5%), was negative in
17 (42.5%), and was not obtained or failed in 6 (15%). In the
control group, three patients (21%) had methylated MGMT
promoters and eight patients (57%) had unmethylated
promoters. For four patients (28%), methylation status could
not be obtained or failed (Table 1).

Response Assessment

Study Group
Of the final 29 patients, partial response was observed in 16
patients (55%) and stable disease was seen in 11 (38%) during
the first 3 months of follow-up after CRT. No patients had
complete responses. Two patients (7%) fulfilled criteria for
AETP. Both patients were later confirmed as TTP, one by
stereotactic biopsy at 4 months after completion of CRT and
the other because of progressive disease outside of the
radiation field (in the contralateral brain hemisphere) 3
months after completion of CRT. No patients fulfilled criteria
for PsP (Table 2).

Control Group
Ofthe11patients included,one(9%)achievedpartial response
and four (36%) experienced stable disease. There were no

complete responses. A total of six subjects (55%) demon-
strated AETP and were kept on treatment with follow-up
imaging. Three of these patients (50%) demonstrated per-
sistent tumor growth despite continued treatment and were
classified as TTP.Three patients (50%) had subsequent improve-
ment or stabilization of enhancing lesions on MRI follow-up
and were classified as PsP (Table 2). After initial lesion growth
(AETP),patientsdiagnosedwithPsP remained radiographically
stable without changes in therapy for an average number of
209 days (range: 180–252 days). Patients on corticosteroids
with TTP had persistent growth despite increased corticoste-
roid use, whereas those with PsP were able to taper steroids
during follow-up. A significant higher frequency of PsP was
observed in the control group compared with the study group
(p, .05).

The frequency of early TTP cases was also higher in the
control group but did not reach statistical significance (p 5
.08).The number of patientswith partial responseswas higher
in the study group compared with controls (55% versus 9%),
(p , .05) (Table 3). No correlation was observed between
methylation status of MGMT promoter and development of
PsP.

Examples of patients with AETP classified as PsP and TTP
are demonstrated in Figures 2 and 3, respectively.

DISCUSSION

The optimal role of anti-VEGF therapy for the treatment of
GBMs remains subject to debate [24, 25], despite the accel-
erated approval for bevacizumab granted in May 2009 [26]
as single-agent therapy for patients with progressive GBM.
Although a clearly established standard of care still does not
exist for recurrent GBMs, bevacizumab is being used for the
majority of progressive tumors that have failed previous TMZ
therapy [14, 27–30].

Despite some controversies regarding the antineoplastic
properties of antiangiogenic drugs, the substantial antiperme-
ability and antiedema effects of these agents have been
demonstratedbyMRI in investigational studies [12, 31,32]and
clinicalpractice.As such, anti-VEGFagentsaresometimesused
tocounteract theadverseeffectsof radiationnecrosis [33–36].
In this study, we aimed to test the hypothesis that anti-VEGF
agents would also have a preventive effect on the development
of early treatment-related inflammation (i.e., PsP), by using
serial MRI to evaluate the incidence of PsP during and after
conventional CRT. The opportunity to test such a hypothesis
emerged from data prospectively collected from two contem-
porary cohorts of GBM patients undergoing CRT in experi-
mental and imaging trials evaluating response of newly
diagnosed GBMs to CRT with and without the addition of
concomitantcediranib, apotentanti-VEGFsmallmolecule that
exerts itseffects through inhibitionof receptor tyrosinekinases
[12, 37]. Our results demonstrated substantial radiographic
response differences between the two groups, without a single
case of PsP among the 29 patients that completed CRT and
cediranib. In thecontrolgroup,3 casesofPsPwithserial imaging
were identified among the 11 patients evaluated—a 27%
incidence,which is in agreementwithpreviously publisheddata
from larger trials [4–11]. A case series from Chamberlain et al.
[9] in 2007, for example, identified AETP in 51% of patients.
Considering the patients that underwent reoperation, 47%

Figure 1. Classification of patients with AETP into TTP and PsP
based on follow-up scans.

Abbreviations: AETP, apparent early tumor progression; PsP,
pseudoprogression; TTP, true tumor progression.
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had treatment-related necrosis, suggesting an incidence of
roughly 25% in all patients at risk. Taal et al. [10] examined 85
patients with malignant gliomas and found very similar results
(PsP corresponding to 50% of the early radiographically
progressing subgroup and 25% of all patients). In 2008, a study
of 208 GBM patients demonstrated a 30% incidence of PsP on
the firstMRI after CRT [4]. Based on these data, we expected to
observe7–10casesofPsP (one-quarter toone-thirdofpatients)
in the study group receiving cediranib, but no cases were
observed.The possibility that wemay havemissed cases of PsP
in our cohort is very unlikely because our imaging follow-upwas
done at very short intervals as part of the trial protocol.

As expected, the number of patients with objective ra-
diographic responses in the early post-CRT period was also
significantly different between the two groups, reflecting the
major improvements observed in radiographic responsewhen
anti-VEGF therapy was used both in the newly diagnosed [15,
16, 38] and recurrent [29, 31, 32, 39, 40] settings. However,
whether anti-VEGF agents have a true antitumor effect re-
mains the subject of debate [24, 25]. Cediranib, for example,
has been previously studied as monotherapy and in combina-
tion with lomustine in a randomized, multicenter, phase III
study in patients with recurrent GBM, without significant
survival benefits [41]. Recent data by our group, however,
suggest that the combination of antiangiogenic therapy and
CRTmay indeed benefit some patients. Survival benefits were

observed in a subset of GBM patients with improved tumor
perfusion while receiving cediranib mono- and combination
therapy [19, 42]. These changes were not seen in patients
treated exclusively with CRT [19], suggesting that improved
tissue perfusion resulting from a transient effect of “vascular
normalization” may increase delivery of chemotherapeutic
agentsandenhance tumoroxygenation,potentially sensitizing
tumor cells to the effect of CRT.Whether concurrent anti-VEGF
therapy impedes or enhances delivery of chemotherapy to
tumors appears to be a function of the dose of anti-VEGF
therapy and the time when the drug uptake is measured [24,
25, 43].

In a prior study reporting safety data on the addition of
bevacizumab to standard TMZ-based CRT, Vredenburgh et al.
commented on the elimination of PsP in a cohort of patients
with newly diagnosed GBM that received bevacizumab in
addition to CRT [44]. In their retrospective nonblinded anal-
ysis, the investigators noted seven patients with “probable
pseudoprogression” suspected on clinical grounds, with four
patients demonstrating increasing enhancement according to
McDonald criteria and three patients with increased FLAIR

Table 1. Patient characteristics

Feature Study group Control group

No. of patients 40 14

Period of enrollment February 2009 to February 2011 August 2008 to August 2010

Age, years, median (range) 56 (22–74) 58 (35–78)

Baseline KPS, mean (range) 90 (60–100) 90 (60–100)

Pathological diagnosis, no. (%)

Resection 32 (80) 10 (72)

Biopsy 8 (20) 4 (28)

MGMT promoter status, no. (%)

Methylated 17 (43) 3 (21)

Unmethylated 17 (43) 8 (57)

Not obtained/failed 6 (15) 4 (28)

No statistically significant difference was observed for median age, baseline KPS, type of surgery orMGMT promoter status.
Abbreviation: KPS, Karnofsky performance score;MGMT, O6-methylguanine-DNA-methyltransferase.

Figure 2. Pseudoprogression in a 55-year-old glioblastoma
patient from the control group. There is early increase in mass-
like enhancement and edema on day 50 after initiation of
chemoradiation, with subsequent regression on days 98 and 126.

Table 2. Pseudoprogression in study versus control groups

Group Pseudoprogression No. of patients

Study 0 29

Control 3 11

p, .05, Fisher’s exact test

Table 3. Partial response in study versus control groups

Group Partial response No. of patients

Study 16 29

Control 1 14

p, .05, Fisher’s exact test.
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abnormalities only (whicharenonspecific and couldbe related
to postradiation white matter changes or nonenhancing
progression). Although the observed trend in that study is
comparable to ours (elimination of PsP), the lack of a clear
definition and qualitative description limits a direct compar-
ison between the two studies.

MGMT gene promoter methylation has been associated
with increased incidence of PsP in previous studies [4]. In
addition, patientswithmethylatedMGMTwithin these cohorts
had a significantly improved overall prognosis, a survival
benefit that has been confirmed in subsequent studies [1, 22,
45–47]. Based on these findings, investigators have hypoth-
esized that PsPmay be the imagingmanifestation of increased
CRT efficacy on the residual tumor burden, resulting in
improved survival [4]. Although assessment of MGMT status
was performed in most patients in both our study and control
groups, the overall small number of PsP cases precludes
meaningful analysis.

Demonstrating that PsP tends to be eliminated has
implications for patients receiving upfront anti-VEGF therapy, a
therapeutic strategy that is currently being evaluated in pro-
spective randomized trials (AVAglio, BO21990, NCT00943826).
The first implication relates to treatment tolerance. Sup-
pressing the inflammatory process, edema and mass effect
that accompanies CRT may improve patient tolerability to
adjuvant therapy and may have a steroid-sparing effect. For
selected patients who have poor performance scores or large
residual or inoperable tumors andwhomay not be candidates
for adjuvant therapy because of concern about treatment-
induced swelling, addition of an anti-VEGF agent could be a
rational strategy to assess in future experimental trials. It
remains unclear whether prophylactic anti-VEGF therapy
would be more beneficial than starting an anti-VEGF agent
when and if the patient becomes symptomatic, particularly
given that patients who will experience PsP cannot yet be
identified before initiation of CRT. In addition, it should be
emphasized that PsP is sometimes asymptomatic orminimally
and transiently symptomatic. In such cases, no treatment is
usually necessary, and patients can be followed radiograph-
ically until the imaging abnormalities resolve.

Our findings also have implications for evaluation of re-
sponse assessment for these patients. In the context of upfront
adjuvant anti-VEGF therapy, enlarging contrast-enhancing
lesions onMRI during or within the first 3 months after CRT are
much more likely to represent TTP than PsP. Shorter-interval
follow-up or tissue sampling may be warranted in these
patients to confirm early tumor progression.

Suppression of PsP has raised concerns in the literature
[24], because this inflammatory phenomenon has been
associated with a survival benefit and may reflect increased
tumor sensitivity to CRT. Some authors [24] have postulated
that anti-VEGF agents, like bevacizumab, may decrease the
correlation between MGMT status and PsP [4]. Although
theoretically possible, this has not been observed in the few
published phase II trials available using anti-VEGF drugs, in
which MGMT-methylated patients maintained a survival
benefit in comparison with patients without methylated
promoters [15, 25]. Another possible concern regarding the
antipermeability effect of anti-VEGF therapy would be to
potentially mask and delay the detection of real tumor
progression. To what extent this phenomenon truly occurs
and affects patient outcomes remains to be determined.

Our study has some limitations that deserve mention. The
most significant is the relatively small number of patients.
Although 40 patients were accrued in the study group as part
of the experimental trial, 11 patients (27.5%) could not be
included in the final analysis because of study withdrawals
secondary to drug toxicities. It is worth mentioning that
although these patients were not included in the analysis
because the minimal observation period was not reached (3
months after CRT), none demonstrated signs of progression or
PsP while in the trial. Had we been able to include these
patients in our analysis, themeasured effectwould potentially
be even more significant. Patient sample size was a more
significant issue in the control groupmainly because of accrual
limitations encountered in this imaging trial, which did not
offer experimental drug interventions and thus had difficulties
enrolling subjects. Even with a small patient sample, we were
able to demonstrate a substantial difference between the two
groups, a fact that strengthens the validity of these findings.
Moreover, the incidence of PsP observed in the control group
(27%) is in agreement with pooled data from larger studies [4,
5, 9, 11], althoughmany factors such as different studydesigns
and variable criteria for PsP may influence reported rates of
PsP in the literature.

CONCLUSION
Our results suggest that anti-VEGF therapy for newly di-
agnosed GBM patients prevents the development of PsP on
serial MRI during and after TMZ-based CRT. Knowing what to
expect in the early postradiation period for these patients
should raise awareness that enlarging contrast-enhancing
lesions in this context are more likely to represent TTP. Future
studies analyzing data from large phase III trials should be
available in the near future to confirm these observations.
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