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Over the last decade, pseudoprogression as a clinically significant entity affecting both glioma 
patient management and the conduct of clinical trials has been recognized as a significant issue. 
The authors have summarized the literature relative to the incidence, chronological sequence, 
therapy-relatedness, impact of O-6-methylguanine-DNA methyltransferase methylation status 
and clinical features of pseudoprogression. Evidence regarding numerous neuroradiologic 
techniques to differentiate pseudoprogression from tumor recurrence is summarized. The 
implications of pseudoprogression on prognosis and clinical trial design are substantial, and 
are reviewed. Relative to this, the overlapping terms pseudoprogression and radiation necrosis 
are clarified to produce an appropriate basis for future consideration and research regarding 
this important biological phenomenon.
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Analyze the prognosis of high-grade gliomas and the risk of radiation necrosis
Distinguish the risk of pseudoprogression after chemoradiotherapy of gliomas
Assess potential risk factors for pseudoprogression after chemoradiotherapy of gliomas
Evaluate different imaging modalities in their ability to determine early progressive disease from 
pseudoprogression and post-treatment radiation effects
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Management of high-grade gliomas (HGGs) has consisted of 
maximal resection and postoperative radiotherapy (RT) on the 
basis of randomized controlled trials dating back to the 1970s, 
which established the survival benefit of postoperative RT [1–3]. 
Numerous attempts to improve survival have been unsuccessful, 
including radiation dose escalation [4], stereotactic radiosurgery 
boost [5], brachytherapy boost [6] and hyperfractionation [7]. Trials 
attempting to improve efficacy have commonly assessed out-
comes not only in terms of overall survival, but also by  assessing 
 radiographic response and/or progression-free survival.

These latter end points have been measured using radiographic 
criteria described by Macdonald et al. in 1990 [8]. The Macdonald 
criteria were based on contrast-enhanced computed tomography 
using maximal 2D-enhancing tumor area (the sum of the prod-
ucts of perpendicular diameters), as well as the use of cortico-
steroids and clinical neurological status to define disease complete 
response, partial response, stability or progression. These criteria 
have been widely used in HGG studies, and the described param-
eters are commonly used in conjunction with MRI findings of 
contrast enhancement. Historically, disease recurrence was inevi-
table, and outcomes with salvage treatments following recurrence 
were disappointing [9].

A relatively recent development has altered the landscape of 
glioblastoma (GBM) treatment. The landmark study by Stupp 
et al. [10] demonstrated the superiority of chemoradiotherapy 
(chemoRT) with concurrent and consolidative temozolomide 
(TMZ) compared with RT alone, and has established chemoRT 
as the standard of care for GBM. However, this intensification 
of therapy has been accompanied by an increased recognition 
of pseudoprogression (PsP), whereby a proportion of patients 
demonstrate increased contrast enhancement on follow-up MRI 
studies, with or without clinical symptoms, which subsequently 

subside without a change in therapy and therefore do not represent 
true early progressive disease (ePD) (FIGURE 1). A portion of the 
transient changes in T1-contrast MRI may be therapy-induced 
alterations in the blood–brain barrier. Some of these changes 
might represent radiation necrosis, as there is evidence that the 
rates of RT necrosis (a well-recognized phenomenon following 
RT) are increasing with the incorporation of TMZ into HGG 
management [11]. Pseudoprogression and RT necrosis (as defined 
by surgical resection) likely lie along a spectrum of post- treatment 
radiation effects (PTREs). However, even after resection of a sus-
pect lesion, a pathological diagnosis may not be well defined, as 
there may be minimal residual disease or sampling problems. At 
some institutions, the observation of mitoses is required in order 
for a pathologist to be comfortable with assigning a diagnosis of 
recurrent disease. Conceptually, one approach is to ask the ques-
tion: “What significant part of the resected specimen accounted 
for the MRI changes?” Clearly, this increase in PTRE confounds 
follow-up MRI findings following glioma therapy, and as such, 
 compromises the conduct of clinical trials.

Further complicating MRI interpretation is the established 
use of bevacizumab in the setting of recurrent GBM [12]. This 
antiangiogenic therapy can normalize leaky tumor vasculature 
with an associated decrease in T1 enhancement (often referred to 
as pseudoresponse); this too further complicates the assessment of 
disease progression [13]. Additionally, MRI interpretation is also 
potentially compromised by the use of bevacizumab in that it is 
a useful treatment modality for RT necrosis [14].

Such issues, as well as other long-standing known limitations of 
the Macdonald criteria, led the Response Assessment in Neuro-
Oncology Working Group to develop updated response criteria 
for HGG [15]. While these new criteria will help guide clinical 
practice, much uncertainty remains when assessing response 
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of new therapeutic interventions, as no 
neuro radiological techniques have to date 
been prospectively validated to distinguish 
PTRE from progressive disease. The pur-
pose of this review is to summarize data 
regarding the incidence of PTRE with 
a focus on PsP and a clarification of the 
overlapping concepts of PsP and necrosis. 
As a corollary to this, the current clini-
cal criteria and current neuroradiologic 
techniques that may hold the potential to 
further delineate PTRE, and more specifi-
cally PsP, from true tumor progression are 
presented.

Clinical significance
GBM remains a devastating diagnosis, with long-term survival 
extremely rare. Nonetheless, significant progress has been made 
over the past decade. A recent analysis of New Approaches to 
Brain Tumor Therapy (NABTT) Consortium data reflects this, 
as GBM patients enrolled on Phase II protocols of adjuvant thera-
pies prior to the platform of concurrent TMZ with adjuvant RT 
demonstrated a 2-year survival rate of 8%. More recent Phase II 
studies building upon adjuvant chemoRT with TMZ have shown 
2-year survival rates of 37% among patients with similar prog-
nostic and demographic factors treated at the same participating 
institutions [16]. Therefore, with improving outcomes over time, 
enthusiasm for radiographic follow-up and utilization of sal-
vage therapies following upfront therapy is increasing. However, 
practice patterns for post- chemoRT imaging surveillance remain 
diverse and without definitive guidelines [17].

With better outcomes and increasing use of post-RT surveil-
lance imaging, accurate determination of true tumor progres-
sion, as opposed to PTRE, is important in clinical decision mak-
ing. When early imaging changes are noted following adjuvant 
chemoRT, a decision must be made whether to continue adjuvant 
TMZ. Whether adherence to adjuvant TMZ impacts outcomes 
is currently unknown. Patients randomized to the TMZ arm in 
the Phase III EORTC study received a median of three cycles of 
adjuvant TMZ, with only 47% receiving the recommended six 
cycles [10]. The vast majority (73%) of the patients discontinuing 
adjuvant TMZ within the first 6 months did so because of appar-
ent disease progression, although the phenomenon of PsP was not 
well recognized at that time. One report has suggested that the 
adjuvant TMZ does have a survival benefit over nitrosurea-based 
chemotherapy [18], raising the possibility that early discontinua-
tion of TMZ because of PsP may have negatively impacted the 
outcomes of patients on the EORTC study. Alternatively, a study 
by Combs et al., which did not segregate patient on the basis of 
O-6-methylguanine-DNA methyltransferase (MGMT) methyla-
tion status, suggested that adjuvant TMZ (i.e., post-RT-TMZ) 
may not have a profound effect on outcome [19].

As efficacy of salvage chemotherapies for recurrent HGG is 
generally disappointing, appropriate recognition of PsP is neces-
sary to prevent errant discontinuation of adjuvant TMZ. Stricter 

adherence to adjuvant TMZ in the setting of early post-chemoRT 
imaging changes (some of which represents PsP) may in part have 
contributed to the improved outcomes on recent NABTT Phase II 
studies [16]. However, even with continuation of adjuvant TMZ 
beyond 6 months, only approximately 35% of the patients remain 
without progression at 12 months [20]. Patients with progressive 
HGG should ideally be enrolled in clinical trials. Clinical trials in 
this setting do not typically require histologic proof of recurrent 
disease. Thus, the possibility exists that patients with PsP that are 
inaccurately deemed to have ePD could be enrolled erroneously, 
overestimating the value of study agents in Phase II trials. In an 
attempt to obviate this confounding effect, current Radiation 
Therapy Oncology Group trials for newly diagnosed GBM dis-
courage declaring ePD on the first post-RT MRI. Additionally, 
some Adult Brain Tumor Consortium trials require patients to be 
3 months post-RT to enter a recurrent study. While this decreases 
the likelihood of a patient with PsP entering a recurrent study, 
it may prevent some patients with true ePD from entering clini-
cal trials. Furthermore, PsP can occur later than 3 months, and 
such patients should be evaluated on a case-by-case basis prior 
to clinical trial enrollment. Given the cost, potential morbidity 
and possible sampling errors associated with biopsy or re-resec-
tion to establish a diagnosis of recurrence, noninvasive means of 
 accurately distinguishing PsP from ePD are clearly needed.

Clinical experience & incidence
Pseudoprogression in the pre-temozolomide era
Transient or nonprogressive increases in contrast enhancement 
after RT, often with reversible neurological deterioration, were 
recognized before the introduction of concomitant RT and TMZ 
as standard therapy for HGG. An early report by Hoffman et al. 
[21] analyzed 51 glioma patients who, within a prospective trial, 
had been treated with 60 Gy and BCNU ± hydroxurea, and had 
all survived at least 26 weeks. During the first 18 weeks, 25 out of 
51 patients (49%) had findings (progression/worsening on at least 
two imaging or clinical factors) that were presumed to represent 
tumor progression. Seven of these 25 patients (28%) improved 
with no change in therapy. Notably, deterioration or worsening 
of findings after 18 weeks rarely improved.

Figure 1. Pseudoprogression example. Sequential contrast-enhanced T1 MRI 
following radiation plus temozolomide for high-grade glioma are demonstrated. 
4 months after completion of chemoradiation, the patient was noted to have progressive 
contrast enhancement surrounding the resection cavity concerning for tumor recurrence. 
Temozolomide was continued to complete a 6-month adjuvant course, and imaging 
findings subsequently improved. The patient now remains without evidence of recurrent 
disease 3 years postchemoradiation.

6 weeks 4 months 10 months 3 years

Pseudoprogression after glioma therapy
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A Norwegian report demonstrated that six out 112 patients 
(5.4%) with inoperable brain tumors (49 HGG; 63 low-grade gli-
omas) treated with intra-arterial chemotherapy followed by 54-Gy 
radiation developed transient radiation reactions 2–8 months later 
[22]. Interestingly, they observed a mild form of reaction noted 
at 2–3 months following RT characterized by low-attenuation 
expansive areas within the irradiated volume, as well as a more 
severe form in some patients 6 months or more after RT, charac-
terized by enhancing lesions and exacerbation of clinical signs, 
which likely represents radiation necrosis.

Similarly, other studies [23–26] have demonstrated reactions 
 following RT mimicking tumor progression, with subsequent 
stabilization or improvement. The most rigorous study of 
this phenomenon utilizing MRIs prior to TMZ investigated 
32 patients with HGG on prospective studies treated with 
postoperative RT alone (control patients) at a single center in 
The Netherlands [27]. Nine out of 32 (28%) patients demon-
strated findings worrisome for progression on their first post-
RT MRI scan (within 4 weeks). In three of these nine (33%; 
9% of total cohort), the patients either improved or stabilized 
for at least 6 months following the initial concerning post-RT 
MRI scan. With these observations, the authors suggested that 
it would be prudent to exclude patients with recurrence within 
3 months of RT from trials for recurrent HGG unless histologic 
proof of recurrence was obtained.

Pseudoprogression with radiation plus temozolomide
The first large report of early post-RT changes mimicking pro-
gressive tumor following chemoRT with TMZ was reported 
by Chamberlain et al. in 2007 [28]. ChemoRT with TMZ was 
administered to 51 patients, who were re-evaluated with MRI 
2–3 weeks after completion of RT. Of 26 patients (51%) with 
clinical and radiographic progression within 6 months, 15 under-
went re- biopsy, with seven patients demonstrating no evidence 
of tumor at a median of 3 months following chemoRT. This 
observation raised the awareness of early post-RT changes mim-
icking tumor progression in the setting of RT with TMZ. The 
authors felt that these exaggerated changes may have occurred 
due to the radiosensitization effect of TMZ [29] in this setting, 
mirroring the enhanced antitumor efficacy demonstrated in the 
EORTC trial [10].

The term ‘pseudoprogression’ was subsequently introduced and 
further characterized in a larger series analyzed by Taal et al. [30]. 
In 85 patients undergoing RT plus TMZ for malignant glioma, 
progression of t25% on MRI at 4 weeks post-RT was noted in 
36 patients (42%). Of these 36 patients, half (n = 18) had either 
at least a 50% decrease in the enhancing lesion during further 
follow-up or remained clinically and neurologically stable for at 
least 6 months without any further treatment other than adjuvant 
TMZ, and were deemed to have PsP.

As clinical awareness of PsP has risen, a large body of literature 
has helped to further define the incidence and factors associated 
with PsP in the setting of RT plus TMZ for HGG [11,31–45]. These 
observed rates of early progression and PsP noted in these stud-
ies are summarized in TABLE 1. Individual studies have differed in 

the time point at which early progression is defined, as well as 
the criteria used to define early progression. Furthermore, strict 
criteria do not exist to define subsequent stabilization/improve-
ment that qualifies individual patients with early signs of pro-
gression as pseudoprogressors at later time points, and therefore 
variability exists between studies. Nonetheless, it appears that 
approximately 50% of the HGG patients treated with adjuvant 
RT plus TMZ can be expected to have early (1–6 months) post-
RT imaging findings concerning for progression. Of these early 
progressors, approximately 40% improve or stabilize on subse-
quent clinical and radiographic assessments without a change 
in therapy, and are deemed to have PsP. Therefore, PsP is docu-
mented in nearly 20% of the HGG patients treated with adjuvant 
RT plus TMZ.

The precise contribution of TMZ to PsP remains poorly 
defined. As above, observations consistent with PsP existed 
prior to the routine incorporation of TMZ into adjuvant HGG 
therapy. However, many of these studies predated the regular use 
of post-therapy MRI, and the lower rates observed could thus 
be explained by less sensitive (computed tomography, clinical 
examination) measures of apparent early progression. Gerstner 
et al. [35] examined this question by comparing rates of PsP in 
47 glioblastoma patients treated with adjuvant RT alone and 
45 patients treated with adjuvant RT plus TMZ. On the first 
post-RT MRI scan, 18 out of the 47 (38%) RT-only patients 
demonstrated enlargement, with 11 of these 18 (61%; 23% of 
entire RT-only cohort) subsequently found to have PsP. In the 
chemoRT patients, 24 out of 45 RT (53%) patients had enlarge-
ment on the first post-RT MRI, with 13 of these 24 (54%; 29% 
of entire RT plus TMZ cohort) subsequently deemed to have 
PsP. The odds ratio for PsP in the RT plus TMZ patients was 
1.3 versus RT alone (95% CI: 0.52–3.4), which was not statisti-
cally significant (p = 0.55). Therefore, while it is likely that TMZ 
contributes to the development of PsP, the magnitude of its effect 
has not been established. In addition, it is likely that more rigor-
ous post-therapy imaging has contributed to higher rates of PsP 
development/detection in recent years.

Pseudoprogression as a prognostic indicator
As summarized in TABLE 2, numerous studies [36,37,41,42] have dem-
onstrated statistically significant differences in overall survival 
for patients experiencing PsP compared with ePD. Brandes et al., 
as described below, demonstrated that the patients with MGMT 
promoter methylation (a known positive prognostic factor) are 
more likely to demonstrate PsP than those without MGMT pro-
moter methylation [46]. However, when accounting for MGMT 
status in a multivariate model, development of PsP remained 
independently associated with improved survival (p = 0.045). 
These findings have led to the belief that the clinical entity of 
PsP is a marker of enhanced antitumor efficacy in the era of 
concurrent TMZ, in keeping with the well-demonstrated overall 
survival benefit associated with TMZ. While logical, this conclu-
sion appears premature, as patients with PsP have often not been 
demonstrated to have statistically improved outcomes compared 
with the patients with stable or improved post-RT MRIs (TABLE 2), 
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and in some studies their outcomes appear less impressive than 
those with neither PsP or ePD [38,41,45]. Additionally, this conclu-
sion would require evidence that TMZ increases the rates of PsP 
in HGG over RT alone. As described above, such evidence at this 
time is not supported in the literature [35].

Determination of PTRE versus ePD
Chemoradiation-induced PsP and/or necrosis present with MRI 
findings indistinguishable from tumor recurrence on conven-
tional contrast-enhanced MRI. However, while ePD indicates 
treatment failure and necessitates a change in therapy, PTRE 
indicates success of the treatment. Therefore, determination of 
ePD versus PTRE is vital. Numerous studies have investigated 
novel imaging modalities and parameters to distinguish PTRE 
from ePD and are reviewed below. Additionally, in recent stud-
ies highlighting the phenomenon of PsP, a number of clinical 
and tumor factors have been studied to assess the likelihood of 
whether an individual patient with early radiographic progres-
sion is demonstrating true ePD or PsP. However, given the small 
numbers of patients in individual studies, few factors have been 
identified. The presence of neurologic symptoms and tumor 

factors, that is, primarily MGMT status, appear to predict the 
likelihood of PsP as opposed to ePD. Whether anatomic location 
and/or treatment volume are related to the likelihood of PsP or 
ePD has not been studied, but also may warrant consideration 
in future studies.

Symptoms
Numerous reports have suggested that ePD is more likely to 
be accompanied by symptoms than radiographic changes seen 
with PsP. Taal et al. noted that 67% of the patients with ePD 
had accompanying neurologic deterioration, while only 33% 
of those with PsP had neurologic deterioration (p = 0.094 by 
Fisher’s exact test) [30]. A similar trend was demonstrated in an 
Australian report [36], with apparent clinical progression accom-
panying radiographic findings ultimately deemed PsP in only 
three of 14 patients (21%), whereas 14 of 27 (52%) of those with 
ePD were symptomatic (p = 0.096). Brandes et al. noted clini-
cal deterioration in 21 out of 50 patients (42%) with enlarged 
imaging findings at 1 month post-chemoRT [46]. Patients with 
PsP again appeared less likely to have accompanying symptoms 
(11 out of 32; 34%) than those with ePD (ten out of 18; 56%), 

Table 1. Rates of pseudoprogression in studies of radiotherapy plus temozolomide. 

Study (year) Patients 
(n)

Time of 
early-response 
assessment

Portion with 
early 
progression

Pseudoprogression as 
a % of those with early 
progression

Overall rate of 
pseudoprogression

Ref.

Chamberlain et al. 
(2007)

51 6 months 26/51 (51%) 7/15 (47%)† 7/40 (18%) [28]

Taal et al. (2008) 68 1 month 31/68 (46%) 15/31 (48% 15/68 (22%) [30]

Brandes et al. (2008) 103 1 month 50/103 (52%) 32/50 (64%) 32/103 (31%) [46]

Chaskis et al. (2008) 54 6 months 25/54 (46%) 3/12 (12%)† 3/54 (6%) [32]

Clarke et al. (2009) 85 2–4 weeks 35/85 (41%) 10/27 (37%)† 10/77 (13%) [33]

Fabi et al. (2009) 12 2 months 4/12 (33%) 2/4 (50%) 2/12 (17%) [34]

Peca et al. (2009) 50 6 months 15/50 (30%) 4/15 (27%) 4/50 (8%) [11]

Roldán et al. (2009) 43 4–6 weeks 25/43 (58%) 10/20 (50%)† 10/38 (26%) [41]

Gerstner et al. (2009) 45 2–4 weeks 24/45 (53%) 13/24 (54%) 13/45 (29%) [35]

Sanghera et al. (2010) 104 2–months 27/104 (26%) 7/22 (32%)† 7/99 (7%) [42]

Tsien et al. (2010) 27 3 months 14/27 (52%) 6/14 (43%) 6/27 (22%) [43]

Yaman et al. (2010) 67 6 months 17/67 (25%) 4/17 (24%) 4/67 (6%) [44]

Gunjur et al. (2011) 68 1 month 41/68 (60%) 14/41 (34%) 14/68 (21%) [36]

Kang et al. (2011) 35 1 month 18/35 (51%) 8/18 (44%) 8/35 (23%) [37]

Kong et al. (2011) 90 2 months 59/90 (66%) 26/59 (44%) 26/90 (29%) [38]

Young et al. (2011) 321 2–4 weeks 205/321 (64%) 30/93 (32%)† NA‡ [45]

Park et al. (2011) 48 4 weeks 25/48 (52%) 11/25 (44%) 11/48 (23%) [39]

Pouleau et al. (2012) 63 2 months 33/63 (52%) 7/33 (21%) 7/63 (11%) [40]

Totals 1334 Range: 2 
weeks–6 months

674/1334 = 
50.5% (range: 
25–66%)

209/520 = 40.2% (range: 
12–54%)

179/984 = 18.2% 
(range: 6–31%)

†Excludes patients for whom determination of pseudoprogression is unknown (including those initiated on chemotherapy at radiographic progression).
‡112 patients, all with worsened initial imaging, were excluded from analysis rendering this determination incomplete. 
NA: Not available.
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although again this difference was not statistically different 
(p = 0.14).

Tumor factors (MGMT & others)
In addition to having prognostic value in patients undergoing 
chemoRT with TMZ [47], promoter methylation of the MGMT 
gene has been reported to be associated with the development 
of PsP. Brandes et al. demonstrated that among patients with 
early changes and MGMT methylation, 91% had PsP, com-
pared with 41% of the patients with unmethylated MGMT 
(p = 0.0002) [46]. Of the 36 patients with MGMT methyla-
tion, 21 (58%) developed PsP, while only 11 out of the 67 
patients with unmethylated MGMT promoters developed PsP 
(p = 0.00001 by Fisher’s exact test). Therefore, these data sug-
gest that the patients with MGMT methylation are more likely 
to develop PsP, and also suggests that the vast majority (91%) 
of early imaging changes in patients with MGMT methylation 
represent PsP rather than ePD. Two more recent studies also 
demonstrated that patients with methylated MGMT had a sig-
nificantly higher incidence of PsP than those with unmethylated 
MGMT [38,39].

Other tumor biomarkers may be related to the development of 
PsP, although the evidence is weaker and the value to the clini-
cian less certain. A Korean study examined p53 overexpression, 
and demonstrated that seven out of eight (88%) tumors with 
PsP had p53 overexpression, while only three out of ten tumors 
(30%) with ePD showed overexpression of p53 (p = 0.03) [37]. 
However, another study examined p53 levels and showed no pre-
dictive value in the identification of PsP [40]. This group, however, 
demonstrated that Ki67, a marker of cellular proliferation, was 
significantly higher in patients with PsP (median: 20%) compared 
with Ki67 levels in patients with ePD (median: 10%). All patients 
with PsP had tumors demonstrating Ki67 indices t20%, and 
the authors postulate that tumors with higher levels of cellular 
replication may show more significant early treatment effects. 

Further studies will be needed to assess the value of p53 and Ki67 
as related to PsP development.

Imaging determination of post-treatment radiation 
effect versus tumor recurrence
Conventional MRI
Currently, no neuroradiographic techniques have been prospec-
tively investigated with enough demonstrable sensitivity and 
specificity to reliably differentiate between PsP and ePD. While 
certain radiographic patterns on standard MRI sequences (axial 
T1, T2 and post-gadolinium T1-weighted) such as involvement of 
the corpus callosum with either subependymal spread or multiple 
enhancing lesions are more consistent with progressive disease 
than PsP [48], these patterns are not prevalent or reliable enough 
to categorize all early radiographic changes in HGG patients as 
either postradiation change or ePD. A more recent study rigor-
ously examined the utility of conventional MRI in differentiating 
PsP from ePD [45]. This study of 321 patients analyzed 11 MRI 
features on the initial post-RT MRI and correlated these with the 
final diagnosis of PsP or ePD. Only subependymal enhancement 
was predictive for early progression (p = 0.001), but the negative-
predictive value was only 41.8%, while the other ten features 
had no predictive value. These results highlight the similarities 
between PsP and ePD on conventional MRI, and the difficulty 
clinicians and neuroradiologists face when assessing these studies.

Thus, with conventional MRI, PsP can only be retrospectively 
ascertained. Advanced imaging techniques are currently being 
investigated to differentiate PsP from ePD, and include MR spec-
troscopy, diffusion-weighted MRI (DWI), MR perfusion   imaging, 
diffusion-tensor imaging and PET-based strategies (TABLE 3).

Diffusion-weighted MRI
DWI measures the degree of water diffusion within tissue, and 
has important utility in the diagnosis of acute stroke. Apparent 
diffusion coefficient (ADC) values quantify the mobility of water 

Table 2. Median survival (in months) in patients with high-grade glioma undergoing adjuvant 
radiotherapy with concurrent temozolomide, as assessed by early radiographic findings and subsequent 
determination of pseudoprogression. 

Study (year) Patients 
(n)

Median survivals, by radiographic responses (months) Ref.

Overall cohort Pseudoprogression True early progression Stable or improved

Brandes et al. (2008) 103 20.7 38.0†‡ 10.2 20.2 [46]

Roldán et al. (2009) 43 13.7 14.5† 9.1 17.2 [41]

Gerstner et al. (2009) 45 NA 24.4 15.9 [35]

Sanghera et al. (2010) 104 13.0 28.7† 8.3 15.5 [42]

Gunjur et al. (2011) 68 11.6 27.4† 10.4 13.0 [36]

Kang et al. (2011) 35 25.2 NR† 10.8 25.6 [37]

Kong et al. (2011) 90 16.9 21.7 13.5 29.3 [38]

Young et al. (2011) 209 NA 14.5 10.5 15.2† [45]
†Median survival statistically higher than those with early progressive disease.
‡Median survival statistically higher than those with stable/improved findings.
NA: Not available; NR: Not reached.
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molecules at the cellular level, holding the potential to differen-
tiate between necrosis, edema and recurrent tumor. Areas with 
high cellularity are known to have decreased ADC values, but 
necrosis, gliosis and fibrous scar tissue can also impact the ADC 
values in a region. The use of DWI for distinguishing treatment-
related change from tumor recurrence was first investigated by 
Hein et al., who retrospectively established ADC maps from 
diffusion-weighted MRI in 18 HGG patients with enhancing 
lesions suspicious for recurrence following RT [49]. Mean ADC 
values and ADC ratios (ADC of enhancing lesion to ADC of 
contralateral normal white matter) were determined, and recur-
rence or radiation injury was established either by histology or 
clinical course and subsequent imaging studies. ADC values and 
ADC ratios in the recurrent group were significantly lower than 
those in the nonrecurrent group.

These findings were mirrored by a prospective study from Japan 
of 20 lesions in 17 patients (14 with HGG) who had MRI find-
ings consistent with those of tumor recurrence [50]. DWI showed 
marked hypointensity in eight of the 12 radiation necrosis lesions, 
but none of the eight areas of recurrence demonstrated marked 
hypointensity. By examining five regions of interest within each 
area of contrast enhancement, it was demonstrated that the 
maximal ADC values were significantly smaller for the recur-
rence group than for the necrosis group. However, it should be 
noted that cases of radiation necrosis with low ADC values have 
been reported [51]. The use of contrast-enhanced susceptibility-
weighted imaging to guide regions for ADC measurements may 

further enhance the ability of DWI to differentiate tumor recur-
rence from PsP [52]. These techniques are promising, with results 
suggesting a role for DWI in this arena, but further studies of a 
prospective nature are needed for validation.

MR perfusion
Dynamic susceptibility-weighted contrast-enhanced MRI (DSC) 
is a T2*-weighted technique to measure relative cerebral blood vol-
ume (rCBV) while dynamic contrast-enhanced MRI is a T1-based 
technique to allow for measurement of vascular permeability in 
tumors. However, rCBV can be modeled from dynamic contrast-
enhanced data. These techniques allow for measurements of the 
vascular environment to determine levels of absolute cerebral 
blood flow, cerebral blood volume (CBV) and rCBV. Changes 
over time suggestive of tumor progression include increased blood 
volume and blood flow. This technique is increasingly used in 
determining recurrent tumor from radiation changes in areas 
of contrast enhancement. Hu et al. obtained DSC perfusion 
MRI prospectively in 13 HGG patients with contrast-enhancing 
lesions on follow-up MRI for whom resection was planned [53]. 
DSC perfusion MR studies were obtained preoperatively, and 
stereotactic locations of biopsy were captured and coregistered 
to the preoperative perfusion imaging sets. The rCBV values at 
the biopsy sites were compared with the histopathology. Areas of 
post-treatment-related enhancement showed relative CBV values 
from 0.21 to 0.71, while CBV values for recurrent tumor ranged 
from 0.55 to 4.64. By choosing a value of 0.71, differentiation of 

Table 3. Overview of imaging techniques utilized for discriminating between early progressive disease 
and pseudoprogression. 

Imaging method Supporting 
studies

Patterns associated with ePD 
(compared with PsP)

Strengths Limitations

Conventional MR [45,48] Corpus callosum involvement, 
subependymal enhancement

Widely available Poor ability to differentiate 
ePD vs PsP

Diffusion-weighted MRI [49,50,52] Lower mean ADC values and 
ADC ratios

Can characterize tissues 
and pathologic processes 
at the microscopic level

ADC depends on sampling 
method – confounded by 
necrosis, vascularity

MR perfusion [38,43,53–62] Higher rCBV in areas of 
enhancement

Studies have correlated 
rCBV values to tissue-
confirmed diagnoses [53] 
and survival [59]

Vascular leak problematic, 
requires correction; rCBV 
value cutoffs vary by 
technique, institution

Proton MR spectroscopic 
imaging

[63–70] Higher Cho/Cr and Cho/NAA 
ratios

Very high reported rates of 
diagnostic accuracy

May struggle to differentiate 
tissue when mixed tumor 
and necrosis are present; 
long scan time required

FDG-PET [71–73] Considerable overlap Widely available High background signal; 
unacceptably low sensitivity 
and specificity

C-Met-PET [58,78–80] SUVs tend to be higher for ePD 
than necrosis

Lower background activity 
than FDG-PET

Short half-life limiting 
availability; may be less 
effective than diffusion-
weighted MRI [58]

Other novel PET tracers FET-PET [81,82], FDOPA-PET [84], 13N-NH3 PET [76] Early investigational stages for these tracers
ADC: Apparent diffusion coefficient; Cho: Choline; Cr: Creatinine; C-Met: 11C-methionine; ePD: Early progressive disease; FDOPA: 18F-labeled dopamine; 
FDG: 18F-labeled fluorodeoxyglucose; NAA: N-acetylaspartate; PsP: Pseudoprogression; rCBV: Relative cerebral blood volume; SUV: Standardized uptake value.
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the recurrent tumor from post-treatment-related enhancement 
was accomplished with a sensitivity of 91.7% and a specificity of 
100%, albeit in only 13 patients.

These findings have been corroborated by other studies [54–59]. 
Kong et al. prospectively analyzed 90 patients with GBM treated 
with adjuvant chemoRT, with 59 patients showing new or enlarg-
ing enhancing lesions following therapy [38]. Mean rCBV values 
were significantly lower for PsP than for ePD (p = 0.003). A 
cutoff value for the rCBV ratio was determined, which allowed 
for 81.5% sensitivity and 77.8% specificity in determining PsP 
from ePD. Another group similarly showed that patients with PsP 
had lower median rCBV values compared with ePD; one rCBV 
threshold detected PsP with 100% sensitivity and 75% specificity, 
while another threshold achieved 100% specificity to detect PsP, 
but only 69% specificity [60]. These studies highlight the potential 
for DSC MR perfusion to differentiate PsP from ePD. However, 
while many of these studies obtained these images in a prospective 
fashion, the rCBV threshold values have differed between studies, 
with values of 0.71 [53], 1.49 [38] and 1.75 [54] reported in different 
studies. Therefore, optimal thresholds must be determined and 
validated prospectively to confirm that accuracy is sufficient for 
clinical use.

The issue of vascular leak in DSC perfusion MR studies 
deserves attention, as chemoRT can disrupt the blood–brain bar-
rier, which may allow gadolinium-based contrast agents to leak 
into the interstitial fluid. This may lead to the underestimation 
of rCBV [61]. Gahramanov et al. have examined ferumoxytol as 
a contrast agent as an alternative to gadolinium-based contrast 
in patients with apparent recurrent HGG on conventional MRI, 
as this iron oxide nanoparticle has a relative inability to cross the 
disrupted blood–brain barrier [54,59]. In a study of 19 patients 
with apparent HGG recurrence on conventional MRI, rCBV 
values d1.75, as determined by feromoxytol, were associated with 
a median survival of 591 days, whereas rCBV values >1.75 were 
associated with a median survival of 163 days (p < 0.001). While 
subsequent determination of PsP or ePD was not specifically 
reported, this suggests that the perfusion MRI with ferumoxy-
tol may distinguish between ePD and PsP, and appears to be a 
good prognostic tool in patients with conventional MR findings 
 suggestive of recurrence following chemoRT for HGG [59].

In addition to analysis of post-treatment imaging, DSC-MRI may 
have predictive utility when obtained during chemoRT. Tsien et al. 
hypothesized that voxel-by-voxel early change in function analysis 
would be more accurate than standard DSC-MRI for predicting 
outcomes [43]. DSC-MRI were obtained in 27 HGG patients prior 
to and during weeks 1 and 3 of chemoRT on a prospective study. 
Average percent change of rCBV and cerebral blood flow were eval-
uated, and a voxel-by-voxel analysis (parametric response mapping) 
[62] was performed in each patient. Fourteen patients were noted to 
have radiographic progression in the first 3 months, and six of these 
patients were noted to have PsP as determined by subsequent clini-
cal course or resection showing RT effects only with no tumor. In 
patients with genuinely progressive disease, the decrease of rCBV at 
week 3 compared with baseline was significantly less than it was in 
either patients with PsP or stable findings. These findings indicate 

that DSC-MRI may have predictive value for subsequent PsP or 
ePD when obtained during the RT course.

Proton MR spectroscopic imaging (1H MRSI)
MR spectroscopy (MRS) can detect different metabolites in tis-
sue. Metabolites commonly detected in the brain include cho-
line (Cho), N-acetylaspartate (NAA), creatinine (Cr), lipid and 
lactate. Tumors typically demonstrate elevated Cho levels due to 
increased cell membrane phospholipids, with decreased NAA in 
comparison with normal white matter, while necrotic tissue shows 
elevated lipid and lactate peaks. MRSI has been investigated in 
differentiating PTRE from ePD. Early studies utilized single-
voxel MRS, which assesses metabolite concentrations at a single 
voxel, but leads to difficulties in interpretation given the hetero-
geneity of contrast-enhancing lesions in the post-RT setting, with 
results rarely completely discriminatory [63]. Pure tumor or pure 
necrosis were often clearly differentiated, but areas with mixed 
 components were difficult to characterize via MRS [64,65].

However, multivoxel MRS techniques may improve accuracy 
in differentiating PTRE from ePD. Weybright et al. utilized 2D 
chemical shift imaging MRS in 29 patients with new contrast-
enhancing lesions in the region of previously treated brain tumors 
(24/29 gliomas) [66]. Mean Cho/Cr ratios were higher for tumors 
compared with PTRE, and when a cutoff value was retrospectively 
applied, 27 of the 28 patients could be correctly differentiated 
between recurrence and PTRE. Zeng et al. examined multivoxel 
3D-MRS in 28 patients with new contrast-enhancing lesions in the 
region of previously resected and irradiated HGG [67]. The Cho/
NAA and Cho/Cr ratios were significantly higher in recurrent 
tumor than in PTRE. The sensitivity, specificity and diagnostic 
accuracy of 3D-MRS were 94.1, 100 and 96.2%, respectively.

MRS has also been combined with DWI to assess PTRE from 
recurrent tumor [68,69]. In a study of 55 patients, 2D-MRS and 
DWI were performed, with spectral data for NAA, Cho, Cr, lipid 
and lactate analyzed in conjunction with the ADC. Similar to 
other studies, Cho/NAA and Cho/Cr ratios were higher in recur-
rent tumor than in regions of PTRE, and ADC values and ADC 
ratios were higher in areas of PTRE than in areas of recurrent 
tumor [69]. MRS data correctly classified 85.5% of subjects as 
either PTRE or recurrence, while the addition of ADC infor-
mation correctly classified 96.4% of subjects. This study and 
similar studies combining MRS with other MRI techniques [70] 
demonstrate that combinatorial analyses may be more effective 
than single-modality analyses for differentiating PTRE from 
recurrence, but prospective validation is still needed.

PET-based imaging
FDG-PET
Given the difficulty of differentiating PTRE and tumor recur-
rence with traditional contrast-enhanced MRI sequences, PET 
has been investigated in this setting. PET imaging with 18F-labeled 
fluorodeoxyglucose (FDG) has utility in many oncologic settings, 
but is limited in its applicability in the brain due to high glu-
cose utilization of normal brain that results in high background 
activity. An early study of FDG-PET evaluated 84 patients with 

Kruser, Mehta & Robins



CME

397www.expert-reviews.com

Review

findings suggestive of recurrent intracranial tumor or PTRE. 
PET had a high rate of both false-positive and negative findings, 
and the authors concluded that sensitivity and specificity rates 
for recurrent tumor were unacceptably low [71]. A more recent 
study demonstrated a sensitivity of only 70% for recurrent glioma 
with FDG-PET [72]. While HGG typically demonstrate increased 
glucose metabolism, inflammatory lesions such as post-RT necro-
sis can also demonstrate increased FDG-PET activity, and in 
general the amount of overlap in terms of FDG-PET activity 
between recurrent HGG and RT necrosis is too considerable for 
FDG-PET to be useful for lesions that are equivocal on MRI [73]. 
The limitations FDG-PET for differentiating PTRE from tumor 
recurrence have prompted evaluations of novel PET tracers with 
lower background brain activity compared with FDG-PET for 
evaluation of tumor recurrence.

Novel tracers
A number of novel tracers are under investigation in attempts 
to improve the ability to differentiate PTRE and recurrent 
HGG. 3´-deoxy-3´-18F-f luoro-thymidine (18F-FLT)-PET has 
demonstrated promise in detecting recurrent HGG [74], and to 
prognosticate during treatment for recurrent HGG [75], but has 
not yet specifically been analyzed for differentiating PTRE and 
tumor recurrence. More promising are novel amino acid tracers, 
including 11C-methionine (C-Met)-PET, O-(2-[18F]fluoroethyl)-
L-tyrosine (FET)-PET and 18F-3,4-dihydroxy-6-[18F]-fluoro-L-
phenylalanine (FDOPA)-PET, while 13N-NH3-PET also dem-
onstrated efficacy in distinguishing recurrent glioma from RT 
necrosis in one small study [76]. In general, these tracers exhibit 
a lower background brain activity as compared with FDG-PET.

11C-Met is a widely studied amino acid tracer whose uptake into 
tumors is mediated by neural L-amino acid transporters [77]. An 
initial study to evaluate C-Met-PET in distinguishing recurrent 
glioma from PTRE was performed in 11 patients who had received 
stereotactic radiosurgery after primary treatment [78]. Histologic 
examination after C-Met-PET demonstrated recurrent glioma in 
six cases, while five cases were deemed RT necrosis either via histo-
logic assessment or stable radiographic findings for >5 months. In 
this small study, C-Met-PET showed a sensitivity of 100%, speci-
ficity of 60% and accuracy of 82% for detecting tumor recurrence. 
This study was promising, but two subsequent studies of C-Met-
PET have been conflicting. Terakawa et al. examined 26 patients 
with glioma [79], and demonstrated that standardized uptake values 
(SUVs) tended to be higher for tumor recurrence than necrosis. 
However, sensitivity and specificity were disappointing at only 
75 and 75%, respectively. A more recent, larger study directly 
compared C-Met-PET and FDG-PET for the evaluation of recur-
rence in 35 patients with primary brain tumors [80]. C-Met-PET 
was shown to be superior to FDG-PET, with a sensitivity of 95% 
and specificity of 89%, and also demonstrated better interobserver 
agreement than FDG-PET. However, C-MET-PET appears to be 
less effective than DW-MRI for differentiating PTRE from tumor 
recurrence in HGG under direct comparison [58]. 11C-Met has a 
short half-life (20 min), limiting its availability, and more studies 
of this tracer are needed before routine clinical use can be justified.

FET is an 18F-labeled synthetic amino acid with a much longer 
half-life, and therefore does not require an on-site cyclotron. 
FET-PET has been investigated in the setting of post-treatment 
glioma recurrence in two studies. Rachinger et al. examined 
45 patients with a history of glioma following various therapies 
[81]. Recurrence was diagnosed either pathologically or by subse-
quent clinical course in 31 patients, while 14 patients were shown 
to not have recurrence at time of imaging. Sensitivity and specific-
ity of MRI were 50 and 94%, respectively, while FET-PET had 
a sensitivity of 100% and specificity of 93%. FET-PET revealed 
the correct diagnosis in 44 patients, versus 36 patients (out of 
45) for MRI, rendering this modality significantly more accurate 
than MRI. A subsequent study enrolled 31 patients with findings 
concerning for glioma recurrence on both MRI and FET-PET 
(SUVmax/background ratio >2), and prospectively determined the 
positive-predictive value of FET-PET [82]. All patients underwent 
multimodality-guided biopsy, and FET-PET results were con-
cordant in 26 out of 31 patients, for a positive-predictive value of 
84%. Therefore, there remains interest in utilizing FET-PET in 
future studies to evaluate PTRE and tumor recurrence.

18F-FDOPA is an 18F-labeled dopamine precursor that is attrac-
tive for imaging in the setting of suspected tumor recurrence, 
because as opposed to contrast-enhanced MRI, FDOPA-PET is 
believed to require active transport mechanisms for tissue uptake 
rather than depending on blood–brain barrier breakdown. A pre-
liminary study from UCLA (CA, USA) showed that FDOPA-
PET is more accurate than FDG-PET for diagnosing gliomas, 
especially for low-grade tumors [83]. This study also demonstrated 
that in a second subset of 51 patients, 47 who were being evaluated 
for possible tumor recurrence, a sensitivity of 97% and specificity 
of 86% for tumor recurrence could be attained with FDOPA-
PET. This group further suggested in another publication that 
FDOPA-PET may have a complementary role to MRI as FDOPA-
PET may detect recurrence earlier than MRI in some cases, and 
may better differentiate nonenhancing tumor from other causes 
of MRI T2-weighted signal change such as edema [84]. While 
these results with FDOPA-PET appear promising, prospective 
studies cleanly designed to assess the ability of FDOPA-PET for 
distinguishing PTRE from recurrent disease are still lacking.

PsP & RT necrosis: clinical overlap, operational 
ambiguity & histologic uncertainty
Current literature demonstrates and continues to propagate the 
confusion between PsP and RT necrosis. PsP has commonly been 
defined as a subacute, post-treatment reaction with increased con-
trast enhancement and edema that mimics tumor progression, 
but subsequently stabilizes and/or regresses without intervention. 
Typically, studies have deemed a case as demonstrating PsP if 
there are concerning imaging studies on the initial post-chemoRT 
MRI (4–6 weeks post-therapy), but then subsequent scans (often 
after two more cycles of TMZ) show improvement or stabilization 
[30,34,35,42,46]. Radiation necrosis has been described as a severe 
local tissue reaction with disruption of the blood–brain barrier, 
necrosis and edema, with or without mass effect on MRI [85]. 
Some authors have contrasted RT necrosis as differing from PsP in 
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that it is classically a late effect, typically occurring 3–12 months 
following treatment, but with the possibility of occurring years 
following RT [86,87]. It is assumed that RT necrosis generally stabi-
lizes or worsens rather than showing spontaneous resolution. This 
contention is derived from the observation that progressive lesions 
that require surgery for symptomatic management (and do not 
show tumor recurrence) are typically found to have elements of 
RT necrosis. While these generalizations may be largely accurate, 
the defining difference between PsP and RT necrosis is that PsP 
is a clinical diagnosis, and RT necrosis is a pathologic diagnosis.

Thus, the current operational definition of PsP is based on clini-
cal course in the absence of intervention, that is, repeat surgery or 
biopsy. The authors argue that all RT necrosis (in the absence of 
coinciding recurrent tumor) should also be considered a form of PsP. 
Radiation necrosis can only be diagnosed pathologically. Therefore, 
biopsy and/or resection that histologically diagnoses RT necrosis 
precludes assessment of the subsequent clinical course (were it to 
be unaltered by tissue sampling/resection). Indeed, some clinical 
studies on PsP have commonly included cases with resection show-
ing RT necrosis [28,30,33,36,43–45], whereas others have defined PsP by 
imaging findings and subsequent clinical course alone [17,35,37,40,41]. 
Recent studies have shown that RT necrosis is not uncommonly 
seen within 6 months following adjuvant  chemoRT [28,44,88]; there-
fore, any attempt to differentiate PsP and RT necrosis based on time 
from completion of RT is done so arbitrarily.

Furthermore, it is not known whether cases of PTRE that 
subsequently improve without intervention (the current defini-
tion of PsP) were entirely, in part, or not at all caused by RT 
necrosis, as this cannot be known without tissue confirmation. 
While it is possible, and indeed likely, that clinically observed 
PsP is reflecting transient changes in vascular permeability result-
ing in contrast enhancement without frank necrosis, only tissue 
analysis can preclude RT necrosis in these situations. As such, 
the authors argue that RT necrosis is a subset of PsP, rather than 
definable as a separate entity (FIGURE 2). Furthermore, it should 
be noted that PTRE can be present without mimicking glioma 
recurrence. Rarely, late changes on MRI that mimic recurrence 
can be demonstrated upon resection to be neither recurrence nor 
frank necrosis (i.e., CNS tissue with radiation-induced changes).

RT necrosis as a cause of PsP
RT necrosis is a well-recognized side effect following RT for 
gliomas. The primary risk factor for RT necrosis is total radia-
tion dose; RT necrosis rarely develops at doses lower than 50 Gy 
when utilizing standard fractions of 1.8–2.0 Gy, and thresholds 
of 54 Gy have been suggested [89]. Additional risk factors include 
high dose per fraction [90] and reirradiation to the brain [90]. 
Furthermore, the use of chemotherapy appears to increase the risk 
of RT necrosis [91]. Historically, in the absence of chemotherapy, 
rates of RT necrosis with doses of 60 Gy have approximated 1% 
[92]. However, these estimates are likely low, as patients with HGG 
have limited life expectancy, and rates of reoperation and autopsy 
are low in these patients. Shaw et al. noted a 2-year actuarial risk of 
RT necrosis of 5% when treating low-grade glioma with 64.8 Gy 
in 1.8-Gy fractions [93].

In the largest series to date, Ruben et al. examined RT necro-
sis rates in 426 glioma patients undergoing RT (HGG in 405 
patients) [91]. An incidence of 4.9% was noted, with actuarial 
incidences of 5.1, 9.3 and 13.3% at 1, 2 and 3 years, respectively. 
The shortest latent period to diagnosis of necrosis was 2.1 months, 
with a mean interval of 11.6 months; 85% of the cases had mani-
fested by 2 years. Only one of the 154 patients receiving less 
than 61.2 Gy in 34 fractions developed RT necrosis, while 6.5% 
 receiving 60 Gy in 2-Gy fractions developed RT necrosis.

Some have postulated that PsP and RT necrosis exist at differ-
ent time points along the same spectrum of PTRE [85], but the 
relationship between RT necrosis and PsP has not been firmly 
established to date. As above, the authors argue that RT necrosis 
is a subset of PsP, and not definable as separate from PsP as it 
can only be established via pathologic analysis. This dichoto-
mization has been noted by others, including a recent study 
examining RT necrosis in the setting of adjuvant  chemoRT with 
TMZ. The authors noted that 11 of the 14 patients found to 
have RT necrosis upon surgical re-resection had MRI evidence 
of ePD within 4 months of chemoRT, and would have been 
categorized as having PsP without the surgical procedure to 
verify necrosis [88].

Conclusion
Clearly, the recognition of PsP is a fundamental issue to providing 
optimal patient care. Furthermore, ongoing and future clinical 
studies, both in the newly diagnosed and recurrent setting, must 
take PsP into account at the time of trial design; failure to do so 
may cloud results and lead to either underdetection of meaning-
ful advances, or perhaps more likely, wasteful follow-up studies 
of falsely promising signals based on errant patient enrollment. 
Neuro-oncologists must consider PsP in patients following adju-
vant RT alone or chemoRT. Based on a summary of available 
clinical reports, approximately 50% of HGG can be expected to 
manifest early changes (within 6 months) suggestive of progressive 
disease on post-therapy MRI scans; approximately 40% of these 
changes (or 18–20% of all HGG patients) will be demonstrated 
via clinical course and/or pathologic analysis to represent PsP. 
Pseudoprogression, while most commonly described in HGG, 
can also be observed in low-grade glioma patients [13]. True ePD 
appears more likely to be associated with symptoms at the time of 
concerning MRI findings than PsP. Furthermore, MGMT meth-
ylated disease is more than twice as likely to manifest PsP (rather 
than ePD) in comparison with nonmethylated patients (in the 
first 3–6 months following adjuvant chemoRT) [46]. Conventional 
MRI has little value in differentiating PsP from true ePD. While 
numerous studies of more advanced neuroradiologic techniques 
have demonstrated considerable potential in differentiating PsP 
from ePD, the majority of these have been retrospective, and no 
technique has been prospectively validated. Continued research 
is obviously needed to help delineate PsP from the standpoint of 
patient care, as well as the conduct of future clinical trials. Taken 
collectively, it is hoped that this review will provide a framework 
for clinicians to approach this increasingly  recognized  clinical 
 problem in neuro-oncology.
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Expert commentary
In this review, the authors highlight the 
dichotomy between PsP (as defined by 
clinical course in the absence of interven-
tion, including reoperation or biopsy) and 
RT necrosis (which can only be defined 
upon reoperation or biopsy), and suggest 
that the separation is not clear cut. The 
authors suggest that most RT necrosis, 
without simultaneous pathologic demon-
stration of recurrent tumor, must be con-
sidered PsP, regardless of the time interval 
following RT (or chemoRT). The exception 
is the instances (rare in the management of 
HGG) in which radiation necrosis occurs 
many years following therapy. This scenario 
is more common in the context of the treat-
ment of head and neck and nasopharyn-
geal tumors, where there is no question of 
PsP in such cases, as these diseases do not 
progress in the brain, and the appropriate 
diagnosis in this situation remains radia-
tion necrosis. While the clinical awareness 
of PsP (including early RT necrosis) has 
risen during a time frame when standard 
therapy includes  chemoRT with TMZ, the role of TMZ in this 
 phenomenon remains undefined.

Five-year view
Patient outcomes in HGG have shown continued gradual 
improvement over the past 5–10 years as more efficacious sal-
vage therapies have been implemented, such as bevacizumab. 
Currently, difficulty in determining PTRE from recurrent tumor 
often leads to a delay in delivery of salvage therapy. Prospective 

evaluations of advanced neuroradiologic techniques will allow 
for more accurate delineation of PsP from recurrent tumor, with 
appropriate delivery of early salvage therapy for those with recur-
rence, while allowing those without recurrence to avoid toxicity 
associated with cytotoxic therapy and/or surgical intervention. 
As such, enhanced detection of recurrent tumor holds the poten-
tial to improve survival in patients with early recurrence, while 
improving quality of life for patients who demonstrate PsP but 
are without true ePD.

Figure 2. Spectrum of imaging findings, in the absence of recurrent disease, 
following adjuvant radiation treatment for high-grade glioma.

Post-treatment radiation effect
MRI findings following radiation, including those

not mimicking tumor progression
(i.e., T2 changes consistent with leukoencephalopathy)

Radiation necrosis
MRI findings concerning for recurrent
disease, demonstrated pathologically

to have necrosis and radiation changes
but no recurrent tumor

Pseudoprogression
MRI findings concerning for recurrence
but demonstrated by clinical follow-up

or histologic examination to not be caused
by recurrent disease

Key issues

Intensification of therapy for high-grade glioma (HGG) with utilization of concurrent temozolomide has been accompanied by an 
increased recognition of pseudoprogression (PsP).
PsP and radiation necrosis lie along a spectrum of post-treatment radiation effect.
To date, no neuroradiological techniques have been prospectively validated to distinguish post-treatment radiation effect from 
progressive disease. However, progress in this area is clearly being made, as reviewed.
Currently, approximately 50% of the HGG patients treated with adjuvant chemoradiotherapy have early (1–6 months) imaging findings 
concerning for progression. Approximately 40% of these improve or stabilize, and are deemed to have PsP.
Therefore, comprehensive review of the available clinical data shows that nearly 20% of HGG patients develop PsP.
Early signals suggest temozolomide may increase the rates of PsP compared with RT alone, and that PsP may be associated with 
improved outcome; however, data in regard to these findings are conflicting and more definitive, prospective analyses are needed.
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question. Once you successfully answer all post-test questions 
you will be able to view and/or print your certificate. For ques-
tions regarding the content of this activity, contact the accredited 
provider, CME@medscape.net. For technical assistance, contact 
CME@webmd.net. American Medical Association’s Physician’s 
Recognition Award (AMA PRA) credits are accepted in the 
US as evidence of participation in CME activities. For further 
information on this award, please refer to http://www.ama-assn.
org/ama/pub/category/2922.html. The AMA has determined 

that physicians not licensed in the US who participate in this 
CME activity are eligible for AMA PRA Category 1 Credits™. 
Through agreements that the AMA has made with agencies in 
some countries, AMA PRA credit may be acceptable as evidence 
of participation in CME activities. If you are not licensed in the 
US, please complete the questions online, print the AMA PRA 
CME credit certificate and present it to your national medical 
association for review.

Activity Evaluation 
Where 1 is strongly disagree and 5 is strongly agree

1 2 3 4 5

1. The activity supported the learning objectives.

2. The material was organized clearly for 
learning to occur.

3. The content learned from this activity will 
impact my practice.

4. The activity was presented objectively and 
free of commercial bias.

1. You are seeing a 60-year-old man following treatment for glioblastoma multiforme with radiation therapy (RT) plus 
temozolomide. What should you consider regarding his overall prognosis and risk for radiation necrosis?

� A The 2-year survival rate remains less than 10% with modern chemoradiotherapy (chemoRT)

� B Most patients treated with temozolomide beyond 6 months have no evidence of disease progression

� C Higher total dose of radiation and dose per fraction contribute to increased rates of radiation necrosis

� D The mean interval to the diagnosis of radiation necrosis is approximately 2 months 

2. The patient has a follow-up MRI of the head 3 months after completing his treatment. What is the approximate 
likelihood that he will have pseudoprogression (PsP)?

� A 70%

� B 50%

� C 40%

� D 20%

3. Which of the following factors is most important in predicting this patient’s risk of PsP? 

� A Tumor location in the temporal lobe

� B Higher dose of radiation

� C Nonmethylation of MGMT

� D Emergence of a new neurologic symptom

4. The patient has a questionable finding on MRI. What should you consider regarding other imaging modalities to 
help identify possible early progressive disease (ePD)? 

� A Mean relative cerebral blood volume is higher in PsP than ePD on MR perfusion studies

� B Cho/NAA and Cho/Cr ratios are higher in post-treatment radiation effects compared with ePD on proton MR 
spectroscopic imaging

� C PET imaging with fluorodeoxyglucose (FDG) is ideal for follow-up of glioblastoma after chemoRT

� D There are no reliable techniques to differentiate ePD from PsP on conventional MRI

Pseudoprogression after glioma therapy


