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SUMMARY: The current standard of care for newly diagnosed cases of high-grade glioma is surgical
resection followed by RT with concurrent chemotherapy. The most widely used criteria for assessing
treatment response are based on a 2D measurement of the enhancing area on MR imaging known as
the Macdonald Criteria. Recently, nontumoral increases (pseudoprogression) and decreases (pseudo-
response) in enhancement have been found, and these can confuse outcome evaluation. Here we
review pseudoprogression and pseudoresponse and describe how better understanding of these
phenomena can aid interpretation.

ABBREVIATIONS: ADC = apparent diffusion coefficient; BBB = blood-brain barrier; Cho = choline;
DSC = dynamic susceptibility-weighted contrast-enhanced perfusion MR imaging; DTI = diffusion
tensor imaging; DWI = diffusion-weighted imaging; FDG = fluorodeoxyglucose; FLAIR = fluid-
attenuated inversion recovery; GBM = glioblastoma multiforme; MGMT = methyltransferase;
NAA = N-acetylaspartate; PET = positron-emission tomography; PSR = percentage of signal-
intensity recovery; RANO = Response Assessment in Neuro-Oncology; rCBV = relative cerebral
blood volume; RECIST = Response Evaluation Criteria in Solid Tumors; ROC = receiver operating
characteristic analysis; RT = radiation therapy; TMZ = temozolomide; VEGF = vascular endothelial

growth factor

G BM is the most common primary malignant type of brain
neoplasm in adults and is associated with a dismal prog-
nosis. The current standard of care is surgical resection fol-
lowed by RT and concomitant and adjuvant TMZ chemother-
apy. This is a relatively recent standard, with pivotal data
published in 2005, and it represents a milestone, because this
approach has been shown to prolong the overall survival of
these patients.! With the standardization of treatment around
surgery/RT/TMZ, certain patterns are beginning to emerge
that were not previously noticed. In addition, in May 2009, the
US Food and Drug Administration approved bevacizumab for
recurrent glioblastoma. This anti-VEGF agent also can have a
marked pattern of change on MR imaging. In addition to im-
pacting individual patient care, these changes have also had an
impact on clinical trials of new therapies.

Macdonald Criteria

The Macdonald Criteria® are currently the most widely used
guideline for assessing response to therapy in patients with high-
grade gliomas. These are based on 2D tumor measurements
made in MR imaging scans, in conjunction with clinical assess-
ment and corticosteroid dose. According to the Macdonald Cri-
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teria, tumor progression is considered to have occurred when an
increase of >25% in the size of the contrast-enhancing lesion is
observed. There are important limitations to these criteria, which
only address the contrast-enhancing component of the tumor,
and various updated guidelines for RANO have been pub-
lished.>* As radiologists learn early in their training, contrast en-
hancement in posttreatment brain tumors is nonspecific and
may not always be considered a true surrogate of tumor response.

The limitations of the Macdonald Criteria have become
acutely apparent with the use of novel treatments. Both pseu-
doprogression, an increase in the nontumoral enhancing area,
and pseudoresponse, a decrease in the enhancing area, show
that enhancement by itself is not a measure of tumor activity
but rather reflects a disturbed BBB.”> Most new RANO criteria,
therefore, suggest that the nonenhancing component of the
tumor also be taken into account when making assessments
about progression or response.

Patterns of Early Enhancement in Posttreatment MR
Imaging Follow-Up

Changes in contrast enhancement detected by MR imaging
just after or during treatment can mimic early tumor progres-
sion. Increased enhancement can be induced by a variety of
nontumoral processes, such as treatment-related inflamma-
tion, postsurgical changes, ischemia, subacute radiation ef-
fects, and radiation necrosis.*” Microischemic lesions imme-
diately after surgery and RT can cause BBB disruption.?
Therefore, contrast-enhanced MR imaging should be used
within the first 48 hours after surgery to identify residual tu-
mor in the postsurgical bed, and no later than 72 hours after
surgery to avoid confusion with nontumoral inflammation.
Regions with restricted diffusion on an immediately postop-
erative MR imaging will commonly enhance subacutely for up
to 2-3 months after surgery; these are typically thought of as
postoperative ischemic changes. In short, residual tumor or
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Fig 1. Pseudoprogression. A 53-year-old man with GBM. An MR image obtained 1 month after RT-TMZ demonstrates an expansion of the right temporal lesion. Reductions in both the
enhancing portion and the surrounding abnormal hyperintense area in the T2-weighted imaging were seen in the follow-up MR imaging examinations

ischemia sequelae can result in abnormal enhancement on MR
imaging follow-up within weeks or months after surgery.”

Radiation Injury

Three different types of effects of brain RT can be identified on the
basis of the time of occurrence and clinical presentation: acute
(during radiation), subacute or early-delayed (up to 12 weeks
after radiation ends), and late (months to years postradiation).
Both the acute and subacute types of radiation-induced injury are
thought to be caused by vasodilation, disruption of the BBB, and
edema. Although diffuse brain swelling has been described, the
MR imaging data in the early period after RT usually appear rel-
atively unchanged.” When the subacute type of injury is visible,
MR imaging findings can vary from edema to new lesions or
increased size of contrast-enhancing lesions within the immedi-
ate vicinity of the irradiated tumor volume.® Late delayed reac-
tions, occurring from within a few months to many years, may be
due to necrosis triggered by ischemia secondary to blood vessel
damage and may depend on increased capillary permeability,
leading to fluid transudation and consequent brain edema. More
complete study of the time course of these changes and their ap-
pearance is urgently needed.

Pseudoprogression
Shortly after completion of RT, patients with high-grade brain
tumors can present with an increase in contrast-enhancing

lesion size, followed by subsequent improvement or stabiliza-
tion without any further treatment (Fig 1).*° This occurrence,
which mimics tumor progression, is termed “pseudoprogres-
sion.” Pseudoprogression is a subacute treatment-related re-
action with or without clinical deterioration. However, in
most patients, the increase in radiologic abnormalities is clin-
ically asymptomatic.'® Pseudoprogression is most likely in-
duced by a pronounced local tissue reaction with an inflam-
matory component, edema, and abnormal vessel permeability
causing new or increased contrast enhancement on MR imag-
ing examinations. Most important, some studies have found
an association between the incidence of pseudoprogression
and increased survival; perhaps pseudoprogression represents
an active “inflammatory” response against the tumor.’

Currently, the only method of distinguishing pseudopro-
gression and early progression of disease is to perform fol-
low-up examinations of the patients because conventional MR
imaging is unable to differentiate the 2 and alternative tech-
niques have not yet been validated in prospective trials.”"'
Analysis with follow-up conventional MR imaging examina-
tions allows such a distinction because the changes related to
pseudoprogression decrease in size. The development and val-
idation of new methods to evaluate true brain tumor re-
sponse—as opposed to inflammatory change—would be very
helpful in the assessment of treatment efficacy.
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Incidence of pseudoprogression

Criteria Pseudo-Progression
No. of for Early No. of Early (% of Early Pseudo-Progression
Publication Patients Response Criteria® Progression® Progression Progression) (% of Patients)
Brandes et al"' 103 Enhancement increase for earlier 4 Weeks 50/103 32/50 32/103
progression than Macdonald criteria

J Clin Oncol 2008%° (48.5%) (64%) (31%)

Taal et al 85 Macdonald Criteria 4 Weeks 36/85 15/312 15/85
Cancer 2008'° (42%) (48%) (17.6%)
Clarke et al 80 Increased contrast enhancement Not specified 33/80 8/25° 8/80
(abstract) J Clin Oncol 20087 (41%) (32%) (10%)
Gerstner et al 45 Macdonald Criteria 17-28 Days 24/45 13/24 13/45

J Neurooncol 2009'® (53%) (54%) (29%)
Jefferies et al 15 Not specified 6 Months 9/15 3/9 3/15
abstract Clin Oncol 2007'° (60%) (33%) (20%)
Chaski et al 54 Increased contrast enhancement 6 Months 25/54 3/25 3/54

Surg Neurol 2009'* (46%) (12%) (5.5%)
Sanghera et al 104 RECIST 8 Weeks 27/104 7/22° 7/104

Can J Neurol Sci 2010'® (26%) (32%) (7%)
Mangla et al 36 Macdonald Criteria 4 Weeks 19/36 719 7/36
Radiology 2010 (53%) (37%) (20%)

@—All were defined in the text.
b Defined as increase of the enhancing portion of the lesion in the follow-up MR exam.

06-Methylguanine DNA MGMT Promoter

The methylation status of the MGMT promoter has been
shown to be a potent prognostic factor in patients with GBM;
cells that are deficient in MGMT have shown an increased
sensitivity to TMZ. Patients with low MGMT expression (due
to methylation of the promoter) benefit more from adjuvant
TMZ. Furthermore, patients with methylated MGMT show
pseudoprogression more frequently.'> Until recently, it was
not well established whether this latter finding was due to fre-
quent tumor progression immediately after treatment in un-
methylated MGMT and, thus, unresponsive tumors or due to
a high incidence pseudoprogression as a consequence of
higher sensitivity to treatment; we now know it is the latter.’
MGMT promoter status may predict pseudoprogression in
>90% of patients with methylated glioblastoma. An approxi-
mately 60% probability of early true tumor progression was
observed in unmethylated MGMT promoter tumors."’

The higher rates of methylated MGMT promoter found in
patients with pseudoprogression may be correlated with the
efficacy of concurrent radiochemotherapy on residual tumor
burden. MGMT methylation status may prove to be an impor-
tant clinical factor in the evaluation of imaging-based changes
early in the post-RT phase of treatment. Thus, we can specu-
late that methylated MGMT may be a good indicator of ther-
apeutic response and a better prognosis, given that an in-
creased overall survival has been observed in these patients.

Incidence

Although the occurrence of pseudoprogression has long been
known, its real incidence has not yet been reported in a large
series of patients, perhaps because only in the past few years
has there been standardization of initial therapy. Some reports
with a small number of cases described a variable incidence of
pseudoprogression (Table).'”!"*'* The wide variation in the
incidence of pseudoprogression may be due to a lack of de-
fined criteria for correct diagnosis of this entity, patient selec-
tion bias, and the variable response criteria that have been
used. The association between pseudoprogression and
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MGMT promoter status seems to be high. A 91.3% probability
of pseudoprogression in patients with methylated MGMT
promoter tumors and a 59% probability of early-progression
disease in unmethylated MGMT promoter tumors have been
described previously. Pseudoprogression has been reported to
occur predominantly (in almost 60% of cases) within the first
3 months after completing treatment, but it may occur from
the first few weeks to 6 months after treatment."'

Pathophysiology
Increased contrast enhancement and peritumoral edema fol-
lowing RT, with or without concomitant TMZ, may reflect
tumor growth if the changes become stable. Alternatively, in-
creased contrast enhancement and peritumoral edema that
diminish with time are characteristic of pseudoprogression.
Although it can occur following RT alone, pseudoprogression
is widely believed to be more frequent following concomitant
RT-TMZ.° However, pseudoprogression can be associated
with other chemotherapy regimens and has even been ob-
served in cases in which chemotherapy-infused wafers were
placed in the surgical cavity. By definition, pseudoprogression
subsides without further treatment but, in some cases, appears
to progress with time into radiation necrosis or treatment-
related necrosis. The concept of therapy-induced necrosis and
its radiologic manifestations of pseudoprogression should re-
place the outdated term “early necrosis.”*® These types of ne-
crotic lesions should not be considered strictly radionecrosis
because they are included in the treatment effects, implying a
potential difference in patient outcome. Effective treatment
can involve disruption of the BBB, which facilitates passage of
the drug and, thus, results in an enhancement of its activity.
This damage to the BBB can persist for several months after
treatment, showing an enhanced lesion that appears larger
than before initiation of RT and thus simulates disease
progression.”’

Pathologically, pseudoprogression is found to correspond
to gliosis and reactive radiation-induced changes without ev-
idence of viable tumor.*' Pseudoprogression may represent an
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Fig 2. Pseudoprogression. A 63-year-old man with GBM. A follow-up MR imaging examination performed 7 months after RT-TMZ demonstrates increased lesion size. The histopathology
samples (not shown) demonstrated a mixed tissue with treatment-related changes, associated with a few areas of viable tumor cells.

exaggerated response to effective therapy, involving early
changes to the vascular endothelium and the BBB,’ as well as
oligodendroglial injury leading to inflammation and increased
permeability. The abnormal enhancement seen in these pa-
tients may be secondary to treatment-related cellular hypoxia,
which results in the expression of hypoxia-regulated mole-
cules from the tumor and surrounding cells, with subsequent
increased vascular permeability.*

Pathologists should be aware of concerns regarding the
correct diagnosis of this entity because the evaluation of these
specimens can be challenging. The use of biopsy samples can
be difficult due to the potential heterogeneity of these lesions
and the findings of mixed tissue. Moreover, pathology of
post-RT specimens may not be helpful in predicting outcome
or in deciding on further management.'® Finally, there can be
interpathologist variability in the interpretation of what con-
stitutes a viable tumor versus treatment-related changes or
gliosis in treated tumor samples (Fig 2).*>

Diagnosis

Pseudoprogression may influence the clinical recommenda-
tion to continue with adjuvant chemotherapy rather than the
change to a second-line therapy for recurrence.'® The diagno-
sis of pseudoprogression should depend on follow-up scans
until an improved method is established. The terminology of
pseudoprogression in some ways overlaps the classic defini-
tion of radiation necrosis, which also consists of marked en-
hancement in the tumor bed but without actual tumors; it is
not incorrect to say that pseudoprogression represents a mild
and self-limiting variant of treatment-related necrosis.” This

overlap in terminology is somewhat unavoidable, so care
should be taken to focus more on the findings and, given the
imprecision of the methods in common use, to avoid specific
pronouncements regarding tumor-versus-radiation effect. At
some time points, the distinction might be easier—for exam-
ple, if an increased enhancement at the first post-RT MR im-
aging is observed, this is some sort of radiation effect and most
likely will subside. However, early rapid progression cannot be
ruled out and is merely the less probable diagnosis, not some-
thing that imaging findings can confidently establish.

Radiation necrosis typically occurs 18—24 months post-
treatment and has repeatedly been shown to be difficult to
distinguish from recurrence. However, pseudoprogression is
observed only in the first few months after treatment, much
earlier than radiation necrosis. Some authors have suggested
that the concept of therapy-induced necrosis and its radiologic
manifestations of pseudoprogression should replace the out-
dated term “early radionecrosis”; we concur.*® Conventional
MR imaging studies at follow-up examination may reveal in-
creased contrast enhancement and peritumoral edema follow-
ing treatment. Follow-up MR imaging in the assessment of the
evolution of these lesions is useful for depicting pseudopro-
gression because the contrast enhancement portion of the le-
sion remains stable or diminishes with time.'® In some cases,
true tumor progression is observed.

As mentioned previously, to date, no single imaging tech-
nique has been validated to recognize and adequately establish
a diagnosis of pseudoprogression.'* Although the Macdonald
Criteria have been widely used, false interpretations of tumor
size increases on post—gadolinium-enhanced T1-weighted
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Fig 3. Pseudoprogression. A 25-year-old man with a low-grade glioma in the left aspect of the pons (A, arrow) was treated with only RT. PET-MR imaging (B) showed hypermetabolism
in the enhancing portion of the lesion (C). An MR imaging examination performed 1 month later (D) shows a reduction in the enhancing portion of lesion.

imaging may occur. New MR imaging and/or PET tools are
needed to characterize tumors before initiation of therapy,
depict the changes that result from treatment, and be validated
as biomarkers of treatment effectiveness.'> We will briefly re-
view some of these potential new methods.

Advanced MR Imaging Techniques

DWTI has been assessed to differentiate tumor progression
and/or residual tumor from necrosis. ADC values were noted
to be higher in necrotic tissue than in recurrent tumor tissue.
However, available evidence for this imaging technique is lim-
ited due to the heterogeneity of tumor content, and differences
in groups of patients do not imply high diagnostic perfor-
mance.'' Other investigators using DTT have demonstrated a
higher fractional anisotropy and decreased ADC values in the
normal-appearing white matter adjacent to the edema in pa-
tients with radiation injury compared with patients with re-
current tumors.** In short, neither DWI nor DTI provides
sufficient information for differential diagnosis between pseu-
doprogression and true tumor progression. Both imaging mo-
dalities generally present heterogeneous signal intensities on
DWI and ADC maps, with areas of reduced diffusion that can
represent highly cellular tumor areas and/or inflammatory
processes.

MR spectroscopy can depict structural degradation in ce-
rebral tissue after RT before the development of symptoms or
evidence of changes can be observed by conventional MR im-
aging. MR spectroscopy can reveal significant alteration in
brain metabolites such as a slight decrease of NAA and variable
changes in Cho. An extensive metabolic peak of lipids/lactate
has been demonstrated in radiation-injured brain tissue as
well.?® Notwithstanding, in most settings, the differential di-
agnosis between pseudoprogression and true disease progres-
sion based on MR spectroscopy findings is highly challenging.
Both types of lesions can present with neuronal loss/dysfunc-
tion (low NAA), abnormal cellular membrane attenuation/
integrity (high Cho), and anaerobic metabolism (high
lactate/lipids).

DSC is a surrogate marker for angiogenesis and has been
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used to assess brain tumor treatment response with high sen-
sitivity for distinguishing residual/recurrent neoplasm from
radiation brain injury. Percentage of signal intensity recovery,
obtained from DSC data, is an imaging indicator of microvas-
cular leakiness and is a significant variable to differentiate ret-
rospectively whether a progressive enhancing lesion was due
to recurrent tumor or radiation necrosis.”> rCBV values are
also useful for differentiating treatment-related effects from
viable tumor because they can provide evidence of neoangio-
genesis in lesions. Recently, rCBV values have been used to
predict pseudoprogression.'>** Mangla et al'> evaluated rCBV
values in patients with GBM before and 1 month after RT-
TMZ. In patients with pseudoprogression, there was a 41%
mean decrease in rCBV, while cases of true tumor progression
showed a 12% increase in rCBV from pretreatment to post-
treatment. ROC revealed an area under the ROC curve 0f0.85,
with 76.9% sensitivity and 85.7% specificity. Tsien et al*' also
demonstrated a reduction in rCBV in patients with pseudo-
progression by using a voxel-based analysis. In another study,
authors warned that DSC could underestimate rCBV in pro-
gressive disease, due to rapid contrast extravasations into ex-
travascular extracellular space.22 To reduce this limitation, a
predose can be administered before the DSC sequence to re-
duce leakage of the contrast into the extracellular space. The
authors also suggested using new contrast agents that do not
extravasate owing to their larger molecular sizes.*?

Permeability DSC is also a potential new tool for differen-
tial diagnosis between pseudoprogression and true tumor pro-
gression. Although no prospective study has examined this
hypothesis, preliminary results with this new technique
seem very promising, and a number of clinical trials are un-
derway to better delineate the performance of all of the above
techniques.

PET

FDG-PET can demonstrate differences in the analysis of areas
of radiation injury and residual/recurrent brain tumors. How-
ever, the reported sensitivity and specificity are low or dis-
puted in some studies.”**” These limitations can be explained



by the high glucose use in the brain, which results in high
background activity,” and by the fact that inflammatory pro-
cesses can demonstrate high glucose metabolism on PET ex-
aminations. To our knowledge, no published data regarding
the use of FDG-PET in the assessment of pseudoprogression
are available (Fig 3).

In general, both tumor progression and pseudoprogression
should be considered possibilities for focal enhancement that
appears in the irradiated area within 6 months after comple-
tion of treatment. The differentiation of a recurrent/progres-
sive tumor from radiation injury is often a radiologic di-
lemma, regardless of the imaging technique used. There is a
growing necessity to perform standard management in these
patients; however, no specific imaging characteristic findings
are yet able to make such a differentiation. Potential methods
for the future may include metabolic imaging either with MR
imaging or PET, though even this might not distinguish active
inflammation (which is highly metabolically active) from tu-
mor. Alternatively, other features of the cancer such as hyp-
oxia or proliferation might be feasible. Until such methods are
available, however, most typically the clinical course, includ-
ing imaging during a lengthy follow-up interval, enables the
distinction of these 2 entities rather than specific imaging data.
On some occasions, a brain biopsy may be needed; clearly, a
noninvasive tool to differentiate these entities when a new en-
hancing lesion is first identified would be highly valuable."'

Clinical Management

Transient increases in contrast enhancement just after com-
pletion of chemoradiotherapy play an important role in the
clinical management of patients with cancer because they
complicate the ability of the physician to determine whether to
continue with standard adjuvant chemotherapy or to switch to
a second-line therapy for recurrence. Thus, the detection of
pseudoprogression versus true progression is a critically im-
portant issue in oncology practice.

If a postchemoradiotherapy follow-up MR imaging exam-
ination demonstrates complete or partial response or stable
disease (ie, smaller or stable tumor enhancement), mainte-
nance of chemotherapy is typically continued. When enlarge-
ment occurs, then the treating physician does face a dilemma.
If pseudoprogression is suspected, perhaps based on MGMT
status and/or very early changes in imaging features in the first
months posttreatment, ongoing chemotherapy with TMZ
might be continued, with close monitoring. In clinically symp-
tomatic patients, more options must be considered, including
cessation of therapy, addition of anti-VEGF treatment,
or even surgery. Identical symptoms can be observed in pa-
tients with true tumor progression and patients with
pseudoprogression.”

Pseudoresponse

Antiangiogenic agents such as bevacizumab, an anti-VEGF
antibody, and cediranib, a VEGF receptor tyrosine kinase in-
hibitor, have been tested in recent high-grade glioma treat-
ment trials. These agents produce a rapid decrease in contrast
enhancement with a high response rate and 6-month progres-
sion-free survival, but with rather modest effects on overall
survival.”® Contrast-enhanced MR imaging was used as the
basis for determining response in those trials; improvements
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Fig 4. Pseudoresponse is characterized by a marked decreased in the enhancing portion of
the lesion some months after initiation of treatment. However, in some such cases, the
FLAIR sequence shows a clear expansion of the lesion.

were seen as early as 18 days after initiating therapy with bev-
acizumab and, in some patients, were associated with clinical
improvements.*® In a small percentage of patients, a new pat-
tern of progression has been identified*’: Enlargement of the
nonenhancing portion of the lesion on T2-weighted and
FLAIR sequences was observed in follow-up MR imaging ex-
aminations (Fig 4). Inhibition of angiogenesis may precede
and even stimulate other routes of tumor dissemination that
circumvent the effects of angiogenesis inhibition, the so-called
vessel co-option.”" This appears particularly evident on diffu-
sion MR imaging.”>** This phenomenon may explain why the
survival increases are modest at best, despite a tremendous
response rate and progression-free survival.>

The early decrease in contrast enhancement suggests a
change in vascular permeability, with a “normalization” of the
BBB, rather than a true tumor reduction, as being the under-
lying cause of the improvement. The rapid change can occur
within hours of beginning therapy. Apparent responses to an-
tiangiogenic therapy may be partly a result of normalization of
abnormally permeable tumor vessels.>* Thus, the radiologic
response should be interpreted with caution because a very
brief response—perhaps lasting just a few days or weeks and
therefore termed “pseudoresponse”—may be responsible for
the imaging and clinical response (Fig 5). Very rapid results
were also demonstrated with cediranib, which produced a
normalization of the BBB as shown on MR imaging within 24
hours .>> Reversibility of this vascular normalization, with re-
bound enhancement and edema, was noted when patients re-
quired a “drug holiday,” mostly due to toxicity, with a “re-
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Fig 5. Pseudoresponse. A 47-year-old man with GBM. A reduction of the enhancing portion of the lesion is observed 1 day after initiation of cediranib treatment. Four weeks later, besides
a continuing reduction in the enhancing portion, an expansion is observed in the FLAIR images. Expansions in both the enhancing area and abnormal hyperintense areas consistent with

tumor progression were observed subsequently.

response” after restart.”> On the other hand, the degree of
decreased enhancement to these anti-VEGF therapies after
just 1 day of treatment correlated well with survival.>® This
suggests that pseudoresponse may well be associated with a
clinical benefit, just as pseudoprogression is also associated
with clinical benefit.

In addition, whether a true antiglial effect or just a pseudo-
response is observed, normalization of the BBB and subse-
quent reduction in the vasogenic edema can result in an im-
provement of symptoms, a reduction of steroid dependence,
and an improvement of brain function and quality of life,
bringing clinical benefits to patients.”?
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Conclusions

Pseudoprogression and pseudoresponse are abnormalities
that have been described following high-grade tumor treat-
ment, and remarkably both appear to be associated with future
favorable patient outcome. Both phenomena appear to be best
diagnosed through follow-up scans because no established
method of imaging is yet capable of yielding a definitive diag-
nosis of true tumor versus enhancement changes due to other
reasons. DSC and other methods appear promising but re-
quire further testing in the multicenter setting.
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