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Abstract

The assessment of response to therapy in glioblastoma remains a challenge, because the surrogate measures of survival are
subject to radiographic misinterpretation. A solid and reliable definition of progression is needed for both clinical decision-
making and for evaluating response within the clinical trials. Historically, assessment criteria have used radiologic and
clinical features aimed to correctly classify patients into progressive or non-progressive disease. The widely used RANO
criteria are a valuable tool in disease evaluation, both in the clinical setting and in the clinical trials. However, assessment
criteria have certain limitations that emerging image techniques have tried to overcome. Differentiating true progression
from treatment-related changes (like pseudoprogression or pseudoresponse) is crucial in order not to prematurely discontinue
adjuvant chemotherapy or redirect the patient to second-line options. This fact underscores the need for advanced radiologic
techniques, like specific diffusion and perfusion MRI sequences, MR spectroscopy and PET, which seem to play a role in

distinguishing these phenomena.
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Introduction

Glioblastoma multiforme (GBM) is the most common pri-
mary malignant brain tumor found in adults and is widely
known for its poor prognosis [1]. Median survival for
newly diagnosed GBM ranges from 12 to 18 months when
treated with maximum safe resection plus adjuvant chemo-
radiotherapy [2]. In 2005, Stupp et al. [3] established the
benefit of adding concurrent and adjuvant temozolomide
(TMZ) to radiotherapy in terms of survival. Although this
trial changed the treatment paradigm of GBM, progression
almost invariably occurs despite continuation of TMZ cycles
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or initiation of second-line therapies and fewer than 10% of
patients survive 5 years after the diagnosis [2]. At the time of
recurrence, there is not yet any consensus as to the standard
of treatment and no significant survival gain is expected fol-
lowing these secondary measures [4].

Overall survival (OS) is generally considered the primary
endpoint in clinical trials assessing the efficacy of therapeu-
tic agents for GBM. However, OS may not directly measure
the impact of a specific regimen due to the possible con-
founding effects related to the many variables affecting these
patients [4, 5]. Surrogate measures like progression-free sur-
vival (PFS) and objective radiographic response (RR) have
been reported to be also valuable endpoints that may help
to address the effect of a specific therapy, acknowledging
their potential limitations in terms of inter-observer vari-
ability [6, 7].

Clinical methodologies used to determine the tumor
response and techniques aimed to assess the radiographic
response are currently evolving. Aside from OS, PFS and
RR, and other measures, like the neurologic status and the
dependence on steroids, have been introduced in an effort
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to further refine the accuracy of assessment criteria [8].
However, variables like quality of life (QOL) and perfor-
mance status remain to be included as primary endpoints in
the majority of trials. Moreover, tumor genetic parameters,
recently incorporated into the new World Health Organiza-
tion (WHO) classification of brain tumors [9], are also unac-
counted by the currently used assessment criteria.

It is not uncommon that a brain magnetic resonance
(MR) scan performed early after completing the concurrent
chemoradiotherapy exhibits contrast-enhancing lesions that
may represent either real progression of the tumor or post-
radiotherapy changes that tend to improve spontaneously
over time, the so-called pseudoprogression [10-12]. Differ-
entiating both the situations is crucial to avoid unnecessary
reoperations, premature discontinuation of adjuvant TMZ
or its substitution for second-line agents or other salvage
therapies. It must be noted that, although pseudoprogression
and radiation necrosis (radionecrosis) are different clinical
entities within the same pathological spectrum, the terms
have been occasionally interchanged.

Correlation of enhancing disease with tumor progres-
sion can also be challenging in GBM patients undergoing
anti-angiogenic therapy like bevacizumab or cediranib.
These agents can rapidly reduce enhancement, giving the
erroneous impression of a remarkable RR, which does not
ultimately translate into improved survival [13]. This phe-
nomenon is termed as pseudoresponse and it is likely to
be a specific effect on blood vessel permeability, not a true
anti-tumor action [11, 12].

Histopathologic examination is the reference method in
the differential diagnosis of progression, pseudoprogression
and radionecrosis. However, distinguishing these conditions
is still difficult in some patients, because pseudoprogression
may contain some portions of viable tumor [14] and surgical
specimens are not always available for pathological study
in every case. This fact underscores the need for new and
reliable non-invasive radiographic methods that may help in
distinguishing true tumor progression from treatment-related
radiologic and histopathologic changes [14, 15].

In this review, we focus on the controversies relating to
response assessment criteria in GBM patients undergoing
surgical and chemoradiation therapy. The concepts of true
progression, pseudoprogression, pseudoresponse and radi-
onecrosis are also discussed.

Discussion

The current standard of care in newly diagnosed high-grade
glioma is largely based on the results from the EORTC
26981-22981 trial conducted by Stupp et al. [2], published
in 2009. This protocol recommends maximal resection or
biopsy followed by concomitant TMZ and radiation (60 Gy
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in 30 fractions) followed by six cycles of adjuvant TMZ.
This regimen has demonstrated a significant impact on sur-
vival compared to postoperative radiation only: a gain of
at least 2 months in median overall survival and a fivefold
increase in survival at 5 years [2].

However, at the time of recurrence or progression, a
standardized therapy protocol is yet to be established. Cur-
rently, continuation of anti-angiogenic therapy or other
chemotherapy agents, the use of alternating electric fields
applied to the scalp, participation in clinical trials or a com-
bination of these is generally offered [16]. The results from
a series of landmark trials [2, 17-23] published from 2004
to 2015 have set the indication and effectiveness of concomi-
tant TMZ-radiation and adjuvant TMZ in newly diagnosed
GBM, demonstrated a modest impact of the therapies in pro-
longing PES (but not OS), highlighted the prognostic impor-
tance of age and O6-methylguanine-DNA-methyltransferase
(MGMT) promoted methylation, and showed the positive
impact of adjuvant TMZ and bevacizumab on QOL and per-
formance status.

Response assessment criteria

High-grade glioma patients commonly undergo several
treatment modalities throughout the course of their disease.
Evaluation of treatment response in clinical trials by OS
alone is subject to some limitations, including the use of
consecutive therapies, the cross-over effect, in which the true
efficacy of the original treatment may be masked by subse-
quent therapies. PFS, either as a mean duration or defined
at a specific time point (like PFS at 3 or 6 months) may be a
good substitute for OS, although it requires a solid definition
of progression [4, 10]. Surrogate measures of tumor burden,
like PFS and RR, also have limitations, which include clini-
cal variability and inter-observer discordance in radiograph
interpretation [5, 24]. Table 1 summarizes the definitions of
progression according to the various assessment criteria his-
torically and currently proposed in malignant glial tumors.

Neuro-oncologists are familiar with the concept of
response assessment criteria as a measure of disease status
[5]. Before 1990, response to therapy was estimated using
the Levin criteria, which involved qualitatively imaging
evaluation acknowledging a number of factors including
contrast enhancement, mass effect and edema [25]. The
WHO established response criteria was introduced some
years later and used contrast-enhanced CT images to esti-
mate the affected area by multiplying the maximal cross-
sectional enhancing diameters [26]. Limitations of these
criteria included marked inter-observer variability and the
fact that contrast enhancement can be affected by several
factors unrelated to the tumor [5, 27].
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Table 1 Definition of tumor progression according to several assessment criteria (see text)

Assessment criteria (year of publication)

Definition of progressive disease

Levin et al [25] (1977)

Miller et al [26], WHO (1981)

Macdonald et al [28] (1990)

Friedman et al [31], BRAIN study (2009)

Eisenhauer et al [33], RECIST guidelines (2000/2009)

Chinot et al [22], AVAGlio study (2009-2014)

Gilbert et al [41], RTOG 0825 study (2009-2014)

Recurrence or progressive disease is predicted by a combination of neurological exami-
nation, radionuclide scan, contrast-enhanced CT scan and dexamethasone require-
ment. The CT parameters evaluated were: tumor size, central lucency (both measured
directly from the polaroid images), degree of contrast enhancement, surrounding
edema and ventricular size (evaluated by two independent observers witha — 3 to + 3
scale)

Measurable disease (malignant disease measurable in one dimension or two dimen-
sions with surface area determined by multiplying the longest diameter by the greatest
perpendicular diameter): 25% or more increase in the size of one or more measurable
lesions or the appearance of new lesions

Non-measurable disease (malignant disease evident on clinical examination, but not
measurable by ruler or caliper): appearance of any lesions not previously identified or
estimated increase of 25% or more in existent lesions

Increasing tumor size (> 25% or more of enhancing tumor on CT or MRI), new areas
of tumor or unequivocal neurologic deterioration with steroids stable or increased,
provided the investigator carefully excludes non-tumor-related causes of clinical or
radiologic worsening (like pseudoprogression). Patients requiring escalating steroid
doses to maintain neurologic function, in the absence of significant CT worsening
(< 25% increase or no change) may have early tumor progression and prompt reevalu-
ation is warranted

Progression determined by contrast-enhanced and non-contrast-enhanced lesions. Any
new area of non-enhanced T2 or FLAIR signal consistent with tumor was considered
progressive disease. Corticosteroid dose did not affect determination of progressive
disease. In the absence of radiographic documentation, clinical deterioration was used
to determine progression

Target lesions (more than one measurable lesion present at baseline up to a maximum
of five lesions): at least 20% increase in the sum of diameters of target lesions, taking
as reference the smallest sum on study; the sum must also demonstrate an absolute
increase of at least 5 mm; or the appearance of any new lesion

Non-target lesions (the rest): unequivocal progression of existing non-target lesions; or
the appearance of one or more new lesions

> 25% increase in index lesions (measured by the sum of the products of perpendicular
diameters) or unequivocal progression of non-index lesion, or any new lesion or wors-
ened neurologic symptoms (only if corticosteroid dose was stable or increased)

Index lesions were defined as all measurable lesions (like contrast-enhancing lesions
with clear borders and having both diameters > 10 mm) identified at baseline. Non-
index lesions included contrast-enhancing lesions too small or irregular in shape to
be considered measurable and any non-enhancing lesion compatible with tumor. The
latter were evaluated qualitatively as present, absent or not assessable

Used Macdonald criteria: increase in tumor size by at least 25% or the development of

any new lesion; used serial measures of the product of the two largest cross-sectional
diameters
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Table 1 (continued)

Assessment criteria (year of publication)

Definition of progressive disease

Wen et al [8], RANO guidelines (2010)

Okada et al [37], RANO in immunotherapy (2015)

First progression (to rule out pseudoprogression):

< 12 weeks after completion of chemoradiation: new enhancement outside the radia-
tion field (beyond 80% isodose line) or unequivocal evidence of viable tumor on
histopathologic sampling. Clinical decline alone, in the absence of radiographic or
histologic confirmation of progression, is not sufficient for defining PD

> 12 weeks after completion of chemoradiation: (a) new enhancing lesion outside
of radiation field on decreasing, stable or increasing doses of steroids; (b) increase
by 25% or more in the sum of the products of perpendicular diameters between the
first post-radiotherapy scan and the scan at 12 weeks or later on stable or increasing
doses of steroids; (c) clinical deterioration not attributable to concurrent medication
or comorbid conditions is sufficient to declare progression on current treatment, but
not for entry onto clinical trial for recurrence; (d) patients receiving anti-angiogenics,
significant increase in T2/FLAIR non-enhancing lesion may be considered progres-
sion (occurring on stable or increasing doses of steroids) as long as other causes of T2/
FLAIR increase are ruled out (effects of radiotherapy, demyelination, ischemic injury,
infection, seizures, postoperative changes)

Criteria incorporating MRI and clinical factors (any of the following):

25% or more increase in the sum of the products of perpendicular diameters of enhanc-
ing lesions compared with the smallest tumor measurement obtained at baseline or
at best response, on stable or increasing doses of steroids; significant increase in T2/
FLAIR non-enhancing lesions; any new lesion; clear clinical deterioration not attribut-
able to other causes apart from the tumor or changes in steroid dose; failure to return
for evaluation because of death or deterioration; or clear progression of non-measura-
ble disease

Definition of radiographic response (any of the following):

25% or more increase in sum of perpendicular diameters of enhancing lesions (compared
to baseline if there is no decrease) on stable or increasing doses of steroids; significant
increase in T2/FLAIR non-enhancing lesions compared to baseline or best response;
the appearance of any new lesions; clear progression of non-measurable lesions; or
definite clinical deterioration not attributable to other causes apart form the tumor or
to decreased steroid dose. Increase in steroid use without radiographic worsening does
not qualify for PD

The transition from non-measurable disease (e.g., 9 X 9 mm) to measurable disease
(e.g., 10 X 11 mm) should ideally be a minimum of 5 mm increase in maximal diam-
eter or 25% or more increase in sum of the products of perpendicular diameters of
enhancing lesions

Transient appearance of new enhancing lesions at local or distant sites may occur in
neuro-oncology patients undergoing immunotherapy

New enhancing or any increase in size of lesions need confirmation of radiographic
progression (at least 4 weeks after initial scan and up to 3 months). Significant or
new neurologic worsening, not due to comorbid event or change in co-administered
medication, within the 3 months follow-up window should be designated as treatment
failure and discontinue immunotherapy

iRANO (< 6 months after start immunotherapy). repeat MRI scan needed to confirm PD
in patients without significant clinical decline. Minimal time interval for confirmation
of PD in patients without clinical decline: 3 months. Immunotherapy allowed after
initial PD (if clinically stable) pending confirmation

iRANO (> 6 months after start immunotherapy): repeat MRI scan not needed to confirm
PD in patients without significant clinical decline. Any new lesion defines PD
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Table 1 (continued)

Assessment criteria (year of publication)

Definition of progressive disease

Ellingson et al [4], Modified RANO criteria (2017)

Any of the following:

(a) at least two sequential scans separated > 4 weeks both exhibiting 25% or more
increase in sum of products of perpendicular diameters or > 40% or more increase in
total volume of enhancing lesions

(b) any new measurable lesion should not be immediately considered PD until a repeated
scan at least 4 weeks afterwards confirms the progression;

(c) clear clinical deterioration not attributable to other causes apart from the tumor or to
changes in steroid dose;

(d) failure to return for evaluation as a result of death or deteriorating condition

Include suggestions for: volumetric response evaluation, use of T1 subtraction maps,
remove qualitative non-enhancing tumor assessment requirements, use of post-radi-
otherapy time point as the baseline for newly diagnosed GBM, systematic evaluation
of pseudoprogression and pseudoresponse, and consideration of confirmed durable
response in both newly diagnosed and recurrent GBM trials

WHO World Health Organization, RECIST response evaluation criteria in solid tumors, RTOG Radiation Therapy Oncology Group. RANO
response assessment in neuro-oncology, iRANO response assessment in neuro-oncology for immunotherapy

In 1990, the Macdonald criteria were introduced and for
20 years, they were considered the standard in assessment
of response and progression in high-grade glial tumors [28].
They were based upon changes in contrast-enhanced CT/
MRI two-dimensional tumor areas. According to these cri-
teria, progression was defined as a greater than or equal to
25% increase in the size of the enhancing tumor, the appear-
ance of any new tumor on CT or MRI or the occurrence of
clinical deterioration. However, no time lapse was specified
as to which refers to these changes. The Macdonald criteria
classified responses into four categories: complete response
(CR), partial response (PR), stable disease (SD) and progres-
sive disease (PD), a well-known terminology used before in
solid tumor oncology [5].

The advent of new MRI technical advances and the use
of novel anti-angiogenic agents have highlighted the limita-
tions of the Macdonald criteria. First, it is firmly recognized
that there is an increased enhancement of the walls of the
surgical cavity, even in completely resected tumors, begin-
ning 24-48 h postoperatively. It is related to blood—brain-
barrier permeability impairment caused by direct surgical
trauma, not necessarily a true residual tumor enhancement
[29]. Therefore, an early (within 48 h) baseline postopera-
tive MRI is mandatory to rule out tumor rests. Second, about
25% of patients undergoing surgical resection and chemo-
radiation exhibit abnormal contrast enhancement soon after
completing adjuvant therapy that resolves within the follow-
ing weeks (pseudoprogression) and does not imply a wors-
ened prognosis [11, 30]. Third, anti-angiogenic agents affect
and may transiently normalize tumor vasculature, resulting
in a prompt and markedly reduced contrast enhancement.
This equivocal improvement in contrast enhancement (pseu-
doresponse) is attributed to a diminished vascular perme-
ability induced by these agents, meaning not a true anti-
tumor action [11, 12]. Additionally, a percentage of patients

progressing on anti-angiogenics harbors non-enhancing
lesions, an event also unaccounted by the Macdonald crite-
ria. Finally, high-grade tumors commonly exhibit irregular
shapes, multiplicity and postoperative or postradiation cyst
walls enhancement, none of which were measured by the
Macdonald criteria.

In 2006, the BRAIN study was initiated, a phase II trial
aimed to evaluate the effectiveness and safety of bevaci-
zumab with or without irinotecan in relapsed GBM [31].
It used WHO general criteria for response assessment, but
introduced clinical progression as an indicator of PD and any
new area of non-enhancing T2 or FLAIR signal consistent
with tumor was considered PD as well. A confirmatory MRI
performed 4 weeks after response was also needed. In this
study, RR achieved in the combined therapy arm occurred
in 35 and 71% of patients, according to the modified Mac-
donald and Levin criteria, respectively. They concluded that
the Levin criteria was more sensible to early decreases in the
enhancement, edema and mass effect compared to the reduc-
tions in the diameter of the enhancing tumor proposed by
Macdonald. Moreover, this early decrease in enhancement
correlated with PFS better than the response evaluated by
the Macdonald criteria [32].

In 2009, the Response Evaluation Criteria in Solid
Tumors (RECIST) group updated the guidelines previously
published in 2000. It used unidimensional measurements
of tumor diameters, not taking into consideration the clini-
cal findings or steroid usage [33, 34]. Interestingly, strong
concordance between the different methods of assessment
(Macdonald, RECIST and RANO) was found both in the
patients treated with anti-angiogenic agents [35] and in
those not treated with them [36]. Criteria integrating FLAIR
hyperintensity tended, however, to underestimate RR and
PFS compared with the criteria considering only contrast
enhancement [35].
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The RANO criteria

In 2010, the Response Assessment in Neuro-Oncology
(RANO) Working Group presented the RANO criteria [8]
which were published concurrently and just after the initia-
tion of the AVAglio trial [22]. Both of them considered non-
enhancing lesions in the evaluation of disease status and they
also contained specific guidelines to differentiate pseudo-
progression from PD. However, the RANO criteria required
stability or improvement of clinical symptoms to qualify
for CR, PR or SD, although they did not specify according
to what methodology it should be measured (KPS, ECOG
status, WHO performance score). In contrast, the AVAglio
protocol specified that SD must be confirmed with stable or
improved neurologic symptoms and patients needed to be
regularly examined by Mini-Mental State Examination as
well as with radiographic evaluation.

The definition of PD according to the RANO criteria was
a > 25% increase of enhancing lesions on stable or increas-
ing doses of corticosteroids, or a significant increase in non-
enhancing (T2/FLAIR) lesions, or the appearance of any
new lesion, or a clear clinical deterioration, non-attributable
to other causes from the tumor or changes in corticosteroid
dose, or clear progression of the non-measurable disease
(see Table 1).

It is important to notice that, according to the RANO
criteria, within the first 12 weeks after completing chemo-
radiation, clinical deterioration alone is insufficient to estab-
lish the diagnosis of PD. Besides, PD requires enhancement
outside the radiation field to rule out pseudoprogression. The
presence of viable tumor in biopsy samples also helps in dif-
ferentiating PD from treatment-related changes. After those
12 weeks, a new contrast enhancement outside the radiation
field or any increase in size is necessary for diagnosing pro-
gression. Any increase in the size of non-enhancing tumor
is also suggestive of progression in patients receiving anti-
angiogenics. Another difference with the Macdonald criteria
is the use of T2/FLAIR images for non-enhancing lesions
evaluation to define CR, PR and SD [8].

However, and despite their widespread use, validation of
the RANO guidelines is still lacking, since they were devel-
oped for clinical trials. Although these criteria also have
limitations, especially referring to the evaluation of non-
enhancing tumor burden, they are currently considered as a
useful guide for disease assessment in clinical practice. In
2015, the RANO criteria were applied to patients undergo-
ing immunotherapy [37]. The recently published 2016 WHO
classification of brain tumors incorporated genetic param-
eters in addition to the classical histopathological findings
[9]. These genetic alterations have prognostic implications in
terms of survival and response to therapies. Although some
of these parameters (e.g., IDH/MGMT methylation status)
are currently acknowledged in the decision-making process,
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no formal guidelines are yet available as to recommend the
stratification of patients according to such parameters when
assessing response. However, it is likely that future criteria
may take into consideration some of these genetic markers.

Currently, there are no consensus guidelines defining the
optimal frequency for the MRI follow-up after treatment.
A proposed protocol from the National Comprehensive
Cancer Network (NCCN) [38] suggests repeating scans
4 weeks after completion of radiation therapy and then every
2-4 months during the next 2-3 years and less frequently
thereafter. Thus, the usual schedule of neuroimaging in high-
grade glioma would ideally include: a preoperative MRI (set
for navigation, 5-aminolevulinic acid-guided resection and
including functional sequences for tumors within eloquent
areas), intraoperative MRI for optimal tumor resection
(where available), early postoperative MRI (before 48—72 h,
to rule out tumor rests and suitable for radiation planning),
post-irradiation MRI (4 weeks after completion of radio-
therapy), and then repeat it every 2—4 months according to
disease status and clinical course. Patients surviving more
than 2 years need repeating MRI according to the effective-
ness of second-line therapies. The International Standard-
ized Brain Tumor Imaging Protocol [39] has established the
minimum image acquisition requirements for 1.5T and 3T
MR scans: sagittal/axial T1, axial FLAIR and axial DWI
prior to contrast administration (0.1 mmol/Kg dose injection
with a gadolinium-chelated contrast agent at 3—5 cc/s) and
axial T2 and sagittal/axial T1 after contrast infusion.

Although the RANO criteria introduced the evaluation of
non-enhancing lesions, variations in T2 or FLAIR images
have proven difficult to be quantitatively measured and no
standardized threshold for determination of PD has been
established [5]. Regarding contrast-enhancing lesions, angi-
ogenesis inhibitors and many tumor-extrinsic factors also
affect vascular permeability and the leakage of gadolinium
into the brain, which may lead to either pseudoprogression
or pseudoresponse [30].

The AVAglio study

The AVAglio trial was a randomized, placebo-controlled,
phase III trial [22] that began recruiting patients in 2009.
The trial tested the effectiveness and safety of radiotherapy
and TMZ with (458 patients) or without (463 patients) bev-
acizumab following surgical resection or biopsy in newly
diagnosed GBM. The primary endpoints were OS and
investigator-assessed PFS. PES resulted significantly longer
in the bevacizumab arm (10.6 vs. 6.2 months), but OS did
not improve. Moreover, QOL and performance status was
maintained for a longer period and the requirements for ster-
oids were lower in the bevacizumab group at the expense,
however, of an increased rate of grade three adverse events.
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The definition of PD in the AVAglio trial included several
new terms: > 25% increase in index lesions or unequivo-
cal progression of non-index lesions, or any new lesion or
worsened neurologic symptoms, only if corticosteroid dose
was stable or increased. Index lesions were defined as all
measurable lesions (contrast-enhancing lesions with clear
borders with both diameters > 10 mm) identified at base-
line. Non-index lesions included contrast-enhancing lesions
too small or irregular in shape to be considered measurable
and any non-enhancing lesion compatible with tumor. The
latter were evaluated qualitatively as present, absent or not
assessable. The designation unable to assess was: both index
and non-index lesions that could not be reliably measured
due to technical reasons, but not due to doubtful interpreta-
tion. Overall, the AVAglio trial tried to dichotomize disease
assessment into PD or non-PD. Non-PD was all the other
scenarios not accounted in PD or pseudoprogression and in
patients with gross total resection with neither measurable
nor non-measurable disease, for which there was no change
in the radiologic assessment.

The definition of pseudoprogression in AVAglio was
applicable to the period prior to the maintenance phase, usu-
ally 4 weeks after radiotherapy: a > 25% increase in the sum
of the longest perpendicular diameters of all the enhancing
lesions compared with baseline or unequivocal progression
of non-enhancing lesions and no new lesions outside the
radiation field and no significant clinical neurologic wors-
ening. Concomitant decrease in steroid dose within the
2 months after radiation rules out the designation of PD at
this point. According to AVAglio, pseudoprogression needs
to be confirmed at the next disease assessment, 2 months
later, and it will designate if the patient should continue
treatment or not. If the scan performed after 12 weeks of
chemoradiation is still compatible with progression, treat-
ment is discontinued. Conversely, if the evaluation is PR
or SD, then the designation is pseudoprogression and the
patient is continued on treatment. In these cases, the MRI
performed right after radiotherapy is now considered the
new baseline image (the so-called re-baselining effect),
although these patients were excluded from the response
analysis population of this trial.

When comparing RANO versus AVAglio, both the cri-
teria consider non-enhancing lesions (not clearly measured,
however) and provide specific guidelines to distinguish
pseudoprogression from PD. In RANO, patients must be
clinically stabilized or improved to qualify for CP, PR or
SD. However, it is not specified how to measure clinical
deterioration. AVAglio specifies that neurologic examina-
tion by MMSE needs to be regularly scheduled along with
radiologic assessment. PD in RANO criteria can only be
determined if, within the first 12 weeks after completing
radiotherapy, the majority of the new enhancement is outside
of the radiation field (for instance, beyond the 80% isodose

line) [8]. In AVAglio, a scheduled scan 12 weeks after radio-
therapy is needed to rule out pseudoprogression, which is
integrated into the follow-up algorithm. A recent update of
the RANO criteria applicable to surgically delivered thera-
pies [40] (wafers, brachytherapy) and immunotherapy [37]
is also available for better assessment.

The RTOG 0825 trial [41] was conducted in the United
States largely in parallel with the AVAglio trial, conducted
mostly in Europe. The RTOG 0825 was also a randomized
trial aiming to assess the efficacy of bevacizumab versus pla-
cebo as concomitant and adjuvant to radiotherapy and TMZ
in newly diagnosed GBM. The results on 637 randomized
patients showed that OS was not improved, although PFS
was longer in the bevacizumab group (10.7 vs. 7.3 months)
at the expense of an increased symptom burden, a worse
QOL and impairment of cognitive function. The long-term
results from both the studies, reported in 2013 and 2014,
respectively, showed similar perspectives: PFS was signifi-
cantly prolonged, overall survival was not improved, safety
and tolerability were acceptable in both the trials and QOL
was preserved in the AVAglio trial, but not in the RTOG
0825 [42].

Modified RANO criteria for clinical trials

Ellingson et al. [4] have recently suggested a series of
modifications to the current RANO criteria. First, they pro-
posed a volumetric measurement of the lesion, in which a
confirmed change in volume of the enhancing mass (either
just the enhancing volume or the total enhancing volume
including intra-tumor necrosis and cysts) may be predic-
tive of survival [43]. Second, the use of contrast-enhanced
T1 subtraction maps a voxel-to-voxel image subtraction of
pre-contrast from post-contrast T1 weighted images, for bet-
ter delineation of the tumor. Third, as recommended by the
AVAglio trial, they consider post-radiotherapy MR image
as the baseline for future response assessment in newly
diagnosed GBM, instead of the usual postoperative images.
The presence of blood products within the surgical cavity,
the performance of the scan not following image protocols
recommended for clinical trials, the variability in steroid
dosage and timing of the MRI and, of course, the unpre-
dictable occurrence of the pseudoprogression and the pseu-
doresponse phenomena are some of the reasons adduced.
Fourth, they suggest discarding qualitative non-enhancing
tumor evaluation requirements and consider only objective
and measurable enhancing disease for better inter-observer
concordance. And finally, they encourage the use of a sys-
tematic protocol for identifying pseudoprogression, pseu-
doresponse and, what has been termed as confirmed durable
response in both the newly diagnosed and recurrent GBM.
In summary, assessment criteria have allowed stand-
ardized comparison of clinical data from GBM trials. The
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development of MRI techniques has incorporated accurate
measurement of contrast-enhancing lesions, but somehow
imprecise information about non-contrast tumor burden. Cri-
teria that include FLAIR affectation usually underestimates
RR and PFS relative to criteria that only take into considera-
tion contrast enhancement for diagnosing progression [4, 5,
35]. PFS should ideally be supported by other measures that
may further refine the description of the true clinical state.
These include performance status, neurocognitive status, the
need for steroids and QOL measurement [44]. Both RANO
and AVAglio criteria can be reliably used in clinical practice.
The AVAglio criteria avoid some of the uncertainty of the
RANO criteria, which makes it more applicable for clinical
trials. However, cases of pseudoprogression confirmed by
AVAglio criteria need to be excluded from trials because
of the mentioned re-baselining effect. Figure 1 shows a
radiographic example of a GBM patient with postoperative
tumor rest that underwent early reoperation. The subsequent
local true progression was resected again. Figure 2 shows a

radiographic example of typical postoperative MRI changes
appearing prior to radiation therapy, and mimicking pro-
gression that ultimately evolved as stable non-measurable
disease.

Treatment-related changes
Radiation necrosis (radionecrosis)

Radiation-related brain tissue injury can be acute (during
irradiation), subacute (within 3 months after completing
radiation) or late (months or years after radiation). Acute
and subacute injuries seem to be caused by vasodilation,
blood-brain-barrier impairment and changes in vascular per-
meability [11]. However, late injuries as in radionecrosis
involve tissue necrosis linked to vessel damage and edema,
secondary to capillary transudation [45].

Fig.1 A radiographic example of postoperative tumor rest that
underwent early reoperation and subsequent local true progression
resected again. a Left parietal contrast-enhancing tumor consistent
with glioblastoma on the histopathologic examination. b The patient
is operated with 5-aminolevulinic acid guidance. Immediate postop-

erative MRI (after 48 h) shows an enhancing superficial tumor rest
(white arrow). ¢ The patient is re-operated (1 week after the first
intervention) and the rest is resected. d 7 months afterwards, the
tumor progresses in the nearby area. e The new enhancing lesion is
again resected

Fig.2 A radiographic example of postoperative MRI changes (prior
to radiation therapy) mimicking progression and presented as stable
non-measurable disease. a Right temporal enhancing lesion diag-
nosed as glioblastoma upon histopathologic findings. b Immedi-
ate postoperative MRI showing complete resection. ¢ New contrast
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enhancement (before radiation therapy was administered) around the
surgical cavity (white arrow) considered to be non-measurable dis-
ease. d 2 months after completing radiation therapy, there is a marked
reduction in the enhancement of the walls of the cavity. e 10 months
afterwards, the lesion remains unchanged and the disease is stable
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The pathological features of radionecrosis include
coagulation necrosis of the white matter, wall thickening
and hyalinization of vessels and capillary obliteration with
occasional reactive telangiectasia. These changes occur as
a consequence of chronic inflammation and micro-vessel
collapse around the tumor [46]. The typical appearance of
radionecrosis in gadolinium-enhanced T1 MRI is the so-
called Swiss cheese or soap bubble [46]. Radionecrosis usu-
ally appears months to years after irradiation and can be
asymptomatic, although it commonly presents as a space
occupying necrotic mass provoking neurological deficit.

Differentiating radionecrosis from PD or pseudoprogres-
sion is crucial for adequate treatment election. Some of the
treatment modalities used in relapsing GBM like corticos-
teroids [47], bevacizumab [48—50] and surgery [51] are also
applicable in radiation necrosis. Bevacizumab is currently
considered the first choice, when steroids cannot reverse the
symptoms [51]. Anticoagulation [52], hyperbaric oxygen
therapy [53], laser interstitial thermal therapy [54] and oral
vitamin E [55] are also available options that are associated
with rather modest effectiveness.

Pseudoprogression

Pseudoprogression can be considered a subacute radiation-
related reaction with or without neurological deterioration
[11]. It occurs in 10-30% of GBM patients undergoing
the first MRI following radiotherapy and concurrent TMZ
(within the first 12 weeks) [1, 8, 56-58] and in up to 30-48%
of patients who exhibit image progression within 1 month of
the end of radiotherapy [58, 59]. Pseudoprogression is con-
sidered part of the radiation-related spectrum, although its
pathophysiology has not been clearly elucidated [56]. It has
been attributed to early changes in the vascular endothelium
and blood-brain-barrier and oligodendroglial injury leading
to inflammation and increased permeability [56]. Treatment-
related cellular hypoxia, which triggers the expression of
hypoxia-regulated molecules from the tumor, seems to play
arole in the appearance of the abnormal enhancement [60].
According to Brandes et al. [61], the incidence of pseu-
doprogression in MGMT methylated patients is more than
double compared to the unmethylated (91% vs. 41%) with
positive prognostic implications. It has also been reported,
following interstitial chemotherapy [62]. In patients under-
going carmustine wafers implantation, there is a high risk of
cyst development (up to 90%) in the surgical bed [62] and
a transient increase in contrast enhancement and peripheral
edema within the first 2 months of wafer placement [63].
Although pseudoprogression resolves spontaneously
without modifying therapy, it complicates interpretation
of results in clinical trials and confuses clinical decision-
making. The consequences of not recognizing the pseudo-
progression include premature discontinuation of adjuvant

TMZ, performing unnecessary salvage surgery or inclusion
of the patient in clinical trials, resulting in falsely improved
RR and PFS [8, 13, 15]. This fact underscores the need for
appropriate baseline images and clinical assessment and full
acknowledgement of the pseudoprogression event. Analysis
of data from the AVAglio trial demonstrated that pseudo-
progression complicated progression assessment in a small
but relevant number of patients (2.2% in the bevacizumab
group and 9.3% in the placebo arm), although it seemed
to have a negligible impact on PFS [64]. Figure 3 shows a
radiographic example of pseudoprogression.

Pseudoresponse

Although enhancing tumor burden usually correlates with
GBM progression, patients undergoing anti-angiogenic ther-
apy may exhibit a marked reduction in enhancement within
1-2 days after administration with a radiographic response
in 25-60% of the cases [65]. This is a direct effect on blood
vessel permeability, not a true anti-tumor effect that does
not translate into improved survival [8, 66]. According to
the RANO criteria, a RR needs to be present for at least
4 weeks before it is considered a true response. The modi-
fied 2017 RANO criteria [4] also take into consideration
the concept of confirmed durable response both in newly
diagnosed and recurrent GBM. However, anti-angiogenics
tend to promote progression of non-enhancing disease by
selecting tumor cells not relying on angiogenesis [4], which
may explain why OS is not improved by these agents [11,
30]. Non-enhancing infiltrative disease is a common cause
of clinical deterioration, not successfully accounted for by
the RANO criteria.

However, and according to some studies, the degree of
subsequent enhancement decrease seems to correlate with
survival [67] and normalization of permeability induced by
bevacizumab or cediranib is associated with certain clinical
benefits, whether an improbable true anti-tumor effect or
just a pseudoresponse is observed, attributable to a reduc-
tion in vasogenic edema which improves neurological symp-
toms, QOL and reduces steroid dependence [30]. Thus, the
presence of pseudoresponse, like pseudoprogression, may
be considered a good prognostic marker [11, 12]. Figure 4
shows a radiographic example of pseudoresponse. Table 2
summarizes the main clinical, radiographic and management
characteristics of these four phenomena.

A detailed description on the advanced MR techniques
for differentiating pseudoprogression and radionecrosis from
true progression is beyond the scope of this paper, but avail-
able elsewhere [15, 68—70]. Radiographic features reflect-
ing hypercellularity [71-74] (like certain apparent diffusion
coefficient histogram parameters from diffusion sequences)
and neoangiogenesis/increased permeability [75-80] (from
perfusion techniques), as well as amino acid PET and MR
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Fig.3 A radiographic example of pseudoprogression. a MR scan
showing contrast-enhanced T1 weighted (upper image) and T2
weighted images (lower image) of a left temporal-occipital paraven-
tricular glioblastoma. b Postoperative MRI (4 days after surgery)
showing complete tumor resection and mild enhancement of the cav-

spectroscopy, are valuable tools [81-83], although the cut-
off values need to be adjusted for specific clinical settings
and image acquisition techniques [15].

Areas of controversy and uncertainty

It is not clearly established to what extent PFS is a good
clinical endpoint in patients undergoing therapy for GBM.
PFS may represent a statistical mixture of true anti-tumor
effectiveness and also just the radiographic changes. In fact,
we still do not know what the actual clinical meaning of
pseudoresponse is or whether bevacizumab really does have
a true anti-tumor effect [12]. Measures of the time from ini-
tial treatment to progression include the so-called time to
progression (TTP). An important difference between TTP
and PFS is that TTP refers exclusively to time to tumor
progression, while PFS also includes time to death from
any cause, which may be influenced by other factors [10].
However, we currently lack sound clinical evidence as to
privilege the use of TTP over PFS as a surrogate measure
of survival.

@ Springer

ity walls denoting early surgical trauma-related changes. ¢ 4 weeks
after completing chemoradiation, a marked increase in enhancement
is visible, even beyond the previous limits of the tumor (white arrow)
but within the radiation field. d 2 months later, the new enhancement
disappears and the lesion remains stable indicating pseudoprogression

Another important issue is what follow-up image pro-
tocol should be routinely used for disease assessment in
GBM. Although disease evaluation is largely based on MR
imaging, other techniques like spectroscopy and PET are
emerging tools that enhance accuracy and help in identify-
ing PD. According to RANO criteria, measurable disease
refers to bidimensional contrast-enhancing lesions with
clearly defined margins and two perpendicular diameters of
at least 10 mm that are visible on two or more axial slices
no further than 5 mm apart without any interslice gaps [8].
However, the true radiological and clinical meaning of non-
measurable disease is yet to be determined. To date, there is
no minimum relevant tumor size threshold under which the
presence of disease may be considered unimportant.

The coexistence of pseudoresponse and pseudoprogres-
sion in a particular patient is also an interesting issue. As
pseudoprogression reflects increased permeability, admin-
istration of anti-angiogenics under the misdiagnosis of PD
may show a falsely positive response. However, as we lack
pathological confirmation for every suspected recurrence,
counting these cases as a treatment effect may result in a
falsely high response rate attributed to anti-angiogenics [12].
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Fig.4 A radiographic example of pseudoresponse. a A deep temporal
contrast-enhanced lesion (upper: post-contrast T1 weighted images,
lower: FLAIR images) with histopathologic confirmation of glioblas-
toma. b 1 month after surgery, enhancement appeared to be greatly
increased and irradiation was dismissed at that point, so the patient

Thus, these two phenomena should not be considered sepa-
rately, but within the same assessment protocol.

In a malignant disease such as GBM, it is paramount to
maintain QOL as long as possible. Extensive surgical resec-
tions and aggressive chemotherapies may be a source of
potential neurological and systemic morbidity affecting QOL
throughout the course of the disease. Thus, when designing
a treatment strategy for a particular patient, it is crucial to
balance the maintenance of QOL, maybe at the expense of
less therapeutic aggressiveness, against the possibility of a
later rapid deterioration. Sacrificing longer survival for less
morbidity is a matter of debate in GBM, in which second-
line therapies are unlikely to provide real benefit in terms
of survival. It seems reasonable that, before any therapy is
applied, patients are ideally questioned, whether they con-
sider QOL maintenance at all costs worth the possibility of
an earlier deterioration.

Other issues, like the impact of immunotherapy on OS,
what the subgroups of GBM patients benefit most from
upfront bevacizumab therapy, the influence of the new
genetic stratification of glial tumors or the impact of QOL
and neurological status in disease assessment need further
research.

continued under TMZ. ¢ After two cycles of TMZ, the enhancing
lesion further extends and second-line options are considered. At
that moment, bevacizumab is initiated. d After 15 days (two doses of
bevacizumab), there is a dramatic reduction in contrast enhancement
within the lesion denoting pseudoresponse

Conclusions

Overall survival is generally considered the main endpoint
of clinical studies testing therapeutic agents for GBM. As
patients commonly undergo several treatments throughout
the course of their disease, the efficacy of a specific treat-
ment modality may be masked by the effect of subsequent
therapies. Assessing response to therapy in GBM remains
a challenge, because surrogate measures of survival, like
PFS, are subject to radiographic misinterpretation. Thus,
a solid and reliable definition of progression is needed for
both clinical decision-making and for evaluating response
within the clinical trials.

Radiotherapy-related radiographic changes, like tran-
sient increases in contrast enhancement as in pseudopro-
gression, can be difficult to interpret. Failure to recognize
this phenomenon may lead to premature discontinuation
of adjuvant TMZ or to redirect the patient to second-line
or salvage therapies. Contrarily, anti-angiogenic medi-
cation like bevacizumab is able to normalize vascula-
ture permeability and reduce tumor enhancement soon
after its administration, which does not seem to be a true
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Table 2 Clinical and radiological characteristics of progression, pseudoprogression, radionecrosis and pseudoresponse in glioblastoma

Characteristics

Progression

Definition varies according to assessment criteria (see text and Table 1): it is generally any increase in tumor size relative

to the initial tumor burden beyond some predefined threshold or the appearance of any new enhancing lesion (preferably
outside the radiation field, if found within the first 3 months after chemoirradiation) or significant clinical deterioration

on stable steroid doses

Diagnosis is based upon findings on sequential MRI scans + neurologic status evaluation + steroid requirements
Treatment: when PD is confirmed on sequential scans, first-line therapy should be discontinued and second-line options
need to be offered, including, reoperation, anti-angiogenics, second-line chemotherapy, alternating electric fields or

participation in clinical trials
Radionecrosis

A late radiation-related brain tissue injury (appearing months or years after completing radiotherapy): coagulation necrosis

of the white matter, hyalinization and obliteration of vessels (Swiss cheese appearance in T1w MRI). Histopathology

confirms diagnosis

Can be asymptomatic or provoke focal or worsened neurologic deficit due to mass effect
Multimodal advanced image techniques needed to differentiate radionecrosis from pseudoprogression
Treatment may include: steroids, bevacizumab, surgical resection, anticoagulation or hyperbaric oxygen therapy among

others

Pseudoprogression
MGMT methylated patients)

A subacute radiation-related reaction (within 3—4 months after completing radiotherapy). Incidence: 10-30% (doubled in

Pathophysiology unclear. Early changes in vascular endothelium leading to increased permeability plus oligodendroglial

injury

It is a transient increase in contrast enhancement that resolves spontaneously over time (weeks—months). It needs to be dif-
ferentiated from true PD in order NOT to prematurely discontinue adjuvant TMZ or perform unnecessary reoperations

According to AVAGlio study it is defined as: a > 25% increase in the sum of the longest perpendicular diameters of all
enhancing lesions compared with baseline or unequivocal progression of non-enhancing lesions and no new lesions
outside the radiation field and no significant clinical neurologic worsening. It needs to be confirmed at the next disease
assessment, performed 2 months later. If the scan performed after 12 weeks of chemoradiation is still compatible with
progression, then the designation is PD and treatment is discontinued. Conversely, if the evaluation is PR or SD, then the
designation is pseudoprogression and therapy is maintained

Treatment: unnecessary. Maintain first-line therapy if confirmed

Pseudoresponse

Marked reduction in contrast enhancement within 1-2 days after initiating anti-angiogenic therapy (bevacizumab or

cediranib). Reflects a normalization of vascular permeability, not a true anti-tumor effect. Incidence: 25-60% GBM

patients

Clinical meaning is unclear and survival benefit unproven, although it is considered a good prognostic marker

anti-tumor effect. However, both the phenomena may be
considered as good prognostic factors.

Acknowledging these phenomena is crucial for adequate
response assessment. The widely used RANO criteria are
a valuable tool in disease evaluation, both in clinical trials
and in daily practice, even though they have not been clini-
cally validated yet. However, all the assessment criteria
have limitations that the emerging image techniques try to
overcome. Differentiating progressive disease from non-
progressive disease is the ultimate goal of these criteria.
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