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ABSTRACT

PURPOSE The Response Assessment in Neuro-Oncology (RANO) criteria for high-grade
gliomas (RANO-HGG) and low-grade gliomas (RANO-LGG) were developed to
improve reliability of response assessment in glioma trials. Over time, some
limitations of these criteria were identified, and challenges emerged regarding
integrating features of the modified RANO (mRANO) or the immunotherapy
RANO (iRANO) criteria.

METHODS Informed by data from studies evaluating the different criteria, updates to the
RANO criteria are proposed (RANO 2.0).

RESULTS We recommend a standard set of criteria for both high- and low-grade gliomas,
to be used for all trials regardless of the treatmentmodalities being evaluated. In
the newly diagnosed setting, the postradiotherapymagnetic resonance imaging
(MRI), rather than the postsurgical MRI, will be used as the baseline for
comparison with subsequent scans. Since the incidence of pseudoprogression is
high in the 12 weeks after radiotherapy, continuation of treatment and con-
firmation of progression during this period with a repeat MRI, or histopath-
ologic evidence of unequivocal recurrent tumor, are required to define tumor
progression. However, confirmation scans are not mandatory after this period
nor for the evaluation of treatment for recurrent tumors. For treatments with a
high likelihood of pseudoprogression, mandatory confirmation of progression
with a repeat MRI is highly recommended. The primary measurement remains
the maximum cross-sectional area of tumor (two-dimensional) but volumetric
measurements are an option. For IDH wild-type glioblastoma, the non-
enhancing disease will no longer be evaluated except when assessing response
to antiangiogenic agents. In IDH-mutated tumors with a significant non-
enhancing component, clinical trialsmay require evaluating both the enhancing
and nonenhancing tumor components for response assessment.

CONCLUSION The revised RANO 2.0 criteria refine response assessment in gliomas.

BACKGROUND

Gliomas are the most common type of malignant primary
brain tumor.1 Despite extensive research, progress in de-
veloping effective therapies has been unacceptably slow.2-4

The Response Assessment in Neuro-Oncology (RANO)
Working Group published response criteria for high-grade
gliomas (RANO-HGG) in 2010,5 and low-grade gliomas
(RANO-LGG) in 2011,6 on the basis of consensus recom-
mendations to improve the reliability and comparability of

response assessments across clinical trials and tohelp identify
more effective therapies. These criteria have been widely
accepted and incorporated into most glioma clinical trials
over the past decade. Over time, concerns regarding chal-
lenges of differentiating pseudoprogression secondary to
radiochemotherapy and immunotherapies from true disease
progression have led to the introduction of modifications
of these criteria, including the Modified RANO Criteria
(mRANO)7 and the Immunotherapy RANO Criteria (iRANO),8 to
potentially address these issues. The original RANO-HGG
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criteria anticipated these challenges and included language
recommending that if there is uncertainty regarding pro-
gression, the patient may continue treatment and undergo
repeat imaging to confirm progression before necessitating
coming off study. ThemRANO criteria differs fromRANO-HGG
inusing thefirst postradiotherapymagnetic resonance imaging
(MRI) instead of the postsurgical MRI as the baseline, and
mandates a repeat MRI to confirm progression.7 The iRANO
criteria use the postoperative MRI as the baseline, similar to
RANO-HGG.However,within thefirst 6monthsof initiating an
immunotherapy, repeat scans over a 3-month period are
recommended to confirm disease progression before patients
are taken off study.8 RANO-HGG, mRANO, and iRANO have
been used in different clinical trials, leading to variability in
response assessments and uncertainty about which set of
criteria to use. There is a need for updated response criteria for
glioma trials based upon clinical validation of the various
criteria.

Previous response criteria for gliomas have been based
primarily on expert recommendations. The RANO working
group felt it was important to update the response criteria
informed by available data. The following recommendations
for RANO 2.0 have been guided in part by the results of a study
comparing RANO-HGG, mRANO, and iRANO in 526 patients
with newly diagnosed glioblastoma and 580 patients with
recurrent glioblastoma treated with both conventional ther-
apies and on clinical trials (see Data Supplement, Supplement
and Fig S1 for summary [online only]).9 This study found no
difference in progression-free survival (PFS), PFS at 6months
(PFS6), or in the Spearman correlation between PFS and
survival between RANO-HGG, mRANO, and iRANO in either
newly diagnosed or recurrent glioblastoma. Using a repeat
scan to confirmprogression appeared to be helpful in thefirst
3 months after radiotherapy, given the poor correlation

between progression and survival during this period but the
use of confirmation scans at any other time point, regardless
of the treatment modality, was not helpful. Measuring non-
enhancing progression also did not increase the correlation to
overall survival, even in patients receiving bevacizumab.9

These data support findings from other studies that also
questioned the value of assessing nonenhancing progression
in patients with glioblastoma.7,10,11

In 2021, the WHO published a revised classification of CNS
tumors.12-14 As a result, the traditional distinction of high-
grade gliomas as enhancing tumors evaluated by RANO-HGG,
and low-grade gliomas as nonenhancing tumors evaluated by
RANO-LGG, has become less clear. For example, IDH wild-
type astrocytoma with molecular features of glioblastomas
may be nonenhancing, while enhancement can occur in high-
grade IDH-mutated gliomas. Given this revised pathologic
classification, the RANO Working Group felt that instead of
separate RANO-HGG and RANO-LGG criteria, a single unified
set of response criteria for all gliomas would be more
appropriate.

The following sections outline recommendations for updated
response criteria from the RANO Working Group, RANO 2.0
intended to be used for glioblastomas, all grades of
IDH-mutated gliomas, and other glial tumors, regardless
of the specific therapies being evaluated (see the Data
Supplement [Supplement] for processof developingRANO2.0).

METHOD OF MEASUREMENT

Contrast-enhanced MRI is the most sensitive and repro-
ducible method of assessment of brain tumors.15 The same
imaging protocol should be used to characterize each
identified and reported lesion at baseline and across all

CONTEXT

Key Objective
Response Assessment in Neuro-Oncology (RANO) 2.0 is an update of the response criteria for gliomas in adults on the basis
of data from evaluation of the original RANO criteria and variations such as the modified RANO criteria (mRANO) and the
immunotherapy RANO criteria (iRANO).

Knowledge Generated
RANO 2.0 recommends a standard set of criteria for both high- and low-grade gliomas, to be used for all trials regardless of
the treatment modalities being evaluated. Response criteria for contrast-enhancing tumors, non–contrast-enhancing
tumors, and tumors with both enhancing and nonenhancing components are proposed, in addition to other guidance to
improve the assessment of response and progression in glial tumors.

Relevance (J.P.S. Knisely)
RANO 2.0 provides unified, standardized guidelines for glioma response assessments that are applicable for all low- and
high-grade tumors. Subclassifications for enhancing or nonenhancing tumors or for the type of antitumor therapy employed
are no longer needed.*

*Relevance section written by JCO Associate Editor Jonathan P.S. Knisely, MD.
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subsequent imaging time points to ensure that the assess-
ment of interval appearance or disappearance of lesions, or
changes in size are not affected by scan parameters such as
slice thickness. The standardized brain tumor imaging pro-
tocol (BTIP) should be used to reduce variability (Data Sup-
plement, Table S1).16 Importantly, more advanced validated
sequences can be added, if necessary, and integrated into the
BTIP protocol. Ideally, to reduce variability, patients should be
imaged on the same MRI scanner, or at least with the same
magnet strength, for the duration of their study participation.

Two-Dimensional Versus Volumetric Assessment

As with RANO-HGG, the product of the maximal cross-
sectional diameters of the enhancing lesions will be used
to determine the size of contrast-enhancing lesions. As with
RANO-LGG, themaximal cross-sectional T2-weighted fluid-
attenuated inversion recovery (FLAIR) diameters will be used
to determine the size of non–contrast-enhancing lesions.5,6

Despite growing interest in replacing two-dimensional
measurements with volumetric analysis to provide more
accurate assessment of tumor size, studies to date have not
demonstrated a conclusive benefit of volumetric analysis
over two-dimensional measurement17-19 with rare exceptions,20

and there remain challenges with limitations of the software
used for volumetric analysis, their availability, as well as
the added costs, complexity, and logistical challenges.
Two-dimensional tumor measurement will remain the
recommended primary measurement, but volumetric
measurements can be used if available. Importantly, for any
specific trial, two-dimensional or volumetric measure-
ments should be prespecified for all treated patients to
optimize consistency. The proposed cutoff for partial re-
sponse (PR) will be a 65% reduction in volume to be
consistent with the 50% reduction in area with the current
criteria, and 40% increase in volume will constitute pro-
gression to be consistent with the 25% increase in area
(Data Supplement, Table S2).21

Definitions

Measurable and Nonmeasurable Disease

Measurable disease is defined as contrast-enhancing or non–
contrast-enhancing lesions with clearly defined margins by
MRI scan, with both perpendicular diameters on a single slice
of at least 10 mm, visible on two or more slices that are
preferably, at most, 4 mm apart with 0-mm interslice gap.
The plane of lesion measurement in 2D (axial, coronal, or
sagittal) should be chosen based on the plane with the largest
lesion extent. Volumetrically,measurable disease in 3Dwill be
defined as having contrast-enhancing or nonenhancing
disease of at least 1 cm in all three orthogonal directions.
Although not recommended, in the event the MRI is per-
formed with thicker slices, the size of a measurable lesion at
baseline for both perpendicular measurements should be two
times the slice thickness and interslice gap (eg, if the slice

thickness is 5 mm with 1.5-mm interslice gap, the minimum
tumor size on both perpendicular dimensions should be 13
mm).7 Measurement of tumor around a cyst or surgical cavity
remains challenging. Such lesions should generally be con-
sidered nonmeasurable unless there is a nodular component
measuring ≥10 3 10 mm in diameter. The cystic or surgical
cavity should not be measured in determining therapeutic
response.

Nonmeasurable disease remains defined as either unidi-
mensionally measurable lesions, masses with unclear mar-
gins, or lesions with maximal perpendicular diameters
<10 mm. Patients without measurable disease, such as those
who have undergone a gross total resection, cannot exhibit a
response to subsequent treatment and can only achieve stable
disease (SD) as their best radiologic outcome, assuming
treatment is started before there is radiologic evidence of new
tumor growth. Therefore, only patients with measurable
disease can be included in the assessment of overall response
rate, while patients without measurable disease may be in-
cluded in assessments for other outcomes such as time-to-
event end points (eg, PFS or survival) and clinical functioning.

Algorithms for determining measurable and nonmeasurable
disease are included in the Data Supplement (Fig S2).7

Target Lesions

When multiple measurable lesions exist, at least two and no
more than three lesions should be identified as target lesions
for studies evaluating either enhancing or nonenhancing
tumors. For studies evaluating both enhancing and non-
enhancing tumors, a maximum of two measurable en-
hancing and two measurable nonenhancing lesions can be
identified as target lesions. The enhancing lesion(s) can be in
the nonenhancing tumor. The sum of the products of the
perpendicular diameters of these lesions should be deter-
mined. Generally, the largest enlarging lesion(s) should be
selected. Emphasis should also be placed on lesions that
allow reproducible repeated measurements. Occasionally,
the largest lesions may not lend themselves to reproducible
measurements, and the next largest lesions that can be
measured reproducibly should be selected. For patients with
multiple lesions, those that are increasing in size should be
selected as target lesions, regardless of their relative size.
The other lesions will be considered nontarget and should be
recorded but not integrated into the total lesion size cal-
culation (Data Supplement, Fig S2).

Baseline MRI

The immediate postoperative MRI scan, obtained within
48 hours of surgery, has been used as the baseline MRI in
most response criteria for newly diagnosed gliomas, in-
cluding RANO-HGG5 and iRANO.8 By contrast, the mRANO
criteria7 recommend using the first postradiotherapy MRI as
the baseline for newly diagnosed gliomas to reduce the
impact of the increased contrast enhancement from
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TABLE 1. Response Criteria for Enhancing Tumors

CR

CR requires all the following criteria compared with the baseline scan:

(1) Complete disappearance of all enhancing measurable, nonmeasurable, and nontarget disease sustained for at least 4 weeks

(2) No new lesions

(3) Patient must be off corticosteroids or on physiologic replacement doses only

(4) Stable or improved clinically

In the absence of a scan confirming durability of response for at least 4 weeks later, this response will be considered only SD. Patients with nonmeasurable
disease only at baseline cannot have CR; the best response possible is SD

PR

PR requires all the following criteria compared with the baseline scan:

(1) ≥50% decrease in the sum of products of perpendicular diameters, or ≥65% decrease in total volume, of all measurable enhancing target lesions
sustained for at least 4 weeks

(2) No new lesions

(3) No progression of nonmeasurable enhancing diseasea or nontarget lesionsb (see legend below)

(4) Patient must be on a corticosteroid dose not greater than the dose at the time of baseline scan

(5) Stable or improved clinically

In the absence of a scan confirming durability of response for at least 4 weeks later, this response will be considered only SD. Patients with nonmeasurable
disease only at baseline cannot have PR; the best response possible is SD

SD

SD occurs if the patient does not qualify for CR, PR, or PD (see next section) and requires

(1) Stable area(s) of enhancing target lesions on imaging

(2) No new lesions

(3) No progression of nonmeasurable diseasea or nontarget lesionsb (see legend below)

(4) Patients must be on a corticosteroid dose that is not greater than the dose at the time of baseline scan. In the event that the corticosteroid dose was
increased for new symptoms and signs without confirmation of disease progression on neuroimaging, and subsequent follow-up imaging shows that
this increase in corticosteroids was required because of disease progression, the last scan considered to show SDwill be the scan obtained when the
corticosteroid dose was equivalent to the baseline dose

(5) Stable or improved clinically

PD

Progression is defined by any of the following compared with baseline or best response after initiation of therapy if there has been a reduction from baseline:

(1) ≥25% increase in sum of the products of perpendicular diameters, or ≥40% increase in total volume of enhancing target lesions, on stable or increasing
doses of corticosteroids

If confirmation scans are required (within 12 weeks of completion of radiotherapy and at other time points in studies of agents associated with a high
incidence of pseudoprogression), then at least two sequential scans separated by ≥4 weeks both exhibiting ≥25% increase in sum of products of
perpendicular diameters or ≥40% increase in total volume of enhancing lesions compared with the most recent previous scan will be required. If the
second scan at least 4 weeks later exhibits SD or PR/CR, the previous scan showing preliminary PD is noted as pseudoprogression and the patient
should continue on therapy (Data Supplement, Fig S3A). The original MRI showing preliminary PD or the second scan, depending on which scan has
the smallest sum of the products of the perpendicular diameters or volume, will serve as the baseline for future comparison

(2) Appearance of a new lesion. In the case where the baseline or best response demonstrates nomeasurable enhancing disease (visible or not visible), then
any newmeasurable (≥10mm3 10mm) enhancing lesions are considered PD. If there is uncertainty regarding progression, the patient may continue
on treatment and remain under close observation (eg, re-evaluated at 4-week intervals). If subsequent evaluations confirm progression, the date of
progression should be backdated to the time point at which this concern for progression was first raised

If confirmation scans are required, any new measurable (≥10 mm 3 10 mm) enhancing lesions should not be immediately considered PD, but instead
should be added to the sum of bidimensional products or total volume representing the entire enhancing tumor burden. The new lesion will be
considered PD if confirmed by a subsequent scan ≥4 weeks later exhibiting ≥25% increase in sum of products of perpendicular diameters or ≥40%
increase in total volume of enhancing lesions relative to the scan first illustrating new measurable disease. If the second scan at least 4 weeks later
exhibits SD, CR, PR, or becomes nonmeasurable, the initial scan is noted as pseudoprogression, and the patient should continue on therapy until a
second increase in tumor size is observed

(3) Appearance of definite leptomeningeal disease

(4) Clear progression of nonmeasurable lesions (increase in bidirectional diameters by at least 5 3 5 mm to ≥10 3 10 mma; see legend below)

(5) Unequivocal progression of existing nontarget lesionsb (see legend below)

(6) Definite clinical deterioration not attributable to decrease in corticosteroid dose or other causes apart from the tumor

(continued on following page)
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pseudoprogression after radiochemotherapy,22-25 and ad-
dress the challenges associated with immediate postoper-
ative scans including the presence of postoperative changes
(blood products and edema), and variability in corticosteroid
dosing, timing of the scans, and imaging techniques used. In
support of this approach, Youssef et al9 showed greater
correlation between PFS and OS when the postradiotherapy
scan was used as a baseline compared with the postoperative
scan, although this difference was not statistically signifi-
cant. Given these factors, if a patient is sufficiently stable
clinically, we recommend using the postradiotherapy MRI
scan, performed around 4 weeks (21-35 days) from the end
of radiotherapy, as the baseline scan in newly diagnosed
gliomas for comparison with future imaging studies. Pa-
tients who deteriorate significantly before the post-
radiotherapy baseline MRI can be taken off study for clinical
progression. For patients with newly diagnosed glioma not
undergoing radiotherapy, the postsurgery, pretreatment
MRI will be used as the baseline. The pretreatment MRI will
also be used for patients with recurrent glioma as the
baseline. Ideally, baseline scans should be performed as close
as possible to the initiation of therapy with an interval not
exceeding 14 days, especially for glioblastomas.26

Although the immediate postoperative MRI will no longer be
used as the baseline for response assessment, this scan still
has value in detecting postsurgical complications and de-
termining the extent of resection, which has prognostic
implications.27

Criteria for Entry on to Clinical Trials for Recurrent/
Progressive Disease

Wepropose that a 25% increase in the sum of the products of
perpendicular diameters of the lesions, or a 40% increase in
volume, or a new measurable lesion, while on stable or in-
creasing doses of corticosteroids should be required for
enrollment onto clinical trials for recurrent disease. Clinical
deterioration or increase in corticosteroid dosing alone is not

sufficient to indicate progressive disease (PD) for entry into
trials.

Given the challenges of determining radiologic progression,
we recommend routine collection of all neuroimaging
studies for at least 3 months for recurrent glioblastomas
and CNS WHO grade 4 IDH-mutated astrocytomas, and
12 months for CNS WHO grade 2 and 3 IDH-mutated gli-
omas and other glial tumors, before enrollment to allow
for confirmation of progression. Although not mandatory
for clinical trial participation, such guidance will help
diminish the likelihood of premature or inaccurate pro-
gression determination and subsequent inappropriate
clinical trial enrollment.

Since the incidence of pseudoprogression is high in the
first 12 weeks after chemoradiotherapy for glioblastomas
(occurring in up to 30%-40% of patients),9,25,28,29 and there
is poor correlation between radiologic changes and PD and
survival during this period,9 we propose that if a patient
with concern for radiologic progression during this period
is clinically stable, a repeat MRI should be performed (eg, at
4- or 8-week intervals) to confirm progression (additional
25% or more increase in area or 40% increase or more in
volume compared with previous scan) before necessitating a
patient coming off study. If follow-up imaging supports
true tumor progression, the date of progression should be
backdated to the time of the scan when progression was
first measured. Patients who develop progression in the
first 12 weeks after completion of radiotherapy should be
excluded from clinical trials for recurrent disease unless
the progression is clearly outside the radiation field
(eg, beyond the high-dose region or 80% isodose line) or
there is pathologic confirmation of disease progression.30We
recognize the limited reliability of pathology currently in
differentiating progression from pseudoprogression,31,32

and a RANO working group is currently addressing this is-
sue. Advanced imaging techniques such as diffusion MRI,
dynamic susceptibility contrast (perfusion) MRI,33 and

TABLE 1. Response Criteria for Enhancing Tumors (continued)

PD

(7) Failure to return for evaluation as a result of death or deteriorating condition should also be considered as progression unless caused by documented
nonrelated disorders

Increase in corticosteroid dose alone, in the absence of clinical deterioration related to tumor, will not be used as a determinant of progression. Patients
with stable imaging studies whose corticosteroid dose was increased for reasons other than clinical deterioration related to tumor do not qualify for
SD or PD. They should be observed closely. If their corticosteroid dose can be reduced back to baseline, they will be considered as having SD; if further
clinical deterioration related to tumor becomes apparent, they will be considered to have progression. The date of progression should be the first time
point at which corticosteroid increase was necessary

Abbreviations: CR, complete response; MRI, magnetic resonance imaging; PD, progressive disease; PR, partial response; SD, stable disease.
aProgression of nonmeasurable lesions requires increase in bidirectional diameters by at least 53 5mm to ≥103 10 mm. This should be added to
the sumof the target lesions. The designation of overall progression requires ≥25% increase in sum of products of perpendicular diameters or ≥40%
increase in volume of the target lesions and the progressing nonmeasurable lesion(s).
bProgression of nontarget lesions requires ≥25% increase in sum of products of perpendicular diameters or ≥40% increase in volume of the
lesion(s). This should be added to the sum of the target lesions. The designation of overall progression requires ≥25% increase in sum of products
of perpendicular diameters or ≥40% increase in volume of the target lesions and the progressing nontarget lesion(s). The designation of overall
progression based solely on progression in nontarget disease in the face of SD or PR of target disease is uncommon.
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TABLE 2. Criteria for Nonenhancing Disease

CR

CR requires all the following criteria compared with the baseline scan

(1) Complete disappearance of the target lesion(s) on T2 or FLAIR imaging. If enhancement had been present, it must have resolved completely

(2) No new lesions, no new T2 or FLAIR abnormalities apart from those consistent with radiation effects, and no new or increased enhancement

(3) Disappearance of all nontarget lesions

(4) Patients must be off corticosteroids or only on physiologic replacement doses

(5) Stable or improved clinically

In the absence of a scan confirming durability of response for at least 4 weeks later, this response will be considered only SD. Patients with nonmeasurable
nonenhancing disease only at baseline cannot have CR; the best response possible is SD

PR

PR requires all the following criteria compared with the baseline scan

(1) ≥50% decrease in the sum of the products of perpendicular diameters or ≥65% decrease in total volume of the target lesion(s) on T2 or FLAIR imaging,
sustained for at least 4 weeks

(2) No new lesions, no new T2 or FLAIR abnormalities apart from those consistent with radiation effects, and no new or increased enhancement

(3) No progression of nonmeasurable diseasea or nontarget lesionsb (see legend below)

(4) Patient must be on a corticosteroid dose that is not greater than the dose at the time of baseline scan

(5) Stable or improved clinically.

In the absence of a scan confirming durability of response for at least 4 weeks later, this response will be considered only SD. Patients with nonmeasurable
nonenhancing disease only at baseline cannot have PR; the best response possible is SD

MR: applies only to nonenhancing disease

MR requires all the following criteria compared with baseline

(1) Decrease between 25% and 50% in the sumof the products of perpendicular diameters, or between 40% and 65% of the total volume of the nonenhancing
target lesion(s) on T2 or FLAIR MRI compared with baseline, sustained for at least 4 weeks

(2) No new lesions, no new T2 or FLAIR abnormalities apart from those consistent with radiation effect, and no new or increased enhancement

(3) No progression of nonmeasurable disease or nontarget lesionsb (see legend below)

(4) Patients should be on a corticosteroid dose that should not be greater than the dose at the time of baseline scan

(5) Stable or improved clinically

In the absence of a scan confirming durability of response for at least 4 weeks later, this response will be considered only SD. Patients with nonmeasurable
nonenhancing disease only at baseline cannot have MR; the best response possible is SD

SD

SD occurs if the changes do not qualify for CR, PR, or MR, or PD and requires

(1) Stable area(s) of nonenhancing target lesions on T2 or FLAIR imaging

(2) No new lesions, no new T2 or FLAIR abnormalities apart from those consistent with radiation effect, and no new or increased enhancement

(3) No progression of nonmeasurable diseasea or nontarget lesionsb (see legend below)

(4) Patients should be on a corticosteroid dose that is not greater than the dose at the time of baseline scan. In the event that the corticosteroid dose was
increased for new symptoms and signs without confirmation of disease progression on neuroimaging, and subsequent follow-up imaging shows that
this increase in corticosteroids was required because of disease progression, the last scan considered to show SD will be the scan obtained when the
corticosteroid dose was equivalent to the baseline dose

(5) Stable or improved clinically

PD

Progression is defined by any of the following compared with baseline or best response after initiation of therapy if there has been a reduction from baseline

(1) ≥25% increase in sum of products of perpendicular diameters, or ≥40% increase in total volume, of the T2 or FLAIR nonenhancing target lesion(s) on
stable or increasing doses of corticosteroids not attributable to radiation effect, edema, or comorbid events

(2) Appearance of new lesions or contrast enhancement. In the case where the baseline or best response demonstrates no measurable disease (visible or
not visible), then any new measurable (>10 mm 3 10 mm) nonenhancing or enhancing lesions are considered PD. If there is uncertainty regarding
progression, the patient may continue on treatment and remain under close observation (eg, re-evaluated at 4-week intervals). If subsequent
evaluations confirm progression, the date of progression should be backdated to the time point at which this concern for progression was first raised

(3) The appearance of definite leptomeningeal disease

(4) Clear progression of nonmeasurable lesions (increase in bidirectional diameters by at least 5 3 5 mm to ≥10 3 10 mma; see legend below)

(4) Unequivocal progression of existing nontarget lesionsb (see legend below)

(continued on following page)
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amino acid positron emission tomography imaging34 may
help differentiate progression from pseudoprogression but
require further validation before formal incorporation into
RANO 2.0.

For IDH-mutated gliomas and other glial tumors, the time
course for pseudoprogression can extend well beyond 3
months.35 For these tumors, we recommend confirming
progression in the first 3 months after completion of ra-
diotherapy and optional confirmation of progression at later
time points before entry into trials for recurrent tumors.

Definition of Radiologic Response and Progression

The radiologic responsemust be determined by comparison to
the tumormeasurement obtained at the pretreatment baseline
or the first postradiotherapy scan for patients with newly
diagnosed glioma undergoing radiotherapy. PR is defined
as ≥50% decrease, compared with baseline, in the sum of
products of perpendicular diameters of all measurable target
lesions, or ≥65% reduction in volume, sustained for at least
4 weeks with stable or decreasing corticosteroid doses. PD is
defined as ≥25% increase in the sum of products of perpen-
dicular diameters of all measurable target lesions or ≥40% in
volume compared with the smallest tumor measurements at
either pretreatment baseline or after initiation of therapy. The
appearance of a new measurable lesion will also constitute
progression unless per-protocol confirmation of progression
is required, in which case it should be added to the sum of the
existing target lesions, and progression only occurs if there
is ≥25% increase in area or≥40% increase in volume on repeat
imaging. The steroiddosemust alsobe considered (Tables 1-3).

Occasionally, unequivocal progression of a nonmeasurable
lesion (lesion increasing by at least 5 3 5 mm and becoming
measurable [≥10 3 10 mm]) or a nontarget lesion (25%
increase in area or 40% increase in volume)may occur. These
lesions should be added to the sum of the existing target

lesions. These changes would qualify as progression if the
total sum of the products of the perpendicular diameters
exceeds ≥25% increase in area or ≥40% in volume and re-
quire discontinuation of therapy, even in the setting of SD or
PR in the target lesions (Tables 1-3).

Contrast-enhancing disease should be measured for IDH
wild-type glioblastoma, and T2/FLAIR should be measured
for IDH-mutated nonenhancing gliomas and for the un-
common nonenhancing glioblastomas. For tumors with a
mixture of contrast-enhancing and non–contrast-enhancing
components, both enhancing and nonenhancing disease can
be measured. However, measuring the contrast-enhancing
disease only is also acceptable if it is the lesion(s) determining
progression for study entry (Tables 1-3).

Tables 1-3 summarize the response criteria. Table 4 sum-
marizes the overall response status. The Data Supplement
(Figs S3A-S3D) provides algorithms for determining re-
sponse. The Data Supplement (Table S3) summarizes the
differences between RANO 2.0 and previous response
criteria.

Neuroimaging for Confirmation of Progression

Formost situations, confirmation of progression as required
by mRANO and recommended by iRANO is not necessary to
determine progression.9 The original RANO criteria allow for
the optional continuation of treatment and confirmation of
progression if radiologic changes are equivocal. In these
situations, it is recommended that patients should be ob-
served closely but continue treatment, for example, for
another 1-2 treatment cycles. If the subsequent scans con-
firm progression, the date of progression should be back-
dated to the time initial tumor progression was noted.
Continuation of treatment for equivocal changes may es-
pecially be needed for small tumors since measurement
errors are magnified. An exception is in the first 12 weeks

TABLE 2. Criteria for Nonenhancing Disease (continued)

PD

(5) Definite clinical deterioration not attributable to decrease in corticosteroid dose or other causes apart from the tumor

(6) Failure to return for evaluation because of death or deteriorating condition, unless caused by documented nonrelated disorders

Increase in corticosteroid dose alone, in the absence of clinical deterioration related to tumor, will not be used as a determinant of progression. Patients with
stable imaging studies whose corticosteroid dose was increased for reasons other than clinical deterioration related to tumor do not qualify for SD or
PD. They should be observed closely. If their corticosteroid dose can be reduced back to baseline, they will be considered as having SD; if further clinical
deterioration related to tumor becomes apparent, they will be considered to have progression. The date of progression should be the first time point at
which corticosteroid increase was necessary

Abbreviations: CR, complete response; FLAIR, fluid-attenuated inversion recovery; MR, minor response; MRI, magnetic resonance imaging; PD,
progressive disease; PR, partial response; SD, stable disease.
aProgression of nonmeasurable lesions requires increase in bidirectional diameters by at least 53 5mm to ≥103 10 mm. This should be added to
the sumof the target lesions. The designation of overall progression requires ≥25% increase in sum of products of perpendicular diameters or ≥40%
increase in volume of the target lesions and the progressing nonmeasurable lesion(s).
bProgression of nontarget lesions requires ≥25% increase in sum of products of perpendicular diameters or ≥40% increase in volume of the
lesion(s). This should be added to the sum of the target lesions. The designation of overall progression requires ≥25% increase in sum of products
of perpendicular diameters or ≥40% increase in volume of the target lesions and the progressing nontarget lesion(s). The designation of overall
progression based solely on progression in nontarget disease in the face of SD or PR of target disease is uncommon.
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TABLE 3. Criteria for Tumors With Both Enhancing and Nonenhancing Components (not related to peritumoral edema)

CR

CR requires all the following criteria compared with the baseline scan

(1) Complete disappearance of all measurable enhancing and nonenhancing target lesion(s) and all nonmeasurable and nontarget lesion(s)

(2) No new enhancing lesions and no new T2 or FLAIR abnormalities apart from those consistent with radiation effects

(3) Patients must be off corticosteroids or only on physiologic replacement doses

(4) Stable or improved clinically

In the absence of a scan confirming durability of response for at least 4 weeks later, this response will be considered only SD. Patients with nonmeasurable
disease only at baseline cannot have CR; the best response possible is SD

PR

PR requires all the following criteria compared with the baseline scan

(1) ≥50% decrease in the product of perpendicular diameters or ≥65% decrease in total volume of either the contrast-enhancing target lesion(s) or the T2 or
FLAIR target lesion(s), sustained for at least 4 weeks

(2) No new enhancing lesions and no new T2 or FLAIR abnormalities apart from those consistent with radiation effects

(3) No progression of measurable and nonmeasurable diseasea or nontarget lesionsb (see legend below)

(4) Patients must be on a corticosteroid dose that is not greater than the dose at the time of baseline scan

(5) Stable or improved clinically

If PR is determined based on reduction in tumor size of enhancing disease, nonenhancing disease must be at least stable and vice versa

In the absence of a scan confirming durability of response for at least 4 weeks later, this response will be considered only SD. Patients with nonmeasurable
disease only at baseline cannot have PR; the best response possible is SD

MR: applies only to nonenhancing disease

MR requires all the following criteria compared with baseline

(1) Decrease between 25% and 50% in the sum of the products of perpendicular diameters or between 40% and 65% of the total volume of nonenhancing
target lesion(s) on T2 or FLAIR MRI compared with baseline, sustained for at least 4 weeks

(2) No new lesions, no new T2 or FLAIR abnormalities apart from those consistent with radiation effect, and no new or increased enhancement

(3) No progression of nonmeasurable disease or nontarget lesionsb (see legend below)

(4) Patients should be on a corticosteroid dose that is not greater than the dose at the time of baseline scan

(5) Stable or improved clinically

MR can only be determined if the enhancing disease is at least stable.

In the absence of a scan confirming durability of response for at least 4 weeks later, this response will be considered only SD. Patients with nonmeasurable
disease only at baseline cannot have MR; the best response possible is SD

SD

SD is present if the changes do not qualify for complete, PR, MR, or progression and requires

(1) Stable area(s) of enhancing and nonenhancing target lesions on imaging

(2) No new lesions, no new T2 or FLAIR abnormalities apart from those consistent with radiation effect, and no new or increased enhancement

(3) No progression of nonmeasurable diseasea or nontarget lesionsb (see legend below)

(4) Patients must be on a corticosteroid dose that is not greater than the dose at the time of baseline scan. In the event that the corticosteroid dose was
increased for new symptoms and signs without confirmation of disease progression on neuroimaging, and subsequent follow-up imaging shows that
this increase in corticosteroids was required because of disease progression, the last scan considered to show SDwill be the scan obtained when the
corticosteroid dose was equivalent to the baseline dose

(5) Stable or improved clinically

PD

Progression is defined by any of the following compared with baseline or best response after initiation of therapy if there has been a reduction from baseline

(1) ≥25% increase in sum of the products of perpendicular diameters, or ≥40% increase in total volume of enhancing or nonenhancing target lesions, or both,
on stable or increasing doses of corticosteroids not attributable to radiation effect, edema, or comorbid events

If confirmation scans are required (within 12 weeks of completion of radiotherapy and at other time points in studies of agents associated with a high
incidence of pseudoprogression), then at least two sequential scans separated by ≥4 weeks both exhibiting ≥25% increase in sum of products of
perpendicular diameters or ≥40% increase in total volume of enhancing lesions compared with the most recent previous scan will be required. If the
second scan at least 4 weeks later exhibits SD or PR/CR, the previous scan showing preliminary PD is noted as pseudoprogression and the patient
should continue on therapy (Data Supplement, Fig S3). The original MRI showing preliminary PD or the second scan, depending onwhich scan has the
smallest sum of the products of the perpendicular diameters or volume, will serve as the baseline for future comparison

(continued on following page)
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after completion of radiochemotherapy in IDH wild-type
glioblastoma, when pseudoprogression is most commonly
observed.28 In this period, if imaging studies show worsening,
for clinically stable patients, a repeatMRI should be performed
to confirm progression before taking a patient off study
(Tables 1 and 3 and Data Supplement, Figs S3A and S3D). We
recognize that there may be therapies that are especially
likely to be associated with high rates of pseudoprogression
or radiation necrosis (eg, intratumoral therapies such as
oncolytic viruses). For clinical trials of such agents, man-
datory confirmation of progression with follow-up MRI can
be considered.

In general, pseudoprogression is largely associated with
changes in contrast enhancement. Therefore, confirmation
of progression is recommended in selected cases evaluated
with the criteria for contrast-enhancing tumors but is un-
necessary in assessing nonenhancing tumors.

Evaluation of Nonenhancing Progression in Patients
With Glioblastoma

The original RANO-HGG criteria were developed partly to
address the challenges posed by therapies that reduce vas-
cular permeability, including bevacizumab. This reduction in

vascular permeability can give rise to pseudoresponses and
nonenhancing tumor progression.5 RANO-HGG incorpo-
rated a qualitative evaluation of T2/FLAIR changes into the
response criteria to address the issue of nonenhancing
progression. Specifically, patients on antiangiogenic agents
with stable or decreased contrast enhancement with pro-
gression of T2/FLAIR abnormality were determined to have
progressed.5 Although up to 40% of patients treated with
bevacizumab develop nonenhancing progression,36 and its
evaluation results in shorter PFS,37 most patients develop
enhancing progression within 1-2 months after non-
enhancing progression, resulting in no increase in correla-
tion of PFS with survival.9,10,37 Furthermore, nonenhancing
progression is challenging to distinguish from other causes
of increased T2/FLAIR signal, including radiation changes,
postsurgical changes, edema, or corticosteroid dosing
changes. T2/FLAIR signal abnormality is also difficult to
measure reliably, contributing to increased workload and
cost.38 Some treatments such as immunotherapies or
intratumoral therapies can be associated with increased
peritumoral edema and T2/FLAIR changes on MRI inde-
pendent of tumor progression. Given the limited value of
evaluating nonenhancing progression in enhancing glio-
blastoma, we recommend removing it from the criteria
for determining progression from most trials. Evaluation of

TABLE 3. Criteria for Tumors With Both Enhancing and Nonenhancing Components (not related to peritumoral edema) (continued)

PD

(2) Appearance of a new enhancing or nonenhancing lesion. In the case where the baseline or best response demonstrates nomeasurable disease (visible or
not visible), then any new measurable (>10 mm 3 10 mm) lesions are considered PD. If there is uncertainty regarding progression, the patient may
continue on treatment and remain under close observation (eg, re-evaluated at 4-week interval). If subsequent evaluations confirm progression, the
date of progression should be backdated to the time point at which this concern for progression was first raised

If confirmation scans are required, any new measurable (>10 mm 3 10 mm) lesions should not be immediately considered PD, but instead should be
added to the sum of bidimensional products or total volume representing the entire enhancing tumor burden. The new lesion will be considered PD if
confirmed by a subsequent scan ≥4 weeks later exhibiting ≥25% increase in sum of products of perpendicular diameters or ≥40% increase in total
volume of enhancing lesions relative to the scan first illustrating new measurable disease. If the second scan at least 4 weeks later exhibits SD, CR,
PR, or becomes nonmeasurable, the initial scan is noted as pseudoprogression, and the patient should continue on therapy until a second increase in
tumor size is observed

(3) Appearance of definite leptomeningeal disease

(4) Clear progression of nonmeasurable lesions (increase in bidirectional diameters by at least 5 3 5 mm to ≥10 3 10 mma; see legend below)

(5) Unequivocal progression of existing nontarget lesionsb (see legend below)

(6) Definite clinical deterioration not attributable to decrease in corticosteroid dose or other causes apart from the tumor

(7) Failure to return for evaluation because of death or deteriorating condition, unless caused by documented nonrelated disorders

Increase in corticosteroid dose alone, in the absence of clinical deterioration related to tumor, will not be used as a determinant of progression. Patients
with stable imaging studies whose corticosteroid dose was increased for reasons other than clinical deterioration related to tumor do not qualify for
SD or progression. They should be observed closely. If their corticosteroid dose can be reduced back to baseline, they will be considered as having SD;
if further clinical deterioration related to tumor becomes apparent, they will be considered to have progression. The date of progression should be the
first time point at which corticosteroid increase was necessary

Abbreviations: CR, complete response; FLAIR, fluid-attenuated inversion recovery; MR, minor response; MRI, magnetic resonance imaging; PD,
progressive disease; PR, partial response; SD, stable disease.
aProgression of nonmeasurable lesions requires increase in bidirectional diameters by at least 53 5mm to ≥103 10 mm. This should be added to
the sumof the target lesions. The designation of overall progression requires ≥25% increase in sum of products of perpendicular diameters or ≥40%
increase in volume of the target lesions and the progressing nonmeasurable lesion(s).
bProgression of nontarget lesions requires ≥25% increase in sum of products of perpendicular diameters or ≥40% increase in volume of the
lesion(s). This should be added to the sum of the target lesions. The designation of overall progression requires ≥25% increase in sum of products
of perpendicular diameters or ≥40% increase in volume of the target lesions and the progressing nontarget lesion(s). The designation of overall
progression based solely on progression in nontarget disease in the face of SD or PR of target disease is uncommon.
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TABLE 4. Summary of Overall Response Status

Target Lesiona

(current scan)
Target Lesionb

(previous scan) New Measurable Disease
Nontarget or Nonmeasurable

Lesion(s) Clinical Status Increased Steroid Use Steroid Dose Overall Response Status

CR Baseline/SD/PR No None/stable Stable/improved Noc Nonec Preliminary CR

CR CR No None/CR Stable/improved No None Confirmed CR

CR Baseline/SD/PR/CR Yes None/CR Stable/improved No None PDd

CR Baseline/SD/PR/CR No None/CR Worse No None PD

CR Baseline/SD/PR/CR No Worsee Stable/improved No None PDe

CR Baseline/SD/PR/CR No None/CR Stable/improved Yes Yes SD or PDf

PR Baseline/SD No None/stable Stable/improved Noc Nonec Preliminary PR

PR PR No None/stable Stable/improved No None Confirmed PR

PR Baseline/SD/PR Yes None/stable Stable/improved No None PDd

PR Baseline/SD/PR No None/stable Worse No None PD

PR Baseline/SD/PR No Worsee Stable/improved No None PDe

PR Baseline/SD/PR No None/stable Stable/improved Yes Yes SD or PDf

SD Baseline/SD No None/stable Stable/improved Noc Nonec SD

SD Baseline/SD Yes None/stable Stable/improved No None PDd

SD Baseline/SD No None/stable Worse No None PD

SD Baseline/SD No Worsee Stable/improved No None PDe

SD Baseline/SD No None/stable Stable/improved Yes Yes SD or PDf

PD Baseline/SD/PR/CR No None/stable Stable/improved Noc Nonec PD or preliminary PDh

PD Preliminary PDg No None/stable Stable/improved No None Confirmed PD

PD Baseline/SD/PR/CR Yes None/stable Stable/improved No None PDd

PD Baseline/SD/PR/CR No None/stable Worse No None PD

PD Baseline/SD/PR/CR No Worsee Stable/improved No None PDe

PD Baseline/SD/PR/CR No None/stable Stable/improved Yes Yes PD

NOTE. For patients who have both enhancing and nonenhancing lesions evaluated, CR and PR for either contrast-enhancing or T2/FLAIR lesions must be accompanied by at least SD in the other
lesions. PD in either contrast-enhancing or T2/FLAIR lesions will qualify as progression, regardless of the response in the other lesions.
Abbreviations: CR, complete response; FLAIR, fluid-attenuated inversion recovery; MR, minor response; MRI, magnetic resonance imaging; PD, progressive disease; PR, partial response; SD, stable
disease.
aContrast-enhancing or non–contrast-enhancing lesion(s) or both depending on the criteria used.
bContrast-enhancing or non–contrast-enhancing lesion(s) or both depending on the criteria used.
cNone or physiologic replacement doses.
dNew sites ofmeasurable disease constitute PD in the case of nomeasurable disease at baseline or best response. If confirmation scans are required, new sites are added to the sumof bidimensional
products or total lesion volume. The new lesion will be considered PD if confirmed by a subsequent scan ≥4 weeks later exhibiting ≥25% increase in sum of products of perpendicular diameters or
≥40% increase in total volume of enhancing lesions relative to the scan first illustrating new measurable disease.
eProgression of nonmeasurable lesions occurs when lesions that are not measurable becomesmeasurable (103 10mm). Nontarget lesions qualify for progression if there is ≥25% increase in area or
40% increase in volume). For both nonmeasurable and nontarget lesions, the increase should be added to the sum of the target lesions. The designation of overall progression requires ≥25% increase
in sum of products of perpendicular diameters or ≥40% increase in volume of the target lesions together with the nonmeasurable or nontarget lesion(s).
fIncrease in corticosteroid dose alone, in the absence of clinical deterioration related to tumor, will not be used as a determinant of progression. Patients with stable imaging studies whose
corticosteroid dose was increased for reasons other than clinical deterioration related to tumor do not qualify for SD or progression. They should be observed closely. If their corticosteroid dose can
be reduced back to baseline, they will be considered as having SD; if further clinical deterioration related to tumor becomes apparent, they will be considered to have progression. The date of
progression should be the first time point at which corticosteroid increase was necessary.
gOnly relevant when confirmation of progression is required.
hPD if no confirmation of progression required; preliminary PD if confirmation of progression required. If next scan shows CD/PR/CR, then progression is not confirmed and the previous scan showing
preliminary PD is noted as pseudoprogression and the patient continued on therapy. The original MRI showing preliminary PD or the second scan, depending on which scan has the smallest sum of
the products of the perpendicular diameters or volume, will serve as the baseline for future comparison.
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T2/FLAIR changes remains of value for evaluation of IDH-
mutated gliomas with a nonenhancing component and in
trials evaluating agents anticipated to significantly affect
vascular permeability.

Assessment of Clinical Deterioration

Clinical deterioration remains an important component for
response assessment, particularly for determining progres-
sion. Although the determination of clinical deterioration
continues to be left to the treating physician’s discretion, it is
recommended that a decline inKPS for at least 7 days from100
or 90 to 70 or less, a decline in KPS of at least 20 points from
80or less, or a decline inKPS fromany baseline to50or less be
considered neurologic deterioration unless attributable to
comorbid events or changes in corticosteroid dose. Similarly,
a decline in the Eastern CooperativeOncologyGroup andWHO
performance scores from 0 or 1 to 2 or 2 to 3 would be
considered neurologic deterioration.

The Neurologic Assessment in Neuro-Oncology (NANO)
scale was developed as a simple, standardized tool providing
a quantifiable evaluation of nine relevant neurologic do-
mains to determine neurologic function (Data Supplement,
Fig S4).39 This tool is being used increasingly in clinical trials

to assess response but formal incorporation into the RANO
criteria will require further validation studies.

Advanced Imaging Techniques

There is increasing evidence that advanced imaging tech-
niques including perfusion imaging (dynamic susceptibility
contrast or dynamic contrast-enhanced MRI), diffusion
imaging, magnetic resonance spectroscopy, and amino acid
positron emission tomography may help predict tumor re-
sponse or allow the differentiation of pseudoprogression
from progression.33,40-42 There is also increasing interest in
the use of automated assessment of response and the use of
artificial intelligence.43,44 Some of these techniques are
undergoing validation studies and may eventually be in-
corporated into the RANO criteria.

In summary, we outline updated response criteria from the
RANO Working Group, RANO 2.0. These criteria will be used
for all grades of glial tumors regardless of the IDH muta-
tional status or the specific therapies being evaluated. As
with the previous criteria, this represents a work in progress
and future updates will incorporate novel developments,
advanced imaging techniques, and end points as they be-
come validated.
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