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The Response Assessment in Neuro-Oncology (RANO)
working group has introduced various response assessment
criteria for the use of imaging in reliably identifying
effective treatment methods for gliomas, the most common
malignant primary brain tumors (Fig. 1). The Macdonald
criteria, published in 1990, were used to evaluate the
response to primary treatment of glioblastomas. RANO
high-grade glioma (HGG) [1] and RANO low-grade glioma
(LGG) [2] were introduced in 2010 and 2011, respectively.
With the emergence of various treatments, such as
radiochemotherapy and immunotherapy, modified RANO
(mRANO) [3] and immunotherapy RANO (iRANO) [4] were
implemented. However, using these multiple criteria, the need
for a comprehensive tumor response assessment that can
integrate all types of lesions was highlighted. In response,
the RANO working group updated the evaluation criteria to
RANO 2.0, applicable to glioblastomas, all grades of isocitrate
dehydrogenase (IDH)-mutated gliomas, and other gliomas [5].
This article aims to briefly explain the updated RANO 2.0, in
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comparison with existing evaluation methods.

First, RANO 2.0 recommends the use of the standardized
brain tumor imaging protocol (BTIP), which was initially
proposed in 2015 and then updated in 2020 by consensus
meetings led by the US FDA, National Cancer Institute, and
academic groups in various fields [6,7]. Contrast-enhanced
MRI is the most sensitive and reproducible imaging method
for capturing brain tumors [8]. When evaluating brain
tumors, it is crucial to use the same imaging protocol as
much as possible for both baseline and follow-up images
to ensure that changes in tumor size or morphology are
not influenced by the imaging parameters. Therefore, it is
essential to use a standardized BTIP. If there is a desire to
include other specific sequences, they can be added to the
standardized BTIP.

Second, RANO 2.0 broadened the tumor measurement
methods. Similar to RANO-HGG, for contrast-enhanced tumor
lesions, the lesion size is determined using the product of
the maximum cross-sectional diameter on contrast-enhanced
T1-weighted images. As with RANO-LGG, for non-contrast-
enhanced tumor lesions (not related to peritumoral edema),
size is determined using the product of the maximum
cross-sectional diameter on T2/fluid attenuation inversion
recovery (FLAIR). Typically, a two-dimensional tumor
measurement is performed, but RANO 2.0 allows for the use
of volumetric measurements depending on the situation. To
maintain consistency, measurement methods should be pre-
specified before the start of the study.

Measurable lesions are defined as contrast-enhanced
or non-contrast-enhanced lesions with clear margins on
MRI and perpendicular diameters of at least 10 mm. Two-
dimensional tumor measurements can be made in the axial,
coronal, or sagittal plane by choosing the plane where the
lesion appears the largest. In three dimensions, measurable
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Fig. 1. Evolution of imaging response assessment for gliomas. HGG =

high-grade glioma, RANO = Response Assessment in Neuro-Oncology,

LGG = low-grade glioma, iRANO = immunotherapy RANO, mRANO = modified RANO

lesions for volumetric measurement are defined as
those with a minimum diameter of 10 mm in all three
orthogonal directions. Non-measurable lesions are defined
as lesions that are unidimensional, have indistinct
margins, or have a maximum perpendicular diameter of
less than 10 mm. Lesions without nodular components
with a vertical diameter of less than 10 mm around the
surgical sites are generally considered non-measurable, and
cystic lesions or cavities affected by surgery cannot be
measured. In cases where multiple measurable lesions exist, a
study evaluating contrast-enhanced or non-contrast-enhanced
tumors can include a minimum of two to a maximum of three
lesions as target lesions. In studies evaluating both lesions, a
maximum of two measurable enhancing and two measurable
non-enhancing lesions can be designated as target lesions.
The sum of the products of the perpendicular diameters of
these lesions determines the response. When selecting target
lesions, emphasis is generally placed on reproducible and
repeatedly measurable lesions, or the largest lesion. In the
presence of any growth among multiple measurable lesions,
a lesion that is increasing in size is chosen as the target
lesion regardless of its relative size, while the remaining
lesions are recorded as non-target lesions.

Third, RANO 2.0 specified the timing of baseline MRI and
the progression confirmation process. RANO-HGG, iRANO,
and mRANO use different schemes that significantly hamper
the reliability of tumor measurement data in brain tumor
clinical trials. We believe that the updates for baseline
MRI and progression formation are the most crucial parts
of RANO 2.0. For patients with newly diagnosed gliomas
who have undergone radiation therapy, similar to mRANO
[3], MRI performed approximately 4 weeks (21-35 days)
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after the completion of radiation treatment is used as the
baseline (Table 1, Fig. 2). This differs from RANO-HGG [1]
and iRANO [4], which use postoperative MRI before radiation
as the baseline. For newly diagnosed patients who have
received surgery and have not received radiation therapy,
RANO 2.0 considers MRI performed after surgery and before
standard chemotherapy or a new treatment as the baseline.
For patients with recurrent gliomas, MRI performed before
treatment is also used as the baseline. This aligns with the
baseline setting of the previous evaluation criteria.
Response evaluation is determined by comparing the
measurements of tumors identified at baseline. Partial
response is defined when, for a minimum of 4 weeks, the sum
of the product of perpendicular diameters of all measurable
target lesions decreases by 50% or more compared to
baseline, with the corticosteroid doses maintained or
decreased, or when the volume decreases by 65% or more.
Progressive disease (PD) is defined as an increase of 25%
or more in the sum of the product of the perpendicular
diameters of all measurable target lesions, or a volume
increase of 40% or more compared to the smallest tumor
measurements at baseline or after the start of treatment.
The discovery of new measurable lesions is also considered
PD. In this case, they are added to the sum of the existing
target lesions, and if the area increases by 25% or more
or the volume increases by 40% or more in subsequent
repeat images, PD can be confirmed. Additionally, if non-
measurable lesions increase by a minimum of 5 x 5 mm or
become measurable (> 10 x 10 mm) and if non-target lesions
increase by 25% in area or 40% in volume, it can also be
defined as clear PD. In this case, they are added to the sum
of existing target lesions, and if the total sum of the product
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Fig. 2. Response assessment scheme. CCRT = concomitant chemoradiotherapy, RT = radiation tehrapy, PD = progression disease, SD =

stable disease, PR = partial response, CR = complete response, RANO =

high-grade glioma, iRANO = immunotherapy RANO

glioblastomas. For tumors with a mix of contrast-enhanced
and non-contrast-enhanced components, both types of
lesions can be assessed. However, when determining PD,
measuring only contrast-enhanced lesions is also allowed.
The evaluation of T2/FLAIR changes remains valuable for the
evaluation of IDH-mutated gliomas with a non-enhancing
component and in trials evaluating agents anticipated to
significantly affect vascular permeability.

In conclusion, using RANO 2.0, response evaluation for
all types of gliomas and treatments is possible, and both
2D and volumetric measurements can be used to assess
the response. For newly diagnosed gliomas, when radiation
therapy is performed, the MRI obtained approximately 4 weeks
after the completion of radiation therapy is used as the
baseline. Through various studies, because of the somewhat
ambiguous progression evaluation of T2/FLAIR, the criteria
for non-contrast-enhanced imaging were removed from the
progression determination criteria for enhancing glioblastoma.

410

Response Assessment in Neuro-Oncology, RANO-HGG = RANO for

As a result, RANO 2.0 is better suited for evaluating neuro-
oncology responses, providing substantial assistance in
identifying effective treatment strategies in the future.
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