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We have read the article by Won et al. [1], titled “Summary 
of Key Points of the Response Assessment in Neuro-
Oncology (RANO) 2.0,” with great interest. They suggested 
three key points from RANO 2.0: 1) the use of standardized 
brain tumor imaging protocols is recommended, 2) tumor 
measurement methods are expanded to volumetry, and 3) the 
timing of baseline magnetic resonance imaging (MRI) and 
the confirmation process of progression are specified. While 
the summary highlights the contrast with previous response 
criteria and underscores the current scheme of RANO 2.0, it 
over-condenses the definitions of progression and baseline 
MRI. This brevity may mislead readers who have not read 

the full RANO 2.0 update [2]. Therefore, we aimed to 
provide additional clarity and necessary details on the criteria 
for determining progressive diseases (PDs) in RANO 2.0. 

The most distinct aspects of RANO 2.0, as compared to 
the previously released RANO statement for high-grade 
gliomas (RANO-HGG) [3] and low-grade gliomas (RANO-LGG) 
[4] are as follows: 1) the first post-radiotherapy MRI, rather 
than the post-surgical MRI, is used as baseline imaging and 
2) repeat MRI is mandatory to confirm progression within 
12 weeks after radiotherapy. These criteria were adopted 
from a modified RANO statement released in 2017 [5]. The 
reasons for excluding immediate post-surgical imaging as 
the baseline were the presence of postoperative changes 
(i.e., blood products and edema), variable corticosteroid 
use before clinical trial enrollment, and variability in imaging 
techniques and timing—as the patients had not yet been 
enrolled in a clinical trial, it may be inconsistent with trial 
recommendations. For the confirmatory scan, repeat MRI or 
histopathological evidence of an “unequivocal recurrent tumor” 
should be acquired to confirm progression within 12 weeks of 
radiotherapy, as the incidence of pseudoprogression is high 
during this period (up to 30%–40% of patients) [6-8]. 

For glioblastoma, isocitrate dehydrogenase (IDH)-wildtype, 
central nervous system World Health Organization (WHO) grade 
4 [9], a nonenhancing disease, is no longer to be evaluated 
except when assessing the response to anti-angiogenic agents. 
Glioblastoma, IDH-wildtype, WHO grade 4, can manifest as 
a non-enhancing disease or as a disease without internal 
necrosis. This constricts the previous distinction between 
HGG as enhancing tumors evaluated by RANO-HGG and LGG as 
non-enhancing tumors evaluated by RANO-LGG [10]. Another 
reason for not evaluating a non-enhancing disease is the 
difficulty in quantitatively measuring previous non-enhancing 
diseases and differentiating them from various treatment-
related changes (i.e., edema and radiation effects). 

PD in RANO 2.0 can be defined based on: 1) the presence 
of measurable disease on baseline imaging (post-radiation 
therapy imaging), 2) presence of measurable disease on 
current imaging, 3) timing of current imaging (within or 
more than 12 weeks after radiation therapy), and 4) a 
comparison between the baseline and current imaging. The 
most important determinant is the timing of imaging. The 
details are summarized as “response criteria for enhancing 
tumors” and “summary of overall response status” in RANO 
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2.0 [2]. Here, we provide details focusing on PD, especially 
for glioblastoma, IDH-wildtype (Table 1). 

Response assessment is straightforward if “current 
imaging” is performed 12 weeks after radiation. When 
measurable contrast-enhancing target lesions (≥10 x 10 mm) 
are observed on baseline imaging, 1) an additional ≥25% 
increase in the area or ≥40% increase in volume (“target 
increase”) on current imaging and 2) any new measurable 
enhancing lesion (≥10 x 10 mm) are considered as PD. 
If there is uncertainty in studies associated with a high 
incidence of pseudoprogression (i.e., immunotherapy), the 
patient may continue treatment and remain under close 
observation; the lesion may be added to the target lesion and 
followed up. When there is no measurable enhancing disease 
on baseline imaging, any new measurable (≥10 x 10 mm) 
enhancing lesions are considered as PD.

In contrast, response assessments in the time window 
within 12 weeks of radiotherapy should always consider the 
possibility of pseudoprogression. When measurable contrast-
enhancing target lesions (≥10 x 10 mm) are observed on 
baseline imaging, with an additional ≥25% increase in the 

area or ≥40% increase in volume (“target increase”), then 
at least two sequential scans separated by ≥4 weeks of 
target increase are required for the diagnosis of PD. This 
‘two sequential scans’ refers to the current/original scan 
(N) and a second scan (N+1) in a sequential manner. If 
the second scan shows stable disease (SD) or a partial or 
complete response (PR/CR), the previous scan is denoted 
as pseudoprogression; the patient should then continue 
therapy. However, the appearance of a new measurable 
enhancing lesion (≥10 x 10 mm) should not be immediately 
considered as PD; rather, it should be added to the sum 
of the products or total volume, followed by mandatory 
scans for confirmation. A new measurable lesion will be 
considered PD if: 1) it is clearly outside the radiation field 
(e.g., beyond the high-dose region or 80% isodose line), 
2) there is pathologic confirmation, and 3) it is confirmed 
by a subsequent scan showing an increase in the sum of 
products or total volume. 

Notably, a clear progression of non-measurable lesions 
(5 x 5 mm to ≥10 x 10 mm) does not solely indicate PD, 
and thus should be added to the sum of the target lesions 

Table 1. Definition of PD for glioblastoma, IDH-wildtype (enhancing tumors) in RANO 2.0

Baseline imaging Current imaging Overall response status
Presence of measurable 
disease (≥10 x 10 mm)

Timing of 
current imaging

Target size or 
volume increase*

New measurable 
lesion

Is it PD?

Yes >12 weeks Yes No PD. However, if there is uncertainty, the patient may 
continue on treatment and the lesion can be summed up 
to total size or volume and determine PD on subsequent 
follow-up

Yes >12 weeks No Yes PD. However, if there is uncertainty, the patient may 
continue on treatment and the lesion can be summed up 
to total size or volume and determine PD on subsequent 
follow-up

No
(nonmeasurable)

>12 weeks No Yes PD

Yes Within 12 weeks† Yes No No, assign it as preliminary PD and perform confirmatory 
scan (sequential with at least ≥4 weeks of target increase) 

Yes Within 12 weeks† No Yes No, assign it as preliminary PD and perform confirmatory 
scan. Should be summed up to total size or volume and 
determine PD

No
(nonmeasurable)

Within 12 weeks† No Yes No, assign it as preliminary PD. Should be summed up to 
total size or volume and determine PD at confirmatory scan‡

*Size and volume increase indicates an additional ≥25% increase in area or ≥40% increase in volume, †Within 12 weeks after 
completion of radiotherapy, progression clearly outside the radiation field (e.g., beyond the high-dose region or 80% isodose line) or 
pathologic confirmation does not require subsequent scans for confirmation, ‡New sites of measurable disease constitute PD in cases of 
non-measurable disease at baseline or with the best response. If confirmatory scans are required, new sites are added to the sum of the 
bi-dimensional products or the total lesion volume. The new lesion may be considered as PD if confirmed by a subsequent scan performed 
≥4 weeks later.
PD = progressive disease, IDH = isocitrate dehydrogenase, RANO = Response Assessment in Neuro-Oncology
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(measurable lesions) for PD confirmation. Furthermore, 
the appearance of definite leptomeningeal disease was 
considered PD. 

We provided two illustrations to demonstrate PD for 
glioblastoma, IDH-wildtype. Figure 1 demonstrates a case 
in which current imaging was acquired 12 weeks after the 
completion of concurrent chemoradiation therapy (CCRT), 
when pseudoprogression rarely occurred. According to RANO 
2.0, in presence of a measurable enhancing lesion in the 
baseline imaging, an increase in the size of a measurable 
enhancing lesion or any new measurable enhancing lesion 
on current imaging is designated as PD. Moreover, when 
there is no enhancing disease on baseline imaging (0), 
any new measurable (≥10 x 10 mm) enhancing lesions are 
considered PD. The date of progression was the date of 
the current imaging (N). Figure 2 shows a case in which 
imaging was performed within 12 weeks of CCRT, when 
the rate of pseudoprogression was high. When measurable 
contrast-enhancing target lesions (≥10 x 10 mm) are 

visualized on baseline imaging (0) and the size of the 
measurable enhancing lesion increases on current imaging 
(N), then at least two sequential scans (N+1 after N) 
performed separated by ≥4 weeks of target increase are 
required for the diagnosis of PD. At this point, the date 
of progression is N. Moreover, the appearance of a new 
measurable enhancing lesion (≥10 x 10 mm) in this period 
(pseudoprogression period) should not be immediately 
considered as PD. Instead, it should be added to the sum 
of the target measurable diseases, and a confirmatory scan 
is required. If the second scan exhibits SD or PR/CR, the 
previous scan is denoted as pseudoprogression, and the 
patient should continue temozolomide therapy. 

Notably, when utilizing the tables in RANO 2.0, we 
recommend the use of “Criteria for Enhancing Tumors” for 
glioblastoma, IDH-wildtype and “Criteria for Non-enhancing 
Tumors” for IDH-mutated, non-enhancing gliomas. “Criteria 
for Both Enhancing and Nonenhancing Components” can 
be used for tumors with a mixture of both components, 

Fig. 1. Response assessment according to RANO 2.0, when current imaging is obtained after the pseudoprogression period (>12 weeks 
after completion of post-RT or CCRT). RANO = Response Assessment in Neuro-Oncology, RT = radiation therapy, CCRT = concurrent 
chemoradiation therapy, OP = operation, Dx = diagnosis, DWI = diffusion-weighted imaging, adj = adjuvant, TMZ = temozolomide, PD = 
progressive disease
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including diffuse midline gliomas, H3K27-altered, IDH-
wildtype glioblastoma with ongoing anti-angiogenic therapy, 
and high-grade IDH-mutated gliomas.

Using these details, we can refine some of the statements 
made by Won et al. [1] from KJR summary as follows:

1) “Progressive disease (PD) is defined as an increase of 
≥25% in the sum of the product of the perpendicular diameters 
of all measurable target lesions, or a volume increase of ≥40% 
compared to the smallest tumor measurements at baseline or 
after the start of treatment. The discovery of new measurable 

lesions is also considered PD.”
This statement can mislead the determination of PD 

because response assessment is vastly different according 
to the timing of imaging, visualized within 12 weeks and 
>12 weeks after the completion of radiation therapy. In 
cases where the patient has undergone imaging more than 
12 weeks after radiation therapy, the definition of PD is 
correct. Moreover, the appearance of a new measurable 
lesion, when the baseline scan demonstrated no measurable 
enhancing disease, was considered PD. However, these rules 
are not applicable in cases where imaging is performed 

Fig. 2. Response assessment according to RANO 2.0, when current imaging is obtained within the pseudoprogression period (within 
12 weeks after completion of post-RT or CCRT). RANO = Response Assessment in Neuro-Oncology, RT = radiation therapy, CCRT = concurrent 
chemoradiation therapy, OP = operation, Dx = diagnosis, DWI = diffusion-weighted imaging, adj = adjuvant, TMZ = temozolomide, PD = 
progressive disease
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within 12 weeks of radiotherapy, thus necessitating a 
subsequent confirmatory scan.

2) “In this case, they are added to the sum of the existing 
target lesions, and if the area increases by ≥25% or the 
volume increases by ≥40% in subsequent repeat images, PD 
can be confirmed.”

This statement is overly simplified and may be misconstrued 
by readers; this criterion is applicable only when the 
patient requires a confirmatory scan (within 12 weeks of 
radiotherapy). Within 12 weeks of radiotherapy completion, 
a new lesion was added to the target lesion and thus, PD was 
confirmed by an increase in size or volume. On the other 
hand, when a new measurable lesion observed >12 weeks 
after the completion of radiotherapy can confirm PD.

3) “Additionally, if nonmeasurable lesions increase by a 
minimum of 5 x 5 mm or become measurable (≥10 x 10 mm) 
and if nontarget 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 of the perpendicular diameters 
in the target lesions exceeds 25% in area or 40% in volume 
compared to the previous measurement, it is considered PD-
confirmed. This analysis is performed to distinguish between 
pseudoprogression and true PD. If PD is confirmed on 
subsequent images, the PD date is retroactively set to the 
point at which initial tumor progression was recorded.”

Unfortunately, this statement seems incorrect because 
clear progression of a non-measurable lesion constitutes 
the progression of a non-target lesion, not PD (i.e., 
overall response status of a patient). According to 
RANO 2.0, the sole progression of a non-target lesion 
cannot determine the patient’s response status. Instead, 
progressed, non-measurable lesions (i.e., lesions that 
have increased by a minimum of 5 x 5 mm or have become 
measurable [≥10 x 10 mm]) are added to the target lesion; 
PD is then confirmed by the increase in size or volume 
of the target lesion. The authors also state the following: 
“This analysis was performed to distinguish between 
pseudoprogression and true PD.” However, progression 
of non-target lesions is not necessarily associated with 
pseudoprogression; rather, the time window (within 12 weeks 
vs. >12 weeks) is related to pseudoprogression. 

In conclusion, we aimed to provide details of PD, 
especially in glioblastoma, IDH-wildtype in this letter. We 
hope that this letter will serve as a useful reference for 

clinical trials. 
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