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Abstract 
Background.  The Response Assessment in Neuro-Oncology for Brain Metastases (RANO-BM) criteria are the gold 
standard for assessing brain metastases (BMs) treatment response. However, they are limited by their reliance on 1D, 
despite the routine use of high-resolution T1-weighted MRI scans for BMs, which allows for 3D measurements. Our study 
aimed to investigate whether volumetric measurements could improve the response assessment in patients with BMs.
Methods.  We retrospectively evaluated a dataset comprising 783 BMs and analyzed the response of 185 of 
them from 132 patients who underwent stereotactic radiotherapy between 2007 and 2021 at 5 hospitals. We used 
T1-weighted MRIs to compute the volume of the lesions. For the volumetric criteria, progressive disease was de-
fined as at least a 30% increase in volume, and partial response was characterized by a 20% volume reduction.
Results.  Our study showed that the proposed volumetric criteria outperformed the RANO-BM criteria in several 
aspects: (1) Evaluating every lesion, while RANO-BM failed to evaluate 9.2% of them. (2) Classifying response ef-
fectively in 140 lesions, compared to only 72 lesions classified by RANO-BM. (3) Identifying BM recurrences a me-
dian of 3.3 months earlier than RANO-BM criteria.
Conclusions.  Our study demonstrates the superiority of volumetric criteria in improving the response assessment 
of BMs compared to the RANO-BM criteria. Our proposed criteria allow for evaluation of every lesion, regardless 
of its size or shape, better classification, and enable earlier identification of progressive disease. Volumetric criteria 
provide a standardized, reliable, and objective tool for assessing treatment response.

Key Points

• Volumetric criteria demonstrated better performance in brain metastases (BMs) response 
classification.

• Volumetric measurements provide a comprehensive evaluation of every lesion.

• Volumetric criteria identified recurrences earlier than 1D criteria in BM.

Brain metastases are the most common intracranial tumors in 
adults. Around 20% of patients with cancer develop brain me-
tastases (BMs), with special incidence in lung cancer, breast 

cancer, and melanoma.1 The occurrence of BM is growing be-
cause of improvements in patient survival due to the use of 
novel therapies effective against primary tumors.2

Volumetric analysis: Rethinking brain metastases 
response assessment  
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The Response Assessment in Neuro-Oncology Brain 
Metastases (RANO-BM) criteria3 is an international, mul-
tidisciplinary effort to develop standardized response and 
progressive disease criteria for use in clinical trials of treat-
ments targeting brain metastases. According to RANO-BM, 
the response of the overall disease in the brain is accu-
rately represented by the sum of the longest diameter of a 
limited number of metastases. However, that assumption 
has a number of limitations.4 For instance, ring-enhancing 
lesions or those with the longest diameter in contrast-
enhanced (CE) area of less than 1 cm are considered 
nonmeasurable and should be assessed qualitatively.3

Technological developments in MRI have improved the 
quality of medical images. T1-weighted MR images are 
performed routinely at high resolution (3D images) in BM 
studies, which allows for the volumetric assessment of le-
sions. However, the 1D RANO-BM criteria are still the gold 
standard for progressive disease and response definition 
in clinical trials.

In various tumor types, including Ewing sarcoma and 
non–small cell lung cancer, volumetric assessments have 
been shown to be superior predictors of treatment response 
and prognosis compared to traditional 1D measurements.5–7 
Additionally, previous studies have emphasized the impor-
tance of employing volumetric methods for accurate assess-
ment.8,9 Particularly in the context of BMs, some authors of 
the RANO-BM criteria in a subsequent study acknowledged 
the importance of investigating the disparities in lesion as-
sessment when utilizing 1D versus volumetric criteria.10

The purpose of this study was to compare the accu-
racy of the assessment of brain metastasis (BM) response 
to treatment using volumetric criteria and RANO-BM. We 
hypothesized that volumetric criteria based on the total 
volume (CE plus necrotic volume) would provide a more 
accurate evaluation while being able to assess every BM 
regardless of size, shape, or enhancement type.

Materials and Methods

Patients

Patients included were all participants in a retrospective, 
multicenter, nonrandomized study approved by ethics 
boards at 5 hospitals. All patients were diagnosed with 
BM in the period 2007–2021 and followed up with MRI ac-
cording to standard clinical practice. Inclusion criteria were: 
(i) Having received stereotactic radiotherapy (SRT), that 

is either fractionated stereotactic radiotherapy or single-
session stereotactic radiosurgery, at any time over the ev-
olution of the disease, (ii) the longest diameter of at least 
10 mm before SRT, since lesions under 10 mm are con-
sidered nonmeasurable by RANO-BM and criteria cannot be 
compared and (iii) the availability of volumetric gadolinium 
contrast-enhanced MR images over the entire  follow-up 
(slice thickness < 2 mm). Our goal in this study was to com-
pare how different criteria perform in identifying the events 
of either progressive disease or response, thus radiation 
necrosis lesions were excluded from the study.

We used a dataset of 783 lesions treated with SRT, of 
which only 220 were at least 10 mm in longest diameter, 
and of these, 35 developed radiation necrosis. Thus, a total 
of 185 lesions in 132 patients were studied, accounting for 
682 segmentations/time points. Therefore, the average 
number of follow-ups for each BM was 3.7. More data rela-
tive to the patients and BMs included in the study are avail-
able in Table 1.

MR Imaging

The volumetric contrast-enhanced T1-weighted MRI se-
quence used to delineate the BMs and compute their 
volumes was gradient echo, using 3D spoiled gradient-
recalled echo or 3D fast-field echo, after i.v., administra-
tion of a single dose of gadolinium-based contrast agents 
with a 6–8-min delay. MRI studies were performed in the 
axial or sagittal plane with a 1.0 T (n = 7), 1.5 T (n = 528) or 
3.0 T (n = 147) MR imaging unit. Imaging parameters were 
slicing thickness of 0.5–2.0 mm (median 1.3 mm) and 0.4–
1.0 mm (median 0.5 mm) pixel spacing.

Volume Measurement

T1-weighted images were retrospectively analyzed by the 
same image expert and reviewed by both an image expert 
with more than 6 years of experience in tumor segmenta-
tion and a senior radiologist with 27 years of experience.

To determine the tumor volume, each BM lesion was au-
tomatically delineated using a gray-level threshold chosen 
to identify the CE tumor volume. Segmentations were 
then corrected manually, slice by slice, as described in a 
previous work.11 Total tumor volume was computed as the 
volume within the surface delimiting CE areas, thus in-
cluding both the CE volume and the necrotic central re-
gions with little or no contrast enhancement.

Importance of the Study

Consensus criteria for the assessment of posttreatment 
response in brain metastases (BMs) are essential to 
standardize therapeutic decisions and allow compar-
ison between clinical trials. Here, we compared the 
well-established Response Assessment in Neuro-
Oncology (RANO) criteria for BMs with novel volu-
metric criteria. Volumetric measurements allowed for 
the evaluation of every BM, even those not measurable, 

due either to their size or shape, by the RANO-BM cri-
teria. Furthermore, the RANO-BM criteria were shown 
to label stable diseases in most of the BMs studied and 
required at least 3 more months of follow-up than vol-
umetric criteria to identify progressive disease. In ac-
cordance with the above, volumetric criteria may be 
preferable to RANO-BM in assessing response.
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Radiation Therapy and Study Endpoints

All BMs in the study were treated with SRT, with the first 
scan corresponding to the pretreatment case and subse-
quent scans being conducted after SRT. Thirty of them had 
previously received whole brain radiotherapy (WBRT) for 
the BMs. The median time between the end of WBRT and 
SRT was 6.5 months (1.3–15.2).

Patients were followed up with a volumetric MRI scan 
and clinical follow-up appointment every 3.35 months 
(median, interquartile range: 2.33–4). Lesions measure-
ments were performed for the postcontrast T1-weighted 
sequences on every available MRI scan from pre-SRT to 
either second irradiation, surgical intervention, or a max-
imum of 2 years after SRT.

BM Response Assessment

Two distinct criteria were compared when assessing BM 
response to SRT. Firstly, the RANO-BM criteria, which rely 
on 1D measurements. According to these criteria, a BM is 
deemed measurable if it exhibits contrast enhancement, 
has a minimum size of 10 mm in at least 1D, and is vis-
ible across 2 or more axial slices. Additionally, the per-
pendicular distance to the longest dimension within the 
measurement plane should be at least 5 mm for the le-
sion to be considered measurable. In our study, we ap-
plied constraints individually to each BM, focusing solely 
on lesions with the longest diameter exceeding 10 mm. 
We will use the term “RANO diameter” to denote the 
longest diameter within the CE area in accordance with 
the RANO-BM criteria to differentiate it from the max-
imum diameter of the lesion, which is calculated based on 
its volumetric reconstruction. Secondly, we implemented 
ad hoc volumetric criteria based on a fixed percentage 
variation in volume.

Changes in distant lesions, corticosteroid use, or clin-
ical status were not considered in the definition of our re-
sponse criteria.

Progressive Disease

The definition of progressive disease according to the cri-
teria described above was given by:

• RANO-BM: An increase of 20% or more in the RANO di-
ameter of target lesions. In addition, any lesion with the 
longest diameter smaller than 10 mm was regarded as 
unchanged from the baseline unless there was a min-
imum 3 mm change in the longest diameter measured.

• Total Volume Increase: defined as a minimum 30% 
increase in total volume, with an additional 0.2 cm3 
increase for lesions below 1 cm3 in volume. The specific 
choice of the 30% threshold was established following a 
preliminary study evaluating potential thresholds ranging 
from 10% to 100% (Supplementary Figure 1). Our analysis 
determined that the 30% threshold was the most restric-
tive percentage at which all BMs labeled as a progressive 
disease by the RANO-BM criterion were also identified as 
a progressive disease by the total volume criterion.

The nadir of the lesions (including the baseline) was 
taken as the reference to determine the increase. Table 2 
summarizes the different progressive disease criteria com-
pared in this study.

Response

Partial response criteria are summarized in Table 2 and 
were defined as follows for each criterion:

• RANO-BM: At least a 30% decrease in the RANO diam-
eter of the target lesion sustained for at least 4 weeks, 
taking as reference the baseline RANO diameter.

• Total-Vol: At least a 20% decrease in the total volume, 
considered to be the lowest threshold that can be re-
liably detected.3 The baseline volume was taken as a 
reference.

Table 1. Summary of Patients in the Study (Data is Given for Each 
BM)

n (%)

Sex

  Male 89 (48.1)

  Female 96 (51.9)

Age

  <55 55 (29.7)

  ≥55 to <65 82 (44.3)

  ≥65 48 (26.0)

Primary tumor histology

  NSCLC 114 (61.6)

  Breast 32 (17.3)

  SCLC 14 (7.6)

  Melanoma 5 (2.7)

  Others 20 (10.8)

Radiation therapy

  Single-session stereotactic radiosurgery 99 (53.5)

  Dose (Gy) [median (range)] 20 (16–24)

  Fractionated stereotactic radiotherapy 86 (46.5)

  Number of fractions [median (range)] 5 (3–14)

  Dose per fraction (Gy) [median (range)] 5.5 (2.5–20)

  Upfront whole brain radiotherapy 30 (16.2)

Lesions’ volume at diagnosis

  <1 cm3 44 (23.8)

  1–4 cm3 74 (40.0)

  >4 cm3 67 (36.2)

Lesions’ maximum diameter at diagnosis

  1–2 cm 94 (50.8)

  2–3 cm 49 (26.5)

  >3 cm 42 (22.7)

Number of metastases at diagnosis

  1 72 (38.9)

  2 58 (31.4)

  3 28 (15.1)

  ≥4 27 (14.6)

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
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Complete response was defined in all cases as the disap-
pearance of target lesions sustained for at least 4 weeks, in 
line with the RANO-BM criteria.

Stable Disease

In both criteria, when neither the increase in size was suf-
ficient to define progressive disease nor the reduction 
to qualify for a response, the BM was considered to be 
stable.

Analysis and Statistics

The computation of times to progressive disease or re-
sponse was performed by evaluating the differences in 
maximum tumor distances in the CE area and volumes 
for each BM using MATLAB R2022b, The MathWorks, Inc., 
United States. The Kaplan–Meier method was used to com-
pare time-to-event outcomes per lesion between criteria. 
P-values smaller than .05 were considered statistically 
significant.

Ethical Approval

We have complied with all relevant ethical regulations. 
Human data were obtained in the framework of the study 
MetMath (Metastasis and Mathematics), a retrospective, 
multicenter, nonrandomized study approved by the corre-
sponding institutional review boards.

Results

Out of the total 783 lesions examined, only 220 (28.1%) 
had the longest diameter exceeding 10 mm, making them 
measurable by the RANO-BM criteria. In this study, we 
evaluated 185 BMs, 17 of them (9.2%) were considered 
nonmeasurable by RANO-BM criteria, due to their restric-
tions. However, all lesions could be effectively assessed 
when using volumetric criteria.

An overview of the changes in total volume and RANO di-
ameter for each BM within the study is depicted in Figure 1. 
The time point displayed for each lesion corresponds to 

Table 2. Summary of Progressive Disease and Partial Response Criteria Compared in this Work. Measured Magnitude for Each Criterion. In the 
Case of Progressive Disease: Minimum Fractional Increase, Taking as a Reference the Nadir of the Lesion (Including the Baseline). For the definition 
of Response: Minimum Percentage of Volumetric and Reference for Each Criterion Studied

Measurement Progressive disease Partial response

Increase (at least) Reference Small lesions Decrease (at least) Reference

RANO-BM Longest distance (CE) 20% Nadir
(baseline)

<10 mm
(additional 3 mm increase)

30% Baseline

Total volume Total volume 30% <1 cm3

(additional 0.2 cm3 increase)
20%
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Figure 1. Percentage changes in total volume (blue) and RANO diameter (red) at the first instance of progressive disease or response as de-
fined by any of the criteria. On the x-axis are all the lesions ordered by total volume change, from the one that increased the most (1) to the one 
that decreased the most (185). When no progressive disease or response was detected, the latest available time point was used. The RANO diam-
eter axes have been adjusted to match the definitions of the volumetric criteria.
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the earliest instance at which any of the criteria classified 
the lesion as progressive disease or response. If neither of 
these events occurred, the analysis used the last available 
time point. The absence of a RANO diameter bar can indi-
cate either no change in size or a nonmeasurable lesion by 
RANO-BM. Notably, changes in RANO diameter and total 
volume have a limited correlation, with a Spearman corre-
lation coefficient of 0.53.

Table 3 provides a numerical summary of the results, re-
vealing that over half of the examined BMs (97 out of 185) 
were classified as stable diseases according to the RANO-BM 
criteria. However, the application of volumetric criteria en-
hanced the classification of BMs, labeling them as either pro-
gressive disease or responsive in most of the cases, while 
simultaneously allowing the assessment of all BMs.

Progressive Disease

Out of the total of 185 BMs studied, 80 (43.2%) exhibited 
progressive disease according to at least one of the criteria 
in the study. Both methods yielded the same interval of 
progression for 24 lesions (30% of all progressive lesions). 
However, 38 BMs were identified as progressive according 
to the volumetric criteria but not according to the RANO-BM 
criteria. Among the remaining 18 lesions, classified as a 
progressive disease by both criteria but with different times 
to progression, 14 were labeled as progressive by the volu-
metric criteria before by RANO-BM (Figure 2A).

Figure 2 provides 2 illustrative examples showing 
cases where the RANO-BM criteria either detected pro-
gressive disease significantly later, with a delay of 4.6 
months (c) or failed to detect progressive disease at all 
as the lesions continued to grow (d). In addition, the 
Kaplan–Meier curve in Figure 2B shows that the use of 
volumetric criteria predicted time to progression with 
a median difference of 3.3 months compared to the 
RANO-BM criteria.

When examining different subgroups within the cohort, 
we observed a more substantial difference in median time 
for non–small cell lung cancer (NSCLC), which was 4.4 
months. However, the groups for small cell lung cancer 
(SCLC) and breast cancer were relatively small (9 and 11 le-
sions, respectively), resulting in nonstatistically significant 
differences (Supplementary Figure 2). Regarding the type 
of radiotherapy, the median differences were 4.3 months 
for SRT alone and 2.2 months for the subgroup of patients 
treated with WBRT before SRT (Supplementary Figure 3).

To assess the impact of selecting a 30% increase in 
total volume, other percentages were also considered. 
Supplementary Figure 5A demonstrates that the use 
of 20%, 30%, or 40% results in nearly identical survival 

curves. Supplementary Table 1 further compares percent-
ages ranging from 10% to 100%, evaluating the number of 
progressive diseases for each increase. Every 10% increase 
leads to the classification of 1 to 4 BMs less as progressive 
disease.

Partial Response

Of the 185 BMs analyzed, 64 showed a response to SRT 
according to at least 1 of the 2 criteria. Interestingly, 22 
(34.4%) lesions showed identical response times ac-
cording to both criteria. However, it’s noteworthy that 
while RANO-BM failed to classify 35 BMs as responsive, 
the volumetric criteria did not classify 4 of them when they 
were classified by RANO-BM. Furthermore, only 4 cases 
showed differences in response time between the 2 criteria 
(Supplementary Figure 3A).

The Kaplan–Meier curves in Figure 3B highlight that the 
RANO-BM criteria classified fewer lesions as responsive 
and did so later compared to the volumetric criteria. More 
specifically, the RANO-BM criterion delayed the identifica-
tion of response by a median of 4.9 months compared to 
the volumetric criterion.

The study also evaluated the contrast-enhanced (CE) 
volume and the total volume calculated from a simplified 
method, which involved measuring the 3 longest or-
thogonal diameters of the tumor (see Supplementary 
Information). Both analyses yielded consistent results with 
those obtained from the precise calculations of the total 
volume (Supplementary Figure 4).

Other percentages were also taken into considera-
tion to evaluate the effects of choosing a 20% reduc-
tion in overall volume. The application of –10%, –20%, 
or –30% yields comparable survival curves, as shown 
in Supplementary Figure 5b. Supplementary Table 2 as-
sesses the number of responses for every fall in per-
centage, comparing further values between –10% and 
–100%. A median of 7 BMs less are classified as respond-
ents with every 10% drop.

Discussion

This study demonstrates that volumetric criteria are more 
effective than RANO-BM criteria in evaluating the re-
sponse to the treatment of BMs. Notably, the RANO-BM 
criteria were limited by size in 71.9% of our database. In 
addition, the RANO-BM criterion performed worse than 
the volumetric criteria in identifying the lesions, and when 
it provided the right classification, it did so later than the 

Table 3. Classification Results for Response Obtained for Each BM (n = 185) Under the Criteria Compared in this Study: RANO-BM vs. 30% increase 
in total volume

Progressive  
disease, n (%)

Stable disease,
n (%)

Partial response,
n (%)

Complete response,  
n (%)

Nonmeasurable,
n (%)

RANO-BM 42 (22.7) 97 (52.4) 19 (10.3) 10 (5.4) 17 (9.2)

Total volume 80 (43.2) 45 (24.3) 50 (27.0) 10 (5.4) –

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad161#supplementary-data
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volumetric measures. More specifically, volumetric criteria 
detected nearly twice as many progressive lesions, on av-
erage, 3 months earlier and 2.67 more responsive BMs 
than the RANO-BM criterion.

The Response Assessment in Neuro-Oncology Brain 
Metastases (RANO-BM) working group, in subsequent 
work,12 strongly recommended the adoption of volumetric 
measurements. Previous research affirmed the superiority 
of volumetric measurements claiming them to be more 
precise, with higher interobserver reproducibility13 and 
lower rates of misclassification in tumor response.8,9,13,14 
However, they did not propose a volumetric criterion for 
progressive disease BMs. Other authors have already used 
volumetric assessment to investigate the temporal re-
sponse of BMs to SRT.15–17 Although the RANO-BM working 
group introduced criteria for volumetric assessment, they 
recommended using a 65% increase in volume to define 
progressive disease, a threshold that has been proven to 
be too high and does not classify as progressive disease 
for all the lesions that would be identified as such by the 1D 
criteria (Supplementary Figure 1). The response criterion of 
a 20% decrease in volume has been adopted.

Comparative studies have been conducted for primary 
brain tumors,18–22 without consensus on the superiority of 
1D, 2D, or volumetric criteria. In the context of BMs, some 
studies have compared 1D criteria23,24 while others did so 
with the RANO-BM and volumetric criteria with varying 
results.25,26 Oft et al.25 focused on volumetric regression, 
demonstrating the superiority of volumetric over 1D cri-
teria for responsive lesions but not addressing progressive 
BMs. Another study comparing RANO-BM and volumetric 
criteria found no significant differences between them.26 
However, the study assessed 55 lesions using the vol-
umetric criteria of Follwell et al.,27 which used a strict 
threshold of a 71% increase in volume, potentially limiting 
its ability to show improvements in evaluation.

Several 1D criteria are available for BM response assess-
ment, such as RANO-BM3 or RECIST (Response Evaluation 
Criteria in Solid Tumors).28 Both criteria share similar defin-
itions for nonmeasurable lesions, such as those having the 
longest diameter smaller than 10 mm. With the improve-
ment in the resolution of MR imaging, lesions smaller than 
10 mm can be confidently measured, and excluding them 
no longer makes sense. In this study we focused on lesions 
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larger than 10 mm, aligning with the RANO-BM criteria to 
enable meaningful comparisons across different assess-
ment criteria. However, a recent study has delved into 
sub-centimeter lesions, revealing that relying solely on the 
largest diameter of such lesions inadequately reflects their 
actual size,29 as we also observed in larger tumors.

Concerns regarding the limitations of RANO-BM have 
also been addressed in a large study involving 408 BMs, 
where over a third were classified as stable lesions.30 This 
agrees with our findings, indicating that RANO-BM criteria 
might be overly restrictive. Therefore, criteria such as the 
one proposed in this study, capable of accurately classi-
fying lesions, hold the potential to enhance their manage-
ment. Our dataset included only patients receiving SRS. 
However, this methodology could be applied to the assess-
ment of other therapies.

It has been stated that reliable methods for response as-
sessment, including standardized image acquisition with 
an MRI protocol are needed.31 Such protocols recommend 
using volumetric measurements (0.5–1.4 mm slice thick-
ness). In this study, semiautomatic segmentation was per-
formed since it has been proven to be more efficient than 
manual delimitation32 and to decrease interobserver vari-
abilities.33,34 Although semiautomatic segmentation could 
be time-consuming, it is expected that improvements in 
artificial intelligence (AI) programs will bring them closer 
to providing reliable automatic segmentation in the near 
future, which would speed up the process. We consider 
that the total volume is the best way to evaluate the whole 
lesion, besides, which is simpler to segmentation, how-
ever, similar results were found when evaluating only the 
CE volume.

A limitation of our study was that the study was con-
ducted for each BM rather than for patients. In future 
work, per-patient evaluation could be considered, and vol-
umetric quantification of the tumor could be combined 

either with other modalities of image assessment or pa-
tient data to allow a more precise evaluation of response 
to treatment, including, for instance, radiation necrosis. 
Another limitation is that the use of corticosteroids was 
not taken into account in defining the volumetric criteria, 
a well-acknowledged limitation even in RANO-BM criteria.3 
Notwithstanding, according to RANO-BM they are not ap-
plicable to establish progressive disease.3

The main strength of this study lies in its ability to ob-
tain comparable results to those achieved through pre-
cise volume measurements when evaluating both the 
CE volume and employing a 3-distance approach (35), 
highlighting the superiority of any form of volumetric 
measurements over 1D assessments in evaluating BMs. 
Furthermore, the inclusion of data from multiple institu-
tions enhances the robustness and generalizability of the 
findings. However, this will need to be further validated.

Integrating our analysis into the RANO framework 
would not require significant effort, but would provide 
benefits in terms of improved patient classification. First, 
if volumetric measurements of lesion size were avail-
able, incorporating the criteria discussed here would be 
straightforward. Volumetric measurements are not routine 
in many medical centers, but we have validated here that 
using the 3 longest tumor diameters provides a good ap-
proximation of lesion volumes for response assessment. 
Thus, volumetric measurements may be recommended 
and the preferred method as technological advances and 
AI methods are integrated into PACS systems, but until 
that time, orthogonal diameter measurements would be 
an acceptable substitute.

In conclusion, we have proposed a volumetric criterion 
for the response of BMs to treatment. An increase of 30% 
in volume (total or CE) defines progressive disease and a 
20% volume decrease identifies partial responses. Such 
volumetric assessment has been shown to be superior 
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to 1D criteria by allowing for the evaluation of every BM, 
avoiding misclassification, and anticipating the re-
sponse by more than 3 months when compared with the 
RANO-BM criteria. This superiority holds irrespective of 
tumor size, observer, or treatment and can be assessed by 
simply measuring 3 distances, offering a practical and effi-
cient method for clinical assessment.

Supplementary material

Supplementary material is available online at Neuro-
Oncology (https://academic.oup.com/neuro-oncology).
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