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Abstract
Background. Validation of the 2016 RANO MRI scorecard for leptomeningeal metastasis failed for multiple 
reasons. Accordingly, this joint EORTC Brain Tumor Group and RANO effort sought to prospectively validate 
a revised MRI scorecard for response assessment in leptomeningeal metastasis.
Methods.  Coded paired cerebrospinal MRI of 20 patients with leptomeningeal metastases from solid can-
cers at baseline and follow-up after treatment and instructions for assessment were provided via the EORTC 
imaging platform. The Kappa coefficient was used to evaluate the interobserver pairwise agreement.
Results. Thirty-five raters participated, including 9 neuroradiologists, 17 neurologists, 4 radiation oncolo-
gists, 3 neurosurgeons, and 2 medical oncologists. Among single leptomeningeal metastases-related im-
aging findings at baseline, the best median concordance was noted for hydrocephalus (Kappa = 0.63), and 
the worst median concordance for spinal linear enhancing disease (Kappa = 0.46). The median concordance 
of raters for the overall response assessment was moderate (Kappa  =  0.44). Notably, the interobserver 
agreement for the presence of parenchymal brain metastases at baseline was fair (Kappa = 0.29) and virtu-
ally absent for their response to treatment. 394 of 700 ratings (20 patients x 35 raters, 56%) were fully com-
pleted. In 308 of 394 fully completed ratings (78%), the overall response assessment perfectly matched the 
summary interpretation of the single ratings as proposed in the scorecard instructions.
Conclusion. This study confirms the principle utility of the new scorecard, but also indicates the need for 
training of MRI assessment with a dedicated reviewer panel in clinical trials. Electronic case report forms 
with “blocking options” may be required to enforce completeness and quality of scoring.

Key Points

•	 Interobserver agreement with the new scorecard for MRI features of LM is 
generally acceptable.

•	 Agreement for overall response assessment in LM is moderate.

•	 The level of inconsistencies within ratings might be reduced by an improved eCRF 
and training sessions.

Leptomeningeal metastasis (LM) is usually a late and life-
threatening complication in patients with metastatic cancer. 
Diagnosis and follow-up of patients with LM is challenging. 

It is classically based on the triad of clinical evaluation, neu-
roimaging findings, and CSF cytology. These three levels of 
assessment are complementary and all have their specific 

Importance of the Study

This study showed a moderate to substantial agreement 
for the identification of leptomeningeal metastasis-
related MRI features, with the best concordance 
obtained for hydrocephalus and spinal nodules and the 
worst concordance noted for linear disease. The agree-
ment for overall response was moderate. Interestingly, 
the agreement for the identification of brain metastases 

in the context of leptomeningeal metastasis was low. 
Electronic case report forms with “blocking solutions” 
will help to increase the quality of response assess-
ment. Central review among trained raters is probably 
required for optimal assessment of response to treat-
ment in patients with leptomeningeal metastases in 
clinical trials.

mailto:emilie.lerhun@usz.ch?subject=
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strengths and weaknesses. The clinical status may be af-
fected by many confounding factors, including concomi-
tant brain metastases, seizures, comedications, and others. 
Neuroimaging appears to be the most objective and reliable 
measure to measure disease burden, although our previous 
effort at validating imaging-based response criteria has not 
confirmed this view in practice.1 CSF parameters such as 
protein or lactate are unspecific, and even qualitative as-
sessment of tumor cells in the CSF has turned out to be chal-
lenging. Assessing tumor burden by quantifying CSF tumor 
cells would be attractive, but would not capture nodular and 
linear disease detected on MRI.

Gadolinium-enhanced brain and spine MRI scans, in 
combination with cerebrospinal fluid (CSF) cytology, help 
to define the subtype of LM.2 Subclassification according 
to these criteria helps to estimate prognosis and to guide 
clinical decision making.3,4

No validated or broadly used algorithms for clinical, 
neuroimaging, or CSF assessments have entered clinical 
practice. Heterogeneity in patient populations and imaging 
protocols, as well as lack of validation of assessment tools 
may have contributed to the disappointing or inconclusive 
results of early randomized clinical trials performed more 
than 20  years ago.5 For neuroimaging, in particular, the 
complex shape of the space being assessed and the dy-
namic nature of CSF flow present challenges not encoun-
tered when evaluating disease outside the central nervous 
system. Low resolution or low quality imaging may con-
tribute to challenges of assessment of LM and to disagree-
ment among raters, too.

Given this lack of a validated tool, the assessment of 
response to treatment in clinical trials for LM from solid 
tumors represents a challenge, too. The first effort of the 
Response Assessment in Neuro-oncology (RANO) group 
LM committee (LANO) addressed the key areas of clin-
ical presentation, MRI presentation, and cerebrospinal 
fluid findings in LM patients.6 Yet, a subsequent effort to 
validate the LANO scorecard proposed to rate the MRI 
findings failed for multiple reasons: several items were 
unclear even for an expert reviewer panel, the logic of 
some tasks appeared to be questionable in retrospect, and 
rules to apply the scorecard were not sufficiently clear.7 
Accordingly, a new scorecard was developed that aimed 
at addressing the challenges experienced during the vali-
dation of the first scorecard. Here we report on the results 
of a prospective validation study of the new LM scorecard.

Material and Methods

Study Design

The objective was to prospectively validate the revised 
scorecard for the neuroimaging assessment of LM from 
solid tumors. Coded paired cerebrospinal MRI scans 
without and with gadolinium from 20 adult patients with 
confirmed or probable diagnosis of LM from a solid 
tumor according to EANO ESMO criteria2 were evaluated 
by 35 raters via an electronic case report form using the 
EORTC imaging platform. Active members of the RANO 
Leptomeningeal Metastasis Committee and the CNS 
Metastasis and Imaging Committees of the EORTC Brain 

tumor Group were invited to participate. There were 9 
neuroradiologists, 17 neurologists, 4 radiation oncologists, 
3 neurosurgeons, and 2 medical oncologists. Age was pro-
vided by 30 raters, median age was 54 years (interquartile 
range, IQR: 49.5–58.5). Thirty-one dates of board certifi-
cation were available, the median number of years since 
board certification was 12 (IQR: 8.5–25).

Definitions of the different items were provided with 
the scorecard. Nodules should be at least 5 x 5 mm in or-
thogonal diameters in 2 planes. Rules for calling progres-
sion, stable disease, partial or complete response were 
also defined.7 MRI scans were obtained retrospectively 
from Bonn University Hospital, University Hospital Zurich 
and Lille University Hospital. There was no standardiza-
tion of scanner or sequences for MRI sets to be included in 
this study. As a minimum requirement, brain MRI was in-
tended to include unenhanced axial T1, axial FLAIR or axial 
T2, and 3D postcontrast T1 sequences. Spine MRI was in-
tended to include cervical, thoracic, and lumbar sagittal T1 
postcontrast and sagittal T2 sequences. The median interval 
between first baseline MRI and first follow-up MRI was 
3 months (interquartile—IQR: 2.5–4.3 months). All items ex-
cept the Evan’s index8 for hydrocephalus had to be rated 
as present, absent, or nonevaluable at baseline and at fol-
low-up. A maximum of three nodules at the brain level and 
at the spinal level were to be measured dimensionally at 
baseline and at follow-up. For each item except the Evan’s 
index, the rater had to score the change as improved, no 
change or worse. The Evan’s index was determined using 
the measures of the two lengths as recommended8 and the 
ratio was then derived automatically. A  threshold of 0.27 
has been reported as corresponding to the normal cut-off 
value in females aged between 65–69  years.8 Moreover, 
in a cohort of 534 participants, 29% of 308 healthy con-
trols had an Evan’s index of 0.3 or more,8 and thus both 
were explored. Overall response assessment included five 
categories.7 The evaluations of all raters were centrally re-
viewed by ELR and MW. Obvious inconsistencies of the 
ratings were corrected, e.g., if actual measures of nodules 
were indicated, but a rater did not indicate that there were 
indeed nodules. For a defined item, when the value was 
nonevaluable at baseline or at follow-up, the change score 
was rated as nonevaluable. Unless specifically indicated 
otherwise, ratings were analyzed as provided by the raters.

Ethics Statement

The sponsor of the study was the University Hospital 
Zurich. The Cantonal Ethics Committee of the Canton of 
Zurich approved the project (2018-00192). Appropriate 
ethics approvals as required were obtained at participating 
centers. The study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki and Good 
Clinical Practice Guidelines.

Statistical Analyses

The Kappa coefficient is commonly used to evaluate the 
agreement of 2 raters for a specific item. When more than 
2 raters are involved in an analysis, the Krippendorf α coef-
ficient is generally used. Here, there were more raters than 
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patients, and a relatively high number of missing data. 
The choice to use pairwise Kappa allowed us to estimate 
the distribution of the Kappa for each item analyzed and 
thus to assess its variability according to the couples of 
raters and to compare the Kappa according to certain sub-
groups. Analysis of quantitative parameters, such as the 
Evan`s index, was performed after discretization (higher or 
lower than a cut-off, 2.7 or 3 for the Evan`s index). Thus, 
the concordance of the different items was calculated on 
20 patients evaluated by 35 raters using the Kappa coeffi-
cient.9 For each item, we estimated the Kappa on all pair-
wise combinations, corresponding to (35*34)/2 possible 
values (n = 595). We then summarized the Kappa distribu-
tion using the first quartile, median two, and fourth quar-
tile calculated on all 595 observed values. A median Kappa 
coefficient of 0.81 or more is considered as almost perfect 
agreement, values between 0.80 and 0.61 are considered 
as substantial agreement, values between 0.60 and 0.41 
as moderate agreement, values between 0.40 and 0.21 as 
fair agreement, values between 0.20 and 0.01 as in favor 
of none to slight agreement, and values below 0 show no 
agreement.

Agreement was analyzed among all raters (n  =  35), 
among neuroradiologists and neurologists pooled 
(n  =  26), among neurologists only (n  =  17), and among 
neuroradiologists only (n = 9). The distributions of Kappa 
according to neurologists versus neuroradiologists were 
compared by the nonparametric Wilcoxon test. A P-value 
of .05 or below was considered as significant. Since the 
Kappa measure depends on the prevalence of the finding 
under consideration, it could not be derived for items that 
were too rare, e.g. spinal leptomeningeal metastases, re-
ported as present at baseline by 17 (2%) of the ratings or 
epidural metastases, reported as present at baseline by 33 
(5%) of the ratings (Supplementary Tables S1 and S2). For 
the assessment of overall response, ratings were recoded 
as binary. To explore the compliance of raters with the in-
structions, analyses were performed using datasets fully 
assessed by raters, with measurement of brain and spinal 
nodules and Evan’s index at baseline and follow-up, and 
with linear enhancement assessment in all compartments 
evaluated at baseline and follow-up. Statistical analyzes 
were performed by PD using the SAS V9.4 software (Cary, 
NC, USA).

Results

Rating and Concordance of LM-Related Items

With 35 raters assessing 20 patients at 2 time points, 1400 
ratings should have been available for analysis. Individual 
and pooled ratings per item at baseline are summarized 
in Supplementary Tables S1 and S2. The vast majority 
of LM-related items were considered evaluable by most 
raters, i.e., the maximum percentage of “nonevaluable” 
responses for any item did not exceed 3%. Missing data 
were mainly noted for hydrocephalus (n = 18, 3%). For the 
other items, missing data were observed in less than 1% 
(Supplementary Table S2).

The concordance of ratings per item at baseline is re-
ported in Table 1 and Figure 1. Among LM-related items, 

substantial agreement among raters was obtained for hy-
drocephalus assessed by the Evan’s index (Kappa = 0.75 
with a cut-off at 0.30 and 0.69 with a cut-off at 0.27), hy-
drocephalus assessed visually, and spinal nodules 
(Kappa = 0.63 each). Moderate agreement was noted for 
brain meningeal nodules (Kappa = 0.47), spinal linear dis-
ease (Kappa = 0.46), and brain linear disease (Kappa = 0.45). 
In the brain, agreement for nodules was similar for cut-off 
values of 5 x 5 mm versus 10 x 10 mm whereas the cut-
off of 10 x 10 mm yielded better agreement in the spinal 
cord (Supplementary Table S3) (not formally tested). 
Concordance was better among neuroradiologists for the 
rating of brain linear disease and for hydrocephalus based 
on Evan’s index with a cut-off of 0.27, but better among 
neurologists for the rating of spinal linear disease (Table 1  
and Figure 1).

Brain nodules at baseline were noted as present on 320 
brain scans (46%) (Supplementary Table S2). No quan-
titative measurement was reported for 35 of 320 nodules 
(11%) rated as present. Among the 285 nodules with meas-
urements, 16 nodules (6%) were measured by the raters 
as inferior to 5 x 5 mm and 269 nodules (84%) were meas-
ured as 5 x 5  mm or more, including 151 nodules (53%) 
measured at 10 x 10 mm or more. At the spinal level, 173 
nodules were reported, but these were not measured in 
54 instances (31%). Among the 119 nodules with meas-
urements, 26 nodules (22%) were measured inferior to 5 x 
5 mm, and 93 nodules (78%) were measured as 5 x 5 mm or 
more, including 5 nodules measured as 10 x 10 mm or more 
(Supplementary Table S3).

Among the 20 scans assessed by 35 raters, hydrocephalus 
was rated as present on 164 scans (23%) and absent on 517 
scans (74%) (Supplementary Table S2). Measurements of hy-
drocephalus allowing to derive Evan’s indexes were available 
for 588 of the 700 ratings. Indexes below 0.27 were reported 
on 222 scans (37%), in accordance with the absence of hydro-
cephalus for 213 scans (96%), but were rated as associated 
with hydrocephalus according to the rater on 2 scans (<1%) 
or missing data for 7 scans (3%). Indexes between 0.27 and 
0.29 (>0.27 and <0.30) were noted in 173 instances (29%), with 
hydrocephalus rated as absent in 164 instances (95%), present 
in 7 instances (4%), and missing data in 2 instances (1%). 
Indexes were measured at 0.30 or more on 193 scans (33%), 
among these, hydrocephalus was rated as present in 148 in-
stances (77%), absent in 39 instances (20%), and missing data 
in 6 instances (3%) (data not shown).

Rating and Concordance of 
Non-LM-Related Items

For non-LM-related items, the rates of nonevaluable or missing 
data were equally low as for LM-related items (Supplementary 
Tables S1 and S2). Among the non-LM-related items, the Kappa 
index could be calculated for brain metastases only because of 
too low incidence of spinal parenchymal and epidural metas-
tases (Supplementary Tables S1 and S2). Concordance for brain 
metastases was fair (Kappa = 0.29), inferior to all LM-related 
items. It was best among neuroradiologists (Table 1 and Figure 
1). Among the 257 measures provided at baseline, brain metas-
tases were measured 10 x 10 mm or more in 93 ratings (36%) 
and had at least a diameter of 10 mm in one dimension in 164 
ratings (64%).

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac043#supplementary-data
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Rating Changes of Single LM-Related Items

Supplementary Table S4 summarizes the assessment of 
changes of each item between baseline and follow-up MRI 
and the overall response assessment as proposed in the 
scorecard.7 Regarding change of single items, nonevaluable 
responses were observed mainly for response assessment 
of spinal linear enhancement (n = 21, 3%), and missing data 
mainly for response assessment of brain linear enhance-
ment (n = 23, 3%). For the other items, missing data percent-
ages were below 3%. Inconsistencies of rater responses 
were noted in 16 instances (2%), including assessment of 
hydrocephalus in 10 instances (1%) (Supplementary Table 
S4). The interobserver agreement for change of single items 
was substantial for hydrocephalus (median Kappa = 0.64). 
The worst agreements were none to slight agreement for 
brain linear disease (median Kappa = 0.18) and fair agree-
ment for brain meningeal nodules (median Kappa = 0.32). 
The concordance was moderate for the other LM-related 
items. The concordance among neuroradiologists was sig-
nificantly better for the evaluation of response of spinal 
linear disease and hydrocephalus (Table 2).

Description of the Overall Response Assessment 
from Raters

Overall response assessments were provided for 644 
scans (92%) (Supplementary Table S4). The overall re-
sponse assessment was rated “nonevaluable” in 21 in-
stances (3%) only, mainly for case 19 (n = 7). One rater 
(rater 3) scored the overall response as nonevaluable 5 

times. Five other raters rated response as nonevaluable 
twice. In 3 instances, progression of brain or spinal 
nodules was reported, but the response assessment 
said “nonevaluable”. The response was missing in 35 in-
stances (5%). The maximum number of missing data per 
patient was 3 (9%) and this was noted in 4 patients. One 
rater (rater 16) did not provide response assessment for 
9 patients, another (rater 5) for 5 patients.

The patterns of progression are reported in 
Supplementary Table S5. According to the raters, pro-
gression was determined by the progression of one 
LM-related item only in 83 instances (31%), by the 
progression of 2 LM-related items in 117 instances 
(44%), of 3 LM-related items in 41 instances (15%), of 
4 LM-related items in 18 instances (7%) and by pro-
gression of all LM-related items in 4 instances (1%). 
Overall progression was reported by raters in 5 in-
stances, although no progression was reported at 
the single item level. Four raters (1 neuroradiologist, 
2 neurologists, and 1 medical oncologist) reported a 
progression based on hydrocephalus increase only. 
Among them, 3 provided a measure for Evan’s index 
at baseline and follow-up. A 25% increase of the Evan’s 
index was noted in 2 instances. Among the ratings ac-
cording to the instructions, the pattern of progression 
was mainly determined by progression of one item 
(Supplementary Table S5). The median Kappa for the 
concordance among the 700 scores was 0.44, showing 
a moderate agreement, and no difference was ob-
served among the different groups of raters (Table 2 
and Figure 2).

  
Table 1  Overall Concordance Rate for Single Items of the Scorecard Using Simple Kappa Coefficient: Median (Lower-Upper Quartile) at Baseline

MRI findings All raters  
(N = 35) 

Neuroradiologists 
and neurologists 
(N = 26) 

Neurologists only  
(N = 17) 

Neuroradiologists  
only  
(N = 9) 

P-value between 
neurologists and 
neuroradiologists 

Number of Kappa analysis N = 595 N = 325 N = 136 N = 36  

LM-related items

Brain nodules 0.47  
(0.3–0.6)

0.42  
(0.25–0.56)

0.42  
(0.26–0.6)

0.39  
(0.27–0.59)

.4940

Brain linear disease 0.45  
(0.31–0.58)

0.5  
(0.38–0.64)

0.48  
(0.34–0.62)

0.59  
(0.45–0.7)

.0039

Hydrocephalus 0.63  
(0.44–0.77)

0.69  
(0.53–0.85)

0.69  
(0.54–0.86)

0.66  
(0.5–0.82)

.1800

Evan’s index, cut-off 0.27 0.69  
(0.57–0.79)

0.69  
(0.57–0.79)

0.69  
(0.47–0.79)

0.77  
(0.68–0.86)

.0080

Evan’s index, cut-off 0.30 0.75  
(0.58–0.88)

0.78  
(0.67–0.89)

0.76  
(0.58–0.89)

0.83  
(0.72–0.89)

.0588

Spinal nodules 0.63  
(0.43–0.76)

0.63  
(0.42–0.76)

0.6  
(0.39–0.76)

0.64  
(0.55–0.76)

.0793

Spinal linear disease 0.46  
(0.29–0.6)

0.46  
(0.29–0.58)

0.5  
(0.34–0.63)

0.43  
(0.23–0.55)

.0185

Non-LM-related items

Brain parenchymal  
metastases

0.29  
(0.12–0.45)

0.3  
(0.13–0.45)

0.24  
(0.11–0.45)

0.41  
(0.31–0.52)

.0002

LM, leptomeningeal metastasis; N, number
Evan’s index 0.27: cut-off inferior to 0.27 versus equal or superior to 0.27; Evan’s index 0.30: cut-off inferior to 0.30 versus equal or superior to 0.30
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Rating Changes of Single Items and of Overall 
Response of Non-LM-Related Items

For non-LM-related items, the percentage of nonevaluable 
items was 3 or less and the percentage of missing data 4 
or less (Supplementary Table S4). Only the agreement be-
tween raters for brain metastases could be analyzed for 
non-LM items. The median K-value showed no agreement 
(median Kappa = 0) (Table 2).

Compliance with the Instructions

Of 700 ratings, corresponding to 20 patients assessed by 35 
raters, 394 ratings (56%) were complete, with measurement 
of brain and spinal nodules and Evan’s index at baseline 
and follow-up, and with all linear enhancements evalu-
ated at baseline and follow-up. The differential frequency 
of responses for the single items was similar between the 
2 groups of ratings (Supplementary Table S2). The overall 
response assessment in the 394 complete ratings was con-
cordant for 308 ratings (78%), including concordance for CR 
in 3 instances (1%), PR in 19 instances (5%), SD in 155 in-
stances (39%), and PD in 131 instances (33%) (Table 3 top, 
and Supplementary Table S4). Discordances included PD ac-
cording to the raters versus SD according to the instructions 
(n  = 17, 4%), PR according to the raters but CR according 
to the instructions (n  =  15, 4%) and PR according to the 
rater versus SD according to the instructions (n = 14, 4%). 
Divergences in the interpretation of response were mainly 
related to the assessment of linear meningeal enhancement.

To evaluate the potential impact of these discordances 
on the discontinuation or continuation of a therapeutic in-
tervention, we pooled CR, PR, and SD and opposed these 
responses to PD (Table 3, bottom, Supplementary Table 

S4). A  PD of the raters changed into CR, PR, or SD ac-
cording to the instructions was observed in 23 instances 
(6%), whereas CR, PR or SD according to the raters turned 
into PD according to the instructions in 12 instances (3%). 
The reasons were de novo linear enhancement in 5, PD of 
brain nodules in 3, and PD of spinal nodules in 4 instances. 
The overall response was declared as nonevaluable or was 
missing although all items were rated and could have led 
to an overall scoring in 15 instances (3.5%).

Discussion

The main scope of the standardized LM scorecard studied 
here is to assess the overall imaging response of patients 
with LM from solid tumors in clinical trials in a reproducible 
fashion and thus to improve the quality of the evaluation of 
new drugs or therapeutic approaches and to improve the 
validity of therapeutic decision making. The new scorecard 
was developed based on experience with a similar valida-
tion effort as reported here for the first assessment tool 
proposed by the RANO group many years ago.6,7 We antic-
ipate that the new scorecard may also be useful in routine 
practice outside the setting of a clinical trial.

The best interobserver agreement for the assessment 
of single items met criteria for “substantial” 9 and was ob-
served for hydrocephalus and spinal meningeal nodules 
(Table 1). The concordance for the evaluation of nodules 
was better at the spinal level than at the brain level where 
LM nodules may be more difficult to distinguish from pa-
renchymal metastases. Overall the agreement for measur-
able parameters like hydrocephalus or nodules was better 
than for nonmeasurable items, e.g., linear disease.
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Fig. 1  Distribution of the median Kappa for baseline single items among neurologists and neuroradiologists together, neurologists and 
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cut-off 30, f: spinal meningeal nodules, g: spinal linear meningeal enhancement, h: parenchymal brain metastases.
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The best agreement for response assessment of single 
items, that is, change between two MRI series, was also noted 
for hydrocephalus and spinal meningeal nodules (Table 2). The 
apparent differences between concordance of neurologists 
versus neuroradiologists may be a chance finding since con-
cordance for linear disease was better for neuroradiologists in 
the brain, but better for neurologists in the spinal cord.

Hydrocephalus had not been included in the previous 
scorecard proposal. A  good interobserver concordance 
using the Evan’s index has been reported among healthy 
elderly males and females or Alzheimer’s patients,8 but no 
data are available for LM. The prognostic value and a cut-
off still need to be determined in the LM population, but 
the strong agreement among raters warrants further ex-
ploration of the Evan’s index to be included in the assess-
ment of response to treatment in LM.

The interobserver agreement for overall response as-
sessment was moderate (Table 2). No specific patterns 
of concordance by the specialty of raters emerged, ex-
cept for the response assessment of spinal linear disease 
and hydrocephalus with a better concordance among 
neuroradiologists than among neurologists.

Divergent outcomes between rater’s assessment of re-
sponse and calculation according to the instructions were 
mainly related to the calling of partial response based on 
reduction of linear meningeal disease only which does 
not conform to the instructions.7 Similarly, CR, which re-
quires resolution of all contrast-enhancing LM-related 
measurable lesions, without an increase in ventricular 
size, was sometimes rated as PR because linear enhance-
ment persisted. Conversely, PR requires regression of all 
nodules by 50% or more, without an increase in ventric-
ular size according to the instructions, but can thus be 
called even with an apparent increase of pre-existing linear 
nonmeasurable disease. The contribution of linear disease 

to the overall response deserves to be better defined in a 
subsequent effort.

Interestingly, the interobserver agreement for the de-
tection of brain metastases at baseline was lower than the 
agreement for the LM-related items, with only fair agree-
ment obtained, although it was better (moderate) among 
neuroradiologists. No agreement was found for the re-
sponse assessment of brain metastases either. This ob-
servation suggests that tools are needed to improve the 
assessment of brain metastases, too, notably in the con-
text of LM, where leptomeningeal nodules might be scored 
as parenchymal lesions and vice versa, and probably also 
in the context of small parenchymal lesions as present in 
most of our patients. Such small lesions are often evalu-
ated in clinical trials on systemic pharmacotherapy in pa-
tients with brain metastases.10–13 Also, brain metastases 
may have merely been scored less thoroughly because 
this was not the focus of the study.

Obvious inconsistencies of the ratings were observed 
and had to be corrected, but this affected not more than 
2% of the ratings. For example, linear disease rated as 
present at baseline and absent at follow-up, but with a 
change score of progression, or measurements of nodules 
greater of 5 x 5 mm, but no documentation of the presence 
of nodules. We also noted that the instructions were not 
always followed by some raters. Although the definition of 
the nodule was explicitly defined on the scorecard, 6% of 
scans rated as “modules present” had measurements less 
than 5 x 5 mm. The assessment of overall response was dif-
ferent between scores as provided by the raters and the 
score recalculated according to the instructions in 22% of 
the ratings (Table 3), with 9% of assessments potentially 
resulting in differing therapeutic consequences (CR, PR, 
SD versus PD). Such inconsistencies and missing data as 
well as disregard for the instructions could be avoided by 

  
Table 2  Overall Concordance Rates of the Change of the Different Single Items and Overall Response Using Simple Kappa Coefficient: Median 
(Lower-Upper Quartile) Between Baseline and Follow-Up MRI

MRI findings All raters  
(N = 35) 

Neuroradiologists 
and neurologists 
(N = 26) 

Neurologists only 
(N = 17) 

Neuroradiologists 
only (N = 9) 

P-value between 
neurologists and 
neuroradiologists 

Number of Kappa analysis N = 595 N = 325 N = 153 N = 136  

LM-related items

Brain nodules 0.32  
(0.14–0.5)

0.29  
(0.12–0.48)

0.29  
(0.14–0.48)

0.31  
(–0.07 to 0.57)

.3702

Brain linear disease 0.18  
(–0.08 to 0.37)

0.18  
(–0.07 to 0.35)

0.15  
(–0.07 to 0.35)

0.22  
(–0.07 to 0.35)

.3050

Hydrocephalus 0.64  
(0.44–0.77)

0.64  
(0.45–0.77)

0.64  
(0.45–0.77)

0.69  
(0.54–0.83)

.0259

Spinal nodules 0.58  
(0.38–0.74)

0.58  
(0.34–0.73)

0.61  
(0.36–0.77)

0.46  
(0.31–0.65)

.0511

Spinal linear disease 0.44  
(0.22–0.63)

0.52  
(0.31–0.65)

0.45  
(0.29–0.6)

0.66  
(0.45–0.84)

.0004

Overall response 0.44  
(0.29–0.58)

0.46  
(0.31–0.6)

0.46  
(0.34–0.61)

0.4  
(0.29–0.6)

.2174

Non-LM-related items

Brain parenchymal  
metastases

0  
(–0.09 to 0.49)

0  
(–0.09 to 0.45)

0.21  
(–0.09 to 0.48)

–0.08  
(–0.08 to 0.38)

.1093

LM, leptomeningeal metastasis; N, number
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a computerized system that precludes such errors and au-
tomatically documents items according to the instructions 
(a so-called “blocking solution”). For example, the item 
“presence” of nodules could appear automatically once a 
measurement corresponding to the definition of a nodule 
is provided. Automatic calculation of size variation could 
also guide the response assessment for each item and for 
the overall response.

The contribution of educational sessions on a web-based 
platform to improve the reproducibility of scoring LM has 
been explored.14 Eight MRI series were scored by 4 radiolo-
gists (2 neuroradiology fellows and 2 radiology residents) 
without specific training and 3 neuroradiologists who had 
received instructions and task-specific pictorial examples 
and description of the tools prior to the scoring of patients. 
A better interobserver agreement was observed among re-
viewers who had received the training. These results also 
favor the use of central imaging review in clinical trials. 
However, planning real time imaging central review by 
only one trained expert or a group of experts may be diffi-
cult in a trial. Regular training sessions, based on speed of 
enrollment, could improve the homogenization of the local 
assessment at the site level between centers. Standardized 
MRI protocols as recently developed for glioblastoma15 or 
brain metastases16 would certainly also improve the relia-
bility and reproducibility of neuroradiological assessment 
of LM. A preliminary consensus proposal for LM that could 
be used in clinical trials has been formulated.2

Limitations of this study include—potentially—the inclu-
sion of too many nonneuroradiologists and the failure to 
conduct a virtual training session for the raters (who are all 
authors of the manuscript). Additional potential limitations 
include the large (44%) number of incomplete responses 
and the relatively high frequency (22%) of responses 
that did not conform to instructions for assessment in-
structions. This suggests that some assessors provided 

responses that preferentially favored their own idiosyn-
cratic conceptions of “response” and “failure” over the for-
malized algorithms of the assessment tool. Furthermore, 
the sample may not have been fully representative of the 
full spectrum of LM.

Given the complexity of response assessment in LM by 
neuroimaging, one might raise the question of whether 
alternative approaches of disease monitoring should be 
prioritized over imaging. However, as noted above, the 
clinical status of LM patients may be determined by fac-
tors other than the LM disease burden and the usefulness 
of CSF markers still needs to be confirmed, furthermore, 
CSF assessment does not capture nonfloating tumor cell 
burden, e.g., linear and nodular disease. Finally, neuro-
imaging data may be more suitable for post hoc central 
review than films of patients or digitalized CSF cytology 
studies.

In conclusion, we believe that the present scorecard pre-
sents a major advance in developing tools for the assess-
ment of LM7 and can be used in practice, provided that the 
challenges experienced in this validation effort are taken 
into consideration. A modified ready-to-use version is in-
cluded as Supplementary Table S6. In clinical practice, a 
limited set of items of the grid chosen individually by the 
clinical practitioner could also be useful.

Although clear instructions were provided, the agree-
ment among raters was only moderate with a median 
Kappa of 0.44 for overall response assessment. Electronic 
case report forms with “blocking solutions” are probably 
required to reinforce completeness and quality of scoring. 
This study confirms the necessity of central review as 
well as the need for training of MRI assessment even for 
local raters, ideally board-certified neuroradiologists, in 
clinical trials.

Future prospective studies may have to explore 
whether artificial intelligence might be a complementary 
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or alternative approach to response assessment in LM as 
recently proposed for recurrent glioblastoma.17 Finally, 
neuroradiological assessment is only one part of the 
overall assessment of patients with LM and similar efforts 
to establish reliable tools for clinical assessment and for 
CSF evaluation would also facilitate the conduct of suc-
cessful clinical trials.

Supplementary material

Supplemental material is available at Neuro-Oncology 
online.

Keywords 

brain | feasibility | MRI | response | validation

Funding

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors, 
except support for the set-up of the imaging platform by the 
European Organisation for Research and Treatment of Cancer 
(EORTC) Brain Tumor Group.

Conflict of interest statement. ELR has received honoraria for 
lectures or advisory board from Adastra, Abbvie, Bayer, Daiichi 
Sankyo, Leo Pharma, Tocagen, Seattle Genetics. PK has re-
ceived advisory board participation or consulting fees from the 
following for-profit companies: Janssen, Gerson Lehrman Group 
(GLG), Angiochem, Biocept, Bliss Bio, SDP Oncology, Celularity, 
Novocure, Affinia, and Orbus Therapeutics. EF received honor-
aria for advisory board participation from the following for-profit 
companies: Karyopharm. J GP-L has received honoraria for 

lectures, consultation or advisory board participation from 
EISAI, Janssen, Pharmaventures, and research support from 
DNAtrix. JG has received honoraria for lectures, consultation 
from BrainLab, Zeiss, Medtronic. The following for-profit com-
panies have supported clinical trials and contracted research 
conducted by JG with payments made to his institution: Zeiss, 
BrainLab, Pfizer, Medtronic. SL has received honoraria for 
lecture and advisory board participation from Bayer. PR has 
received research grants from MSD and Novocure and honor-
aria for advisory board participation or lectures from Bristol-
Myers Squibb, Covagen, Debiopharm, Medac, MSD, Novartis, 
Novocure, QED, Roche and Virometix. RR has received hon-
oraria for lectures or consultation from UCB, Novocure. NS 
has received honoraria for advisory board participation from 
Bayer. MVDB has received honoraria for consultation from 
Abbvie, Agios, Carthera, Celgene, Bayer, Nerviano, Karyopharm, 
Boehringer. MS has received honoraria from GE Healthcare 
(paid to institution). JT has received honoraria for lectures from 
CarThera. The following for-profit companies have supported 
clinical trials and contracted research conducted by JT with 
payments made to his institution: novocure, Munich surgical im-
aging. MP has received honoraria for lectures, consultation or 
advisory board participation from the following for-profit com-
panies: Bayer, Bristol-Myers Squibb, Novartis, Gerson Lehrman 
Group (GLG), CMC Contrast, GlaxoSmithKline, Mundipharma, 
Roche, BMJ Journals, MedMedia, AstraZeneca, AbbVie, Lilly, 
Medahead, Daiichi Sankyo, Sanofi, Merck Sharp & Dome, 
Tocagen. The following for-profit companies have supported 
clinical trials and contracted research conducted by MP with 
payments made to his institution: Böhringer-Ingelheim, Bristol-
Myers Squibb, Roche, Daiichi Sankyo, Merck Sharp & Dome, 
Novocure, GlaxoSmithKline, AbbVie. PYW has received re-
search support from Agios, AstraZeneca/Medimmune, Beigene, 
Celgene, Eli Lily, Genentech/Roche, Kazia, MediciNova, Merck, 
Novartis, Nuvation Bio, Oncoceutics, Vascular Biogenics, VBI 
Vaccines and honoraria for advisory board participation or 
consultation from Agios, AstraZeneca, Bayer, Black Diamond, 
Boston Pharmaceuticals, Chimerix, CNS Pharmaceuticals, 
Imvax, Merck, Morphosys, Mundipharma, Novartis, Novocure, 
Nuvation Bio, Prelude Therapeutics, Vascular Biogenics, VBI 
Vaccines, Voyager, Celularity, Sapience. MB reports personal 
fees from Teva, BBraun, Vascular Dynamics, Bayer, Grifols, 
Merck, Neuroscios, Boehringer Ingelheim, Novartis, research 
grants from Hopp Foundation, DFG, BMBF, European Union, 
Stryker, Siemens, all outside the submitted work. MW has re-
ceived research grants from Abbvie, Adastra, Dracen, Merck, 

  
Table 3  Concordance in Overall Response Between Rater’s Scores and Scores Calculated Based on Their Single Ratings and According to the 
Instructions Provided in the Grid

Raters  
Instructions 

Complete  
response 

Partial  
response 

Stable disease Progression Nonevaluable Empty Total 

Complete response 3 (1%) 15 (4%) 0 1 (<0.5%) 0 0 19 (5%)

Partial response 0 19 (5%) 4 (1%) 5 (1%) 0 1 (<0.5%) 29 (7%)

Stable disease 3 (1%) 14 (4%) 155 (39%) 17 (4%) 0 5 (1%) 194 (49%)

Progression 0 2 (0.5%) 10 (2%) 131 (33%) 2 (0.5%) 7 (2%) 152 (39%)

Total 6 (1%) 50 (13%) 169 (43%) 154 (39%) 2 (0.5%) 13 (3%) 394

Raters  
Instructions 

Complete response, partial re-
sponse or stable disease

Progression Nonevaluable Empty Total 

Complete response, partial response or 
stable disease

213 (54%) 23 (6%) 0 6 (1%) 242 (61%)

Progression 12 (3%) 131 (33%) 2 (0.5%) 7 (2%) 152 (38%)

Total 225 (57%) 154 (39%) 2 (0.5%) 13 (3%) 394
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