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Background: In 2018, a new system was proposed for classifying and reporting post-treatment adult brain 
tumor on magnetic resonance imaging, named as Brain Tumor Reporting and Data System (BT-RADS), that 
needs a validation by means of agreement studies.
Methods: A retrospective study was designed with the aim of identifying contrast-enhanced magnetic 
resonance imaging (MRI) of adult patients on follow-up for primary brain tumor at Fondazione Policlinico 
Campus Bio-Medico. Four radiologists (2 radiology residents, 1 general radiologist, 1 neuroradiologist) read 
and scored each study using the BT-RADS scoring tool, blinded to the MRI original report. Interobserver 
agreement and Fleiss’ k were calculated to assess the level of diagnostic agreement. It was assessed how many 
times the assignment of different scoring of BT-RADS would have led to a different patient management.
Results: The total number of patients included in the study was 23 with 147 MRIs and a total of 588 BT-
RADS scores retrospectively evaluated. The two most frequent tumor types were astrocytoma grade 4 (62%) 
and oligodendroglioma grade 3 (21%). The overall agreement rate for all 4 radiologists was 82% with a 
Fleiss’ k of 0.70. The overall agreement rate between general radiologist and neuroradiologist was 91% with 
a Fleiss’ k of 0.86. The overall agreement rate between 2 radiology residents and neuroradiologist was 80% 
with a Fleiss’ k of 0.66. Astrocytoma grade 3 (k: 0.51) and oligodendroglioma grade 2 (k: 0.32) showed a poor 
agreement while higher values of agreement were found for astrocytoma grade 4 (k: 0.70), astrocytoma grade 
2 (k: 0.78) and oligodendroglioma grade 3 (k: 0.78). All the radiologists agreed on BT-RADS assignment 
in 70% patients, three radiologists agreed in 17% and two radiologists agree in 13%. In no cases there was 
a complete disagreement among the readers. In 18% of cases the discrepancy in the estimated BT-RADS 
would have led to a different follow-up management.
Conclusions: BT-RADS can be considered a valid tool for neuroradiologists and radiologists even with 
little experience in the interpretation of patients’ images during follow-up for adult primary brain tumors 
supporting standardized interpretation, reporting and clinical management.
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Introduction

Although brain metastases are the most common type of 
intracranial neoplasm in adults (1), gliomas represent the 
most frequent primary intra-axial neoplasm in adults and 
only 5% of patients with glioblastoma survive to 5 years (2,3).

In recent years there was a large-scale dissemination 
of structured reports in radiology. Following this trend, 
in 2018, a new system was proposed for classifying and 
reporting post-treatment brain tumor on magnetic 
resonance imaging (MRI), named as Brain Tumor 
Reporting and Data System (BT-RADS) (4).

Brain MRI is the primary imaging technique in brain 
tumor surveillance. The need for this score arises from 
the evidence that it is often difficult interpreting images 
in the follow-up of brain tumors, especially when the 
treatments performed can mimic disease progression 
(pseudoprogression) and medication may reflect a not truly 
tumor response (pseudoresponse) (5), leading to inconsistent 
and ambiguous reports. Perfusion MRI techniques can be 
useful in the differentiation between glioma recurrence and 
pseudoprogression; nevertheless, these methods are not 
yet widely available and requires further standardization 
in term of parameters and threshold differences (6). 
Macdonald and Response Assessment in Neuro-Oncology 
(RANO) criteria have been previously defined for assessing 
brain tumor response (7,8), and are currently suggested in 
the Italian oncological guidelines for the follow up of brain 
tumors (9). However, these criteria are not widespread in 
clinical practice due to their complexity, need for multiple 
measurements, lack of understanding by clinicians and 
interobserver variability (10).

For the correct evaluation of BT-RADS it is necessary to 
know the patient’s clinical history in term of surgical history, 
time elapsed since radiotherapy (more or less than 90 days) 
and the therapeutic regimen applied (especially Avastin and 
steroids). In addition, MR image analysis is performed with 
an emphasis on fluid attenuated inversion recovery (FLAIR) 
and T1 post-contrast images. Based on these findings, the 

BT-RADS provides a numerical score from 0 to 4 with 
some sub-categories as regards the score 1 (divided into 1a 
and 1b) and 3 (divided into 3a, 3b and 3c), each of these 
with simple management recommendations (4).

The prognostic role of this score has already been 
recently validated in another study where it was found 
that the score with the highest probability of worsening at 
subsequent follow-up was 3b and that mortality increased 
by 53% for each increase in the BT-RADS score during 
surveillance (11).

As with other widely used RADS (12,13), it is necessary 
to validate the BT-RADS score also by means of agreement 
studies. The goal of our study is to assess the interrater 
reliability of BT-RADS among expert radiologists and 
radiologists under training on a single institution cohort of 
brain tumor MRIs.

We present this article in accordance with the GRRAS 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-850/rc).

Methods

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). An informed consent to the 
possible use of existing clinical data for research purposes 
was obtained from all patients as an institutional policy. The 
ethics committee of Fondazione Policlinico Universitario 
Campus Bio-Medico di Roma approved the study (ComEt 
0050/20) and waived the informed consent based on the 
observational design of the study and because only secondary 
analysis of existing anonymized data was performed.

A retrospective study was designed with the aim of 
identifying contrast-enhanced MRI of adult patients on 
follow-up of primary brain tumor at Fondazione Policlinico 
Campus Bio-Medico with at least two consecutive 
imaging studies after surgery. The time interval taken into 
consideration was from January 1st 2006 to February 1st 
2022. All MRI included pre-contrast FLAIR images and 
T1-weighted images after intravenous administration of 
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gadolinium chelate as required for the BT-RADS evaluation. 
In particular, images were acquired using a 1.5 Tesla MRI 
system (Magnetom Symphony or Avanto B13, Siemens, 
Erlangen, Germany), configured with a 12-element 
designed Head Matrix Coil. The imaging protocol included: 
axial fluid attenuated inversion recovery (FLAIR: TR  
8,000 ms, TE 102 ms, TI 3,650 ms, matrix 256×256, FOV 
26×30 cm, slice thickness 3 mm), coronal turbo spin echo 
(TSE), T2 weighted (TR 6,380 ms, TE 105 ms, matrix 
256×256 FOV 26×30 cm, slice thickness 3 mm) with and 
without fat suppression, and multiplanar (i.e., coronal, 
sagittal and axial) two-dimensional (2D) turbo spin echo 
(TSE) T1 weighted (TR 663 ms, TE 11 ms, matrix 
256×256, FOV 25×25 cm, slice thickness 3 mm, in-plane 
resolution of 1×1 mm2) sequences, conducted before and 
after gadolinium containing contrast agents (Dotarem®, 
gadoterate meglumine 0.5 mmoL/mL or Omniscan®, 
gadodiamide 0.5 mmoL/mL) intra-venous administration. 
The following data were collected for each patient from 
our electronic medical record system and PACS: sex, type 
of brain tumor, surgical history, end date of radiation 
treatment, start date of medication treatment and date of 
MRIs performed. Four radiologists [2 residents in radiology 
(M.Pi. and D.Di.), 1 general radiologist with 4 years of 
experience (M.Pa.) and 1 neuroradiologist with 10 years 
of experience (C.A.Ma.)] read and scored each study using 
the BT-RADS scoring tool available on https://btrads.com/
scoring/, blinded to the MRI original report. 

Prior to beginning the study, readers were provided with 
an online teaching file (https://btrads.com/) consisting of a 
brief background about BT-RADS and practice cases (one 
case for each of the seven BT-RADS categories). 

Cases were accessed through any Carestream Vue PACS 
v. 12.2 (Carestream Health, Rochester, New York, United 
State of America) commonly used in our hospital.

Descriptive statistics were collated. Interobserver 
agreement and Fleiss’ k were calculated to assess the level of 
diagnostic agreement (14). The k statistic was interpreted 
using six different categories: less than 0, no agreement; 
0.01–0.20, slight agreement; 0.21–0.40, fair agreement; 
0.41–0.60, moderate agreement; 0.61–0.80, substantial 
agreement; and 0.81–0.99, almost perfect agreement (15).

In addition, it was assessed how many times the 
assignment of different scoring of BT-RADS would 
have led to a different patient management. In fact, the 
assignment to different categories affects the recommended 
management: i.e., continued follow-up for categories 1 and 
2, decreased time interval of follow-up for categories 3a 
and 3b, consider change in management or decreased time 
interval of follow-up for category 3c and consider change in 
management for category 4 (4).

All the statistical analyses were conducted by using the 
Statistical Package for the Social Sciences software package 
(SPSS version 28.0.0, IBM Corp., Armonk, New York, 
United State of America), setting the a priori significance 
level at P<0.05.

Results

The total number of patients included in the study was 23 (14 
males and 9 females with a mean age of 54±16 years) with 147 
MRIs and a total of 588 BT-RADS scores retrospectively 
evaluated. The two most frequent tumor types were 
astrocytoma grade 4 (90/147, 62%) and oligodendroglioma 
grade 3 (31/147, 21%); the other types of brain tumors in 
order of frequency were: astrocytoma grade 2 (12/147, 8%), 
astrocytoma grade 3 (11/147, 7%) and oligodendroglioma 
grade 2  (3/147,  2%) (Table  1 ) .  Al l  pat ients  with 
oligodendroglioma (3/23, 13% with oligodendroglioma 
grade 3 and 1/23, 4% with oligodendroglioma grade 2), 
12/23 (52%) patients with astrocytoma grade 4, 2/23 (9%) 
patients with astrocytoma grade 3 and 1/23 (4%) patient 
with astrocytoma grade 2 were classified following the 
fourth edition of the World Health Organization (WHO) 
classification of central nervous system tumors (16). 1/23 
(4%) patient with astrocytoma grade 4 and 1/23 (4%) 

Table 1 Distribution of patients included in the study

Variables Value

Number of patients (male/female) 23 (14/9)

Mean age ± SD [range], years 54±16 [20–83]

Number of MRIs 147

Number of BT-RADS 588

Tumor types (number of patients)

Astrocytoma grade 4 (14/23, 61%) 90/147 (62%)*

Astrocytoma grade 3 (4/23, 17%) 11/147 (7%)*

Astrocytoma grade 2 (1/23, 4%) 12/147 (8%)*

Oligodendroglioma grade 3 (3/23, 13%) 31/147 (21%)*

Oligodendroglioma grade 2 (1/23, 4 %) 3/147 (2%)*

*, number of MRI assessed per single tumor histological 
subtype. SD, standard deviation; MRI, magnetic resonance 
imaging; BT-RADS, Brain Tumor Reporting and Data System.

https://btrads.com/scoring/
https://btrads.com/scoring/
https://btrads.com/
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patient with astrocytoma grade 3 were classified following 
the revised fourth edition of the WHO classification of 
central nervous system tumors (17). 1/23 (4%) patient 
with astrocytoma grade 4 and 1/23 (4%) patient with 
astrocytoma grade 3 were classified following the fifth 
edition of the WHO classification of central nervous system 
tumors (18).

BT-RADS score categories were distributed as it follows 
with most reported studies into category 2 (Figure 1): score 
1a 39/588 (7%), score 1b 8/588 (1%), score 2 353/588 
(60%), score 3a 28/588 (5%), score 3b 65/588 (11%), score 
3c 13/588 (2%) and score 4 82/588 (14%).

The overall agreement rate for all 4 radiologists was 
82% with a Fleiss’ k of 0.70 (substantial agreement). The 
overall agreement rate between general radiologist and 
neuroradiologist was 91% with a Fleiss’ k of 0.86 (almost 

perfect agreement). The overall agreement rate between 2 
radiology residents and neuroradiologist was 80% with a 
Fleiss’ k of 0.66 (substantial agreement). When reviewing 
tumor subtypes, astrocytoma grade 3 (k: 0.51, moderate 
agreement) and oligodendroglioma grade 2 (k: 0.32, fair 
agreement) showed a poor agreement while higher values 
of agreement were found for astrocytoma grade 4 (k: 0.70, 
substantial agreement), astrocytoma grade 2 (k: 0.78, 
substantial agreement) and oligodendroglioma grade 3 (k: 
0.78, substantial agreement). All the radiologists agreed on 
BT-RADS assignment in 103/147 patients (70%), three 
radiologists agreed in 25/147 (17%) and two radiologists 
agree in 19/147 (13%). In no cases there was a complete 
disagreement among the readers (Table 2). In 27/147 cases 
(18%) the discrepancy in the estimated BT-RADS would 
have led to a different follow-up management.
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Figure 1 Column chart showing the relative frequency of the BT-RADS scores evaluated. BT-RADS, Brain Tumor Reporting and Data 
System.

Table 2 Interrater agreement

Rate of agreement Percentages k 95% CI Level of agreement

All cases 82% 0.70 0.62–0.78 Substantial agreement

Astrocytoma grade 4 82% 0.70 0.60–0.80 Substantial agreement

Astrocytoma grade 3 61% 0.51 0.39–0.64 Moderate agreement

Astrocytoma grade 2 92% 0.78 0.33–1.00 Substantial agreement

Oligodendroglioma grade 3 90% 0.78 0.57–0.99 Substantial agreement

Oligodendroglioma grade 2 50% 0.32 0.03–0.61 Slight agreement

All cases: RAD vs. NEURORAD 91% 0.86 0.74–0.98 Almost perfect agreement

All cases: RES vs. NEURORAD 80% 0.66 0.57–0.76 Substantial agreement

Number of readers in agreement: 4 radiologists agree [103/147 (70%)]; 3 radiologists agree [25/147 (17%)]; 2 radiologists agree [19/147 
(13%)]; no agree (0). RAD, general radiologist; RES, radiology residents; NEURORAD, neuroradiologist; k, Fleiss’ kappa; CI, confidence 
interval.
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Figures 2,3 were two exemplary cases that demonstrate 
discrepancies between our raters.

Discussion

To our knowledge, this study represents the first 
quantifiable analysis of blinded interrater reliability for 
utilizing BT-RADS to score MRIs in a European cohort of 
brain tumor patients.

The BT-RADS score can potentially apply to any brain 
MRI scan during follow up of patients with primary brain 
tumor, as it does not require advanced MR techniques such 
as brain perfusion or spectroscopy.

In other realities, the implementation of BT-RADS has 
led to an improvement in the consistency and completeness 
of radiology reports and had improved communication 
between radiologists and referring physicians, decreasing 
ambiguity in the images interpretation (19,20).

In our population the BT-RADS score proved to have 
a good interrater reliability (substantial agreement) with a 
high percentage of agreement among expert radiologists 
and radiologists under training. In fact, we showed that BT-
RADS reporting agreement was not significantly affected 
by physician’ experience (Fleiss’ k>0.60), when MRI scans 
were evaluated by radiologists with different levels of 
expertise, such as a general radiologist and radiologists 
in training. Indeed, we found almost perfect agreement 
between the general radiologist and the neuroradiologist 
and substantial agreement between 2 radiology residents and 
the neuroradiologist. It is important to note that a learning 
curve may exist when using new templates/structured 
reporting; therefore, the agreement could be even greater 
after the systematic introduction of this score into daily 
clinical practice. As it has been proposed for other Reporting 
and Data System (21), the adoption of the BT-RADS could 
represent an effective strategy to facilitate and speed up the 
learning curve of radiologists in the evaluation of MRI scans 
of patients treated for brain tumor. Moreover, the possibility 
of having easy access to an online tool to calculate the BT-
RADS improves the learning of the score itself (22). 

In 18% of MRIs the assignment of BT-RADS would 
have led to a different follow-up management; we 
hypothesize that even this figure can be further improved 
with the institutional systematic use of the score.

We observed poor agreement in the sub-analysis of 
some tumor types, including astrocytoma grade 3 and 

oligodendroglioma grade 2 (11/147 cases for the first, 3/147 
cases for the latter). On the other hand, a strong agreement 
was found for astrocytoma grade 4 that represent the 
commonest malignant primary brain tumor in adults (3). 
While the reason for this discrepancy is uncertain, it may 
represent challenges in evaluating tumors that have no or 
little contrast enhancement, as the criteria depend heavily 
on post-contrast imaging. In addition, the small number 
of cases of low-grade tumors does not allow a definitive 
agreement analysis in these cancer subtypes.

It is worth to mention that our study results should 
be taken with caution due to some limitations. First, the 
retrospective design of the study did not allow to have clear 
access to all the clinical information of the selected patients. 
Second, the small number of patients can be considered a 
limitation of the study; nevertheless, since BT-RADS is a 
score whose purpose is to perform patient surveillance (and 
not to make a diagnosis), the value of the study should rely 
on the total number of follow-up MRI examinations (n=147) 
assessed for longitudinal evaluation rather than the number 
of patients (n=23). Third, the evaluation of tumor subtypes 
(excluding grade IV astrocytoma) could have been affected 
by the fact that we considered patients histologically 
assessed over a wide time interval of about 15 years; that 
resulted in various definitions of tumor subtypes according 
to the different versions of the WHO classification. Despite 
this issue on histological definition of tumors, we do not 
consider it as a major bias because the image evaluation 
and scoring system is independent on the histological type. 
Fourth, the low number of complex cases as demonstrated 
by the high relative frequency of BT-RADS 2 might have 
simplified assessment, increasing the agreement rate. 
However, this does reflect the overall distribution of tumors 
in imaging practice. Fifth, the analysis of cases from a single 
institution database does not allow to make any conclusion 
on reproducibility and generalizability in different clinical 
and technological settings.

Further research will focus on assessing multi-institutional 
BT-RADS interrater reliability in a prospective way, also 
evaluating a larger number of cancer subtypes according to 
the last version of WHO brain tumor classification available.

In summary, we show that BT-RADS can be considered 
a valid tool for neuroradiologists and radiologists even with 
little experience in the interpretation of patients’ images 
during follow-up for adult primary brain tumors supporting 
standardized interpretation, reporting and clinical management.
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Figure 2 Astrocytoma grade 4 of the left temporal lobe surgically treated and subsequently underwent radiation therapy. (A,C,E) Axial FLAIR 
images; (B,D,F) axial T1 contrast-enhanced images. (A,B) MRI performed after 3 months from the surgery with no obvious signs of residual 
disease. (C,D) Follow up MRI performed after 1 months from A and B showing a nodular mass with contrast enhancement in the left temporal 
pole, highly suspected for disease recurrence. Half of the raters assigned a BT-RADS category 3c. However, given the worsening >25% in FLAIR 
and enhanced images, BT-RADS category 4 is more appropriate. (E,F) Follow up MRI after 2 months (<90 days) from the radiation therapy 
showing a worsening in FLAIR and enhanced images still to be interpreted as related to the treatment. All readers assigned a BT-RADS category 
of 3a. FLAIR, fluid attenuated inversion recovery; MRI, magnetic resonance imaging; BT-RADS, Brain Tumor Reporting and Data System.
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E F
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Figure 3 Oligodendroglioma grade 2 of the left frontal lobe surgically treated and subsequently underwent radiation therapy. (A,C) Axial FLAIR 
images; (B,D) axial T1 contrast-enhanced images. (A,B) MRI performed after 7 months from the surgery and after 3 months from the radiation 
therapy with a residual area of contrast enhancement and FLAIR hyperintensity. (C,D) Follow up MRI performed after 3 months from (A) and 
(B) showing a mild decrease in the FLAIR hyperintensity and contrast-enhancement. One rater assigned a BT-RADS category 2 as for stable 
disease. However, given the improvement in FLAIR and enhanced images, BT-RADS 1a is more appropriate. FLAIR, fluid attenuated inversion 
recovery; MRI, magnetic resonance imaging; BT-RADS, Brain Tumor Reporting and Data System.
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