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accurate and reliable radiological assessment. A major limitation to the use of iENE as a prognostic marker
remains variability in its interpretation, attributable in part to the lack of standardised diagnostic criteria.
Methods: This international, multicentre reliability study included expert head and neck radiologists nominated
to represent member groups of the Head and Neck Cancer International Group (HNCIG). Participants underwent
standardised training using the HNCIG consensus classification and educational atlas, and then independently
evaluated anonymised CT and MRI scans using both binary (iENE present or absent) and ordinal (grades 0-3)
classifications over two rounds. Inter- and intra-rater reliability were evaluated using free-marginal multi-rater
kappa statistics and intraclass correlation coefficients. Subgroup analyses were performed by imaging modality
and radiologist experience.

Resuits: Fourteen radiologists representing 12 research groups, spanning 25 countries, completed both assessment
rounds. Overall inter-rater agreement was moderate for binary classification (k = 0.75, 95% CI 0.66-0.84) and
weak for ordinal classification (x = 0.49, 95% CI 0.42-0.56). Intra-rater agreement was moderate for binary
classification and moderate to strong for ordinal classification. Agreement levels did not differ significantly by
imaging modality or years of experience.

Conclusion: Reliable radiological assessment is necessary for the use of iENE in clinical trials, staging, and routine
decision making. Using the HNCIG consensus classification in a binary format produced consistent results across
international expert radiologists and imaging modalities, supporting its wider use. However, substantial vari-

ability remains in grading the extent of iENE, indicating the need for further training support.

Introduction

Extranodal extension (ENE), defined as the extension of metastatic
tumour beyond the lymph node capsule, is a well-established adverse
prognostic factor in locally advanced head and neck squamous cell
carcinoma (HNSCC). Its presence on post-operative histopathological
examination is associated with increased risk of locoregional recurrence
and distant metastasis, warranting treatment intensification with adju-
vant chemoradiotherapy.[1].

Emerging evidence suggests that ENE identified on pre-treatment
imaging (imaging-detected ENE, iENE) is also prognostically relevant
in both HPV-independent and HPV-associated oropharyngeal squamous
cell carcinoma (OPSCC).[2-5] Consequently, iENE has been included in
the 9th edition of the TNM stage classifications (AJCC version 9 and
UICC 9th edition).[6,7] Clinically, iENE may influence therapeutic
strategy, for example, guiding the selection of primary chemo-
radiotherapy over surgery to avoid the morbidity of trimodal therapy.
Conversely, if validated as a robust prognostic marker, iENE could
identify patients suitable for intensification strategies, such as neo-
adjuvant chemo-immunotherapy.|[8].

The utility of iENE hinges on its validity and interobserver reliability.
A recent multinational study demonstrated wide inter-institutional
variability in iENE accuracy rates in the real-world setting, limiting its
prognostic reliability.[9] Computed Tomography (CT) scanning gener-
ally confers greater sensitivity, whereas magnetic resonance imaging
(MRI) provides higher specificity. However, combining both modalities
improved diagnostic accuracy considerably.[9] Moreover, diagnostic
accuracy correlated with the radiologist’s experience in head and neck
cancer imaging. Meta-analyses have similarly shown inconsistent diag-
nostic performance for iENE on CT and MRI (pooled sensitivity 60-77%
specificity 60-96%), with widely varying inter-observer agreement
(correlation coefficients 0.4-0.7).[4,5].

One key contributor to variability is the absence of standardised
diagnostic criteria. A review by Huang et al. highlighted the heteroge-
neity in iENE definitions across studies.[10] In response, the Head and
Neck Cancer International Group (HNCIG, https://www.hncig.org)—a
global consortium of 23 national clinical trials organisations—under-
took a Delphi process to develop a consensus four-grade iENE classifi-
cation system, now endorsed by 19 professional groups across 39
countries.[11].

This study aimed to assess the inter- and intra-observer agreement
among specialist radiologists from international centres who had been
trained in the interpretation of iENE on cross-sectional imaging mo-
dalities when applying the HNCIG consensus classification for the
diagnosis of iENE.

Methods
Study design and participants

A steering group formed under the auspices of HNCIG, comprising
experts in head and neck radiology, surgery, oncology, and biostatistics,
designed and coordinated the study (supplementary Table A). Each of
the 23 HNCIG member groups was invited to nominate up to two expert
radiologists. Nominees were required to be experienced radiologists,
who were recognised national or international experts in head and neck
imaging, and to commit to completing both study rounds. Twelve groups
participated, including organisations from Europe, Asia, and the
Americas (supplementary Table B). All participants were included as
manuscript co-authors.

Training and scoring Protocols

Participants were provided with and asked to study the HNCIG
consensus classification and the accompanying educational atlas[11],
which included 46 annotated examples across all grades (0-3) of iENE.
They then completed a self-test set of ten CT and MRI scans, and then
reviewed the provided results, expert interpretations, and scoring
rationale. This served as training and calibration prior to scoring the
formal study set.

In the first round, participants scored a blinded study set comprising
a mix of anonymised 10 CT and 30 MRI scans, using both binary (i(ENE
present/absent) and ordinal (grade 0-3) HNCIG classifications. Relevant
images in multiple planes (or reformats) were provided to the observers.
Only images that included neck lymph nodes were included, to maintain
efficiency for the observers. Six weeks later, a second round of reviews
was conducted with a total of 41 CT and MRI scans, including a re-
presentation of 5 CT and 13 MRI scans from round one and 23 new CT
scans, to enable intra-rater reliability analysis. Each round was open for
28 days, with two reminder emails sent. Participants were blinded to
their own previous scores and to others’ scores. Two experienced radi-
ologists from the steering committee reviewed together the scans with
low interrater agreement to elucidate possible reasons for the inconsis-
tency between raters.

As this was a retrospective study using anonymised, routinely ac-
quired clinical images, formal ethical approval was not required ac-
cording to the lead institution's research ethics committee (University
Hospitals Birmingham NHS Foundation Trust).

Outcomes

The primary endpoint was inter-rater agreement across all 63 scans
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for binary and grade classification, quantified using the free-marginal
multi-rater kappa statistic[12]. Secondary endpoints included intra-
rater agreement across both scoring rounds for each radiologist quan-
tified using the free-marginal multi-rate kappa statistic[12], and inter-
and intra-rater agreement quantified by the intraclass correlation coef-
ficient (ICC).

Statistical analysis

Intra- and inter-rater agreement was assessed using kappa statistics,
which measures the agreement beyond what would be expected by
chance. Due to a high prevalence of “present” cases in the binary clas-
sification and since there were no restrictions on raters’ distribution of
cases to categories, the free-marginal multi-rater kappa statistic[12] was
selected, with 95% confidence intervals estimated using Gwet’s variance
formula[13] and implemented using Randolph’s online calculator[14].
As a secondary measure of inter- and intra-rater agreement, intra-class
correlation coefficients (ICCs) were also estimated based on a single-
rater, absolute-agreement, two-way model[15] and implemented using
the icc command from the irr package in R. The free-marginal multi-rater
kappa was preferred over the ICC for primary analyses, as the ICC
considers categories to be ordered linearly, which cannot be assumed for
the grade classification. A crude measure of agreement, the percentage
agreement is also presented for the inter-rater analysis.

Intra-rater agreement was assessed for each participant separately,
then averaged (mean and median). Pooled estimates were calculated, by
combining classifications across all participants.

Subgroup analyses were performed by imaging modality (CT vs MRI)
and years of radiologist experience (<20 year, >20 years).

For interpretation of results, we followed the following conventions:
A kappa value of < 0.6 indicates weak to no agreement, whereas a kappa
of 0.6-0.79, 0.8-0.9 or > 0.9 indicate moderate, strong or almost perfect
agreement respectively.[16] For ICC, values of < 0.5, 0.5-0.75, 0.75-0.9
or > 0.9 indicate poor, moderate, good or excellent agreement respec-
tively.[17].

Assuming an alpha of 0.05, and proportional categories, 40 cases
would provide over 80% power to detect a difference in kappa of 0.4
(0.3 vs 0.7) for either classification, and 90% power to detect a differ-
ence in kappa of 0.3 (0.5 vs 0.8) for the grade classification.[18] How-
ever, the proportionality assumption was found to be violated for the
binary classification after the first round, and so additional cases were
added to balance the proportions of “present” and “absent” cases, in
addition to providing more CT cases for the purpose of subgroup ana-
lyses. With 63 cases, we expect to have over 80% power to detect a
difference in kappa of 0.3 (0.5 vs 0.8) for either classification, and over
90% power to detect a difference in kappa of 0.2 (0.7 vs 0.9) for the
grade classification.[18].

Results

Fourteen expert head and neck radiologists representing 12 research
groups, spanning 25 countries, participated in this study. The full list is
provided in supplementary Table B. In total, 12/14 (85.7%) participants
completed both rounds and 11/12 provided the number of years since
they graduated from medical school. One participant withdrew after the
first round and was not substituted. One participant completed only the
second round. The participating radiologists had between 9 and 41 years
of experience in head and neck radiology; 36% (n = 4) had less than 20
years of experience, the remaining 64% (n = 7) had 20 or more years of
experience.

Inter-rater agreement
The free-marginal multi-rater kappa between all 12 radiologists for

all 63 scans using the HNCIG criteria was moderate, 0.75 (95%CI: 0.66,
0.84) for binary classification (iENE positive/negative), and weak, 0.49
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(95%CIL: 0.42, 0.57), for Grade classification (0-3), see Fig. 1 and sup-
plementary Table C. The classification proportions for each of the 63
scans are presented in Fig. 2: 15.9% (10/63) scans showed a difference
of 20% or more in the proportion of radiologists scoring iENE positive
versus negative. ICC for the overall study set was moderate, 0.51 (95%
CI: 0.42, 0.61), for binary classification and also for Grade, 0.65 (95%CI:
0.56, 0.74). The percentage agreement for the whole set was 87.45%
(95%CIL: 86.40, 88.42) for binary classification and 61.95% (95%CI:
60.47, 63.42) for Grade.

Sensitivity analyses were performed by imaging modality and radi-
ologists’ experience. When considering the 33 CT scans and 30 MRI
scans separately, analyses for both modalities demonstrated a similar
level of agreement to the overall set, with CT scans generally having
slightly better agreement than MRI (supplementary Table C). For binary
classification, free marginal kappa was 0.77 (95%CI: 0.65, 0.89) and
0.73 (95%CI: 0.59, 0.86) respectively for CT and MRI scans. ICC was
0.52 (95%CI: 0.39, 0.66) and 0.51 (95%CI: 0.38, 0.66) respectively and
percentage agreement was 88.43% (95%CI: 87.02, 89.71) and 86.36%
(95%CI: 84.78, 87.80) for CT and MRI respectively. Similarly for grade
classification, free marginal kappa was 0.50 (95%CI: 0.39, 0.61) and
0.48 (95%CI: 0.39, 0.58) respectively for CT and MRI scans. ICC was
0.63 (95%CL: 0.51, 0.75) and 0.67 (95%CI: 0.55, 0.79) respectively and
percentage agreement was 62.58% (95%CI: 60.53, 64.59) and 61.26%
(95%CI: 59.10, 63.38) for CT and MRI respectively.

Separating the group by number of years since graduating medical
school showed similar agreement among the two groups: those with >
20 (n = 7) years of experience and those with < 20 (n = 4) years of
experience. However there appeared to be a greater degree of agreement
among those < 20 years of experience. For binary classification, the <
20 years group had a free-marginal kappa of 0.84 (95%CI: 0.74, 0.93),
ICC of 0.62 (95%CI: 0.51, 0.73) and percentage agreement of 91.80%
(95%CIL: 88.59, 94.16). For the > 20 years group these measures were
0.74 (95%CI: 0.65, 0.83), 0.49 (95%CI: 0.39, 0.60) and 87.00% (95%CI:
85.08, 88.70) respectively. For the grade classification, the < 20 years
group had a free-marginal kappa of 0.58 (95%CI: 0.48, 0.68), ICC of
0.75 (95%CI: 0.66, 0.83) and percentage agreement of 68.52% (95%
CL:63.67, 72.99). For the > 20 years group these measures were 0.48
(95%CIL: 0.40, 0.56), 0.62 (95%CIL: 0.52, 0.72) and 61.30% (95%CI:
58.65, 63.89) respectively (Appendix Table C).

Intra-rater agreement

The 12 radiologists each rated twice a total of 18 (5 CT and 13 MRI)
studies. When examining intra-rater correlation for the binary classifi-
cation (see Table 1 and Fig. 3), the free-marginal kappa ranged from
weak to perfect agreement (0.44 to 1.00) across the 12 radiologists, with
on average moderate agreement [mean 0.76 (95%CI: 0.67, 0.85), me-
dian 0.78 (IQR: 0.67, 0.89)]. When pooled across all radiologists the
free-marginal kappa was moderate, 0.76 (95%CI: 0.67, 0.85). For grade
classification, the marginal kappa suggested moderate agreement: range
was 0.33-0.93, mean was 0.63 (95%CI: 0.54, 0.73), median was 0.63
(IQR: 0.56, 0.71) and the pooled kappa was 0.63 (95%CI: 0.55, 0.71).
Fig. 3 shows that free-marginal multi-rater kappa using the binary
classification was higher than when using the grade classification for 10
of the 12 raters, and when the ratings were pooled. However, there was
still wide variation in intra-rater agreement per rater for both binary and
grade classifications.

ICCs for the binary classification ranged between poor and excellent
agreement (0.274-1.00) and on average were moderate (mean 0.67
(95%CL: 0.55, 0.79), median 0.65 (IQR: 0.55, 0.85)). The pooled ICC
showed moderate agreement, 0.65 (95%CI: 0.57, 0.72). For the grade
classification, the ICC suggested good agreement: range was: 0.51-0.98,
mean was at 0.78 (95%CI: 0.70, 0.87), median was 0.77 (IQR: 0.65,
0.92) and the pooled ICC was good, 0.77 (95%CI: 0.71, 0.83).

Subgroup analysis by scan type demonstrated that the level of
agreement in MRI scans alone did not differ from overall (CT and MRI
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Fig. 1. Inter-rater agreement within the 12 radiologists, measured by free-marginal multi-rater kappa, Intraclass correlation coefficient (ICC) and percentage
agreement, for binary (hollow circle) and grade (solid circle) classifications. Bars show 95% confidence intervals).
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Fig. 2. Classification proportion of radiologists for each scan (CT top, MRI bottom) by (A) binary and (B) grade classifications. Scans resulting in > 20% variation
between iENE positive and iENE negative are indicated by an arrow.

scans together) (Appendix Table D). Intra-rater analyses for MRI alone
(13 scans) for binary classification by free marginal kappa showed
moderate agreement: range was 0.38-1.00, mean was 0.71 (95%CI:
0.58, 0.83), median was 0.69 (IQR: 0.54, 0.85) and pooled kappa was

0.71 (95%CI: 0.59, 0.82). For Grade, free-marginal kappa also showed
moderate agreement: range was 0.28-0.90, mean was 0.64 (95%CI:
0.53, 0.75), median was 0.64 (IQR: 0.54, 0.79) and pooled kappa was
0.64 (95%CI: 0.55, 0.73). ICCs for the binary classification by MRI alone



A.K. Abou-Foul et al.

Table 1

Intra-rater agreement of 12 radiologists each rating 18 images (5 CT and 13 MRI)
twice using a binary (present/absent) or grade (0-3) classification. (*<20 years’
experience, experience data unavailable).

Rater Free-marginal kappa ICcC
Binary Grade Binary Grade
(present/ (0-3) (present/ (0-3)
absent) absent)
1" 0.67 (0.31, 0.56 (0.26, 0.67 (0.31, 0.65 (0.27,
1.00) 0.85) 0.86) 0.85)
2% 1.00 (1.00, 0.85 (0.65, 1.00 (1.00, 0.96 (0.88,
1.00) 1.00) 1.00) 0.98)
3 0.67 (0.31, 0.56 (0.26, 0.59 (0.20, 0.63 (0.26,
1.00) 0.85) 0.82) 0.84)
4 0.89 (0.67, 0.63 (0.35, 0.88 (0.71, 0.74 (0.42,
1.00) 0.91) 0.95) 0.89)
5 0.78 (0.48, 0.93 (0.78, 0.62 (0.25, 0.98 (0.94,
1.00) 1.00) 0.84) 0.99)
6* 0.44 (0.02, 0.63 (0.35, 0.27 (—0.23, 0.76 (0.45,
0.87) 0.91) 0.65) 0.90)
7* 0.89 (0.67, 0.63 (0.36, 0.83 (0.61, 0.90 (0.76,
1.00) 0.91) 0.93) 0.96)
8 0.89 (0.67, 0.63 (0.35, 0.86 (0.67, 0.79 (0.52,
1.00) 0.91) 0.95) 0.92)
9 0.67 (0.31, 0.33 (0.02, 0.51 (0.09, 0.65 (0.28,
1.00) 0.65) 0.78) 0.85)
10 0.89 (0.67, 0.78 (0.54, 0.78 (0.51, 0.93 (0.81,
1.00) 1.00) 0.91) 0.97)
11* 0.78 (0.48, 0.63 (0.35, 0.61 (0.21, 0.89 (0.73,
1.00) 0.91) 0.84) 0.96)
12 0.56 (0.16, 0.41 (0.09, 0.41 (-0.01, 0.51 (0.08,
0.95) 0.72) 0.72) 0.78)
Mean (95% 0.76 (0.67, 0.63 (0.54, 0.67 (0.55, 0.78 (0.70,
CD: 0.85) 0.73) 0.79) 0.87)
Median (IQR): 0.78 (0.67, 0.63 (0.56, 0.65 (0.55, 0.77 (0.65,
0.89) 0.71) 0.85) 0.92)
Range: 0.44-1.00 0.33-0.93 0.27-1.00 0.51-0.98
Pooled 0.76 (0.67, 0.63 (0.55, 0.65 (0.57, 0.77 (0.71,
0.85) 0.71) 0.72) 0.83)
<20 years’
experience*
Mean (95% 0.75 (0.64, 0.69 (0.59, 0.68 (0.41, 0.88 (0.81,
CI): 0.87) 0.78) 0.94) 0.95)
Median (IQR): 0.78 (0.67, 0.63 (0.63, 0.72 (0.44, 0.90 (0.83,
0.84) 0.74) 0.92) 0.93)
Range: 0.56-0.89 0.63-0.85 0.27-1.00 0.76-0.96
Pooled: 0.78(0.63, 0.69 (0.55, 0.63 (0.46, 0.87 (0.80,
0.92) 0.82) 0.75) 0.92)
>20 years’
experience
Mean (95% 0.77 (0.64, 0.61 (0.47, 0.66 (0.54, 0.75 (0.63,
CI): 0.89) 0.75) 0.79) 0.86)
Median (IQR): 0.78 (0.67, 0.63 (0.41, 0.62 (0.51, 0.74 (0.63,
0.89) 0.78) 0.86) 0.93)
Range: 0.44-1.00 0.33-0.93 0.41-0.88 0.51-0.98
Pooled: 0.76 (0.65, 0.61 (0.50, 0.57 (0.39, 0.75 (0.61,
0.88) 0.71) 0.70) 0.84)

showed moderate agreement: range was 0.29-1.00, mean was 0.66
(95%CI: 0.53, 0.79), median was 0.63 (IQR: 0.51, 0.83) and pooled ICC
was 0.65 (95%CI: 0.55, 0.73). ICCs for grade showed good agreement:
range was 0.46-0.97, mean was 0.79 (95%CI: 0.69, 0.89), median was
0.86 (IQR: 0.66, 0.93) and the pooled ICC was 0.78 (95%CI: 0.71, 0.83).
Intra-rater analyses for CT scan were unreliable due to small numbers.

Subgroup analysis by experience of radiologist demonstrated slightly
better agreement in those with < 20 years’ experience than those with >
20 years’ experience, Table 1. Intra-rater analyses for < 20 years (n = 4)
for binary and grade classification by pooled free-marginal kappa
showed moderate agreement: 0.78 (95%CI: 0.63, 0.92) and 0.69 (95%
CI: 0.55, 0.82) respectively. For those with > 20 years’ experience (n =
7) for binary and grade classification, intra-rater analysis by pooled free-
marginal kappa also showed moderate agreement: 0.76 (95%CI: 0.65,
0.88) and 0.61 (95%CI: 0.50, 0.71) respectively.
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Qualitative analysis of scans with low interrater agreement

In light of the results, our two steering committee radiologists (BFB,
EY) reviewed nine scans that showed lowest inter-rater agreement to
elucidate possible reasons for the inconsistency between raters. The
main themes were defining matted nodes (five scans), distinguishing
displacement from invasion of muscle (two scans), whether 270-degree
encirclement of the carotid artery is required to qualify as invasion (one
scan), and not recognising skin as an organ (one scan).

Discussion

This international study demonstrates that the binary HNCIG
consensus classification for iENE enables moderate inter- and intra-rater
agreement among expert head and neck radiologists for both CT and
MRI. These agreement levels were at the higher end of those reported by
prior studies, which were usually single-centre studies that would be
expected to show higher correlations.[19] Classification of grade
showed weak inter-rater agreement and weak to moderate intra-rater
agreement. Surprisingly, even when assigning binary grades (iENE
positive vs negative), 15% of scans where graded differently by 20% or
more of radiologists. Furthermore, whilst overall there was moderate to
high intra-rater agreement, radiologists demonstrated wide intra-rater
variability for individual scans. These findings demonstrate the reli-
ability of the HNCIG iENE classification when used for binary diagnosis,
and support its suitability for clinical research and potential clinical
implementation. However, these also highlight the subjective nature of
iENE grading in some cases.

Notably, inter-rater agreement was slightly higher for CT than MRI,
but differences were not statistically significant. This aligns with prior
literature suggesting CT provides better sensitivity and MRI better
specificity, with complementary roles in practice.[5,9] Our results
support the use of either modality when applying the consensus classi-
fication, particularly when reviewed by experienced radiologists. Sub-
group analysis showed slightly higher agreement among radiologists
with < 20 years’ experience. Nevertheless, all participants achieved
good agreement, suggesting that the classification can be reliably
applied by radiologists with a range of experience after appropriate
calibration.

Assigning specific grades showed statistically significantly lower
inter-rater agreement (weak 0.49 (0.42, 0.57)) than a simple binary
classification (moderate 0.75 (0.66, 0.84)). This may be expected since
the larger the number of options, the more likely the variability, and
potentially the higher the subjectivity in applying the grades. However,
the large decrease in agreement is notable. Fortunately, clinical practice
and decision making in head and neck squamous cancer currently
require the identification of iENE, and do not in the main depend on
iENE grade.

Even when assigning binary grades, there were some scans that
caused significant variability between raters. Fig. 2 showed that 15% of
scans resulted in differences of 20% or more in the proportion of radi-
ologists assigning no iENE versus iENE positive, meaning that at least
20% of patients in those cases would have been misclassified. This has
direct clinical impact on treatment decision making, as generally pa-
tients with iENE are considered ineligible for surgical treatment. Our
two steering committee radiologists reviewed these scans to elucidate
possible reasons for the inconsistency between raters. The main themes
that arose included: what constitutes matted nodes, difference between
displacement and invasion of muscle, 270-degree encirclement of ca-
rotid artery to qualify as invasion, and not recognising skin is an organ.
Reasons for this variability need to be examined and researched further.

We had expected that intra-rater correlation would be very high, due
to high internal consistency, and the free-marginal multi-rater kappa for
the binary classification did show moderate to strong agreement.
However, there was high variability with a wide range of intra-rater
agreement amongst individual scans read by the same radiologist.
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Fig. 3. Intra-rater agreement within the 12 radiologist and overall pooled free-marginal multi-rater kappa for binary (hollow circle) and grade (solid circle)

classifications.

Furthermore, intra-rater agreement was weak for some radiologists,
particularly for the grade classification, where a third of the radiologists
showed weak agreement. These findings are surprising and highlight the
subjective nature of diagnosing iENE, especially in some cases. Reasons
for these inconsistencies and means for their mitigation should be
studied further.

An additional consideration is the evolving treatment landscape,
particularly the increasing use of neoadjuvant immunotherapy in head
and neck cancer. Our findings demonstrate that iENE assessment already
exhibits variability, particularly in cases with ambiguous or borderline
imaging features. In this context, neoadjuvant immunotherapy may
further complicate interpretation, as treatment-related changes in nodal
architecture, including immune infiltration, fibrosis, and necrosis, may
further complicate the radiologic assessment of ENE. This further em-
phasises the importance of standardised iENE criteria, and the need for
future studies to understand their performance in treatment-modified
nodal disease.

The clinical relevance of iENE is also context-dependent and varies
across tumour subsites. In predominantly surgically managed cancers,
such as in the oral cavity, pathological ENE remains the key determinant
of adjuvant treatment. However, the role of iENE is distinct, as it may
inform pre-treatment decision making. In disease settings where both
surgical and non-surgical approaches are considered, such as in
oropharyngeal cancer, suspected iENE may influence the selection of
primary treatment in order to reduce the likelihood of trimodality
therapy.

Tumour subsite data was not systematically recorded in this study,
which limits formal subsite-specific analysis. However, the cases were
derived from routine clinical imaging datasets and were likely pre-
dominantly oropharyngeal cancers, where imaging-detected ENE has
the greatest clinical relevance in guiding initial treatment selection.

The strengths of this study include its international scope, rigorous
methodology, and use of real-world CT and MRI scans. The two-round
design allowed evaluation of intra-rater consistency. We also applied
robust statistical methods, including sensitivity analyses using ICC.
Finally, one of the challenges of implementing any iENE classification
internationally is that it must be easily applicable with limited training,

as it is not realistic or possible to provide all radiologists with specific
intensive training. We did not assess the performance of the radiologists
before reading and applying the HNCIG consensus classification. How-
ever, we were able to demonstrate that by studying the online HNCIG
consensus classification[11], its accompanying educational Atlas
(downloadable from https://www.hncig.org), and then taking the self-
test, head and neck radiologists from different countries were able to
provide consistent results across diverse imaging modalities.

Our study has limitations. One potential limitation could be the
absence of histopathological correlation, preventing assessment of
diagnostic accuracy. This was by design, as our aim was to evaluate
reliability, not validity. Second, the dataset was limited in size and may
not capture the full heterogeneity of imaging quality or tumour biology
seen in clinical practice. However, scans were carefully selected to
include a representative range of presentations, and the high-level
agreement across centres strengthens generalisability.

Consensus criteria for iENE diagnosis are one important component
of improving iENE reliability, accuracy and prognostic power. A recent
study demonstrated other potential complementary strategies.[9]
Experienced radiologists showed better specificities, with similar sen-
sitivities to general radiologists. Our study only recruited experienced
specialist head and neck radiologists. Length of experience in this group
of specialist head and neck radiologists did not appear to make a dif-
ference. But it is possible that correlation may be lower between general
radiologists. Another strategy was the use of both MRI and CT together,
which was shown to considerably improve both sensitivity and speci-
ficity of iENE. This may also improve the consistency and correlation
between radiologists, and requires further study, including its cost
effectiveness.

The quantitative and qualitative work in this study suggested that
additional training materials are needed to ensure optimal reproduc-
ibility of iENE assessment between radiologists. Further online re-
sources, based on the HNCIG classification, have now been developed by
the International joint Task Force on iENE[20], with the aim of
providing additional training in a widely accessible manner, that should
help to further enhance consistency and reliability. These training ma-
terials should be validated further by international studies representing
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head and neck radiologists from around the world. In the future, the
application of artificial intelligence-driven radiomics algorithms may
also improve the consistency and possibly accuracy of reporting iENE.
[21] The HNCIG has embarked on the Artificial Intelligence in Head and
Neck Cancer (Arl) initiative to collect datasets that will enable the
development and validation of such artificial intelligence driven algo-
rithms for iENE identification amongst others.

In conclusion, consistent radiologic scoring is essential for incorpo-
rating iENE into future clinical trials, staging systems and routine clin-
ical decision making. Application of the HNCIG consensus classification
(in a binary format) and its accompanying training materials yielded
consistent results across diverse international expert radiologists and
imaging modalities, supporting the reliability of the HNCIG iENE
consensus classification for international adoption. There is however
wide variation in grading extent of iENE, and more is needed to address
this. To enhance consistency further, using the guidelines in conjunction
with recently published online training resources is recommended.
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