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Purpose:  To evaluate the interrater reliability among radiologists examining posttreatment head and neck squamous cell carci-
noma (HNSCC) fluorodeoxyglucose PET/contrast-enhanced CT (CECT) scans using Neck Imaging Reporting and Data System
(NI-RADS).

Materials and Methods:  In this retrospective study, images in 80 patients with HNSCC who underwent posttreatment surveillance PET/
CECT and immediate prior comparison CECT or PET/CECT (from June 2014 to July 2016) were uploaded to the American
College of Radiology’s cloud-based website, Cortex. Eight radiologists from seven institutions with variable NI-RADS experience inde-
pendently evaluated each case and assigned an appropriate prose description and NI-RADS category for the primary site and the neck
site. Five of these individuals were experienced readers (> 5 years of experience), and three were novices (< 5 years of experience). In
total, 640 lexicon-based and NI-RADS categories were assigned to lesions among the 80 included patients by the eight radiologists.
Light generalization of Cohen k for interrater reliability was performed.

Results:  Of the 80 included patients (mean age, 63 years = 10 [standard deviation]), there were 58 men (73%); 60 patients had stage
IV HNSCC (75%), and the most common tumor location was oropharynx (7 = 32; 40%). Light k for lexicon was 0.30 (95% CI:
0.23, 0.36) at the primary site and 0.31 (95% CI: 0.24, 0.37) at the neck site. Light k for NI-RADS category was 0.55 (95% CI: 0.46,
0.63) at the primary site and 0.60 (95% CI: 0.48, 0.69) at the neck site. Percent agreement between lexicon and correlative NI-RADS
category was 84.4% (540 of 640) at the primary site and 92.6% (593 of 640) at the neck site. There was no significant difference in
interobserver agreement among the experienced versus novice raters.

Conclusion:  Moderate agreement was achieved among eight radiologists using NI-RADS at posttreatment HNSCC surveillance
imaging.

Supplemental material is available for this article.
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n contrast to the traditional narrative radiology reports, a
Istandardized radiology reporting system clarifies the de-
gree of suspicion on the presence or absence of disease and
directly links to subsequent management of patients. Fur-
thermore, the Reporting and Data Systems allow for data
collection and mining to better determine accuracy, inter-
rater agreement, effect on management, and outcomes.

Created in 2016, the Neck Imaging Reporting and
Data System (NI-RADS) is a standardized classification
system with management recommendations linked to each
category, which is based on the level of suspicion for the
presence of tumor at head and neck squamous cell carci-
noma (HNSCC) surveillance imaging after treatment. NI-
RADS categories, ranging from 0 through 4, are assigned

to the primary and neck (nodal) sites independently to
convey the level of suspicion for disease at each site: 0, in-
complete; 1, no evidence of recurrence; 2, low suspicion; 3,
high suspicion; and 4, definitive recurrence. By replacing
free-text narrative reports with standardized lexicon and a
numerical category assignment, communication and fur-
ther recommendations are clear for both the referring cli-
nician and patient (1,2). Several recent reviews outline the
practical application of NI-RADS and its improvement at
head and neck cancer surveillance imaging (1-4).
PET/contrast-enhanced CT (CECT) has become an
integral component in HNSCC surveillance (5-8). NI-
RADS was initially developed for use with PET/CECT,

and its performance has been examined in several published
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Abbreviations

CECT = contrast-enhanced CT, DICOM = Digital Imaging and
Communications in Medicine, HNSCC = head and neck squa-
mous cell carcinoma, NI-RADS = Neck Imaging Reporting and
Data System, RCMS = Radiology Case Management System

Summary

Eight radiologists from seven institutions achieved moderate inter-
rater reliability using the standardized Neck Imaging Reporting
and Data System in posttreatment head and neck squamous cell
carcinoma.

Key Points

= Light k for prose description was 0.30 at the primary site and 0.31
at the neck site, while Light k for Neck Imaging Reporting and
Data System (NI-RADS) category was 0.55 at the primary site
and 0.60 at the neck site.

= Mismatch between chosen prose descriptions and NI-RADS cat-
egory highlights an opportunity for education and the need for
further training and standardization.

= Moderate interrater reliability using NI-RADS was achieved
among radiologists with minimal NI-RADS experience, specifi-
cally with only three of the eight included radiologists using it in
clinical practice.

Keywords
CT, PET/CT, Head/Neck, Neck, Neoplasms-Primary, Observer

Performance

studies. Higher NI-RADS categories (ie, 3 and 4) at the baseline
posttreatment PET/CECT and subsequent surveillance studies
are all strongly associated with increased risk of treatment failure
in patients with HNSCC. There is an increased rate of residual
or recurrent disease with each increase in NI-RADS category,
with rates of residual and recurrent disease reported between
3.8% and 4.3% for NI-RADS 1, 9%-17% for NI-RADS 2,
42%-59% for NI-RADS 3, and 100% for NI-RADS 4 (9-12).
While initial data have established the value of NI-RADS, in-
terrater agreement among radiologists at different institutions is
a topic to be investigated. Furthermore, the interrater agreement
in the interpretation of the complicated posttreatment head and
neck CECT has not been established, as its study has largely been
precluded by the lack of standardized reporting. The development
of NI-RADS provides the opportunity to study and improve inter-
rater agreement and therefore improve our collective added value
for head and neck cancer. Previously described interrater agree-
ment between two radiologists from the same institution with
prior experience using NI-RADS was very good, with a k statistic
of 0.82 (9). A subsequent study demonstrated moderate agree-
ment among four radiologists from the same institution, with a k
statistic of 0.48 at the primary site and 0.50 at the neck site (13).
‘The purpose of this study was to examine the interrater reliability
among radiologists from multiple different institutions examining
posttreatment HNSCC PET/CECT scans using prose description
and NI-RADS. To add value for patients with head and neck cancer
in the posttreatment period, it is critical to understand the variation
in interpretation and management on the basis of imaging findings.
NI-RADS is a tool that now allows us to gather baseline data and
generate educational tools to standardize radiologic interpretations.

Materials and Methods

This multi-institutional retrospective study was approved by
the institutional review board at each respective institution
and was in compliance with the Health Insurance Portability
and Accountability Act. The requirement for written informed
consent was waived.

Patient Selection and Case Creation

In this study, only patients with HNSCC who underwent pre-
treatment PET/CT or CECT and posttreatment PET/CECT
between June 2014 and July 2016 from two large academic
centers were included. All MR images were excluded. In to-
tal, 80 patients with HNSCC were selected from a database
of posttreatment PET/CECT scans, with 88% (70 of 80) of
patients from one institution, which were published on a prior
study that examined patient clinical outcomes (11). This cur-
rent study differs, as it analyzes interobserver agreement be-
tween radiologists interpreting imaging studies and includes
additional patients from another institution, representing 12%
(10 of 80) of the cohort.

Each of the 80 patients had a short history and two imaging
studies, a pretreatment PET/CT or CECT to assess the extent
of disease and a posttreatment PET/CT, which typically occurs
between 8 to 12 weeks after treatment. A pretreatment examina-
tion was included to assess the primary tumor’s original size and
extent and the presence of any nodal disease. A short history
provided raters with basic demographic information, including
patient age, sex, tumor type and location, staging, and treatment
history. A total of 306 individual examinations were uploaded,
including a total of 148 fused PET/CT scans, 152 CECT scans,
and six whole-body CT scans. Of these cases, 35 studies were
from outside hospitals (35 of 306; 11.4%). Only axial images
were uploaded for each case; no reformats were provided.

‘The patients’ prior pretreatment and posttreatment examina-
tions were uploaded online into cases in conjunction with the
American College of Radiology through their cloud-based con-
tent manager, Radiology Case Management System (RCMS),
and Cortex websites, which allow users to store, manage, and
distribute radiologic content. All Digital Imaging and Commu-
nications in Medicine (DICOM) files were exported from the
picture archiving and communication system and scrubbed of
all identifying information by using OsiriX version 9.0.2 (Pix-
meo). All cases were assigned a separate random numeric identi-
fier and uploaded to RCMS. Cases were randomized in order by
using a random number generator prior to upload on Cortex.
DICOM images were displayed on Cortex through NilRead ver-
sion 4.2.21.90144 (Hyland Software).

Image Acquisition

Fluorodeoxyglucose PET and CECT scans were performed
with General Electric Discovery PET/CT scanners (GE
Healthcare). Patients fasted for 4-6 hours prior to the scan. If
serum glucose concentrations immediately prior to fluorode-
oxyglucose administration were greater than 200 mg/dL, scan-
ning was deferred. Combined PET/CT images from the skull
vertex through the midthigh were obtained 50-60 minutes
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after intravenous administration of 10-20 mCi of fluorode-
oxyglucose, dosed by body weight. Helical non—contrast ma-
terial-enhanced CT scans from the vertex through midthigh
were performed before PET for attenuation correction and
anatomic localization. Diagnostic CECT images were obtained
cither after a 45-second delay after administration of 125 mL
of intravenous contrast agent or after a 90-second delay with
split bolus technique of 110 mL of intravenous contrast agent.
The contrast agent that was used was iopamidol (Isovue 370;
Bracco). CT examinations followed one of two scan param-
eters: (2) 120-130 kV (peak); variable milliampere; pitch, 1.5—
2; collimation, 3.75 mm or (4) 120 kV (peak); smart milliam-
pere with a noise index of 13.78; pitch, 0.984; gantry rotation,
0.7 second; field of view, 25 cm. Scan parameters for pretreat-
ment examinations from outside hospitals were not obtained.

Raters and Instructions

Eight radiologists with varying degrees of clinical experience
(B.EB., 19 years; Y.A., 19 years; C.D.P, 25 years; A.E]J., 14
years; K.M.M., 25 years; M.PB., 3 years; S.SM.P,, < 1 year;
M.H.K., < 1 year) from seven institutions nationwide were
selected for the study. Five were experienced radiologists
who were Certificate of Added Qualifications—certified neu-
roradiologists with more than 5 years of experience. Three
novice radiologists included one general radiologist and two
neuroradiology fellows. Radiologists had a variable degree of
experience with NI-RADS. All participants were invited via
e-mail and provided with a general overview of the study, a
Cortex internet link to access cases, and a tutorial on navi-
gating Cortex and viewing images on NilRead. Additionally,
all readers were provided with an optional online teaching
file consisting of a brief background about NI-RADS and
practice cases (bttps://www.acr.orgl-/medial ACR/FilessRADS/
NI-RADS/NIRADS-Atlas.pdf).

Image Analysis and Questions

Cases were accessed through any PC, Mac, or Linux com-
puter using any of the following compatible internet brows-
ers: Google Chrome, Mozilla Firefox, Microsoft Internet
Explorer, or Apple Safari. Each radiologist independently
reviewed case images on a personal computer. Only axial
images were provided to each rater. A subjective analysis of
none versus mild versus intense fluorodeoxyglucose uptake
was determined instead of a strict standard uptake value, as
these data do not improve diagnostic accuracy for disease af-
ter treatment for HNSCC (5,14,15).

Subsequently, raters answered four multiple-choice ques-
tions (Appendix E1 [supplement]). The first two questions
pertained to the primary site and the remaining two to the
neck (nodal) site. Neck (nodal) assessment was based on the
most suspicious-appearing node and not reflective of the total
number of abnormal nodes. Questions 1 and 3 asked raters to
select the most accurate prose description or lexicon for any
visualized abnormality and were created to map to specific
NI-RADS categories and the lexicon defined by the American
College of Radiology categories descriptor table (Appendix
E2 [supplement]). Questions 2 and 4 asked raters to assign

Radiology: Imaging Cancer Volume 3: Number 3—2021 = radiology-ic.rsna.org

Hsu et al

the appropriate NI-RADS category at the primary site and
neck site, respectively. Questions could be answered in any
order and changed prior to final submission. No time restric-
tion was enforced.

Power and Data Analysis

In determining the number of total patients required, we ex-
pected an average k of approximately 0.8 and planned to dem-
onstrate that it is higher than 0.6 by using a two-sided size
test, with a significance level of .05 (16). With 75 patients split
evenly across NI-RADS categories 1, 2, and combined 3 and
4, we would have at least 80% statistical power to demonstrate
that a single k coefficient is greater than 0.6. In practice, the
frequencies of the NI-RADS categories were approximately
37%, 38%, and 25%, for NI-RADS 1, 2, and combined 3 and
4, respectively; updating with these numbers, 7 = 82 would
achieve 80% power. By increasing the number of raters, this
improves statistical power, making these estimates conservative.

Descriptive statistics were collated. Interrater agreement
for prose descriptions (ie, lexicon responses) was assessed us-
ing unweighted Light generalization of Cohen k measure
of interrater reliability, which is based on the mean of the
pairwise Cohen k measures of agreement between the eight
raters on the scoring of the 80 patients (17,18). NI-RADS
category was treated as ordinal data with three levels (catego-
ries 1, combined 2a and 2b, and combined 3 and 4), and thus
interrater agreement was assessed using Light k with squared
weights. The 95% ClIs were calculated using 5000 bootstrap
samples. NI-RADS 2a and 2b were combined, as they both
represent low suspicion category, with the only distinction
being the location of abnormality: mucosal versus submuco-
sal. NI-RADS 3 and 4 were combined, as they both represent
high-risk lesions for tumor recurrence. The K statistic was in-
terpreted using six different categories: less than 0, less than
chance 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 agree-
ment (19). All statistical analyses were performed on R ver-
sion 3.6.1 (R Foundation for Statistical Computing) using
the package irr (20).

Results

Patient and Questionnaire Overview

Of our 80 patients (mean age, 63 years = 10), a majority of
patients were men (73%; 58 of 80). The most common tumor
stage was stage IV (75%; 60 of 80), and the most common
location was the oropharynx (40%; 32 of 80). Half of the pa-
tients underwent chemoradiation therapy alone (50%; 40 of
80), and the other half underwent surgical treatment with or
without adjuvant chemoradiation therapy (50%; 40 of 80).
The average time interval between treatment completion and
posttreatment imaging was 13.2 weeks * 2.9. Table 1 shows
patient and lesion characteristics. All four multiple-choice
questions for each of the 80 patients were answered by the
eight radiologists (2560 of 2560 questions, 100%).


http://radiology-ic.rsna.org
https://www.acr.org/-/media/ACR/Files/RADS/NI-RADS/NIRADS-Atlas.pdf
https://www.acr.org/-/media/ACR/Files/RADS/NI-RADS/NIRADS-Atlas.pdf

NI-RADS Interrater Reliability in Head and Neck Squamous Cell Carcinoma

Interobserver Responses on Questionnaire

Raters” prose description (ie, lexicon) responses from ques-
tions 1 and 3 were in the range of fair agreement at both the
primary and neck sites. Light k for lexicon was 0.30 (95%
CI: 0.23, 0.36) at the primary site and 0.31 (95% CI: 0.24,
0.37) at the neck site (Table 2).

Raters’ NI-RADS category assignments from questions 2 and
4 were in the range of moderate agreement at both the primary
and neck sites. Weighted Light k for NI-RADS category was
0.55 (95% CI: 0.46, 0.63) at the primary site and 0.60 (95%
CI: 0.48, 0.69) at the neck site (Table 2).

Experience Level and Interobserver Agreement

There was no significant difference in interobserver agreement
among experienced raters versus novice raters (Table 2). Light
K for lexicon at the primary site for experienced raters was 0.29
(95% CI: 0.22, 0.36) and for novice raters was 0.30 (95% CI:
0.19, 0.41). Light k for lexicon at the neck site for experienced
raters was 0.29 (95% CI: 0.22, 0.36), while for novice rat-
ers it was 0.32 (95% CI: 0.22, 0.41). Weighted Light k for
NI-RADS category at the primary site for experienced raters
was 0.57 (95% CI: 0.47, 0.66) and for novice raters was 0.51
(95% CI: 0.36, 0.64). Weighted Light k for NI-RADS at the
neck site for experienced raters was 0.56 (95% CI: 0.44, 0.66),
while for novice raters it was 0.67 (95% CI: 0.53, 0.79).

Agreement between Prose Description and NI-RADS
Category

The prose description or lexicon used in multiple-choice ques-
tions 1 and 3 each has a specific NI-RADS category correlate.
Raters’ lexicon selections at the primary and neck sites were au-
tomatically mapped to the correct NI-RADS category through
a mapping key and then compared with the raters selected NI-
RADS category (Fig 1). At the primary site, the percent agree-
ment of the prose description and the correlative NI-RADS
category was 84.4% (540 of 640), with a mismatch percentage
of 15.6% (100 of 640). At the neck site, the percent agreement
was 92.6% (593 of 640), with a mismatch percentage of 7.3%
(47 of 640). Among our raters, the highest mismatch percent-
age was 37.5% (30 of 80) at the primary site and 27.5% (22
of 80) at the neck site (Table 3). Figures 2 and 3 were two
exemplary cases that demonstrate discrepancies between our
raters and highlight difficulties encountered with differentiat-
ing between NI-RADS 2a and 3.

Discussion

Interpretation of head and neck imaging, particularly post-
treatment head and neck cancer, is very challenging (21). In
fact, NI-RADS is the first multi-institutional standardized
template to report imaging findings in patients with head and
neck cancer. Recent studies have demonstrated the associa-
tion between NI-RADS category and likelihood of treatment
failure (9-12). NI-RADS has also facilitated evaluation of the
prognostic value of specific radiologic findings at posttreat-
ment HNSCC surveillance imaging. This study aimed to le-
verage the standardized categories used in NI-RADS to study

Table 1: Patient and Lesion Characteristics
Characteristic Value
No. of patients 80
No. of men 58 (73%)
Mean age = standard deviation (y) 63 £ 10
Location
Hypopharynx 1 (1%)
Larynx 23 (29%)
Nasopharynx 5 (6%)
Oral cavity 17 (21%)
Oropharynx 32 (40%)
Skin 1 (1%)
Unknown 1 (13%)
Treatment
CRT 40 (50%)
Surgery with or without CRT 40 (50%)
Stage
I 6 (8%)
11 3 (4%)
11 10 (13%)
IVA 55 (69%)
IVB 5 (6%)
Unknown 1 (1%)
NI-RADS category
1
Primary 35 (44%)
Neck 58 (73%)
2a
Primary 26 (33%)
Neck 9 (11%)
2b
Primary 2 (2%)
Neck 0 (0%)
3
Primary 13 (16%)
Neck 11 (14%)
4
Primary 4 (5%)
Neck 2 (2%)
Note.—CRT = chemoradiation therapy, NI-RADS = Neck
Imaging Reporting and Data System.

interrater reliability in interpretation. Specifically, we wanted
to evaluate agreement among radiologists from different in-
stitutions across the nation, who may be exposed to different
practice patterns.

We found that interrater agreement among eight radiologists
was fair when using prose descriptions (ie, lexicon) at both the
primary and neck sites, with a Light k of 0.30 and 0.31, respec-
tively. It is not surprising that the interrater reliability even among
subspecialists using prose description and impressions is only fair,

radiology-ic.rsna.org ® Radiology: Imaging Cancer Volume 3: Number 3—2021


http://radiology-ic.rsna.org

Hsu et al

Table 2: Light Generalization of Cohen « for Prose Description and NI-RADS Category

of these treatment failures will be
asymptomatic patients with recur-

Site and Reader Experience Level Prose Description

NI-RADS Category

rences identified by imaging alone

All readers
Primary 0.30 (0.23, 0.36)
Neck 0.31 (0.24, 0.37)

Experienced vs novice readers

Primary
Experienced 0.29 (0.22, 0.36)
Novice 0.30 (0.19, 0.41)
Neck

0.29 (0.22, 0.36)
0.32 (0.22, 0.41)

Experienced

Novice

(25). It is therefore critical that we

0.55 (0.46, 0.63) clearly communicate our findings

0.60 (0.48, 0.69) and standardize our level of suspi-

cion on the basis of specific find-
ings that have either been shown
to be more likely after treatment
(NI-RADS 2) or more likely treat-
ment failure (NI-RADS 3).

When using NI-RADS cat-
egories, interrater agreement in-
creased to moderate. Weighted

0.57 (0.47, 0.66)
0.51 (0.36, 0.64)

0.56 (0.44, 0.66)
0.67 (0.53, 0.79)

System.

Note.—Values are shown with 95% Cls in parentheses. Experienced readers were those who had
Certificate of Added Qualifications and more than 5 years of experience, while those with less than
5 years of experience were considered as novice. NI-RADS = Neck Imaging Reporting and Data

Light k was 0.55 at the primary
site and 0.60 at the neck site.
While the k statistic may be
partly increased with the use of

weighted k for ordinal data in
the NI-RADS category, in con-

A Pri NI-RADS Description B Neck NI-RADS Description trast to categorical data for prose
rimary 1 2a | 2b 3 4 ec 1 2 3 4 descriptions, NI-RADS category

1 | 233 1 0 0 0 A 1 | 365 3 0 0 agreement was higher than prose

g e; 2a 35 178 1 0 0 Q g b} 14 111 0 0 deSCfiptiOﬂ at both the primary

E % 2b 0 4 27 5 0 E ‘3 3 3 9 59 0 and neck .sites. We }'1y.p0thesize

..2." S 3 0 3 5 Py 3 = O 2 0 | 17 | 28 that the discrete suspicion leve!s

1 0 1 0 0 | 27 of NI-RADS encourage the radi-

Figure 1:
and, B, at the neck site.

Prose description versus Neck Imaging Reporting and Data System (NI-RADS) category, A, af the primary site

ologist to commit to an opinion
that drives the next step in man-
agement, which has limited pos-

sibilities, namely: 1, no change

Table 3: Discordance Rates among Individual Raters between Prose Descriptions and with routine clinical observation;
NI-RADS Category 2, closer follow-up or directed
Rater Experience Primary (%) Neck (%) clinical examination; 3, biopsy
and/or surgery; 4, palliation
! E 23 (18/80) 14 (11/80) and/or salvage treatment. These
2 b LD (1150) L(1/80) management options map to NI-
3 E 18 (14/80) 5 (4/80) RADS 1, 2, 3, and 4, respectively.
4 E 38 (30/80) 10 (8/80) In other words, radiologists sim-
5 N 6 (5/80) 0 (0/80) ply decide if the examination is
6 E 28 (22/80) 28 (22/80) definitely normal with expected
7 E 4 (3/80) 0 (0/80) posttreatment change (NI-RADS
8 N 0 (0/80) 1 (1/80) 1), suspicious for tumor recur-
Overall NA 16 (100/640) 7 (47/640) rence or definitely abnormal (NI-
] ] . ] RADS 3 or 4), or indeterminate

Note.—E = experienced (had Certificate of Added Qualifications and more than 5 years of experi- .
ence), N = novice (less than 5 years of experience), NA = not applicable, NI-RADS = Neck Imag- as to whether an abnormality
ing Reporting and Data System. represents posttreatment change

or tumor (NI-RADS 2). If radi-

especially in the interpretation of these complex postsurgical and
postradiation studies (22,23). A 2017 study showed a similar lack
of interobserver agreement in the interpretation of lumbar spine
MRI (24). This is an opportunity for head and neck radiologists to
lead the way to improve standardization. Approximately 65% of
patients with head and neck cancer will have treatment failure after
definitive treatment (23). A recent study shows that nearly a third

Radiology: Imaging Cancer Volume 3: Number 3—2021 = radiology-ic.rsna.org

ologists are not highly suspicious

that an abnormality is tumor,
then the best course is often close imaging follow-up or directed
visual examination and not biopsy. It is possible that the close
connection with NI-RADS category with subsequent manage-
ment paradoxically helps to clarify suspicion level for the radiol-
ogist and simplifies interpretation of the complex posttreatment
neck. This in turn improves interobserver agreement, which is
valuable as categories have predictive value (9—11). Nevertheless,
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' 3 Month Posttreatment PE/CEC?

12 Month Posttreatment PET/CECT

Figure 2: T2NOMO squamous cell carcinoma of the right buccal mucosa treated with wide local excision, selective neck dissection, and
right forearm free flap. A, At 3-month postireatment contrast material-enhanced CT, there was a linear area of enhancement along the lat-

eral aspect of the right first mandibular molar (yellow arrow). At PET, this area was associated with infense fluorodeoxyglucose uptake (yel-
low arrow). Of note, the curvilinear enhancing lesion represents the pedicle of the forearm free flap (red arrow). Clinical examination findings
were not suggestive of tumor recurrence but felt to represent tumefactive radiation injury. B, A contrast-enhanced neck CT scan with bone
window obtained 9 months after freatment demonstrates destructive osseous changes centered around the right maxillary tuberosity and right
mandible (yellow arrow). CT-guided biopsy revealed fibrofic fissue with inflammation, consistent with osteoradionecrosis. C, Atimaging 12
months after freatment, there is interval improvement in fluorodeoxyglucose uptake (yellow arrow). Half of the raters assigned the first post-
treatment study a NI-RADS category 3 at the primary site. However, given its mucosal location for direct clinical examination, NI-RADS 2a is
more appropriate. Red arrow indicates curvilinear enhancing lesion representing pedicle of forearm free flap.

LS

6 Month Posttreatment PET/CECT

Figure 3: A, T4aN1MO squamous cell carcinoma of the right palatine tonsil staging PET/contrast-enhanced CT (CECT). Patient was
treated with chemoradiation therapy alone. B, At 3 months after treatment, PET/CECT scan demonstrated an enhancing soft-fissue mass
along the superior margin of ulceration in the region of palatine tonsil with corresponding intense fluorodeoxyglucose uptake, concermning for

residual tumor. However, upon direct visualization, the otolaryngologists suspected the imaging findings were radiation injury to soft issues. A
CT-guided biopsy revealed inflammatory cells and necrotic debris. C, On 6-month follow-up images, there is marked improvement in fluo-
rodeoxyglucose uptake. This case was particularly difficult, with half of our raters assigning a NI-RADS category 2a and the others a 3, and
became an index case to help define the 2a category. Immediate postireatment PET/CECT scans with mucosal-based abnormalities are
now TypicoHy assigned a NI-RADS category 2a, as many of these are tumefactive radiation injury.
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our study highlights that there is still room for improvement, as
the majority of the readers (five of eight) only had a brief tutorial
on NI-RADS and at the time of the study had not incorporated
NI-RADS into their clinical practice.

As previously described in two studies, interrater agreement
from single institutions reached a k statistic of 0.82 in 40 pa-
tients between two experienced readers and achieved a k statis-
tic of 0.48 at the primary site and 0.50 at the neck site among
four readers (9,13). Our current study has several key differ-
ences. First, we included radiologists from multiple geographic
regions and different institutions with variable experience with
NI-RADS. Whereas previously, radiologists from the same insti-
tution were included. Second, our study included a larger num-
ber of patients when compared with Krieger et al (9). Third,
the NI-RADS category distribution of the 40 previously selected
patients used for the k statistic is unclear in Krieger et al. How-
ever, when comparing the overall population, we have a higher
percentage of abnormal scans when compared with these two
studies. We chose to have a higher percentage of abnormal scans
when compared with the prevalence in the disease population to
prevent a prohibitively large cohort.

Accurate NI-RADS category assignment requires knowledge
of the template lexicon, as each prose description used in our
questions has an appropriate NI-RADS category correlate. There
were a total of 147 instances of mismatch between the lexicon
and NI-RADS category among our raters, 100 at the primary
site and 47 at the neck site. Certain posttreatment changes led to
most of the discrepancies. For example, diffuse, linear mucosal
enhancement correlates with NI-RADS 1, but some readers as-
signed it NI-RADS category 2; or focal-mucosal enhancement,
which correlates with NI-RADS 2a, was assigned NI-RADS
category 3 by some raters (Fig 2). These mismatches highlight
an opportunity for education such as appropriate lexicon and
NI-RADS category assignment or specific exemplary cases to
help delineate differences between challenging descriptions and
categories, such as NI-RADS 2a versus NI-RADS 3 (Fig 3).

‘There were several limitations to our study. First, interpreta-
tion of the K statistic varies among many researchers (26). We
evaluated our K statistic using one of the most common guide-
lines, as it provides easy interpretation (19). Additionally, while
the k statistic accounts for the number of categories, an increased
number of categories may lower overall agreement (27). Second,
raters were limited by constraints of an online browser interface
instead of a diagnostic-grade picture archiving and communica-
tion system station and were provided only axial images without
reformats. Third, our raters viewed a higher number of abnormal
and higher-stage tumor cases when compared with published
HNSCC study populations (9,11). In the setting of complex
surgical and radiation treatments, immediate posttreatment sur-
veillance imaging is challenging. With a higher incidence of pa-
tients with NI-RADS 3 and higher-stage tumors, we anticipated
more variability with the inclusion of more advanced tumors.
If lower-stage tumors were included, better interrater agreement
may have been achieved. Last, a majority of our radiologists do
not use NI-RADS in their daily practice and were using the tem-
plate for the very first time in this study. The previously reported
K statistic of 0.82 likely is the result of the two neuroradiologists’
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extensive experience using NI-RADS, indicating the presence of
a learning curve with NI-RADS (9). With further training, edu-
cation, and experience with NI-RADS, we expect that interrater
reliability will improve.

In conclusion, our study demonstrates moderate agreement
among eight radiologists from multiple institutions using NI-
RADS with posttreatment HNSCC PET/CECT scans. Light k
was 0.55 at the primary site and 0.60 at the neck site. Decreased
agreement between prose descriptions and mismatch between
lexicon and NI-RADS category highlight opportunities for
further education and stress the need for further training and
standardization.
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