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Purpose: Extranodal extension on radiology (iENE) is reported in single-center studies to be negatively prognostic in human
papillomavirus-mediated oropharyngeal cancer (HPV + OPC) and is a major eligibility criterion for surgical treatment. How-
ever, studies report widely varying sensitivities, specificities, and interobserver correlation. In this research the prognostic
power, sensitivity, and specificity of iENE in HPV + OPC in real-world practice are determined.

Methods and Materials: A retrospective cohort of 821 consecutive subjects with p16 + OPC, treated with surgery and/or che-
moradiation therapy (CRT), from 13 multinational secondary hospitals in 9 countries between January 1, 1999 and December
31, 2020 was analyzed. The main outcomes were sensitivity, specificity, and overall survival (OS). Assessors were blinded to
outcomes.

Results: Six hundred thirty-eight patients were included in the final analysis. A total of 109 of 394 (27.7%) with no iENE had
ENE on histopathology (pENE), and 109 of 192 (56.8%) of patients with pENE were misclassified as having no iENE. iENE
sensitivity and specificity were 44.5% (95% CI, 37.8%-51.4%) and 87.6% (95% CI, 84.1%-90.6%), respectively, and varied signif-
icantly between centers. Negative predictive value was 75.3% (95% CI, 72.3%-77.5%).

Subgroup analyses showed significantly increased sensitivity and specificity if patients had both computed tomography (CT)
and magnetic resonance imaging (MRI): 84.6% (95% CI, 65.1%-95.6%, P < .001) and 94.5% (95% CI, 82.3%-99.4%, P = .022),
respectively, compared with only CT or MRI alone. Specialist radiologists showed better specificities (89.14%; 95% CI, 85.69%-
91.99% vs 46.67%; 95% CI, 21.27%-73.41%, P < .001) and similar sensitivities to nonspecialists.

On multivariable analysis, iENE positivity was not a statistically significant independent predictor of OS (adjusted hazards ratio
[aHR], 1.50 [95% CI, 0.97-2.32; P = .071]) or disease-free survival (aHR, 1.41; 95% CI, 0.95-2.09; P = .089). Two proposals for
amended TNM staging did not yield large improvements.

Conclusions: In current real-world practice, iENE showed widely varying and modest accuracy, and was not independently
prognostic of outcomes in HPV + OPC. iENE accuracy and prognostic power increased significantly by using combined CT
and MRI scanning, experienced head and neck radiologists and more inclusive diagnostic criteria. Validated consensus diag-
nostic criteria and protocols are urgently needed to enhance the clinical utility of iENE. Until then, clinicians should be cau-
tious about making treatment decisions based on iENE. Crown Copyright © 2025 Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction was a large variation in the reported prognostic powers
between the different studies. In addition, 2 systematic
reviews report variable pooled sensitivities of 60% to 77%
and specificities of 60% to 96%,”” with widely varying and
modest correlation coefficients between radiologists of 0.4
to 0.7,° with a pooled correlation coefficient of 0.72 (95%
CI, 0.60-0.81).”

For iENE to be used reliably in routine clinical practice to
determine treatment selection, it should demonstrate con-

Specifically, the absence of iENE is used as a main eligibility sistent and high sensitivities, specificities, negative predictive
criterion for transoral surgery, with the aim of selecting Valges, and p rognostic power in a multlcen.ter real-world
those patients with no ENE on histopathology (pENE),> setting, and not just in studies with centralized or highly
and so avoiding triple therapy (surgery and postoperative controlled radiologic reporting that is not replicable in the

chemoradiation therapy [CRT]), with its considerable func- routine practice. Hef e, to our knowledge, mone of the la‘r Ch
est studies reported in the literature, we aimed to determine

Over the past decade, transoral robotic surgery has
increased in popularity, becoming the dominant treatment
for early human papillomavirus-mediated oropharyngeal
cancer (HPV + OPC) in many countries." Consequently,
extranodal extension detected on radiology (imaging-
detected extranodal extension [iENE]) is increasingly being
used to determine treatment selection for HPV + OPC.”"

tional disability. . . .
However, the evidence for the utility of iENE in the accuracy and prognostic power of iENE in HPV + OPC
HPV + OPC is not well established. Meta-analysis of data in a multicenter, multinational real-world setting. To future

proof findings, we also assessed 2 recent proposals for incor-
porating iENE into the American Joint Committee on Can-
cer TNM staging for HPV + OPC. Results are reported
according to the STROBE guidelines.

from mainly single centers, with small sample sizes, reported
by one or a small team of radiologists, suggests that iENE
carries prognostic importance in HPV + OPC, and indeed
may be even more prognostic than pENE.” However, there
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Methods and Materials

Study design

This was a centralized individual patient data analysis on
data from 14 head and neck cancer centers from 10 coun-
tries (Australia, Denmark, France, Germany, India, Spain,
Switzerland, The Netherlands, United Kingdom, and United
States). We included retrospective series and prospective
cohorts with minimum cohort sizes of a total of 50 cases.
Selected patients had to fulfill a priori inclusion criteria,
including consecutive patients aged 18 years or more, diag-
nosed with a primary squamous cell carcinoma of the oro-
pharynx between January 1, 1999 and December 31, 2020,
and treated with curative intent by surgery, radiation ther-
apy (RT), CRT, or a combination of these, and must have
had computed tomography (CT) or/and magnetic reso-
nance imaging (MRI) scans of the neck performed within
12 weeks before the start of treatment, and have data on
clinical outcomes and follow-up (date of last follow-up if
alive, date of recurrence or metastasis, and date and cause of
death). Positivity on plé immunohistochemistry was
defined as strong nuclear and cytoplasmic staining in at least
70% of the tumor cells.® There were no limits on upper age
or performance status. Radiological diagnosis of iENE for
all cases from each center were reported by the same radiol-
ogist, and scored as present, absent or equivocal, using the
criteria the radiologist used in their routine clinical practice,
which included irregular nodal margins, extension into peri-
nodal fat, matted or conglomerate nodes, and extension into
other structures such as muscle or skin. To reflect real-world
practice, the radiologists used the criteria that they normally
use to report iENE in routine clinical practice. Patients with
distant metastasis or recurrent disease at diagnosis were
excluded. Potential selection bias was addressed through
strict recruitment criteria, consecutively recruited cases, and
a minimum size of cohort for inclusion, as well as blinding
analysis from data collection. We addressed other forms of
bias through sensitivity analysis.

Because this was an analysis of anonymized routinely
collected clinical data, no approval was deemed necessary
by the ethics committee of the lead site, the University of
Birmingham, but each research site obtained any locally-
required ethics and other approvals before start of data col-
lection.

Outcomes

The primary outcome was overall survival (OS), defined as
duration from end of treatment until death from any cause,
or until last follow-up appointment, or until end of follow-
up. The secondary outcomes were the sensitivity and speci-
ficity of iENE reported by the local radiologist compared
with pENE diagnosed by the local pathologist (gold stan-
dard) in cases in which histopathology results were available
because surgery was performed.

Statistical analysis

Analyses were preplanned—details of statistical analysis are
provided in the Supplementary Materials section E1, Sup-
plementary Methods. In brief, patient demographic and dis-
ease characteristics were compared between ENE+ and
ENE— cases using the x” test, Fishers exact test, ¢ test, or
Wilcoxon rank-sum test, as appropriate. Survival was com-
pared between iENE+ and iENE— and between pENE+ and
PENE— groups using the log-rank test and Kaplan—Meier
survival curves were produced. Adjusted Cox proportional
hazards models were fitted to estimate the effects of iENE
and pENE on survival, adjusted by potential confounding
factors, with log-likelihood ratio test P values used to assess
the significance of each variable in the model. The sensitiv-
ity, specificity, positive predictive value and negative predic-
tive value (and 95% Cls) of iENE in diagnosing pENE (gold
standard) were calculated. Robustness to assumptions was
assessed through sensitivity analyses. Subgroup analyses
were also performed.

The 2 amendments to the TNM 8 classification system
proposed by Huang et al,” were applied to the N stage and
overall stage groupings, and Cox proportional hazards mod-
els were fitted to compare the OS of the groupings with the
respective ones by TNM 8. Models were compared by their
Harrell’s C-indices.

The significance threshold was established initially at
0.05, with a Bonferroni’s correction used in multiple com-
parison analyses. Analyses were performed using STATA/
SE 17.0 (StataCorp. 2019. Stata Statistical Software: Release
16: StataCorp LLC).

Results

Patient demographic and disease characteristics

Overall, 821 subjects with HPV + OPC were included,
treated between January 1, 1999 and December 31, 2020 at
13 centers in 9 countries, since the cohort from India had
no HPV + OPC cases. There were 651 men and 178 women
with a mean age of 59.9 years (SD, 9.40).

Performance status was available for only 442 of the 821
(53.8%) subjects, of whom 400 of 442 (90.5%) had perfor-
mance status Eastern Cooperative Oncology Group
(ECOG) Performance Status 0 or 1 and 42 of 442 (9.5%) sta-
tus 2 or 3. A total of 260 of 821 (31.7%) had never smoked,
328 of 821 (40.0%) were previous smokers, and 174 of 821
(21.2%) were current smokers, with 59 of 821 (7.2%) of
unknown status. A total of 539 of 821 (65.7%) had T1 and
T2 tumors, 81 of 821 (9.90%) had TX or TO tumors, and
153 of 821 (18.6%) had T3 and T4 tumors. A total of 169 of
821 (20.6%) had NO, 501 of 821 (61.0%) N1, 87 of 821
(10.6%) N2 and 16 of 821 (1.94%) N3 disease (TNM 8).
Forty-eight (5.85%) cases had missing staging data. A total
of 88 of 821 (10.7%) had equivocal iENE. Of the 821
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Table 1 Characteristics of patients with HPV+ by iENE status
1 0,
Overall n (%) iENE n (%)
Negative Positive
Variable (n =601) (n =220) P value*
Biological sex (n = 821) Male 651 (78.53) 459 (76.37) 185 (84.09) 017
Female 178 (21.47) 142 (23.63) 35 (15.91)
Smoking status (n = 821) Never 260 (31.67) 203 (33.78) 57 (25.91) .014
Previous 328 (39.95) 237 (39.43) 91 (41.36)
Current 174 (21.19) 127 (21.13) 47 (21.36)
Unknown 59 (7.19) 34 (5.66) 25 (11.36)
Recruiting center (n = 821) Australia — Royal Adelaide 85 (10.35) 48 (7.99) 37 (16.82) <.001
Hospital
Denmark — University of 125 (15.23) 123 (20.47) 2(0.91)
Copenhagen
France 14 (1.71) 8 (1.33) 6 (2.73)
Germany — Cologne 76 (9.26) 61 (10.15) 15 (6.82)
Germany — Munich 42 (5.12) 22 (3.66) 20 (9.09)
Netherlands — Amsterdam UMC 223 (27.16) 162 (26.96) 61 (27.73)
Netherlands — Amsterdam NKI/ 20 (2.44) 5(0.83) 15 (6.82)
UVA
Spain — Institut Catala 11 (1.34) 10 (1.66) 1(0.45)
dOncologia
Switzerland — Zurich 41 (4.99) 34 (5.66) 7 (3.18)
UK — University Hospitals 33 (4.02) 27 (4.49) 6 (2.73)
Birmingham
USA — Icahn School of Medicine 33 (4.02) 23 (3.83) 10 (4.55)
at Mount Sinai
USA — Methodist Eastbrook 41 (4.99) 15 (2.50) 26 (11.82)
Cancer Centre
USA — University of Pittsburgh 77 (9.38) 63 (10.48) 14 (6.36)
Medical
Performance status grade/score ~ ECOG score 0 = Karnofsky PS 277 (62.67) 234 (66.1) 43 (48.86) .004
(ECOG -Karnofsky) (n = score 90-100
442)
ECOG score 1 = Karnofsky PS 123 (27.83) 94 (26.55) 29 (32.95)
score 70-80
ECOG score 2 = Karnofsky PS 31(7.01) 20 (5.65) 11 (12.5)
score 50-60
ECOG score 3 = Karnofsky PS 11 (2.49) 6 (1.69) 5 (5.68)
score 30-40
Oropharynx subsite (n = 640) Base of tongue 234 (36.56) 164 (34.38) 70 (42.94) 253
Posterior pharyngeal wall 9 (1.41) 7 (1.47) 2 (1.23)
Tonsil 379 (59.22) 293 (61.43) 86 (52.76)
Other oropharynx 18 (2.81) 13 (2.73) 5(3.07)

(Continued),
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Table 1 (Continued)
Overall n (%) iENE n (%)
Negative Positive
Variable (n =601) (n =220) P value*
TNMS8 tumor category TO 9 (1.16) 7 (1.24) 2 (0.95) .014
(n=774)
T1 244 (31.52) 195 (34.64) 49 (23.22)
T2 295 (38.11) 200 (35.52) 95 (45.02)
T3 71 (9.17) 50 (8.88) 21 (9.95)
T4 83 (10.72) 54 (9.59) 29 (13.74)
X 72 (9.30) 57 (10.12) 15 (7.11)
TNMS nodal category NO 169 (21.86) 156 (27.71) 13 (6.19) <.001
(n=773)
N1 501 (64.81) 351 (62.34) 150 (71.43)
N2 87 (11.25) 51 (9.06) 36 (17.14)
N3 16 (2.07) 5(0.89) 11 (5.24)
Treatment (n = 821) Surgery Alone 203 (24.73) 175 (29.12) 28 (12.73) <.001
Surgery + RT 149 (18.15) 119 (19.80) 30 (13.64)
Surgery + CRT 176 (21.44) 113 (18.80) 63 (28.64)
RT Alone 71 (8.65) 63 (10.48) 8(3.64)
CRT 221 (26.92) 130 (21.63) 91 (41.36)
Other 1(0.12) 1(0.17) 0 (0.00)
Age at diagnosis (y) (n = 821) Mean (SD) 59.86 (9.40) 59.91(9.70) 59.73 (8.52) .808
Time between scan and <4 wks 153 (54.84) 109 (58.92) 44 (46.81) .097
treatment (n = 279)
>4 and <8 wks 101 (36.20) 63 (34.05) 38 (40.43)
>8 wks 25 (8.96) 13 (7.03) 12 (12.77)
PENE (n = 510) Negative 318 (62.35) 285 (72.34) 33 (28.45) <.001
Positive 192 (37.65) 109 (27.66) 83 (71.55)
Follow-up time (mo) (n =819)  Median (IQR) 50.5(28.7,82.0) 51.3(29.6,83.0) 48.0 (26.0, 76.5) 251
Survival outcome (n = 821) Dead 128 (15.59) 84 (13.98) 44 (20.00) .093
Alive 693 (84.41) 517 (86.02) 176 (80.00)
Abbreviations: CRT = chemoradiation therapy; iENE = imaging-detected extranodal extension; PS = performance status; RT = radiation therapy.
" The P value is calculated by ¢ test or Wilcoxon rank-sum test for numerical variables and x* test for categorical variables.

patients, 203 (24.7%) had surgery alone; 71 (8.70%) RT
alone; 221 (26.9%) CRT; 149 (18.2%) surgery and RT; and
176 (21.4%) surgery and CRT. Median follow-up was
4.18 years (IQR, 2.4-6.8 years).

A total of 220 of 821 (26.8%) had iENE+ disease. Of
those who had surgery and histopathological data, 192 of
510 (37.6%) had pENE+ nodal disease. In comparison
with cases that were iENE negative, iENE+ cases were of
the same mean age (59.7 vs 59.9 years), but had a higher
proportion of men (84.1% vs 76.5%, P = .019) (Table 1);
fewer never smokers (25.9% vs 33.8%, P = .014); more
patients with poor performance status 2 and 3 (18.2% vs
6.37%, P = .004); higher proportion of T3 and T4 disease

(23.7% vs 18.47%, P = .004); and a higher proportion of
N+ disease (93.81% vs 72.68%, P < .001). Significantly
more patients with iENE received CRT (41.4% vs 21.6%)
or surgery plus CRT (28.6 vs 18.8%), and fewer patients
with iENE received unimodal (surgery or RT alone)
treatment (16.3% vs 39.6%) or surgery plus RT alone
(13.6 vs 19.8%) than those without iENE (P < .001).
The likelihood of receiving triple therapy when having
surgery was 1.87 if iENE was present compared with if it
was absent, with 52.2% of patients with iENE who
received surgery also having postoperative CRT (indicat-
ing pENE) compared with 27.8% of those without iENE
(P < .001).
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Diagnostic accuracy

Five hundred twenty-seven patients received surgery, 6 were
missing iIENE and 21 missing pENE, resulting in a total of
638 neck sides available for the diagnostic test accuracy
analysis (Fig. E1). 56.8% (109 of 192) of patients with pENE
(pENE+) were misclassified as negative on iENE (iENE—),
and 109 of 394 (27.7%) of patients who were iENE negative
had pENE on histopathology. Therefore, sensitivity and
specificity of iENE in identifying any type of pENE was
44.5% (95% CI, 37.8%-51.4%) and 87.6% (95% CI, 84.1%-
90.6%) respectively (Table E1). Positive and negative likeli-
hood ratios were 3.6 (95% CI, 2.7-4.8) and 0.6 (95% CI, 0.6-
0.7) respectively. The positive predictive value was 65.1%
(95% CI, 58.2%-71.5%), the negative predictive value was
75.3% (95% CI, 72.3%-77.5%), and the area under the curve
(AUC) was 0.417 (95% CI, 0.370-0.465).

The results of sensitivity analyses by diagnostic criteria
(including unequivocal cases as positive), by pENE > 2 mm
and by center, are provided in detail in File E1, Table E2 (A,
B), and Table E3. There were statistically significant differ-
ences in sensitivity and specificity between several centers
(Tables E4 and E5), albeit some centers only had a small
number of cases. Interactions in results between imaging
modality and radiologist specialization or between modality
and treatment center could not be reliably undertaken
because of sample sizes.

When subgroup analysis was undertaken by modality
(Fig. 1 and Table E6), the sensitivity in the 341 patients who

had CT scans was significantly higher (47.45%; 95% CI,
38.86%-56.15%) than that in 196 patients with MRI
(18.60%; 95% CI, 8.39-33.40; P < .001), but the specificity
was significantly lower (78.43%; 95% CI, 72.15%-83.87%)
versus 96.73% (95% CI, 92.54%-98.93%; P < .001). In the 64
patients who had both CT and MRI and were positive on at
least 1 of them, both sensitivity and specificity increased sig-
nificantly: 84.6% (95% CI, 65.1%-95.6%; P < .001) and
94.5% (95% CI, 82.3%-99.4%; P = .022) compared with CT
alone respectively, and sensitivity was significantly higher
(18.6%; 95% CI, 8.4%-33.4%; P < .001) compared with MRI
alone. There was no difference in specificity between CT
and MRI together and MRI alone (P = .628). The AUC
for combined CT and MRI (0.824; 95% CI, 0.724-0.924)
was much higher than CT (0.423; 95% CI, 0.361-0.486)
or MRI alone (0.183; 95% CI, 0.102-0.264). There
was a statistically significant interaction between
iENE and modality in the prediction of pENE (P = .002,
Table E6).

When subgroup analysis was undertaken by expertise
(Fig. 1), head and neck specialists showed significantly higher
specificity (89.14%; 95% CI, 85.69%-91.99% vs 46.7%; 95% CI,
21.3%-73.4%; P < .001) and there was a statistically significant
interaction between iENE and expertise in the prediction of
PENE (P = .028, Table E7), but there were no significant dif-
ferences in sensitivity, positive and negative predictive values,
or AUC between specialists and nonspecialists. There were
also no statistically significant differences in any of the param-
eters or in the interaction term when subgroup analysis was

Overall === 44.50 (37.78 ,51.36)
Modality: CT only —=— 47.45 (38.86 ,56.15)
Modality: MRI only —— 18.60 (8.39,33.40)

Modality: CT & MRI —=— 84.62(65.13,95.64)

Time: under 4 weeks —— 42.31(31.19,54.02)

Time: between 4 & 8 weeks 48.89 (33.70,64.23)

Time: over 8 weeks 63.64 (30.79,89.07)

H&N specialist radiologist: yes ~ —#= 44.00 (37.01,51.17)

H&N specialist radiologist: no ——=*—— 57.14 (28.86 ,82.34)

Overall = 87.62(84.08,90.61)

Modality: CT only = 7843(72.15,83.87)

Modality: MRI only * 96.73 (92.54,98.93)

Modality: CT & MRI —™ 94.74 (82.25,99.36)

Time: under 4 weeks —=  80.68(70.88,88.32)

Time: between 4 & 8 weeks —- 64.06 (55.93,71.46)

Time: over 8 weeks — 57.14 (34.02,78.18)

H&N specialist radiologist: yes *  89.14(85.69,91.99)

H&N specialist radiologist: no —*—— 46.67 (21.27 ,73.41)

0 20 40 60 80 100

Sensitivity (95%Cl)
Fig. 1.
nosis and treatment and the involvement of a radiologist.

T T T T T T
0 20 40 60 80 100
Specificity (95%Cl)

Forrest plot of sensitivity (left) and specificity (right), overall and across diagnostic modalities, interval between diag-
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undertaken by scan to treatment interval (4 weeks, 4-8 weeks,
and >8 weeks) (Fig. 1, Tables E8 and E9).

Survival

The median 5-year OS of the cohort was 90.4% (SE, 1.1%)
and the 5-year disease-free survival (DFS) was 83.9% (SE,
1.34%) (Fig. 2). After removing 167 patients with missing
follow-up time, smoking status, TNM eighth edition stage
or tumor stage, overall and DFS analysis was conducted on
654 patients. Cases with iENE exhibited significantly worse
unadjusted 5-year OS compared with iENE negative 79.4%
(95% CI, 71.9-85.1) vs 88.1% (95% CI, 84.8-90.6; P = .025)
(Table E10). iENE-positive cases also demonstrated worse
5-year DFS (74.9%; 95% CI, 67.6-80.8) vs (81.6; 95% CI,
78.0-84.8; P = .034). Differences in locoregional control
(88.2; 95% CI, 82.5-92.1) vs (92.0; 95% CI, 89.2-94.1;
P =.129) and distant metastasis-free survival (92.6; 95% CI,
87.5-95.7) vs (94.4; 95% CI, 91.8-96.1; P = .193) were not
statistically significant.

On multivariate analysis, iENE positivity was not a statis-
tically significant predictor of OS, with an adjusted hazards
ratio (aHR) for OS of 1.50 (95% CI, 0.97-2.32; P = .071)
compared with iENE-negative cases (Table 2). The follow-
ing factors were identified as statistically significant
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Fig. 2.

predictors of OS: age (aHR, 1.05; 95% CI, 1.03-1.08; P <
.001), ever smoked status (aHR, 1.63; 95% CI, 1.03-2.58;
P =.036), T3/T4 T-category (aHR, 2.22; 95% CI, 1.45-3.39;
P <.001), and N3 nodal category (aHR, 5.14; 95% CI, 2.02-
13.11; P =.001) (Table 2).

For the sake of comparison, in multivariate analysis
pENE positivity was a statistically significant predictor of
OS, with aHR 3.11 (95% CI, 1.52-6.38; P = .002, n = 360).
Age, T3/T4 T-category, and N3 nodal category remained as
statistically significant predictors of OS.

Sensitivity analysis of equivocal iENE

We did a post hoc analysis of the multivariate analysis mod-
els with equivocal iENE counted as iENE positive (iENE eqi-
vocal-positive), because the sensitivity analyses had
suggested that this significantly increased sensitivity and to
a lesser degree decreased specificity. When incorporated
into the multivariate model, iENE egivocal-positive was a
significant predictor of OS (HR, 1.60; 95% CI, 1.04- 2.46;
P = .032). The DFS model results and sensitivity analyses
are presented in the supplementary results section and
Table E11.
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Outcomes by iENE status. (A) Overall survival. (B) Disease-free survival. (C) locoregional recurrence. (D) dis-

tant metastasis. Shown are the P values for a difference in 5-year survival probability (for details see supplementary

Table E10).
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Table 2 Multivariable analysis of overall survival in the population of cases with complete data on all included variables

(n =654)
Harrell’s C-index: 0.718
Variable Hazard ratio (95% CI) P value Global P value
Age 1.05 (1.03-1.08) <.001
Sex (female ref.) .072
Male 1.63 (0.96-2.76)
Smoking status (never ref.) .036
Ever smoked 1.63 (1.03-2.58)
Nodal category (NO ref.) <.001
N1 0.89 (0.52-1.53) 668
N2 1.10 (0.53-2.26) .805
N3 5.14 (2.02-13.11) .001
Tumor category (T0-T2 ref.) <.001
T3-T4 2.22 (1.45-3.39)
Treatment (Surgery alone ref.) 722
Surgery + RT 0.70 (0.34-1.42) .320
Surgery + CRT 0.69 (0.32-1.45) 327
RT alone 0.90 (0.44-1.83) .769
CT alone 0.65 (0.33-1.26) 202
Other - -
iENE (Negative ref.) 071
iENE positive 1.50 (0.97-2.32)
Abbreviations: CRT = chemoradiation therapy; Ref = reference; RT = radiation therapy.

Proposed amendments to TNM eighth
classification

Finally, we assessed the 2 proposals for amendments to the
TNM eighth classification (Fig. 3). Neither new proposal
produced large improvements in nodal category or overall
stage to the current TNM 8 system. The results for nodal
categories and overall stage are detailed in File E1, Fig. 1,
and Tables E12 and E13.

Discussion

Our study demonstrates that in a multinational real-world
setting, iENE exhibits modest negative predictive value with
significant variability in sensitivity and specificity across
centers, despite indications of its influence on treatment
selection in routine practice. iENE was not a statistically sig-
nificant independent prognostic factor for OS or DFS in
both the overall cohort and surgically treated subgroup. We
also evaluated 2 new proposals to integrate iENE into the

TNM 8 classification system, finding neither substantially
improved prognostication in real-world practice.

Notably, we identified that the accuracy and prognostic
utility of iENE improved by several interventions. Sensitivity
and specificity increased when both CT and MRI were
employed, compared to either modality alone. Specialist
head and neck cancer radiologists achieved higher specificity
than nonspecialists. Additionally, using inclusive diagnostic
criteria (considering both positive and equivocal cases as
iENE+) improved sensitivity and prognostic power but
reduced specificity. The interval between imaging and treat-
ment did not significantly impact accuracy, possibly because
of iENE’s limited prognostic relevance in HPV + OPC, the
mitigating effect of adjuvant therapy, or a type II statistical
error from small sample sizes.

Sensitivity and specificity varied widely across centers,
reflecting inconsistencies also noted in previous meta-
analyses.”” This variability likely stems from the absence of
consensus on optimal imaging modalities and diagnostic
criteria for iENE. Most centers used CT, which showed
higher sensitivity but lower specificity than MRI, consistent
with a recent meta-analysis.” We identified that combining
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Fig. 3.

Nodal (A) and overall staging (B) of patients (numbers [%]) according to (from left to right) the classic TNM-8 and 2

new proposals. Shown are the P values for a difference in 5-year survival probability (for details see supplementary Table E12).

CT and MRI significantly enhanced diagnostic accuracy,
warranting further validation.

The lack of standardized diagnostic criteria for iENE
contributes to variability. Centers used their routine clinical
criteria. Sensitivity analyses revealed that inclusive criteria
improved sensitivity and prognostic relevance, potentially
highlighting radiologists’ cautious approach because of its
effect on treatment implications. Consensus diagnostic cri-
teria could improve accuracy, reporting confidence, and
have been shown to reduce interobserver variability,'
enhancing the prognostic value and clinical utility of iENE.
The Head Neck Cancer International Group (HNCIG;
www.hncig.org) recently published consensus criteria and a
4-tier classification for iENE,'' ranging from irregular mar-
gins and/or perinodal fat invasion (grade 1), matted or con-
glomerate nodes (grade 2) and invasion in to adjacent
structures, eg, skin or muscle (grade 3). Emerging radiomics
and machine learning may further standardize iENE assess-
ment.'” HNCIG has embarked on the Artificial Intelligence
in Head and Neck Cancer initiative to collect data sets that
will help enable the development and validation of artificial
intelligence-driven algorithms for iENE identification
among others.

The surgical subset is inherently biased because they are
less likely to have iENE. Sensitivity and specificity may be
higher and more consistent in patients with overt iENE who
are treated with nonsurgical approaches. Nevertheless, the
“absence of iENE” is increasingly being used in trials and in
daily practice around the world to select patients for surgical
treatment, as opposed to CRT.” In the surgical cohort,
iENE showed limited iENE accuracy compared with pENE.

iENE-negative status does not reliably predict absence of
PENE, with 28% of iENE-negative patients having pENE on
histopathology. This discrepancy contributes to the high
incidence (~30%) of triple therapy in transoral surgery
patients,”"” despite initial plans for single-modality treat-
ment. Conversely, 28% of iENE-positive cases lacked pENE,
potentially denying them less intensive treatment. iENE’s
prognostic power was modest (HR, 1.5) with a ~9% OS dif-
ference between iENE+ and iENE- groups, contrasting with
stronger associations in smaller, single-center studies with
single reporting radiologists.””'*'> This may result from
study publication bias of positive studies, study design dif-
ferences, statistical limitations, or the differences in the
treatment of ENE, resulting in differences in the mitigating
effect of adjuvant treatments.

Study limitations include its retrospective design, incom-
plete performance status data, and potential confounding
from incorporating scans over 20 years old, which may have
had poorer resolution. Because of limitations of data and
privacy, we were unable to analyze the effect of date of col-
lection on accuracy. HPV + OPC was defined by p16 posi-
tivity, although some pl6+ cases are HPV-negative with
poorer outcomes, possibly inflating iENE’s prognostic
value.®

Radiologists used varied criteria without standardized
training. We believe that this is in fact a strength of our
study, reflecting real-world variability and lower sensitivity
compared with systematic reviews of single-center studies.
This variability underscores the need for standardized con-
sensus criteria, such as that published by HNCIG and
endorsed by 22 organizations representing 39 countries.' "'
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Our study’s other strengths include its large, global, diverse
cohort, enabling robust subgroup analyses and real-world
applicability.

Given iENE is already being used for selecting patients
for surgical treatment in clinical practice, international col-
laboration is needed to develop and validate consensus diag-
nostic protocols, as well as develop and validate artificial
intelligence models. Until then, clinicians should exercise
caution when using iENE for treatment selection.
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