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IMPORTANCE A subset of Union for International Cancer Control (UICC)/American Joint
Committee on Cancer (AJCC) eighth edition TNM stage I and II human papillomavirus–positive
oropharyngeal carcinoma has undesirable outcomes, which might have contributed to a lack
of success in phase III deintensification trials. Refining clinical stage groups, especially in the
overabundant cN1/stage I group, has become important for treatment selection.

OBJECTIVE To assess the prognostic importance of pretreatment lymph node (LN) characteristics
to optimize case distribution and outcome homogeneity within the N classification system.

DESIGN, SETTING, AND PARTICIPANTS This is an international multi-institutional retrospective
prognostic cohort study. Analysis of human papillomavirus–positive oropharyngeal carcinoma
treated curatively from 4 institutions (International Collaboration of Oropharyngeal Cancer
Network for N-Classification [ICON-N] dataset) provided a refined clinical staging proposal;
an independent dataset (Centre Hospitalier de l’Université de Montréal [CHUM] dataset)
validated the proposal. Neuroradiologists reviewed pretreatment computed tomography
and/or magnetic resonance imaging for nodal features, including presence or absence of
abnormal LN(s), retropharyngeal LN, laterality, number of abnormal LN, and imaging-detected
extranodal extension (iENE). Data were collected from February to May 2023, and data were
analyzed from June to July 2023.

EXPOSURES Definitive chemoradiotherapy/radiotherapy or definitive surgery with or without
postoperative chemoradiotherapy/radiotherapy.

MAIN OUTCOMES AND MEASURES The primary end point was overall survival. A Cox proportional
hazards multivariable model was used to estimate adjusted hazard ratios (AHRs) and to derive
an optimal clinical TNM stage classification (AHR-stage schema) incorporating the strongest
prognostic nodal features within the UICC/AJCC eighth edition TNM framework after confirming
the prognostication of iENE status. The performance (according to overall normalized scores
and ranking) of the AHR-stage schema against the current UICC/AJCC eighth edition TNM staging
system was evaluated for hazard consistency, hazard discrimination, prognostic importance,
and sample size balance. Validation was performed in the CHUM dataset.

RESULTS The ICON-N dataset comprised 2053 patients, including 1898 (92.5%) with
cN-positive disease and 155 (7.5%) with cN0 disease; a total of 298 (14.5%) were female,
and the mean (SD) age was 60.6 (9.3) years. iENE-positive disease was identified in 710 of
1898 patients with cN-positive disease (37.4%). The median (range) follow-up was 5.1
(0.1-14.7) years. iENE was the strongest prognostic nodal feature in multivariable analysis;
the AHR for iENE-positive vs iENE-positive disease was 2.43 (95% CI, 1.96-3.03) in the
ICON-N dataset and 2.04 (95% CI, 1.28-3.23) in the CHUM dataset (n = 451). Reclassifying
iENE-positive cases 1 stratum higher for N categorization without altering iENE-negative
cases yielded an AHR-stage schema that outperformed the current TNM staging system in
disease-free and overall survival with a lower (ie, better) overall normalized score (2 vs 3).

CONCLUSIONS AND RELEVANCE In this study, reclassifying each N category 1 stratum higher
for iENE-positive disease resulted in better disease-free and overall survival. The proposed
new classification outperformed the currently TNM staging system in risk stratification and
may facilitate future clinical trial design, outcomes research, and patient care.
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A n essential purpose of stage classification is to de-
scribe prognostically relevant subsets defined by the
anatomic extent of a cancer. Ideally, these should

stratify a cancer into realistic distinct prognostic groups to serve
the needs of clinical care, research, and cancer control activi-
ties. Although the Union for International Cancer Control
(UICC)/American Joint Committee on Cancer (AJCC) eighth
edition TNM staging system for human papillomavirus (HPV)–
positive oropharyngeal carcinoma (OPC) outperforms the UICC/
AJCC seventh edition TNM in depicting prognosis, more than
50% of patients with HPV-positive OPC are classified with cN1/
stage I disease due to the presence of any number of unilat-
eral lymph nodes (LNs) not exceeding 6 cm in size. However,
compelling evidence suggests that heterogeneity exists for this
subset especially if imaging-detected extranodal extension
(iENE) is present that is not considered in the current staging
classification for this disease.

Previous research from the Princess Margaret Cancer Cen-
tre showed that iENE was able to identify a subset with high
risk of distant metastasis and mortality, even in stage I disease,1

and proposed reclassifying iENE-positive disease to cN3 based
on ominous prognosis.2 However, this has not been studied
in a multicenter setting. Therefore, the International Collabo-
ration of Oropharyngeal Cancer Network for N-Classification
(ICON-N) conducted this multicenter study, with external
validation, to evaluate the prognostic value of several emerg-
ing nodal features, including presence or absence of abnormal
LN(s), retropharyngeal LN, laterality, number of abnormal LN,
and iENE. Herein, we propose an updated cN classification and
stage grouping for HPV-positive OPC treated predominantly
with radiotherapy (RT) or chemoradiotherapy (CRT).

Methods
Patients
The ICON-N dataset included newly diagnosed nonmeta-
static (M0) HPV-positive OPC treated between 2008 and 2020
with either definitive RT/CRT or transoral robotic surgery with
or without postoperative RT/CRT from 4 academic cancer cen-
ters: Princess Margaret Cancer Centre, Toronto, Ontario,
Canada; Cleveland Clinic, Cleveland, Ohio; Mayo Clinic, Roch-
ester, Minnesota; and Maastricht University Medical Centre,
Maastricht, the Netherlands. An independent cohort of patients
with cN-positive M0 HPV-positive OPC treated between 2009
and 2019 at the Centre Hospitalier de l’Université de Montréal
(CHUM) provided validation. Exclusions included unavail-
able or uninterpretable pretreatment imaging or imaging un-
dertaken more than 8 weeks from treatment initiation or any
removal of neck nodes prior to acquisition of computed to-
mography (CT) and/or magnetic resonance imaging (MRI) or
prior RT to the head and neck region. HPV status was ascer-
tained by p16 staining with or without HPV DNA confirma-
tion according to each institution’s practice (eTable 1 in Supple-
ment 1). Patients with p16-positive but HPV DNA-negative
disease were excluded. Cases prior to 2017 had been classi-
fied by UICC/AJCC seventh edition TNM and were readily con-
verted to UICC/AJCC eighth edition TNM,3 while those from

2017 onwards were prospectively staged using UICC/AJCC
eighth edition TNM. All data elements were standardized and
collected according to a priori definitions by the ICON study
group (eAppendix in Supplement 1). Ethics approval was ob-
tained from the Research Ethics Board of University Health
Network and from all institutions. Informed consent was
waived due to the retrospective nature of the study and the
use of de-identified data. This study followed the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) reporting guideline.

Procedures
Neuroradiologists (1 or 2 from each ICON-N–participating in-
stitution, including E.Y., E.B., J.L., S.S., A.A.N., A.A.P., and
W.M.P.) examined the presence or absence of the following
nodal features: abnormal LN(s), retropharyngeal LN, lateral-
ity of abnormal LN, number of abnormal LN, and iENE (eAp-
pendix in Supplement 1). Since iENE is a relatively new pa-
rameter, to harmonize and reproduce the annotation of iENE
for the ICON-N dataset, a 2-phase learning exercise involving
the 7 neuroradiologists was led by one of us (E.Y.). In phase 1
(prelearning phase), iENE was assessed on anonymized CT or
MRI of 20 cases based on each individual’s appreciation of
the existing literature.2,4,5 The group discussed the results
and shared their experience about features representing un-
equivocal signs and grades of iENE. Phase 2 (postlearning
phase) involved assessment of 30 additional cases using the
consolidated definitions (which were identical to Head and
Neck Cancer International Group iENE definitions6).

Subsequently, the 7 neuroradiologists (E.Y., E.B., J.L., S.S.,
A.A.N., A.A.P., and W.M.P.) reviewed and categorized iENE as
binary (either yes or no) and by 4 grades,4,7 along with other
nodal features defined a priori on CT and/or MRI (positron emis-
sion tomography was not used) for cases from their own in-
stitutions without knowledge of the patients’ outcome (eFig-
ure 1 in Supplement 1). If multiple LNs manifested different
grades of iENE, the worse grade was recorded. If uncertain,
prognostic relevance was preserved by assigning the less omi-
nous category according to the TNM staging dictum8,9; in

Key Points
Question How can the Union for International Cancer Control/
American Joint Committee on Cancer eighth edition TNM be
improved for human papillomavirus–positive oropharyngeal
carcinoma?

Findings In this prognostic study using data from 2053 patients
from 4 institutions and verified in an independent dataset,
imaging-detected extranodal extention (iENE) was an
independent prognostic factor for overall survival. Upclassifying
iENE-positive N1 disease to N2 disease and iENE-positive N2
disease to N3 disease improved the prognostic distinction
between N1 and N2 disease and outcomes of stage I and II disease,
with more balanced sample size distribution.

Meaning In this study, the proposed new classification that
incorporates the iENE parameter outperformed the current TNM
staging system in risk stratification and may facilitate research,
outcomes assessment, and clinical trial design.
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addition, a greater than 75% certainty level (highly suspi-
cious or definite) was adopted for iENE classification. Two neu-
roradiologists (K.N. and L.L.-G.) at CHUM undertook the phase
1 and 2 learning process outlined above, using the same ICON-N
iENE definitions, and rereviewed pretreatment CT or MRI for
each eligible cases at CHUM without knowledge of patient’s
outcome.

Management followed multidisciplinary institutional
guidelines, except for a subset of patients from the Mayo Clinic
who were enrolled in an in-house trial (NCT01932697)10

(eTable 2 in Supplement 1). Disease surveillance followed
institutional protocols. Local or regional failure was confirmed
by biopsy, while distant metastasis required unequivocal
radiologic or clinical findings.

Statistical Analysis
For the iENE reviewing exercise, intrainstitutional and inter-
institutional agreement was calculated using the assessment
of one of us (E.Y.) as the reference. Fleiss κ was calculated for
concordance among all 7 radiologists (including E.Y.). Based
on the Landis-Koch benchmark scale,11 κ values of less than
0, 0 to 0.20, 0.21 to 0.40, 0.41 to 0.60, 0.61 to 0.80, and 0.81
to 1.00 were considered poor, slight, fair, moderate, substan-
tial, and almost perfect agreement, respectively.

Data were locked for analysis on June 30, 2023. Clinical
characteristics of iENE-negative and iENE-positive cohorts
were summarized by means of summary statistics. The dif-
ference of the proportions with 95% CI was calculated for cat-
egorical variables, while the standardized mean difference
(Cohen d) with 95% CIs was provided for continuous vari-
ables (ie, age and smoking pack-years) between the 2 groups.
Overall survival (OS) was the primary end point. Disease-free
survival (DFS; disease relapse or death as events), locore-
gional control (LRC; local or regional failures as events), and
distant control (DC; distant metastases as events) were the
secondary end points. OS and DFS were calculated using the
Kaplan-Meier method while LRC and DC were calculated
using the competing-risk method where death was consid-
ered a competing risk. Time to event was calculated from the
date of treatment initiation. All tests were 2-sided, and all
estimates were provided with 95% CIs.

Modifications of the clinical staging system were per-
formed on the entire ICON-N dataset and included 3 steps (eFig-
ure 2 in Supplement 1). First, we confirmed that iENE was the
strongest prognostic factor among all available imaging-
detected nodal features; multivariable analysis (MVA) with
Cox proportional hazards regression used a standard step-
wise model selection method where variables with P values
less than .10 in univariable analysis were included initially, and
variables with P values less than .05 were retained in the final
model. UICC/AJCC eighth edition TNM cN categories were re-
tained in MVA regardless of their P values to permit compari-
son with other identified factors. The model assumptions were
tested and upheld. Second, we proposed a new cN classifica-
tion using an adjusted hazard ratio (AHR) method, as described
previously.3,12 The AHR method used the multivariable Cox
model to calculate AHRs for death (adjusted for age, smoking
pack-years, and systemic treatment) of various iENE cN clas-

sification combinations, and conjoined subsets with similar
AHR values as the same N category while subsetting higher or
lower AHR subgroups to their appropriate N categories. Third,
we evaluated the performance of AHR stage groups (includ-
ing both cN0 and cN-positive disease) based on the proposed
cN categories in distinguishing OS and DFS against the UICC/
AJCC eighth edition TNM stage groups using modified Groome
criteria13-15: (1) hazard consistency, (2) hazard discrimination,
(3) outcome prediction, (4) hazard difference, and (5) sample
size balance. Scores for each criterion were calculated and
normalized15 between 0 and 1. Final ranking was assigned by
summation of normalized scores of the 5 criteria (eTable 3 in
Supplement 1). To appreciate potential clinical relevance, we
performed exploratory analysis on the newly derived stage I
(T1 to T2 with new cN1) lowest-risk subset, comparing out-
comes of definitive RT alone vs CRT.

Finally, the prognostic value of iENE and the proposed AHR
stage groups were validated in the CHUM dataset. The 2 radi-
ologists from CHUM (K.N. and L.L.-G.) were provided with the
harmonized ICON-N iENE definitions. Prior to analyses, in-
terrater concordance of iENE assessment for 60 randomly
selected patients from CHUM was evaluated. Analyses were
conducted using SAS version 9.4 (SAS Institute) and R version
4.4.1 (The R Foundation). Data were collected from February
to May 2023, and data were analyzed from June to July 2023.

Results
Clinical Characteristics of Study Population
ICON-N accrued 2053 patients with HPV-positive OPC, includ-
ing 1898 patients with cN-positive disease and 155 with cN0
disease; a total of 298 (14.5%) were female, and the mean (SD)
age was 60.6 (9.3) years. Although recruitment periods and
clinical characteristics differed among the 4 institutions
(eTable 4 in Supplement 1), the AHR for iENE (adjusted for age,
T and N categories, and treatment) was consistently greater
than 1.00 (eFigure 3 in Supplement 1). The multirater Fleiss κ
for iENE assessment improved from 0.58 (95% CI, 0.49-0.68;
ie, moderate agreement) in phase 1 to 0.75 (95% CI, 0.68-
0.83; ie, substantial agreement) in phase 2 (eTable 5 in Supple-
ment 1).

Of the 1898 patients with cN-positive disease, 710 (37.4%)
had iENE-positive disease, including 138 (19.4) with grade 1
iENE, 392 (55.2%) with grade 2 iENE, and 180 (25.4%) with
grade 3 iENE. iENE positivity increased with higher cN cat-
egories (433 [32%], 185 [42%], and 92 [85%] with N1, N2, and
N3 disease, respectively). The iENE-positive cohort (vs iENE-
negative cohort) also had a higher proportion of bilateral neck
nodes (221 of 710 [31%] vs 259 of 1188 [22%]), number of LNs
(5 or more LNs: 368 of 710 [52%] vs 347 of 1188 [29%]), and
abnormal retropharyngeal LN(s) (173 of 710 [24%] vs 96 of
1188 [8%]) (Table 1).

Prognostic Value of Nodal Features in cN-Positive Cohort
The median (range) follow-up was 5.1 (0.1-14.7) years. The
5-year OS rates for cN1, cN2, and cN3 disease using the UICC/
AJCC eighth edition TNM staging system were 85% (95% CI,
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Table 1. Clinical Characteristics of cN-Positive International Collaboration of Oropharyngeal Cancer Network for
N-Classification Dataset Stratified by Imaging-Detected Extranodal Extension (iENE) Status

Characteristic

No. (%)

Difference (95% CI)aiENE-negative group iENE-positive group
Total, No. 1188 (63) 710 (37) NA

Age, median (range), ya 60.2 (22.7 to 92.2) 59.7 (32.9 to 86.8) 0.01 (−0.08 to 0.11)

Sex

Female 200 (17) 62 (9) 8% (5 to 11)

Male 988 (83) 648 (91) −8% (−11 to −5)

ECOG Performance Status score

0 to 1 1152 (97) 683 (96) 1% (−1 to 2)

2 to 3 36 (3) 27 (4) −1% (−2 to 1)

Smoking pack-years, median (range)a 5 (0-125) 5 (0-125) 0.04 (−0.05 to 0.13)

Smoking status

Nonsmoker 481 (41) 297 (42) −1% (−6 to 3)

Previous smoker 456 (38) 266 (38) 1% (−4 to 5)

Current 250 (21) 144 (20) 1% (−3 to 5)

T category

T1 327 (28) 206 (29) −1% (−6 to 3)

T2 467 (39) 256 (36) 3% (−1 to 8)

T3 216 (18) 128 (18) 0% (−3 to 4)

T4 178 (15) 120 (17) −2% (−5 to 2)

N category

N1 918 (77) 433 (61) 16% (12 to 21)

N2 254 (21) 185 (26) −5% (−9 to −1)

N3 16 (1) 92 (13) −12% (−14 to −9)

Stage groups

I 670 (56) 334 (47) 9% (5 to 14)

II 325 (27) 183 (26) 2% (−3 to 6)

III 193 (16) 193 (27) −11% (−15 to −7)

Systemic therapy

No 351 (30) 128 (18) 12% (8 to 15)

Chemotherapy 765 (64) 533 (75) −11% (−15 to −6)

EGFR inhibitors 72 (6) 49 (7) −1% (−3 to 1)

Laterality of the LN

Ipsilateral 929 (78) 489 (69) 9% (5 to 13)

Bilateral 259 (22) 221 (31) −9% (−13 to −5)

LN size

≤6 cm 1172 (99) 618 (87) 12% (9 to 14)

>6 cm 16 (1) 92 (13) −12% (−14 to −9)

Total LNs

1 362 (30) 65 (9) 21% (18 to 25)

2 254 (21) 80 (11) 10% (7 to 13)

3 137 (12) 116 (16) −5% (−8 to −2)

4 88 (7) 81 (11) −4% (−7 to −1)

≥5 347 (29) 368 (52) −23% (−27 to −18)

Retropharyngeal LN

No 1092 (92) 537 (76) 16% (13 to 20)

Yes 96 (8) 173 (24) −16% (−20 to −13)

iENE grade

Grade 0 (no iENE) 1188 (100) 0 NA

Grade 1 0 138 (19) NA

Grade 2 0 392 (55) NA

Grade 3 0 180 (25) NA

Abbreviations: ECOG, Eastern
Cooperative Oncology Group;
LN, lymph node; NA, not applicable.
a The difference of the proportions

with 95% CIs was calculated for
categorical variables, and the
standardized mean difference
(Cohen d) with 95% CIs was
provided for continuous variables
(ie, age, and smoking pack-years)
between the iENE-negative and
iENE-positive groups.
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83-87), 72% (95% CI, 68-77), and 69% (95% CI, 61-79),
respectively.

The MVA model that included all radiologic nodal fea-
tures (replacing cN to avoid its collinearity with laterality and
LN number) showed that iENE was the strongest prognostic
factor for OS (AHR, 2.27; 95% CI, 1.79-2.86). Retropharyngeal
LN (AHR, 1.43; 95% CI, 1.11-1.85) and laterality of the neck nodes
(AHR, 1.42; 95% CI, 1.12-1.79) were also prognostic, albeit lower
than iENE. LN size and number were not significant on MVA
(eTable 6 in Supplement 1). Given that laterality of neck nodes
was already included in the current UICC/AJCC eighth edition
TNM staging system but retropharyngeal LN was not, we ex-
plored the effect of retropharyngeal LN in the iENE-negative
and iENE-positive subsets in additional MVA models sepa-
rately and found that retropharyngeal LN only stratified the
iENE-positive subset (AHR, 1.71; 95% CI, 1.27-2.32) but not
the iENE-negative subset (AHR, 1.04; 95% CI, 0.65-1.67). Since
the iENE-positive subset was already considered as high risk,
further subdivision of iENE-positive or retropharyngeal
LN–positive to an even higher level of risk in a small propor-
tion of patients (171 of 1898 patients with cN-positive disease
[9.0%]) without any obvious treatment differences was not
considered helpful in an overall stage classification. The re-

sulting unnecessary complexity to address such a small
subset within a new HPV-positive OPC N classification
prompted us to restrict the focus to iENE, which has broader
applicability and implications.

We dichotomized iENE as iENE-positive or iENE-
negative disease, since grades 1, 2, and 3 iENE were all prog-
nostic (grade 1: AHR, 1.73; 95% CI, 1.10-2.72; grade 2: AHR,
2.14; 95% CI, 1.65-2.77; grade 3: AHR, 3.64; 95% CI, 2.72-
4.88) on MVA. The iENE-positive subgroup (vs iENE-
negative subgroup) had inferior 5-year OS (71% [95% CI,
68-75] vs 87% [95% CI, 85-89]; AHR, 2.32; 95% CI, 1.89-
2.85), DFS (63% [95% CI, 60-67] vs 83% [95% CI, 81-86];
AHR, 2.46; 95% CI, 2.05-2.95), LRC (91% [95% CI, 88-93] vs
94% [95% CI, 92-95]; AHR, 1.64; 95% CI, 1.18-2.28), and DC
(78% [95% CI, 75-81] vs 93% [95% CI, 92-95]; AHR, 3.51;
95% CI, 2.67-4.63) (Figure 1). Even among patients with
cN-positive stage I disease, patients with iENE-positive vs
iENE-negative disease still had a lower 5-year OS (82%
[95% CI, 77-87] vs 92% [95% CI, 90-94]; AHR, 2.06; 95% CI,
1.41-3.00), DFS (76% [95% CI, 71-81] vs 89% [95% CI, 87-92];
AHR, 2.18; 95% CI, 1.59-3.01), and DC (87% [95% CI, 82-90]
vs 96% [95% CI, 94-97]; AHR, 3.24; 95% CI, 1.95-5.39) (eFig-
ure 4 in Supplement 1).

Figure 1. Kaplan-Meier Plots for Outcomes by Imaging-Detected Extranodal Extension (iENE) Status in the 1898 cN-Positive Patients
in the International Collaboration of Oropharyngeal Cancer Network for N-Classification (ICON-N) Dataset
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Proposals for Refined cN Classification Schemas
Next, we used the AHR model to derive cN classifications,
which calculated AHR for various iENE and N category com-
binations (Table 2). We found that iENE-positive N1 disease had
a higher AHR (2.46; 95% CI, 1.85-3.28) compared with iENE-
negative N1 disease but lower than that of iENE-positive N2
disease (AHR, 3.66; 95% CI, 2.67-5.02) and iENE-positive N3
disease (AHR, 3.12; 95% CI, 2.10-4.65). Therefore, iENE-
positive N1 disease was reclassified as N2 disease while iENE-
positive N2 disease was combined with N3 disease. The AHR
of iENE-negative N2 disease was also higher (AHR, 1.59;
95% CI, 1.15-2.20) compared with iENE-negative N1 disease and
was retained as N2. iENE-negative N3 disease represented a
very small sample (n = 16), and although the AHR was not sig-
nificant compared with iENE-negative N1 disease (AHR, 0.80;
95% CI, 0.19-3.26), we propose that it should remain as N3.
Therefore, it seemed judicious to propose upclassifying iENE-
positive N1 disease to N2 disease and iENE-positive N2 dis-
ease to N3 disease while maintaining the cN staging classifi-
cation for iENE-negative cases (Table 3). Figure 2 depicts OS
by the current TNM staging and AHR cN stage groups. The OS
curves showed a better separation of the proposed N1 and N2
stages and improved OS in the proposed stage I and II dis-
eases compared with the current TNM staging (Figure 2),
with more balanced samples size distribution (eTable 7 and
eFigure 6 in Supplement 1).

Evaluation of Performance of New Stage Schema
Based on Refined N Classification
To evaluate the performance of the newly derived stage
schemas on OS and DFS, we reassembled patients with
cN-positive and cN0 disease to create stage groupings com-
bining the T categories with the current UICC/AJCC eighth edi-
tion N categories or proposed N classification schemas follow-
ing the same stage group structures. The proposed stage
classification outperformed the current TNM staging in both
OS and DFS (eTable 3 in Supplement 1). Sensitivity analysis by
institution showed that AHRs for these newly derived N2 vs
N1 and N3 vs N2 classifications were all greater than 1.00 (eFig-
ure 5 in Supplement 1). eTable 7 in Supplement 1 summarizes
the outcomes by the current and proposed classifications in
the entire ICON-N cohort of 2053 patients. The correspond-
ing 5-year OS was 92% (95% CI, 89-94), 83% (95% CI, 81-86),
and 64% (95% CI, 60-68) for stage I, II, and III disease, respec-
tively, using the proposed classification and was 89% (95% CI,
87-91), 80% (95% CI, 77-84), and 62% (95% CI, 57-67), respec-
tively, for the current classification. C index, Brier, and Akaike
information criterion values all improved with the proposed
AHR classification. Therefore, we propose this staging schema
for the ninth edition cTNM for HPV-positive OPC.

Exploratory Analysis: Outcomes of iENE-Negative T1
and T2 Disease Subsets by RT vs CRT
Next, to determine if excluding iENE from patients with cN-
positive disease would yield a favorable risk group, we com-
pared outcomes of patients with iENE-negative cT1 and cT2
tumors treated with definitive RT or CRT and observed exem-
plary 5-year LRC and DC for both (LRC: cT1, 96%; 95% CI, 92-

98; cT2, 97%; 95% CI, 95-98; DC: cT1, 98%; 95% CI, 95-99; cT2,
95%; 95% CI, 92-97), although 5-year OS was higher with CRT

Table 2. Multivariable Analysis (MVA) Assessing the Prognostic Value of
Imaging-Detected Extranodal Extension (iENE) and Calculating Adjusted
Hazard Ratio (AHR) With Combination of iENE Status and UICC/AJCC
Eighth Edition TNM Staging System cN Categories

MVA OSa AHR (95% CI)
MVA confirming the prognostic value of iENE

iENEb

iENE negative 1 [Reference]

iENE positive 2.43 (1.96-3.03)

N category

N1 1 [Reference]

N2 1.53 (1.21-1.94)

N3 1.24 (0.85-1.81)

T category

T1-T2 1 [Reference]

T3-T4 2.02 (1.62-2.52)

Age at diagnosis 1.02 (1.01-1.03)

ECOG Performance Status score

0-1 1 [Reference]

2-3 2.30 (1.59-3.33)

Smoking pack-years 1.01 (1.01-1.02)

Systemic therapy

Chemotherapy 1 [Reference]

EGFR inhibitors 1.68 (1.17-2.41)

None 2.00 (1.54-2.61)

MVA calculating AHR of iENE and TNM cN combination

Proposed cN category

iENE-negative N1 disease 1 [Reference]

iENE-positive N1 disease 2.46 (1.85-3.28)

iENE-negative N2 disease 1.59 (1.15-2.20)

iENE-positive N2 disease 3.66 (2.67-5.02)

iENE-negative N3 disease 0.80 (0.19-3.26)

iENE-positive N3 disease 3.12 (2.10-4.65)

T category

T1-T2 1 [Reference]

T3-T4 2.01 (1.61-2.52)

Age 1.03 (1.01-1.04)

ECOG Performance Status score

0-1 1 [Reference]

2-3 2.05 (1.28-3.28)

Smoking pack-years 1.01 (1.01-1.02)

Systemic therapy

Chemotherapy 1 [Reference]

EGFR inhibitors 1.68 (1.17-2.41)

None 2.00 (1.53-2.60)

Abbreviations: AJCC, American Joint Committee on Cancer; ECOG, Eastern
Cooperative Oncology Group; EGFR, epidermal growth factor receptor;
UICC, Union for International Cancer Control.
a MVAmodelconstruction:variablesthathadP < .10inunivariateanalysiswereincluded

in stepwise model selection; systemic agent and TNM cN categories were forced in
the model. The selected variables in the model are significant at P < .05.

b Compared with iENE-negative disease, the AHR for grade 1 iENE-positive disease
was 1.73 (95% CI, 1.10-2.72; P = .02); grade 2 iENE-positive disease, 2.14 (95% CI,
1.65-2.77); and grade 3 iENE-positive disease, 3.64 (95% CI, 2.72-4.88).
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(87% [95% CI, 82-92] vs 93% [95% CI, 91-96]; AHR, 0.54;
95% CI, 0.34-0.88). Patients older than 70 years were over-
represented in the RT alone cohort (73 of 230 [31.7%]) com-
pared with the CRT cohort (24 of 411 [5.8%]). After excluding
the 97 patients older than 70 years, there was no difference
in OS and DFS between the CRT (n = 387) and RT alone (n = 157)
cohorts (eFigure 7 in Supplement 1).

External Validation of iENE and AHR Stage Group
The external validation was performed in the 451 eligible con-
secutive patients of 554 with cN-positive HPV-positive OPC
from CHUM. iENE was identified in 149 patients (33.0%). Fleiss
κ for iENE status (iENE positive or iENE negative) in 60 ran-
domly selected CHUM cases was 0.64 (95% CI, 0.50-0.78),
which indicated substantial agreement. The clinical charac-
teristics are summarized in eTable 8 in Supplement 1. The me-
dian (range) follow-up was 3.7 (0.1-9.5) years. MVA confirmed
that iENE positivity had increased risk of disease progression
(AHR, 2.04; 95% CI, 1.28-3.23) and death (AHR, 1.85; 95% CI,
1.01-3.33), adjusted for age, performance status, and T and N
categories (eTable 9 in Supplement 1). LN number and retro-
pharyngeal LN were not significant and were excluded from
the MVA. eFigure 8 in Supplement 1 depicts DFS and OS by AHR
stage and UICC/AJCC eighth edition TNM stage. The overly
abundant stage I categorization in the current clinical staging
schema (279 of 493 [57%]) was more balanced in our pro-
posed AHR staging schema (194 of 493 [39%]) by upclassify-
ing iENE-positive N1 disease to N2 disease. The AHRs for DFS
were 1.76 (95% CI, 0.95-3.24) and 3.05 (95% CI, 1.61-5.79) for
AHR stage II vs I disease and AHR stage III vs I disease, respec-
tively. The AHRs for DFS were 1.44 (95% CI, 0.84-2.47) and 2.20
(95% CI, 1.24-3.91) for the current UICC/AJCC eighth edition
TNM stage II vs I disease and III vs I disease, respectively.
The C index with the MVA containing AHR stage and current
clinical stage was 0.692 and 0.679, respectively, for DFS and
was 0.691 and 0.682, respectively, for OS (eTable 8 in Supple-
ment 1).

Discussion
HPV-positive OPC is the most common head and neck cancer
(HNC) in Western countries, and clinical TNM staging is es-
sential for all cases for assessment and triage before any treat-
ment, including RT, CRT, or surgery. The UICC/AJCC eighth edi-

tion TNM classifies all ipsilateral regional nodes smaller than
6 cm as cN1 disease, and T1 to 2N1 disease as stage I. This large
group (accounting for more than 50% cases) is often consid-
ered for deintensification trials and protocols.10,16-19 How-
ever, the inherent heterogeneity of the stage I category might
have contributed to inconsistent results in trials. Better strati-
fication of the stage I category is an urgent requisite since
distant metastasis may manifest in about 10% of this hitherto
regarded favorable group.1 iENE is a promising tool to iden-
tify those at higher risk of distant metastasis prior to initiat-
ing treatment. Our exploratory analysis showed that removal
of iENE positivity from the current cN1 group yielded excep-
tionally good outcome for the remaining patients with iENE-
negative T1 to T2 disease, who remained appropriate candi-
dates for future deintensification trials.

This multicenter study with external validation illustrates
important opportunities to improve the cTNM classification
in HPV-positive OPC by incorporating iENE, the strongest prog-
nostic nodal feature identified in MVA. We propose reclassi-
fying iENE-positive N1 disease as N2 disease and iENE-
positive N2 disease as N3 disease. The proposed staging
classification outperformed the current staging classification
on both OS and DFS, with better separation between N1 and
N2 disease and improved OS in stage I and II disease.

ENE reflects a more aggressive phenotype,20 manifesting
as faster tumor cell proliferation or factors within the tumor
or microenvironment that facilitate effacement of the nodal
capsule.21 During the creation of the UICC/AJCC eighth edi-
tion TNM, ENE was recognized as a critical prognostic ele-
ment in HPV-negative HNC, but its impact in HPV-positive OPC
was uncertain then. Data have now emerged supporting a simi-
larly important prognostic contribution in HPV-positive OPC.
While it is best assessed pathologically, iENE shows strong
prognostic value in both HPV-negative22 and HPV-positive
OPC2,23,24 with increased risk of distant metastasis,25 even in
iENE-positive cN-positive stage I HPV-positive OPC ordinar-
ily considered a favorable and frequent subgroup.1 Several land-
mark deintensification trials have already excluded cases
with iENE characteristics, eg, radiographically matted nodes
(HN00219 and E331118) and unambiguous iENE (ORATOR26 and
ORATOR 216). This underlines concern among investigators re-
garding the prognostic importance of an attribute (ie, iENE)
omitted from the current staging system but already used in
clinical decisions regarding suitability for deintensification
protocols, including determining eligibility for certain trials.
In contrast, patients with iENE may benefit from newer treat-
ment approaches or trials to mitigate risk of distant metasta-
sis, since cisplatin appears insufficient.1,2,18,27

A major challenge to adopting the iENE parameter con-
cerns its ascertainment reliability. To robustly address this, we
adopted a number of strategies. First, we adopted the same
definitions as the Head and Neck Cancer International Group
iENE consensus.6 Second, we used human learning where
Fleiss multirater κ improved from moderate (0.58) to substan-
tial (0.75) agreement after group discussion and experience
sharing. Lastly, as this is for staging purposes, we used a higher
specificity of more than 75% certainty (highly suspicious or
definite) for annotation of iENE positivity using the principle

Table 3. Current and Proposed cN Classifications

cN
classification

UICC/AJCC eighth
edition TNM
staging system Proposed classification

N1 ≤6-cm Ipsilateral LNs ≤6-cm Ipsilateral LNs without iENE

N2 ≤6-cm Bilateral or
contralateral LNs

≤6-cm Ipsilateral LNs with iENE,
or ≤6-cm bilateral or contralateral LNs
without iENE

N3 >6-cm LNs >6-cm LNs, or ≤6-cm bilateral
or contralateral LNs with iENE

Abbreviations: AJCC, American Joint Committee on Cancer;
iENE, imaging-detected extranodal extension; LN, lymph nodes;
UICC, Union for International Cancer Control.
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of the Node Reporting and Data System 1.0,28 ie, only high cer-
tainty or unequivocal evidence of iENE would be classified
as iENE positive for staging, which confirmed that iENE is a
robust factor for prognostication of OS in the whole dataset of
2053 patients and validated in an external cohort. Regarding
the first point, it is imperative that the HNC community
uses a consistent reference for a new clinical parameter to be
adopted globally for staging. Next, while recent work29

suggests that a machine learning tool demonstrated promise
for annotation of iENE, challenges remain supporting its
mainstream use to address iENE positivity in clinical care
and for enrollment into deintensification trials. Nonetheless,
we showed that through human learning, the adoption of
iENE for cancer staging is feasible, thus arguing for its inclu-
sion in the updated ninth edition of the TNM staging system.
Finally, by using a radiologist’s level of certainty of greater than
75% for iENE, we avoided the risk of overcalling this clinical
feature, which is consistent with the principles of TNM
staging. Previous studies have shown that the level of certainty

and threshold of declaration of iENE by individual radio-
logists could impact the interrater concordance.4,7,30-32

While this may result in some unfavorable patients remain-
ing understaged as having stage I disease (as exists presently
in regular practice), it opens the door for further refinement
going forward and will more appropriately stratify patients
with stage I and II HPV-positive OPC who require definitive CRT
and lessen the risk of being undertreated. On this note,
the American College of Radiology had developed Neck
Imaging Reporting and Data System to clearly define the
confidence level of radiological findings. While initially de-
signed for recurrence assessment, it could be readily ex-
tended to pretreatment radiology reporting, including poten-
tial iENE declaration.

Besides iENE, other image-detected nodal features might
also be useful in risk stratification. Our study shows that pres-
ence of retropharyngeal LN and laterality of neck nodes were
prognostic, while number of radiologically abnormal LNs was
not. Laterality remains in our refined AHR N classification.

Figure 2. Kaplan-Meier Survival Plots by UICC/AJCC Eighth Edition TNM (TNM8)
and Adjusted Hazard Ratio (AHR) cN Categories and Stage Groups
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Limitations
This study has several limitations. Since most patients were
treated with definitive RT or CRT, there was a lack of patho-
logical ENE (pENE) confirmation for iENE. However, a previ-
ous iENE-pENE correlation study from Princess Margaret
Cancer Centre33 on oral cavity squamous cell carcinoma
using the same definitions showed that iENE had a very high
specificity for pENE. High specificity of iENE for pENE has
also been reported in HPV-positive OPC.34 It is noted that
this study was undertaken in academic centers; however,
ensuring reliability of iENE recognition by community radi-
ologists is also important. There is evidence that radiologists
using standardized head and neck radiology guidelines can
perform well in environments where subspecialists may not
be available.35 Second, tumor HPV status was ascertained by
p16 staining as a surrogate in most cases. Contamination by
HPV-negative OPC remains possible, although the misclassi-
fication percentage remains low and would affect both
iENE-positive and iENE-negative cohorts. Third, patients
treated with surgery were intentionally included in our
cohort to allow generalizability of our findings. When

adjusted for treatment modality, including systemic therapy,
the prognostic value of iENE remained significant. Finally,
the MVA models did not include the important covariate
comorbidity severity, although Eastern Cooperative Oncol-
ogy Group Performance Status was included, representing
a highly related but conceptually distinct variable.

Conclusions
For the ninth edition of the TNM staging system, we propose
a modification that reclassifies patients with iENE to 1
stratum higher in the cN classification (similar to pN clas-
jsification in HPV-negative HNC), while the cN classification
for iENE negativity remains as per the current cN classifica-
tion. The updated clinical TNM stage classification resulted
in the segregation of patients with iENE-negative cT1
to 2N disease who might be the safest candidates for dein-
tensification trials, while new strategies are needed to
address the genuine risk of distant metastasis in patients
with iENE.
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