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Prognostic impact of extranodal extension (ENE) in surgically
managed treatment-naive HPV-positive oropharyngeal
squamous cell carcinoma with nodal metastasis
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Extranodal extension (ENE) is a significant prognostic factor for human papilloma virus (HPV)-negative head and neck squamous
cell carcinoma and is incorporated into AJCC 8th edition pN stage. It remains controversial whether ENE or the degree of ENE is
prognostically relevant in HPV-positive oropharyngeal squamous cell carcinoma (OPSCC). A detailed clinicopathologic review was
conducted in a large retrospective cohort of 232 surgically treated patients with HPV-positive OPSCC and nodal metastasis. Fifty-six
patients (24%) had nodal metastasis with ENE. The median vertical extent of ENE was 2.9 mm (range 0.2–20.3 mm), and the median
horizontal span of ENE was 2.5 mm (range: 0.3–14.0 mm). Comparing with patients without ENE, those with ENE were associated
with a higher number of positive lymph nodes, lymphovascular invasion, perineural invasion, adjuvant chemotherapy, larger
primary tumor size, and shorter follow up period. Patients with ENE had shortened overall survival (OS), disease specific survival
(DSS), disease free survival (DFS), distant metastasis free survival (DMFS), and regional recurrence free survival (RRFS) on univariate
survival analysis. The 5-year OS, DSS, and DFS were 95%, 97%, and 90% respectively for the group without ENE, and 64%, 71%, and
65% respectively for the group with ENE. On Multivariate survival analysis, the presence of ENE was an independent adverse
prognostic factor for OS, DSS, and DFS. Additionally, major ENE defined as a vertical extent of ≥4mm or irregular soft tissue deposit
independently predicted shortened OS, DSS, and RFS. In conclusion, the presence of ENE, in particular major ENE, is an independent
prognostic factor in HPV-positive OPSCC. Therefore, we propose to document the presence and extent of ENE for these tumors.
Consideration may be given for AJCC 9th edition to include ENE into pN stage of HPV-positive OPSCC.
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INTRODUCTION
Extranodal extension (ENE), defined as breach of the lymph node
capsule by metastatic tumor, is a notorious eventuality in head
and neck squamous cell carcinoma (HNSCC) and often an
indication justifying adjuvant radiation or chemoradiation ther-
apy1. Many groups have identified ENE as one of the most
important predictors for shortened survival and increased risk of
recurrence and metastasis in HPV-negative HNSCC2–6. Never-
theless, the prognostic significance of ENE in HPV-positive
oropharyngeal squamous cell carcinoma (OPSCC), a biologically
distinct subset of HNSCC, characterized by non-keratinizing
histopathology, oropharyngeal location, propensity for nodal
metastasis, low mutation burden, and improved prognosis, is less
established7. Multiple early retrospective studies with variable
number of cases, including a meta-analysis published in 2016
encompassing 561 patients with HPV-positive OPSCC with nodal
metastasis, failed to demonstrate any prognostic relevance of
ENE3,4,8–12. However, several recent large-scale studies based on
the National Cancer Database (NCDB, N ranges from 2663 to
8780)13–18 as well as a recent meta-analysis of 3603 patients19,
have identified ENE as an independent adverse prognostic factor

for overall survival (OS) and/or distant metastasis free survival
(DMFS) in HPV-positive OPSCC. Such incertitude is reflected by the
current 8th edition of American Joint Committee on Cancer
(AJCC)/Union for International Cancer Control (UICC) staging
system for HNSCC20. While the presence of any pathologic
evidence of ENE results in upstages of nodal metastasis for
patients with HPV-negative HNSCC, ENE does not impact the
pathologic nodal staging (pN) in HPV-positive OPSCC.
The current AJCC/UICC staging manual20 and the College of

American Pathologist (CAP) cancer reporting protocol21 include
the extent of ENE, defined as the vertical span of the ENE from the
lymph node capsule, as an optional reporting element for HNSCC,
including HPV-positive OPSCC. For HPV-negative oral SCC, ENE can
be further classified as macroscopic with an extent >2mm and
microscopic with an extent ≤2mm20, and the presence of
macroscopic ENE was found to be prognostically relevant in
multivariate survival analysis5,22.
To date, only a few studies on HPV-positive OPSCC have

included the extent of ENE11,12,16. However, some of these studies
did not include a pathology review to assess ENE and none have
documented the ENE extent as a continuous variable nor
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performed Receiver operating characteristics (ROC) analysis to
determine the ideal cutoff value. Therefore, additional studies are
needed to clarify the significance of ENE and its extent in HPV
positive-OPSCC.
Toward this aim, we gathered this large retrospective cohort of

232 patients with surgically managed, treatment-naive, metastatic
HPV-positive OPSCC to lymph nodes, and performed a detailed
clinicopathologic review using ROC analysis to determine the
significance of ENE and the best cutoff of its extent in predicting
tumor behavior.

MATERIAL AND METHODS
Study cohort
The study was approved by the Institutional Review Board (IRB) of
Memorial Sloan Kettering Cancer Center (MSKCC, New York, NY, USA). The
retrospective cohort included 232 surgically managed treatment-naive
patients who underwent neck dissection between 1985 and 2019 for
metastatic HPV-positive OPSCC to the cervical lymph nodes. Among them,
173 patients were operated at MSKCC, whereas the remaining 59 had
surgery elsewhere with the pathology slides reviewed at MSKCC. Forty-four
cases were included in a previous study9.
Exclusion criteria included: carcinoma with negative or unknown HPV

status; neck metastasis from an unknown primary, tumors with prior
neoadjuvant therapy; tumors in which the ENE status cannot be
determined due to tissue fragmentation, and/or nodal metastases that
were only sampled by core biopsies or fine needle aspiration.

Pathologic review
All histologic slides were reviewed by at least one head and neck
pathologist (BX or NK) to collect detailed pathologic parameters.
Subsequently, all tumors with ENE were re-reviewed at consensus
conferences by three head and neck pathologists (BX, NK, and RG) to
confirm the presence and extent of ENE. HPV status was confirmed in all
cases by p16 immunoexpression using the cutoff of >70% nuclear and
cytoplasmic staining of moderate or strong intensity21, and/or positivity for

high-risk HPV RNA or DNA in situ hybridization (ISH) on either the primary
or the metastatic tumor.
ENE was defined as the extension of metastatic tumor through the

lymph node capsule into the perinodal fibroadipose tissue and/or
skeletal muscle. Soft tissue deposit was defined as metastasis without
any associated lymph node structure (germinal centers or subcapsular
sinus). Soft tissue deposit was further divided into two subcategories:
rounded/well-circumscribed with a well-defined smooth border; and
infiltrative/irregular with irregular and infiltrative outer contour (Fig. 1).
Rounded soft tissue deposit was considered as nodal metastasis without
ENE, whereas irregular soft tissue deposit was regarded as nodal
metastasis with major ENE in which the exact extent of ENE could not
be measured as the deposit did not have any identifiable lymph node
capsule.
The vertical span of ENE was measured from the recognizable outer

boundary of the lymph node capsule perpendicularly to the most distal
perinodal tumor clusters (Fig. 1). The horizontal span of ENE was measured
parallel to the recognizable lymph node capsule. Other parameters of ENE
reviewed and recorded included: number of lymph node with ENE, size of
the lymph node with the most ENE, ratio of the size of metastasis to the
lymph node size in the lymph node with the most ENE, tissue involved by
ENE (being fibroadipose tissue vs. skeletal muscle), and desmoplastic
reaction within ENE foci.
Other characteristics of the primary and metastatic tumors that were

collected included: total number of lymph nodes sampled, total number
of lymph nodes positive for metastasis; size of the largest positive lymph
node and largest metastatic focus, laterality of the positive lymph node
(ipsilateral vs. bilateral), primary tumor size, lymphovascular invasion,
perineural invasion, margin status, and AJCC 8th edition pT and pN stage.

Clinical review and outcomes
Clinical parameters, such as age, sex, post-operative radiation therapy,
post-operative chemotherapy, and outcome data were collected. Follow
up data were available in 220 patients and were calculated from the day of
primary resection. Outcome assessment included OS, DSS, recurrence free
survival (RFS), DMFS, local recurrence free survival (LRFS), and regional
recurrence free survival (RRFS).

Fig. 1 Extranodal extension (ENE) in HPV-positive oropharyngeal squamous cell carcinoma. A, B The vertical extent of ENE is measured
from the external boundary of the lymph node capsule perpendicularly to the most distantly located tumor clusters. A Major ENE has a
vertical extent of ≥4mm. B Minor ENE has a vertical extent of <4 mm. Insert: Tumor (T) breaches the lymph node capsule (arrowheads) and
invade into perinodal fibroadipose tissue. C A regular soft tissue deposit is a rounded/well-circumscribed soft tissue deposit without
recognizable lymph node architecture (considered as nodal metastasis without ENE). D An irregular soft tissue deposit is an infiltrative soft
tissue deposit without recognizable lymph node architecture (considered as major ENE in which the extent of ENE cannot be measured).
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Statistics
All statistical analyses were performed using the SPSS software 24.0 (IBM
Corporation, Armonk, NY, U.S.). Comparisons of clinicopathologic features
between tumors with and without ENE were performed using Chi square
test or Fisher’s exact test for categorical variables and two-tailed Student’s t
test for continuous variables. Univariate survival analysis was conducted
using log rank test for categorical variables and Cox hazards proportional
model for continuous variables. Variables significant on univariate analysis
were subjected to multivariate survival analysis using Cox Hazards
proportional model. Cumulative 5-year, 10-year, and 15-year survival was
calculated. To determine the best cutoff to separate major and minor ENE,
ROC analysis was performed to evaluate the performance extent of ENE
(vertical or horizontal) in predicting outcome.

RESULTS
Clinicopathologic features
The clinicopathologic characteristics of the study cohort sub-
stratified by the ENE status are summarized in Table 1, and the
characteristics of ENE are provided in Table 2. The median age of
patients at time of diagnosis was 58 years (range: 34–88). The male
to female ratio was 3.9:1. Grossly involved lymph nodes were
typically representatively sampled. The median number of blocks

from the largest metastatic lymph node was 2 (range: 1–13). The
median number of blocks per cm from the largest positive lymph
node was 0.55 (ranges: 0.14–2.82). The mean size of largest
involved lymph node and largest metastatic focus was 3.3 cm and
3.1 cm respectively.
Among the 232 patients with metastatic HPV-positive OPSCC to

the cervical lymph node(s), 56 patients (24%) had ENE. Compared
with tumors without ENE, those with ENE were associated with
significantly higher number of positive lymph nodes (p < 0.001),
higher AJCC pN stage (p < 0.001), larger primary tumor size (p=
0.003), higher rate of lymphovascular invasion (p= 0.037), higher
rate of perineural invasion (p= 0.003), shorter follow up period (p
= 0.031) and a higher rate of adjuvant chemotherapy (p= 0.031).
Other clinical and pathologic parameters, such as age, sex,
number of resected lymph nodes, margin status, AJCC pT stage,
and post-operative adjuvant radiation therapy, did not differ
between the two groups.

Defining major and minor ENE
On ROC analysis, there was a significance correlation between the
vertical span of ENE and DSS (area under curve AUC= 0.703, p=
0.048). The best threshold of vertical extent of ENE was

Table 1. Clinicopathologic characteristics of the study cohort substratified by the status of extranodal extension (ENE).

All cases (N= 232) No ENE (n= 176, 76%) ENE (n= 56, 24%) P values

Characteristics of nodal metastasis

Side of positive lymph node Ipsilateral 229 (99%) 174 (99%) 55 (98%) NS

Bilateral 3 (1%) 2 (1%) 1 (2%)

Size of largest involved lymph node (cm) 3.4 (0.6–7.0) 3.3 (0.6–7.0) 3.5 (1.1–6.0) NS

Size of largest metastasis (cm) 3.0 (0.1–7.0) 3.0 (0.1–7.0) 3.2 (1.1–6.0) NS

Size of largest metastasis ≤3.0 cm 122 (53%) 95 (54%) 27 (48%) NS

3.1–6.0 cm 106 (46%) 77 (44%) 29 (52%)

>6.0 cm 4 (2%) 4 (2%) 0 (0%)

Rounded/well-circumscribed soft tissue deposit 20 (9%) 17 (10%) 3 (5%) NS

Number of lymph nodes examined 31 (1–110) 30 (1–87) 33 (6–110) NS

Number of positive lymph nodes 1 106 (46%) 99 (56%) 7 (13%) <0.001

2–5 93 (40%) 67 (38%) 26 (46%)

≥5 33 (14%) 10 (6%) 23 (41%)

AJCC pN stage pN1 199 (86%) 166 (94%) 33 (59%) <0.001

pN2 33 (14%) 10 (6%) 23 (41%)

Characteristics of resected primary tumor (n= 211)

Tumor size (cm) 1.8 (0.1–6.0) 1.8 (0.1–5.5) 2.0 (0.2–6.0) 0.003

Tumor size/AJCC pT stage ≤2.0 cm (pT1) 129 (61%) 102 (64%) 27 (52%) NS

2.1–4.0 cm (pT2) 73 (35%) 53 (33%) 20 (39%)

>4.0 cm (pT3) 9 (4%) 4 (3%) 5 (10%)

Lymphovascular invasion 50 (24%) 32 (20%) 18 (35%) 0.037

Perineural invasion 23 (11%) 11 (7%) 12 (24%) 0.003

Positive margin 69 (34%) 52 (34%) 17 (35%) NS

Clinical characteristics, treatment, and follow up

Sex Female 47 (20%) 33 (19%) 14 (25%) NS

Male 185 (80%) 143 (81%) 42 (75%)

Age (years) 58 (34–88) 59 (34–79) 58 (40–88) NS

Post-operative radiation therapy 189 (88%) 143 (87%) 46 (89%) NS

Post-operative chemotherapy 45 (21%) 27 (17%) 18 (35%) 0.005

Follow up period (months) 45 (3-291) 46 (4-291) 32 (3-289) 0.031

P values are obtained using Chi-square or Fisher’s exact test for categorical variables and Two-tailed Student’s t test for continuous variables. Values are median
(range) for continuous variables, and n (column%) for categorical variables.
NS not significant, NA not available/not applicable.
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determined at 4 mm. The horizontal span of ENE did not predict
outcomes.
Given the results of ROC analysis, major ENE was defined as a

vertical ENE extent of ≥4mm. The presence of irregular soft tissue
deposit was also considered as major ENE in which the extent of
ENE cannot be measured.
Using these criteria, 21 of the 56 cases with ENE (37.5%) had

major ENE, including 13 cases with irregular soft tissue deposits
and 8 cases with a vertical ENE extent of ≥4mm. The remaining 35
patients (62.5%) had minor ENE.

Prognostic significance of ENE
Follow up data were available in 220 patients with a median
follow up period of 45 months (range 3–291 months). The
observed events included 17 patients with disease-related
mortality, and 29 patients with recurrences, including 16 with
distant metastasis, 10 with local recurrence, and/or 12 with
regional recurrence.
Log rank test showed that patients with ENE were associated

with significantly shortened OS, DSS, RFS, DMFS, and RRFS
compared with patients without ENE (Table 3 and Fig. 2). LRFS
did not differ between the two groups. The cumulative 5-year and
10-year DSS was 97% and 95% respectively for the group without
ENE, and 71% and 71% respectively with ENE. The cumulative
5-year and 10-year RFS were 90% and 81%, respectively for
patients without ENE, and 65% and 65%, respectively for those
with ENE.
Among the 173 patients who were operated at MSKCC, 171

patients had follow up data available. In this subgroup of patients,
ENE remained a significant adverse prognostic factor for OS (p <
0.001), DSS (p < 0.001), and RFS (p < 0.001) on univariate survival
analysis by log rank test.
When ENE was further divided into minor and major ENE

according to the criteria defined above, minor ENE subgroup was
shown to be associated with significantly shortened OS, DSS, DFS,
and RRFS compared with the subgroup without ENE (log rank
pairwise test, p < 0.05); whereas major ENE correlated with
shortened OS, DSS, DFS, and DMFS compared with the subgroup
with minor ENE (Table 3 and Fig. 2). The 5-year and 10-year DSS
was 87% and 87% respectively in patients with minor ENE; and
48% and 48% respectively in patients with major ENE.
Two empirical cutoffs were additionally tested: one is the 2mm

cutoff included in AJCC 8th edition20; the other is the 1mm cutoff
used for Eastern cooperative oncology group (ECOG) E3311 trial23.
Macroscopic ENE was defined as vertical ENE extent of >2mm or
>1mm, or irregular soft tissue deposit, whereas microscopic ENE

Table 2. Characteristics of cases with extranodal extension (ENE).

Extent of ENE - vertical (mm) 2.9 (0.2–20.3)

Extent of ENE - horizontal (mm) 2.5 (0.3–14.0)

Size of lymph nodes with most ENE (cm) 3.4 (0.6–5.4)

size ratio (metastasis/node) in lymph node with
most ENE

1.0 (0.4–1.0)

Number of positive
lymph nodes
with ENE

1 35 (63%)

2–4 16 (29%)

5 or more 5 (9%)

Size of lymph nodes
with most ENE

≤3.0 cm 25 (45%)

3.1–6.0 cm 31 (55%)

Tissue involved by
ENE

Fibrous or
fibroadipose tissue

49 (88%)

Skeletal muscle 7 (13%)

Desmoplastic reaction in ENE 48 (86%)

Irregular soft tissue deposit 13 (23%)
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was defined as a vertical ENE extent of ≤2mm or ≤1mm. Using
either threshold, there was no significant survival difference
between the groups with macroscopic ENE and that with
microscopic ENE on univariate log rank survival analysis (Table 4).
The prognostic significances of other clinicopathologic para-

meters on survival using univariate log rank test or Cox
proportional hazards model are shown in Table 5. Factors
predicting OS, DSS, and RFS included post-operative chemother-
apy, tumor size, perineural invasion, AJCC 8th edition pT stage,

number of positive lymph nodes, type of tissue involved by ENE,
and irregular soft tissue deposits. Additionally, older age was
associated with decreased OS; advanced AJCC pT stage was
associated with decreased DSS and RFS; bilateral lymph node
involvement was associated with decreased RFS; and increased
number of lymph nodes with ENE was associated with decreased
OS and DSS.
The results of multivariate survival analysis are shown in

Table 6. The presence of ENE was a significant independent

Fig. 2 The impacts of extranodal extension (ENE, top row) and the extent of ENE (bottom row) on survival. Kaplan–Meier curves for overall
survival (OS), disease specific survival (DSS), recurrence free survival (RFS), and distant metastasis free survival (DMFS).

Table 4. Cumulative survival according to the AJCC 8th and ECOG E8811 trial definitions of macroscopic and microscopic ENE.

Microscopic ENE
(≤2mm)

Macroscopic ENE
(>2mm)

P values

No vs. microscopic ENE No vs. macroscopic ENE Microscopic vs.
macroscopic ENE5-year 10-year 5-year 10-year

OS 70% 50% 61% 45% <0.001 <0.001 0.484

DSS 83% 83% 67% 67% 0.024 <0.001 0.260

DFS 76% 76% 60% 60% 0.148 <0.001 0.229

DMFS 91% 91% 76% 76% 0.799 0.003 0.230

RRFS 84% 84% 83% 83% 0.040 0.011 0.960

LRFS 100% 100% 83% 83% 0.517 0.018 0.147

Microscopic ENE
(≤1mm)

Macroscopic ENE
(>1mm)

OS 79% 59% 60% 48% 0.023 <0.001 0.562

DSS 88% 88% 66% 66% 0.157 <0.001 0.454

DFS 73% 73% 67% 67% 0.195 <0.001 0.587

DMFS 82% 82% 83% 83% 0.470 0.011 0.684

RRFS 89% 89% 86% 86% 0.226 0.005 0.928

LRFS 100% 100% 88% 88% 0.580 0.038 0.351

OS overall survival, DSS disease specific survival, RFS recurrence free survival, DMFS distant metastasis free survival, RRFS regional recurrence free survival, LRFS
local recurrence free survival.
P values were obtained using log rank test. Bold P values are significant P values. Irregular soft tissue deposit is considered as macroscopic ENE.
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prognostic factor for shortened OS (hazard ratio HR= 3.220, 95%
confidence interval CI= 1.301–7.971, P= 0.011), DSS (HR= 6.260,
95% CI= 1.593–24.597, P= 0.009), and DFS (HR= 3.153, 95% CI
= 0.912–1.725, p= 0.026). Additionally, compared with patients
without ENE, those with major ENE had decreased OS (HR=
3.739, 95% CI= 1.351–10.345, P= 0.011), DSS (HR= 11.488, 95%
CI= 2.543–51.889, P= 0.002), and RFS (HR= 5.700, 95% CI=
1.715–18.938, P= 0.004). No significant difference was detected
between the subgroup with minor ENE and that without ENE.
Other independent adverse prognostic factors included peri-

neural invasion and high AJCC pN stage for OS; and laterality of
involved lymph nodes for DFS.

DISCUSSION
The reported rate of extranodal extension in HPV-positive OPSCC
varies drastically across studies, ranging from as low as 10% to as
high as 80%4,9,10,23–27. Such a wide range may be attributed to
selection criteria for surgical management of HPV-positive OPSCC
across various institutions. Studies based on NCDB data have
reported a frequency of ENE of 32% to 44% in HPV-positive
OPSCC14–19,28,29. In the current study, ENE was identified in 24% of
the cases. Multiple factors may attribute to the large variation of
reported ENE rate in HPV-positive OPSCC, including the lack of
universally accepted definition of ENE in HNSCC, the presence of
inter- and intra-observer discrepancy in interpretating ENE, and
the variation of nodal sampling across different institutions.
Indeed, the definition of ENE in HNSCC varies across different
studies, ranging from any breach of the lymph node capsule by
the metastatic tumor, to involvement of perinodal soft tissue with
or without desmoplasia, to requiring a desmoplastic reaction of
the metastatic tumor in the perinodal tissue30.
Not surprisingly, interobserver and intraobserver agreement

among pathologists to evaluate the presence of ENE in HNSCC
was reported to be weak to moderate at best with a kappa value
ranging from 0.14 to 0.7531. Furthermore, the nodal metastasis of
HPV-positive OPSCC is typically large and grossly evident. The
median size of largest nodal metastasis was 3.0 cm (up to 7.0 cm)
in the present study. Currently, there is no standardized gross
assessment for cervical lymph nodes dissection. Sampling
protocol for a grossly positive lymph node seems to be
inconsistent and varies across institutions. In fact, the number of
tumor blocks sampled from the largest metastatic lymph node in
the current study showed a wide range from 1 section to
13 sections. Theoretically a low sampling rate may result in under-
detection of ENE. Based on these data, considerations should be
given to standardize the macroscopic examination protocol for
cervical lymph nodes and to propose an internationally standar-
dized histologic diagnostic criteria to evaluate the presence and
the extent of ENE for HNSCC, including HPV-positive OPSCC.
The focus of metastatic HPV-positive OPSCC and the involved

lymph node tend to be large. The mean size of the largest
involved lymph node and the largest metastatic focus were 3.3 cm
and 3.1 cm, respectively in our cohort. In contrast, the mean size of
largest metastatic node and the largest metastatic focus in HPV-
negative oral squamous cell carcinoma were 1.6 cm and 1.0 cm,
respectively5. In many cases, the positive node was almost
completely replaced by tumor. Lobulation and fibrous septation
were noted in a proportion of cases, which may make the
assessment of ENE more challenging and variable among
observers.
Such a wide variation in sampling and reporting ENE may also

be an important explanation of the conflicting literature regarding
the prognostic significance of ENE in HPV-positive OPSCC. Multiple
early retrospective studies with a cohort size of 76–210 HPV-
positive OPSCC, including the earlier study from our institution9

reported that the presence of ENE did not predict survival and
recurrence3,9–12,24. A meta-analysis published in 2016 including a
total of 561 patients with HPV positive- OPSCC metastatic to
lymph node from four retrospective studies published between
2012 and 2016 showed that pathologic ENE did not significantly
impact DFS with a HR of 1.39 (95% CI: 0.12–15.81)4. On the other
hand, several more recent retrospective studies with a cohort size
ranging from 74 to 296 concluded that the presence of ENE was
an adverse prognostic factor for OS, DSS, and RFS on
univariate8,25,27,32 and/or multivariate survival analysis33. More-
over, a recent meta-analysis including 3603 patients with HPV-
positive OPSCC from 18 retrospective studies shown that
pathologic ENE was an independent adverse prognostic factor
associated with decreased OS (HR= 1.89, 95% CI: 1.15–3.13), and

Table 5. Results of univariate survival analysis using log rank test for
other clinicopathologic parameters.

OS DSS RFS

Clinical parameters

Age (continuous) 0.006 NS NS

Sex NS NS NS

Post-operative radiation therapy NS NS NS

Post-operative chemotherapy 0.019 0.048 0.004

Characteristics of primary tumors

AJCC pT stage/tumor size
(categorical)

NS 0.008 0.003

Tumor size (continuous) 0.024 0.002 0.004

Lymphovascular invasion NS NS NS

Perineural invasion <0.001 0.029 0.033

Margin status NS NS NS

Characteristics of nodal metastasis

AJCC pN stage <0.002 0.001 0.004

Size of largest involved lymph
node (continuous)

NS NS NS

Size of largest metastasis
(continuous)

NS NS NS

Laterality of positive
lymph node

NS NS 0.011

Number of positive
lymph nodes

<0.001 0.002 0.012

Rounded/well-circumscribed
soft tissue deposit

NS NS NS

Subgroups of cases with ENE

Vertical extent of ENE
(continuous)

NS 0.049 NS

Horizontal extent of ENE
(continuous)

NS NS NS

Size of lymph node with most
ENE ((continuous)

NS NS 0.034

Size ratio of metastasis/involved
lymph node in the lymph node
with the most ENE (continuous)

NS NS NS

Number of positive lymph
nodes with ENE

0.003 0.020 NS

Tissue involved by ENE 0.019 0.002 0.040

Desmoplastic reaction in ENE NS NS NS

Irregular soft tissue deposit <0.001 <0.001 <0.001

NS non-significant.
Values are P values obtained using log rank test for categorical variables
and cox proportional hazards model for continuous variables.
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distant metastasis free survival (HR= 3.23, 95% CI: 1.25–8.33), but
not locoregional recurrence and DSS19. Additionally, multiple
studies using NCDB data with slightly different patient selection
criteria including 2663–8780 patients with HPV-positive OPSCC
universally demonstrated that ENE independently predicted
decreased OS3,4,8–12. In the current study, we conducted a
rigorous pathology review to evaluate the presence, extent, and
associated features of ENE. We have found that the presence of
pathologic ENE was an independent adverse pathologic feature
for decreased OS, DSS, and DFS, when adjusted for other
prognostic features, such as age, tumor size, AJCC pN stage, and
perineural invasion. Taken together, an overwhelming body of
literature including large-scale studies has indicated an important
prognostic role of ENE in HPV-positive OPSCC. Therefore,
pathologic ENE should be routinely evaluated and documented
in the pathology report of surgically treated HPV-positive OPSCC.
Furthermore, the current study aimed to assess the prognostic

significance of ENE extent and soft issue tumor deposit in HPV-
positive OPSCC, which was addressed only in a few prior studies.
The vertical span of ENE is typically measured as a continuous
variable from the recognizable outer contour of an involved
lymph node to the more distant aspect of perinodal invasion.
Besides, ENE can be classified into macroscopic (major) and
microscopic (minor) using ROC analysis to determine the most
prognostically relevant cutoff value of the ENE extent5. In patients
with HPV-negative oral SCC, the ideal cutoff of ENE determined
using ROC analysis was reported as 1.7 mm in the study by
Wreesmann et al.5, and 1.9 mm in the study by Mamic et al.22.

Macroscopic ENE was found to be associated with decreased
survival and increased risk of recurrence, while minor ENE had no
significant impact on survival5,22. Based on these studies, the 8th
edition of AJCC/UICC staging has adopted 2mm as the cutoff to
separate macroscopic and microscopic ENE. The current study was
the first to perform ROC analysis to assess the significance of ENE
extent in HPV-positive OPSCC. We have found the best cutoff to
define major (macroscopic) ENE to be 4mm. Using this cutoff,
major ENE was associated with a significantly decreased OS (HR=
3.739), DSS (HR= 11.488), and DFS (HR= 5.700) compared with
nodal metastasis without ENE on multivariate analysis. On the
other hand, minor ENE was only associated with a shortened OS,
DSS, and DFS on univariate but not multivariate analysis. The
5-year disease specific survival decreased from 97% in patients
with HPV-positive OPSCC without ENE, to 87% in those with minor
ENE, to 48% in those with major ENE. Therefore, it is crucial for
pathologists to document not only the presence but also the
extent of ENE in HPV-positive OPSCC as both parameters serve as
independent prognostic factors to allow risk-stratification and
planning for appropriate adjuvant therapy.
Interestingly, the performance of 2 mm cutoff currently

included in AJCC 8th staging manual and 1mm cutoff used in
ECOG E8811 trial23 appear to be less than ideal in HPV-positive
OPSCC compared with the 4mm threshold determined using ROC
analysis. There is a significant difference of OS, DSS, and DFS
among all three groups (no ENE, minor ENE, and major ENE) using
4mm as a cutoff for major ENE (Table 3), whereas no significant
survival difference is detected between macroscopic and

Table 6. Results of multivariate survival analysis using Cox proportional hazards model.

Parameters P values Hazard ratio (95%
confidence interval)

Parameters P values Hazard ratio (95%
confidence interval)

OS

Presence of ENE 0.011 3.220 (1.301–7.971) Extent of ENE (no ENE as
reference)

Minor ENE (<4mm) 0.069 2.720 (0.923–8.012)

Major ENE (≥4mm) 0.011 3.739 (1.351–10.345)

Age 0.010 1.053 (1.012–1.095) Age 0.022 1.049 (1.007–1.093)

AJCC pT/tumor size 0.950 1.009 (0.763–1.335) AJCC pT/tumor size 0.961 1.007 (0.756–1.342)

Perineural invasion 0.032 2.572 (1.087–6.086) Perineural invasion 0.034 2.557 (1.074–6088)

AJCC pN stage 0.023 2.524 (1.138–5.595) AJCC pN stage 0.027 2.467 (1.108–5.489)

DSS

Presence of ENE 0.009 6.260 (1.593–24.597) Extent of ENE (no ENE as
reference)

Minor ENE (<4mm) 0.153 3.352 (0.639–17.585)

Major ENE (≥4mm) 0.002 11.488 (2.543–51.889)

AJCC pT/tumor size 0.253 1.254 (0.851–1.850) AJCC pT/tumor size 0.305 1.242 (0.821–1.880)

Perineural invasion 0.639 1.356 (0.380–4.840) Perineural invasion 0.674 1.305 (0.377–4.518)

AJCC pN stage 0.158 2.356 (0.717–7.749) AJCC pN stage 0.261 2.035 (0.590–7.019)

DFS

Presence of ENE 0.026 3.153 (1.145–8.684) Extent of ENE (no ENE as
reference)

Minor ENE(<4mm) 0.200 2.169 (0.664–7.086)

Major ENE (≥4mm) 0.004 5.700 (1.715–18.938)

AJCC pT/tumor size 0.164 1.254 (0.912–1.725) AJCC pT/tumor size 0.277 1.205 (0.861–1.686)

Perineural invasion 0.813 1.143 (0.377–3.466) Perineural invasion 0.707 1.231 (0.417–3.634)

AJCC pN stage 0.339 1.659 (0.588–4.684) AJCC pN stage 0.456 1.496 (0.519–4.312)

Laterality of positive
lymph nodes

0.011 8.358 (1.628–42.909) Laterality of positive
lymph nodes

0.013 7.834 (1.540–40.058)

Bold p values are significant P values.
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microscopic ENE using 2mm or 1mm cutoffs, respectively
(Table 4). These data support the fact that HPV-positive OPSCC
is biologically different from HPV-negative HNSCC, and 4mm
appear to be a better cutoff value to stratify ENE in HPV-positive
OPSCC. Regardless, we believe that it is important for pathologists
to report the exact extent of ENE in millimeter as a continuous
variable to collect sufficient data for future studies to determine
the significance and ideal thresholds for ENE in HNSCC.
To date, only three studies have included measurement on ENE

extent in HPV-positive OPSCC. Two retrospective studies of OPSCC
from Washington University, including a subset of p16-positive
cancers (n= 152 and n= 90 respectively) and using an arbitrary
ENE extent cutoff of 1 mm have found that the presence and the
extent of ENE did not alter OS, DSS, or DFS in OPSCC11,12. Using
NCDB data, Bauer et al. recently reported that both microscopic
ENE (n= 516) and macroscopic ENE (n= 133), as defined by the
AJCC 8th edition were associated with decreased OS compared
with those without ENE in surgically managed HPV-positive
OPSCC16. All three studies have certain weaknesses: the first two
did not perform subgroup analysis based on HPV status, whereas
the third was a database study without pathology review. Neither
study documented the ENE extent as a continuous variable nor
performed ROC analysis to determine the ideal cutoff value.
Two studies from Washington University have shown that

irregular soft tissue deposit, defined as metastatic focus in the soft
tissue without residual nodal tissue architectures (such germinal
center or subcapsular sinus), was associated with decreased OS,
DSS and DFS on univariate11,12 and multivariate survival analyses11

in HPV-positive OPSCC. Similarly, we have found that irregular soft
tissue deposit was associated with decreased OS, DSS, and RFS on
univariate analysis. Together, these data support the notion that
irregular soft tissue deposit should be regarded as macroscopic
(major) ENE, although the exact extent of ENE cannot be
determined due to the absence of an appreciable lymph node
capsule.
In conclusion, pathologic ENE, defined as metastasis breaching

the lymph node capsule and invading the perinodal soft tissue, is
an independent adverse prognostic factor associated with
decreased OS, DSS, and DFS in surgically treated HPV-positive
OPSCC with cervical nodal metastasis. In addition, further
characterization of ENE extent into major ENE (defined as vertical
ENE span of ≥4mm and/or irregular soft tissue deposit) and minor
ENE (defined as vertical ENE span of <4mm) provides additional
prognostic information in HPV-positive OPSCC. Consideration
should be given for the pathologists to routinely document the
presence and extent of ENE, and for ENE to be adopted into the
next AJCC staging manual for the pathologic nodal staging of
HPV-positive OPSCC.
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