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Abstract

Objective—Discern inter- and intra-observer variability in the classification of extracapsular 

extension (ECE) in p16+ oropharyngeal (OP) SCC comparing pathologists' own criteria versus 

those of a well-defined classification system.

Methods—Five pathologists reviewed 50 digitally scanned nodal metastasis slides in three 

Rounds. Round One was by their own criteria as ECE present or absent, and Rounds Two and 

Three were with a defined ECE system: Grade 0 (no ECE), 0c (no ECE - thick capsule; no 

infiltration), 1 (ECE - cells beyond capsule), and 2 (soft tissue metastasis - cells in soft tissue 

without residual node). Round Three assessed intra-observer variability.
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Results—In Round One, all five agreed on only 48% of cases (n=24). Fleiss's Kappa value was 

0.508 (95% CI: 0.357∼0.644). For Rounds Two and Three, Grade 0 and 0c and Grade 1 and 2 

were separately grouped as ECE absent or present. In Round Two, all five agreed on 68% of cases 

(n=34). Fleiss' Kappa was 0.635 (95% CI: 0.472∼0.783), indicating statistically significantly 

better agreement. In Round Three, all five agreed on 64% of cases (n=32) giving a Fleiss's Kappa 

of 0.639. Pathologists agreed with their prior reads in approximately 90% of cases (average 

n=45.4, range n=42∼49), an average intra-observer Cohen's Kappa of 0.8 (range: 0.68∼0.95). 

Inter- and intra-observer variability rates for classification of soft tissue metastasis (ECE2) were 

substantially worse.

Conclusion—There is substantial inter-, and modest intra-, observer variability among head and 

neck pathologists for ECE in p16+ OPSCC, modestly improved by a defined system.
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Introduction

Human papillomavirus (HPV)-related oropharyngeal squamous cell carcinoma (OPSCC) is 

increasing in incidence and now constitutes a large fraction of all head and neck SCC[1, 2] 

[3]. It has unique clinical and pathologic features including nonkeratinizing morphology in 

most cases, lower mutation rates, and a much better prognosis than conventional (HPV-

negative) head and neck SCC, with approximately 3 to 5 fold lower risk of death from 

disease[4] [5]. p16 is markedly overexpressed in OPSCC with transcriptionally-active high 

risk HPV and has emerged as a reliable surrogate marker for the virus in these tumors and 

also as a remarkably strong prognostic marker[8] [5] [4] [9]. For simplicity, hereafter, HPV-

related OPSCC will be referred to as p16 positive OPSCC.

The clinical presentation of p16 positive OPSCC is dominated by neck disease[4]. As many 

as 80 to 85% of patients have neck metastases at presentation[5], and 50% or more of 

patients present because of complaints in the neck [10]. Traditional studies on the treatment 

of head and neck SCC have shown that extracapsular extension (ECE) in cervical nodal 

metastases is a significant adverse prognosticator [11] [12], and it has emerged as a specific 

indication for the addition of adjuvant chemotherapy to postoperative radiation[13] [14, 15]. 

It is not clear, however, that p16 positive OPSCC patients have the same biology and clinical 

course due to nodal metastases with ECE as for other head and neck sites, nor is it clear that 

adjuvant chemotherapy for node positive patients with ECE results in improved 

outcomes[16].

Several recent retrospective studies have shown no clinical benefit to adjuvant chemotherapy 

for node positive, ECE positive patients with p16 positive OPSCC [17] [18] [19], and 

prospective trials to address this important question are under way. To compound this 

problematic area, there is little data on what constitutes bona fide, clinically significant ECE 

in head and neck SCC in general (from a pathologic diagnostic perspective) and particularly 

in p16 positive OPSCC. There is also very little data about the reproducibility of 
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pathologists in diagnosing ECE in cervical nodal metastases[20]. Further, the data that 

exists[20] does not specifically address nodal metastases in p16 positive OPSCC patients. 

The nodal metastases in p16 positive OPSCC are different than for typical head and neck 

SCC. They are larger, often are cystic[21], and develop pushing borders and thickened 

capsules/pseudocapsules[18] [17]. The literature and practice guidelines such as the 

NCCN[22] consistently ask pathologists to analyze nodal metastases in p16 positive OPSCC 

for ECE, but do not specifically guide pathologists on what patterns of growth in the nodal 

metastases actually have clinical significance and what patterns do not.

Because p16 positive OPSCC is a distinct disease with distinct patterns of neck disease, we 

previously developed an ECE grading system specifically tailored to these tumors. In three 

separate retrospective studies, we found little clinical significance to ECE, although the 

worst extent (termed “soft tissue metastasis” or STM) seems to associate with poorer 

outcomes, particularly for T3/T4 patients or those who do not receive postoperative adjuvant 

therapy[17, 18]. These results have largely been supported by additional studies from other 

institutions [19]. The current study was performed to assess the degree of inter-observer 

variability in the diagnosis of ECE in cervical nodal metastases in p16 positive OPSCC, to 

assess if a defined system could decrease variability, to assess intra-observer variability with 

this system, and finally, to determine variability in the diagnosis of STM, the worst extent of 

ECE.

Materials and Methods

Approval was obtained from the Washington University Human Resource Protection Office 

prior to performance of the study which involved waiver of consent for individual patients. 

Power analysis was performed (see Statistics section below) based on prior ECE studies and 

the expected distribution of ECE positive and negative lymph nodes in order to determine 

the number of cases and pathologists to utilize for the study. From a well characterized study 

cohort of surgically treated OPSCC patients from which prior ECE studies were 

performed[18], 50 patients were chosen using a random number generator. Slides from their 

nodal metastases were digitally scanned at 400× magnification using an Aperio Scanscope 

XT digital scanner. A survey was created using publicly available SurveyMonkey online 

software (Palo Alto, CA, USA) for the 50 cases. Digitally scanned slides were shared via 

digital links to central slide sharing resources through Aperio ePathology Solutions using 

Second Slide and eSlideShare services (Leica Microsystems, Inc., Buffalo Grove, IL, USA)

Five head and neck pathologists were asked to participate in the study (JAB, MP, HM, ML, 

HX). All sign out on subspecialty head and neck services and come from various geographic 

regions across the United States including the West coast, Southeast, Northeast, and mid-

Atlantic regions. The survey and digital slides were circulated for review in three different 

rounds (herein referred to as Rounds One, Two, and Three). In Round One, pathologists 

were simply instructed to read the nodal metastases for the binary presence of ECE or not in 

whatever manner they were using at the time in clinical practice. In Round Two, pathologists 

were instructed on the details of a specific grading system[17, 18] by a Figure with 

depictions of the Grades (Figure 1) and associated text descriptions as follows:
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“Please classify the nodal metastases according to the below definitions (with 

associated explanatory figures shown below).

1) ECE absent (Grade 0 - tumor cells limited to node parenchyma without any 

capsular thickening)

2) ECE absent (Grade 0c - tumor cells limited to node but with associated 

thickened nodal capsule/pseudocapsule without infiltration*)

3) Simple ECE present (Grade 1 - nodal tissue is still present but tumor cells 

infiltrate beyond the capsule into perinodal soft tissue, such as into fat or around 

blood vessels)

4) Soft tissue metastasis (Grade 2 - tumor cells in soft tissue without any residual 

nodal tissue or architecture remaining. There can be adjacent separate lymph nodes 

on the slide but if the tumor does not emanate from them, they are not considered to 

be “residual nodal tissue”)

*Even if nodes seem matted together by fusion of capsules, still grade the tumor 

based on the above criteria for each individual lymph node.”

Metastases were thus classified as Grade 0, 0c, 1, and 2 for the study. For clarification, 

Grade 0c, also a pattern of no ECE, has cells limited to the node but with an associated 

thickened nodal capsule or pseudocapsule. In this pattern, tumor cells specifically lack 

infiltration into perinodal soft tissue such as adipose tissue or around nerves or blood 

vessels. Grade 1, a pattern considered to represent true ECE, has nodal tissue present on the 

slide, but has tumor cells clearly infiltrating beyond the capsule into perinodal soft tissue. 

Although one could try to make an allowance for the hilum of the lymph node, where the 

nodal capsule is not complete and in theory tumor cells could infiltrate into perinodal soft 

tissue without actually breaching the capsule, this system simply considers any tumor in 

perinodal soft tissue as ECE, regardless of location in or around the node. Grade 2, soft 

tissue metastasis (STM) or the worst pattern of ECE has metastatic tumor cells in soft tissue 

without any residual organized nodal lymphoid tissue or residual nodal architecture. These 

metastases typically are large, irregular or stellate, and ill-defined, with frequent invasion 

into large vessels and/or skeletal muscle. Any residual lymphoid tissue consisting of small, 

inactive, monomorphic lymphocytes with or without germinal centers, but with associated 

nodal capsule or subcapsular space, was considered to be residual lymph node tissue 

obviating this Grade. Representative histopathologic images of the Grades are shown in 

Figure 2.

Round Three was conducted to evaluate intra-observer variability for each of the individual 

reviewers and also to assess the consistency of the classification system. This third review 

was conducted 8 months after Round Two and consisted of pathologists simply repeating 

their review of the 50 cases using the same instructions for the defined ECE classification 

system as provided in Round Two.

Statistics

During the study planning stage, under the assumption that ECE is present at a proportion of 

63% (based on prevalence in prior studies[17, 18]), the sample size of 50 was calculated to 
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test a hypothesized multi-rater Kappa of 0.65 against an unfavorable Kappa of 0.4 with a 

89% power at a 5% significance level [23] using the R package “kappaSize” [24]. Fleiss 

multi-rater Kappa was calculated to evaluate inter-observer agreement among the five 

pathologists while Cohen's kappa was calculated between two raters or, for intra-observer 

agreement, between two rounds, using the R package “irr” [25]. The 95% confidence 

interval on Kappa for each round or difference in Kappa coefficients between rounds or 

between two types of binary ECE groupings was generated as the (2.5%, 97.5%) quantile 

interval using 1000 nonparametric bootstrap samples. Gradings on the same cases 

constructed the bootstrap samples to calculate the difference in Kappa values between two 

rounds or ECE groupings.

Results

Raw data for all Rounds are provided in Supplemental Table 1, and summarized results for 

all three Rounds in Table 1. For Round One, all five pathologists agreed on simple presence 

or absence of ECE in only 24 of the 50 cases (48%). For these complete agreement cases, 12 

were read as ECE present and 12 as ECE absent. Fleiss's Kappa for inter-observer agreement 

was 0.508 (95% CI: 0.357∼0.644). Comparing each of the five individual pathologists with 

each other in pairs, Cohen's Kappa ranged from 0.362 to 0.717. For Round Two, with results 

dichotomized as Grades 0 or 0c (no ECE) versus Grades 1 or 2 (ECE present), all five 

pathologists agreed on 34 (68%) of the 50 cases. For the complete agreement cases, 12 were 

read as ECE present (11 of which were graded by all pathologists as ECE present in Round 

One) and 22 as ECE absent. The Fleiss's Kappa for inter-observer agreement was 0.635 

(95% CI: 0.472∼0.783), which was higher than for Round One (Kappa 0.635 versus 0.508). 

The difference in Kappa values between Rounds One and Two was 0.127 (95% CI: 

0.001∼0.264). As the lower limit of this 95% CI is greater than 0, it indicates that the 

pathologists had statistically significantly better agreement in Round Two results (as binary 

ECE present or absent) than in Round One. For Round Two, the Cohen Kappa values for 

agreement between two of the five individual pathologists ranged from 0.511 to 0.754, 

which was also an improvement over Round One, where the Kappa values ranged from 

0.362 to 0.717.

For Round Three, again with results dichotomized as Grades 0 or 0c (no ECE) versus 

Grades 1 or 2 (ECE present), all five pathologists agreed on 32 (64%) of the 50 cases. For 

these complete agreement cases, 12 were read as ECE present and 20 as ECE absent. The 

Fleiss's Kappa for inter-observer agreement was 0.639 (95% CI: 0.465 – 0.769), which was 

almost identical to the result obtained from Round Two. For Round Three, the Kappa values 

for agreement between two of the five individual pathologists ranged from 0.434 to 0.810.

We then analyzed inter-observer variability in the classification of STM in Rounds Two and 

Three, with results dichotomized as Grades 0, 0c, and 1 (not STM) versus Grade 2 (STM). 

All five pathologists agreed that cases were, or were not, STM in 33 (66%) and 39 (78%) of 

the 50 cases in Rounds Two and Three, respectively. The Fleiss's Kappa values for inter-

observer variability were 0.480 (95% CI: 0.306∼0.656) and 0.529 (95% CI: 0.243∼0.728), 

respectively. The difference in Kappa values (0.049 (95% CI: - 0.269∼0.324) for calling 

STM versus other grades was not significant between Rounds Two and Three. Both of these 

Lewis et al. Page 5

Oral Oncol. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were worse than for the Kappa results for review simply as either ECE absent or present, 

although statistically not significantly worse based on the 95% CI on the Kappa differences 

(Kappa difference between ECE and STM in Round Two = 0.155, -0.039∼0.355 and in 

Round Three = 0.110, -0.116∼0.372). Thus, these results indicated at least moderately less 

agreement for the classification of Grade 2 (STM) compared to classification of ECE as 

simply present or absent.

To assess for intra-observer variability (i.e. “how well do pathologists agree with 

themselves?”), after a “washout period” of 8 months after Round 2, pathologists were asked 

to re-review the same cases using the same classification system. Again, considering results 

as binary ECE present or absent, pathologists agreed with themselves in an average of 45.4 

of the 50 cases (range 42 to 49, or 84% to 98%). Cohen's Kappa values for intra-observer 

agreement ranged from 0.680 to 0.955 (average 0.800). When considering results as Grade 2 

(STM) versus all others, pathologists agreed with themselves in an average of 45.6 of the 50 

cases (range 42 to 48, or 84% to 96%). However, when considering just the cases called 

Grade 2 in Round 2 (49 total “calls”), pathologists consistently called less of them Grade 2 

in Round 3 (only 30 total “calls”). Kappa values for intra-observer agreement ranged from 

0.296 to 0.840 (average 0.627). For example, in Round 2, for each individual pathologist, it 

was from four to 15 “calls” of ECE2/STM and in Round 3, only from one to 11.

Discussion

In the 1980's and 1990's, large retrospective studies showed that the presence of ECE in 

cervical lymph node metastases was shown to be strongly and independently prognostically 

adverse in head and neck SCC [26] [13]. A number of subsequent large studies showed that 

adding chemotherapy to postoperative adjuvant treatment with ECE improved outcomes[13] 

[14, 15]. Although this is now ingrained in clinical practice and practice guidelines[22], well 

performed prospective trials were not performed to confirm this approach as proper 

management for each different head and neck anatomic subsite. Further, most of these 

practices were defined before the “HPV era” in head and neck cancer. ECE is important, in 

general, but the majority of studies did not take HPV/p16 status into account for the OPSCC 

cases that were included[13] [26] [14, 15]. Thus, the critical question is: do these large 

studies across head and neck sites and with no HPV or p16 testing of oropharyngeal patients 

really still truly represent the biology and clinical features of HPV-related/p16 positive 

tumors?

There was little data specifically addressing ECE in p16 positive OPSCC until recently 

where several large, retrospective studies have suggested that it has very little clinical 

importance when controlling for other variables, particularly T-classification and smoking 

status[17-19, 29, 30] [31]. These studies have also suggested that the addition of 

chemotherapy when ECE is diagnosed in surgical specimens does not affect disease 

recurrence rates or overall survival[17] [32]. Large, prospective trials that are designed to 

address the proper treatment for patients with p16 positive OPSCC and nodal metastases 

with ECE, such as ECOG 3311, ADEPT, and PATHOS, are underway. However, results are 

not expected for many years.
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A “dirty little secret” amongst all of this discussion on ECE is that definitions of what 

actually constitutes ECE histologically, particularly for p16 positive OPSCC, have been 

lacking, and almost no one has considered if pathologists can reproducibly classify nodal 

metastases for ECE in a clinically meaningful way. In the literature, rates of ECE in nodal 

metastases in head and neck SCC have ranged widely, from ∼20% to ∼85%[20] [11]. The 

reason for the difference in rates is not clear, but may be because of differences by anatomic 

subsite and variation in the relative amounts of ECE cases in any given study. It also may 

have something to do with variation in pathologists' classification. The older studies showing 

clinical importance for ECE used pathologists' definitions, mostly just drawn from clinical 

pathology reports, but they did so amongst large numbers of patients. The current study 

attempts to address both the inter- and intra-observer variability for nodal metastases in p16 

positive OPSCC patients, using a classification system specifically designed for such tumors 

and with significant prior data analyzing the clinical significance of the individual ECE 

“grades” [17,18,33].

The findings are of only modest consistency in the characterization of nodal metastases as 

having ECE versus not. However, Kappa values are difficult to translate into subjective 

categories of “good” or “poor” agreement, at least in isolation. They are, however, helpful in 

comparing relative improvements between assessments, such as comparing Rounds One, 

Two, and Three in this study. When the pathologists were simply told to diagnose ECE 

present or absent using the criteria they utilized for clinical practice, all five pathologists 

agreed on only 48% of the cases. The defined classification system led to a statistically 

significant improvement in agreement among pathologists, but the agreement was still 

modest. This system does, however, result in less calls of ECE overall, perhaps because 

Grade 0c was considered as no ECE, although it is a pattern which some pathologists may 

call as actual ECE. Given that in other retrospective studies, this grade/pattern was shown 

not to correlate with bona fide ECE based on clinical outcomes[17-19], the defined system 

would be an improvement in at least lowering the overall rate of ECE “calls” for such 

metastases. Fortunately, intra-observer agreement was shown to be better.

In several recent studies at Washington University in St. Louis, we assessed the clinical 

impact of ECE in p16+ OPSCC, and in different retrospective patient cohorts, found little 

clinical significance for ECE[17, 18, 34]. The only clinically relevant form of ECE was 

STM (or Grade 2), defined exactly as it is in this work. As such, we wanted to assess if 

pathologists could reproducibly classify nodal metastases as STM. Results of Rounds Two 

and Three showed that all five pathologists agreed on Grade 2/STM calls in 33 and 39 of the 

50 cases (66% and 78%, respectively). However, they ranged widely from each other in the 

fraction of cases called Grade2/STM because they changed reads between ECE Grade 1 and 

Grade 2/STM quite frequently. Again, this suggests that the pathologists could not 

consistently call a nodal metastasis as STM versus not.

To our knowledge, this is the only study to assess inter- or intra-observer variability in nodal 

metastasis evaluation in OPSCC. There are a few other studies assessing variation in 

assessment of ECE in cervical lymph nodes from more generalized head and neck SCC, 

however. The largest, by van den Brekel et al., used 41 cases of SCC positive neck lymph 

nodes (from primary sites across head and neck and no apparent assessment for HPV/p16) 
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and 10 reviewing pathologists in two rounds with ECE simply defined as “yes or no” by the 

pathologists' own criteria[20, 35]. They found Kappa values of 0.42 and 0.49 for inter-

observer agreement and between 0.49 and 0.95 for intra-observer variability. Again, this is 

only modest agreement, at best[35].

It should be acknowledged that the current study was performed using digitally scanned 

hematoxylin and eosin slides to facilitate sharing and gathering of data. These 40× images 

were scanned using a high quality system, the same scanning technology and quality as used 

for archiving clinical consult slides and for teaching and tumor board presentations at 

Washington University in St. Louis. Questions have arisen about the validation of histologic 

review of digitally scanned slides for primary diagnosis. Data shows that digital slide review 

is essentially comparable to actual glass slide review[36], and the College of American 

Pathologists has made recommendations regarding validation of such systems for clinical 

work[37]. We did not, however, specifically validate pathologists on their use of digital 

images for diagnosis. The fact that we did attain a significant degree of inter-observer 

agreement in all Rounds and intra-observer agreement of binary ECE of ∼90% between 

Rounds 2 and 3 argues that the digital system for slide sharing and review did not influence 

the results.

Ultimately, diagnosis and treatment come down to individual patients, not to statistics or p-

values in large cohorts. If one considers an individual patient, then 50% or 60% agreement 

on whether or not they have ECE in their lymph node metastases is far from ideal, 

particularly since positive ECE is a criterion for adjuvant chemotherapy. In the current study, 

results indicate that head and neck service pathologists agree with each other on ECE in p16 

positive OPSCC only to that modest extent, although they do a better job of agreeing with 

themselves. Pathologists are better at simple yes/no ECE assessment, but only with clear 

definitions, particularly with the category 0c specifically defined. However, they are worse at 

the assessment of nodal metastases as STM. This latter finding is particularly disappointing, 

given that STM may be the only clinically relevant form of ECE in p16 positive OPSCC. 

Since many retrospective studies are now suggesting that adding chemotherapy to radiation 

after surgery in p16 positive OPSCC patients with ECE based on the pathology reports does 

not improve outcomes[17, 29, 30], the lack of benefit may not only be a function of the lack 

of ECE as a major clinical/biological factor for patient outcomes, it may also be a function 

of the lack of consistency in the actual diagnosis of ECE in the nodal metastases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. Inter-observer variability for ECE in p16+ oropharynx cancer is substantial.

2. Pathologists agree significantly better with a well-defined classification system.

3. Agreement on soft tissue metastasis is significantly worse than for simple ECE.

4. Pathologists, after a washout period, generally agreed with themselves (∼90%)

5. The results, considered for each individual patient, show unacceptable variation.
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Figure 1. 
Defined classification system for extracapsular extension in nodal metastases. Grade 0 and 

0c are considered to represent no extracapsular extension, while Grade 1 represents simple 

extracapsular extension with tumor cells invading perinodal soft tissue in the background of 

an at least partially preserved lymph node and Grade 2 represents nodal metastases where 

tumor cells have obliterated all nodal tissue and are just growing in irregular collections (so-

called “soft tissue metastasis”).
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Figure 2. 
Histopathologic examples of extracapsular extension Grades from the defined classification 

system. A) Tumor cells limited to lymph node parenchyma without alteration of the capsule 

or nodal architecture (Grade 0). B) Tumor cells limited to lymph node but with expansion of 

the node and development of a thickened capsule/pseudocapsule (designated by dashed line) 

around them (Grade 0c). C) Tumor cells invading into perinodal soft tissue (beyond dashed 

line and indicated by “ECE”) but with at least partial preservation of the lymph node (Grade 

1). D) Tumor cells growing as irregular collections in the neck soft tissues without any 

histologic evidence of residual nodal parenchyma (Grade 2 or “soft tissue metastasis”) (all 

images hematoxylin and eosin stained; 15× magnification).

ECE = extracapsular extension
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Table 1

Summarized results of reviewers' classifications from all three Rounds.

All 5 Reviewers Agree At Least 4 of 5 Reviewers Agree At Least One ECE Call Overall Number of ECE 
Calls

Round 1 (ECE Y/N) 24/50 (48%) 40/50 (80%) 38/50 (76%) 114

Round 2* 34/50 (68%) 39/50 (78%) 28/50 (56%) 95

Round 3* 32/50 (64%) 44/50 (88%) 30/50 (60%) 92

*
Dichotomized as Grades 0 or 0c (no ECE) versus Grades 1 or 2 (ECE present)

ECE = Extracapsular extension
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