1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Head Neck. Author manuscript; available in PMC 2016 August 24.

-, HHS Public Access
«

Published in final edited form as:
Head Neck. 2016 April ; 38(Suppl 1): E1192-E1199. doi:10.1002/hed.24190.

Influence of extracapsular nodal spread extent on prognosis of
oral squamous cell carcinoma

Volkert B. Wreesmann, MD, PhD1, Nora Katabi, MD?2, Frank L. Palmer, BAl, Pablo H.
Montero, MD1, Jocelyn C. Migliacci, MAL, Mithat Génen, PhD3, Diane Carlson, MD?, lan
Ganly, MD, PhD1, Jatin P. Shah, MD1, Ronald Ghossein, MD?, and Snehal G. Patel, MD1"
1Head and Neck Service, Department of Surgery, Memorial Sloan Kettering Cancer Center, New
York, New York

2Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, New York

SDepartment of Epidemiology—Biostatistics, Memorial Sloan Kettering Cancer Center, New York,
New York

4Department of Pathology, Cleveland Clinic, Weston, Florida

Abstract

Background—An objective definition of clinically relevant extracapsular nodal spread (ECS) in
head and neck squamous cell carcinoma (SCC) is unavailable.

Methods—~Pathologic review of 245 pathologically positive oral cavity SCC neck dissection
specimens was performed. The presence/absence of ECS, its extent (in millimeters), and multiple
nodal and primary tumor risk factors were related to disease-specific survival (DSS) at a follow-up
of 73 months.

Results—ECS was detected in 109 patients (44%). DSS was significantly better for patients
without ECS than patients with ECS. Time-dependent receiver operator curve (ROC) analysis
identified a prognostic cutoff for ECS extent at 1.7 mm. In multivariate analyses, DSS was
significantly lower for patients with major ECS compared with patients with minor ECS, but not
significantly different between patients with minor ECS and patients without ECS.

Conclusion—ECS is clinically relevant in oral cavity SCC when it has extended more than 1.7
mm beyond the nodal capsule.
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INTRODUCTION

Metastasis to cervical lymph nodes occurs in almost 50% of patients with oral cavity
squamous cell carcinomas (SCC) and is a major determinant of prognosis in this disease.12
In patients with metastatic cervical lymph nodes, prognosis is further affected by size and
number of meta-static lymph nodes, anatomic location of nodal metastases, and presence or
absence of extracapsular spread (ECS).3# Retrospective studies have reported that ECS is
one of the most important nodal characteristics that influences prognosis®°~7 and subset
analysis of randomized data suggests that chemotherapy-based intensification of
postoperative radiotherapy (RT) may improve the adverse prognosis of some patients with
ECS.8-11 However, the ECS phenomenon is fundamentally ill-defined, which affects the
inclusion criteria of randomized studies, and may ultimately contribute to undertreatment of
patients at high risk, or exposure of patients to the harmful side-effects of chemotherapy-
based RT without apparent benefit.

Although most experts agree that overt, macroscopically visible ECS is a clinically relevant
adverse prognostic factor,”-12 much less consensus exists about the interpretation of
microscopic ECS.7:13.14 From a diagnostic perspective, the differentiation of microscopic
ECS from intracapsular tumor containment is complicated by ambiguous pathological
criteria, which result in significant intraobserver and interobserver variability.>6:15 In
addition, the prognostic implications of microscopic ECS are ill-defined, as limited evidence
confirms that the adverse implications associated with this diagnosis are independent from
other accepted nodal prognostic factors.16:17 Essentially, the current ECS debate is sustained
by unavailability of an objective and widely accepted definition of clinically relevant ECS.

The purpose of this report was to improve the definition of clinically relevant ECS through
an empiric appraisal of its microscopic extent and associated prognostic implications.

PATIENTS AND METHODS

Patients

The present study was approved by the Institutional Review Board at our institution. All
patients undergoing primary surgical treatment for oral cavity SCC at a tertiary care cancer
center between 1985 and 2009 were identified from an institutional database (/7=1617). Five
hundred thirty-three patients with oral cavity SCC had pathologically confirmed cervical
metastasis in their neck dissection specimen. Only patients with histopathological slides
available for review were included in this study (7= 245). When compared to the excluded
patients (17 = 288), the included patients were more likely to have pT4 disease (39.0% vs
27.9%; p=.007), had thicker tumors (1.5 cm vs 1.2 cm; p=.001), were less likely to have
unreported ECS status (16.7% vs 29.2%; p=.001), and were less likely to have negative
margins (51.0% vs 62.7%; p=.007). There were more patients in the exclusion group with
primary tumors of the oral tongue; however, comparison of sex, vascular invasion (V1),
perineural invasion (PNI), bone invasion, grade, tumor size, and treatment showed that there
were no differences between the 2 groups (data not shown). On univariate analysis, the study
group had worse disease-specific survival (DSS) compared to the excluded group (5-year
DSS = 45.2% vs 57.1%; p = .015); however, on multivariate analysis, factoring these
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differences in patient populations, there was no inherent difference in DSS between the
study group and the exclusion group (o = NS).

Neck dissections were classified according to the American Head and Neck Society
nomenclature.18 In patients with a clinically negative neck (7= 99), elective neck dissection
consisted of selective neck dissection of levels | to I11/1V and was used as standard policy
based on accepted clinical criteria of the preoperative risk of occult metastasis.1920 In
patients with clinically evident neck metastasis (/7= 146), the type of therapeutic neck
dissection was chosen based on the clinical N classification following accepted clinical
criteria.2 Seventy patients (29%) underwent unilateral selective neck dissection (levels I-I1I
or 1-1V), 129 patients (53%) underwent unilateral comprehensive neck dissection (levels 1-
V), and 15 patients (6%) underwent bilateral selective neck dissection (levels I-I1I).
Seventeen patients (7%) underwent bilateral comprehensive neck dissection and 14 patients
(6%) underwent an ipsilateral comprehensive neck dissection with a contralateral selective
neck dissection. Neck dissection specimens were submitted for pathologic evaluation after
the surgeon had designated the levels in the operating room. Postoperative radiotherapy
(PORT) was used in 183 patients (75%). Twenty-five patients had addition of cisplatin-based
chemotherapy to their PORT (10%). Median follow-up of living patients (7= 62) was 73
months.

Histopathologic analysis

Postoperative histopathologic analysis of the neck dissection specimens was performed as
per institutional protocol. Lymph nodes were identified by inspection and palpation during
gross pathologic evaluation. All lymph nodes identified by the pathologist were sampled in
toto for microscopic analysis, except for large grossly positive nodes (>2 cm in size). For the
latter, 2 slices of the lymph node were examined. Only 1 hematoxylin-eosin section from
each lymph node tissue block irrespective of the node size was examined histologically. Foci
of perinodal vascular invasion were not categorized as ECS. Standard pathological factors
related to the primary tumor were extracted from our institutional database. For the purpose
of the present study, all microscopic slides from the neck dissection specimens were re-
reviewed by at least 2 of 3 dedicated head and neck pathologists (R.A.G., N.K., or D.C.),
who were blinded to clinical outcomes. The presence of ECS was defined as complete
breach of the lymph node capsule (Figures 1-3). In all positive nodes, including matted
nodes and those completely replaced by tumor, extent of ECS was defined as the maximal
distance in millimeters between the outer aspect of the intact or reconstructed nodal capsule
and the invasive front of the extracapsular tumor deposit. This measurement was
accomplished using an ocular micrometer (Figures 1 and 2). In cases in which ECS was very
minimal or questionable, the study pathologists arrived at a consensus after examining the
entire node/s and were able to reach an agreement in all instances. In cases in which more
than 1 node harbored ECS, the largest extent of ECS was used for the analysis. Involvement
of the perinodal adipose tissue in the area of the hilum was considered as ECS. Pathological
features that were the focus of this pathologic review included features related to ECS and
features related to nodal metastatic volume (ie, number of metastatic nodes, greatest
diameter of largest node with metastasis, and greatest size of largest metastatic focus).
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Statistical analysis

Associations between variables were assessed by Fisher’s exact or Pearson’s chi-square
statistics. Comparisons of continuous variables were performed using the independent
sample ftest. The primary endpoint of interest was 5-year DSS. A DSS event was recorded
only for patients who died with active primary oral cavity SCC. DSS time to event was
calculated from the surgery date to the date of death. Patients who did not die of their
primary oral cavity SCC were censored at the time of last their follow-up. A prognostic
cutoff for ECS extent was defined using time-dependent receiver-operator curve (ROC)
analysis.22 The optimal cutoff was calculated by maximizing the sensitivity and specificity
by taking the largest difference between true positives and false positives.23 Survival
outcomes for each prognostic variable were calculated by the Kaplan—Meier method and
groups were compared by univariate analysis using the log-rank test. Prognostic factors that
were significant on univariate analysis were analyzed by multivariate analysis using a Cox
proportional hazards model to assess for independent significance, with a p value of .05 as
significance threshold. Models were chosen using the concordance statistic, which measures
the model’s ability to predict.2* If necessary, restricted cubic splines were used to relax the
linearity assumption of the Cox regression model. All analyses were performed with SPSS
(1IBM, Armonk, NY) and R software (Vienna, Austria), specifically with packages RMS
(Regression Modeling Strategies, version 42-1) and survival ROC (Paramita survival ROC:
time-dependent ROC curve estimation from censored survival data, version 103).

RESULTS

Overall analysis of all patients with metastatic nodal disease

Demographic, clinical, and pathological data are summarized in Tables 1 and 2. It is of note
that 99 patients (40%) presented with clinically occult metastasis that were identified on
histopathologic examination of their elective neck dissection specimens, whereas the
remainder had clinically and/or radiographically positive metastasis. A majority of the
patients (64%) were pathologically classified N2 (70% of these were N2b; 27% were N2c;
and only 2.5% were N2a), whereas only 4 (1.6%) were pN3. For all patients with nodal
involvement, the median size of the largest positive lymph node was 17 mm (range, 1.9-80
mm). ECS was identified in 109 patients (44%); 36.4% of cNOpN+ and 50.0% of cN+pN+
patients. PORT was given in 77 patients with ECS (71%), and 106 patients without ECS
(78%; p=NS). Adjuvant chemotherapy-based RT was given in 15 patients with ECS and 10
patients without ECS (p= NS). There were 101 cancer-related deaths. The 5-year DSS for
patients with pathologically demonstrated nodal disease was 45.2%. DSS was significantly
higher for patients without ECS than patients with ECS on univariate analysis (5-year DSS =
57.8% vs 25.0%; p < .001). T classification (p < .001), PNI (p=.010), VI (p=.034), nodal
status (p=.001), number of metastatic nodes (o < .001), size of the largest metastatic node
(0 <.001), size of the largest metastatic focus (p < .001), and ECS were all associated with
significantly decreased DSS. Multivariate models were used in order to test for the effect of
multiple predictors. When adjusting for multiple factors, such as tumor and nodal
presentation, the presence of ECS remained a significant predictor. The final model
indicated that the presence of ECS (hazard ratio [HR] = 2.44; p < .001), size of the largest
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metastatic node (HR = 1.30; p=.005), and T classification greater than T1 (HR = 2.51; p=.
004) were significant predictors of DSS (data not shown). The concordance index was 0.713.

Prognostic threshold for extracapsular spread extent

The median extent of ECS was 2 mm (range, 0.025-20 mm). Time-dependent ROC analysis
was used to identify the prognostic threshold of ECS associated with the most optimal
sensitivity/specificity profile. This analysis identified ECS extent of 1.7 mm as the optimal
prognostic threshold on the ROC curve with a sensitivity of 64% and a specificity of 82%.
Fifty-two patients had ECS extent <1.7 mm (minor ECS; Figure 2) and 57 patients had ECS
extent >1.7 mm (major ECS).

Patients without extracapsular spread versus patients with minor extracapsular spread

(1.7 mm)

When compared with patients without ECS, patients with minor ECS were more likely to
have vascular invasion (41% vs 17%; p=.002), a greater number of positive nodes (3.67 vs
1.84; p=.001), a greater size of the largest positive lymph node (1.89 vs 1.62 cm; p=.053),
and a greater size of the largest metastatic focus within the involved node (1.42 vs 0.99 cm;
p=.002). The 2 groups did not differ significantly in terms of sex (v = NS), age (0= NS),
cN status (p = NS), T classification (p= NS), PNI (o = NS), surgical margin status (p = NS),
grade (p= NS), adjuvant PORT (p= NS), and adjuvant chemotherapy-based RT (p= NS). In
this subset of patient, there were 63 disease-related deaths. Figure 4 shows the Kaplan—
Meier univariate analysis indicating that patients with minor ECS had similar DSS compared
with patients without ECS (5-year DSS = 49.0% vs 57.8%; p = 0.197). In addition, positive
margins (p = .020), T classification greater than T1 (p < .001), number of metastatic nodes
(p=.025), thickness (p = .004), and tumor size (p = .008) were all associated with worse
DSS on univariate analysis. On multivariate analysis, when controlling for other variables,
minor ECS was not predictive of DSS (p = NS; data not shown).

Patients with minor extracapsular spread (<1.7 mm) versus patients with major
extracapsular spread (>1.7mm)

When compared with patients with minor ECS, patients with major ECS were more likely to
have: a clinically positive neck (81% vs 52%; p = .001), larger primary tumors (3.54 vs 2.69
cm; p=.003), thicker tumors (1.9 vs 1.3; p=.007), T classification greater than T1 (89.5%
vs 68.6%; p=.007), a greater number of metastatic lymph nodes (5.60 vs 3.64; p=.022), a
greater size of the largest metastatic lymph node (2.55 vs 1.89 cm; p=.006), and a greater
size of the largest metastatic focus (2.36 vs 1.43 cm; p < .001). There were no differences in
sex (p=NS), age (v=NS), VI (p= NS), surgical margin status (o = NS), grade (0= NS),
desmoplasia (p= NS), PORT (p= NS), and chemotherapy-based RT (o= NS). For this
subset of patients with ECS, there were 54 patients who died of their disease. On univariate
analysis, as shown in Figure 4, patients with major ECS had worse DSS than patients with
minor ECS (5-year DSS = 8.5% vs 49.0%; o= .001). In addition, T classification greater
than T1 (p = .035), tumor size (p =.002), number of metastatic nodes (p=.011), size of the
largest metastatic node (o =.004), size of the largest metastatic focus (p=.012), and muscle
invasion (o =.001), were all associated with decreased DSS on univariate analysis. Some of
the variables found to be significant on univariate analysis were correlated with other
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factors, such as tumor size and T classification. Therefore, variables were carefully chosen
for the multivariate model because of the small number of events that limited our number of
variables. In the instance of tumor size and T classification, a continuous variable indicating
the actual size of tumor was used rather than the binned groups that make up T
classifications. On multivariate analysis, when controlling for other factors, major ECS
remained a significant predictor of DSS, having an HR of 3.37 with a pvalue of .001. The
concordance index of the model was 0.716. The results are shown in Tables 3 and 4.

DISCUSSION

Adverse implications associated with the presence of ECS in SCC of the head and neck are
well described in multiple studies.346:7 Moreover, analysis of randomized data suggests that
patients with ECS have better survival when treated with postoperative chemotherapy-based
RT compared to PORT alone, despite the higher toxicity associated with the former.8-11
However, these studies have been hampered significantly by lack of specificity to patients
with oral cancer and ambiguity pertaining to the definition of clinically relevant ECS. For
example, the pathologic criteria for the diagnosis of ECS are poorly defined, making the
pathological assessment of ECS subject to significant intraobserver and interobserver
variability.1® This may create the potential for a degree of “overdiagnosis” among true
borderline cases, fueled by concerns over the putative implications of a missed ECS
diagnosis among pathologists. Although this is reasonably based upon reports suggesting
that microscopic ECS is a significant prognostic factor in head and neck SCC,56 the
prognostic implications of ECS are far from consensual, evidenced by the lack of convincing
data showing that the prognostic value of ECS is independent from other nodal and primary
tumor risk factors.#:9:10.14.25-27 Uncertainty regarding the definition of clinically relevant
ECS may contribute to undertreatment of patients at risk, or exposure of patients to
potentially severe side effects and toxicities of adjuvant treatment in the absence of definite
benefit.

The present study aimed to address these issues through an empiric and quantitative analysis
of ECS extent and its relationship with outcome. Previous studies attempted to determine the
prognostic implications of ECS extent through comparison of microscopic and macroscopic
ECS.”17 These studies suggested that ECS is only associated with prognostic significance
when it is macroscopically identifiable, whereas microscopic ECS was rejected as a
significant prognostic factor in these studies. Several other studies found no difference
between microscopic and macroscopic ECS.%14:28 Greenberg et al28 published a non-
empirical univariate analysis of ECS >2 mm and ECS <2 mm in oral cavity SCC, and found
no outcome differences between these groups. Other nonempirical microscopic analyses of
ECS extent in laryngopharyngeal, oropharyngeal cancers, and oral cavity SCC suggested
that only extensive ECS was a predictor of outcome.16:17:29 Qur study reports, we believe for
the first time, an empirical, quantitative, analysis of the extent of ECS and suggests that the
optimal prognostic cutoff for the extent of ECS lies at the 1.7 mm mark. At this cutoff,
identified by time-dependent ROC analysis, predictive power reaches the optimal tradeoff
between sensitivity and specificity in our patients with oral cavity SCC.
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We believe that our findings may help to decrease intraobserver and interobserver variability
among pathologists by setting a threshold at which clinically relevant ECS can be
conclusively diagnosed. The current diagnosis of ECS is based on criteria formulated by the
College of American Pathologists, wherein the presence or absence of any full thickness
extension through the nodal capsule with or without the presence of a surrounding
desmoplastic stromal reaction is consistent with ECS.20 In cases in which the tumor has
extended overtly outside of the confines of the lymph node, or in cases in which the tumor is
clearly confined to the lymph node, the present criteria lead to minimal diagnostic
controversy.1® However, diagnostic discrepancies often arise in early ECS cases in which the
invasive front of the tumor is situated closely near the lymph node capsule, cases in which
capsular rupture is incomplete, cases in which the tumor approaches the nodal hilum area
that lacks a capsule, or cases in which a desmoplastic stromal reaction surrounds the lymph
node and mimics the capsule.1®31 If ECS is indeed clinically relevant only when it has
extended >1.7 mm outside the confines of the nodal capsule, this is consistent with overt
ECS and we anticipate that most pathologists will have no difficulty to recognize, measure,
and document its extent.31

Clinical relevance of ECS >1.7 mm is supported by our data showing its independent
prognostic significance, in contrast to ECS <1.7 mm. Some recent studies have reported
independent prognostic significance of any ECS, but the additional prognostic factors
included were heterogeneous and incomplete, and all studies were based on information
derived from pathologic reports without detailed blinded re-review of histopathologic
slides.3:32:33 To the best of our knowledge, the present study is the first to perform a
thorough prognostic analysis of ECS, in the context of all conceivable additional prognostic
factors, especially focused on those nodal metastatic factors that are associated with ECS.
The strength of this work lies in the fact that it is based upon a uniform review of pathologic
slides rather than pathology reports, and the inclusion of a homogeneous cohort of
previously untreated patients with oral cavity SCC who were treated with a uniform
treatment approach at a major tertiary care cancer center. The prognostic value of extent of
ECS in our patients is unlikely to be influenced by the effect of adjuvant treatment, as a low
number of ECS-positive cases received chemotherapy (13%), and no significant differences
existed between the analyzed groups in the frequency of PORT or chemotherapy-based RT
use.

Several limitations are inherently associated with the retrospective nature of the present
study. Potential limitations include the fact that measurement of ECS extent was based on
microscopic slides derived from standard pathological processing, which only represent a
sample of involved lymph nodes, the choice for a 2D ECS extent marker (distance between
capsule and invasive tumor front in millimeters) as a surrogate for the in reality 3D ECS
phenomenon, and the possibility for selection bias because of exclusion of cases without
available slides (see Materials and Methods). In addition, the use of time-dependent ROC
analysis to identify the optimal prognostic cutoff of ECS extent may be viewed as arbitrary
by some, it being only one acceptable statistical approach to identify an optimal cutoff
among many others. With the current standard for intensified adjuvant treatment in the case
of an ECS diagnosis in mind, we chose the ROC for its equivalent appreciation of sensitivity
and specificity, aiming to identify a threshold that would optimally balance the risk of under-
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treatment because of suboptimal sensitivity (increased risk for cancer recurrence) and the
risk of overtreatment because of suboptimal specificity (increased risk for sequela of
intensified adjuvant treatment). Clearly, our findings should be considered hypothesis
generating and need validation in other independent datasets. In order for these validation
studies to succeed, we advocate development of more precise guidelines for the processing
of neck dissection specimens and reporting of ECS, as the current recommendations set by
the College of American Pathologists are not sufficiently detailed. For example, no
recommendation on the number of representative sections to be examined histologically
from grossly positive nodes is included in these guidelines, nor do they contain sufficient
recommendations on the optimal measurement and reporting of ECS and its extent. After
these guidelines for definition and measurement of ECS have been established, it should
then be examined in prospective studies to assess for possible evidence-based treatment
implications.

Overall, the present study suggests that the prognostic implications of ECS are only
independent from other risk factors when a certain threshold (1.7 mm in this study) beyond
the capsule of the lymph node is exceeded. This observation indicates that patients with
minimal ECS and absence of other tumor-related risk factors may not be at the same
increased risk of adverse outcomes compared with similar patients with more extensive
ECS. It remains to be ascertained whether such patients can be safely managed without
addition of postoperative chemoradiation to their treatment.
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FIGURE 1.
Histologic appearance of minor extracapsular spread (ECS). (A) Lymph node with

metastatic tumor (T) invading perinodal fat. The extent of ECS (0.5 mm) is measured (solid
bar) from the outer aspect of the lymph node capsule (C) to the more distant point of
perinodal invasion (E). A 1-mm bar is inserted for size comparison. (B) Higher power
showing the squamous cell carcinoma (arrow) infiltrating in between adipose cells (F).
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FIGURE 2.
Histologic appearance of major extracapsular spread (ECS). (A) Lymph node with

metastatic tumor (T) invading perinodal fat. The extent of ECS (3.8 mm) is measured (solid
bar) from the outer aspect of the lymph node capsule (C) to the more distant point of
perinodal invasion (E) A 1-mm bar is inserted for size comparison. (B) Higher power
showing the squamous cell carcinoma (arrow) infiltrating in between adipose cells (F).
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FIGURE 3.
Histologic appearance of a metastatic lymph node without extracapsular spread (ECS). The

metastatic carcinoma (T) does not invade perinodal fat (F). Invasion of the lymph node
capsule (C) is also lacking in this case.

Head Neck. Author manuscript; available in PMC 2016 August 24.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Wreesmann et al.

Disease Specific Survival by ECS

Page 14

0.97

0.8

0.7

0.67

0.57

0.4

Survival Probability

0.3

0.2

0.1

Major ECS

No ECS

Minor ECS

0.0 T T
0 12 24

Number of

patients at risk 135 89

FIGURE 4.

36

76

48 60 72
Time (Months)
64 48 39

30 26

T T
108 120

20 14

Kaplan—Meier disease-specific survival curve stratified by extracapsular spread (ECS). No
ECS (red line) versus minor ECS (<1.7 mm; blue line) are statistically similar (log-rank test
p=.197). Minor ECS versus major ECS (>1.7 mm; green line) are statistically different

(log-rank test p<.001).
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