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BACKGROUND. Pathologic extranodal extension (ENE) in metastatic lymph nodes
(LNs) has been associated with unfavorable prognosis in patients with non-small cell
lung cancer (NSCLC).

OBJECTIVE. The purpose of this article was to evaluate the prognostic utility of ra-
diologic ENE and its diagnostic performance in predicting pathologic ENE in patients
with NSCLC.

METHODS. This retrospective study included 382 patients (mean age, 67 + 10 [SD]
years; 297 men, 85 women) diagnosed with NSCLC and clinical N1 or N2 disease be-
tween January 2010 and December 2016. Two thoracic radiologists reviewed staging
chest CT examinations to record subjective overall impression for radiologic ENE (no
ENE, possible/probable ENE, or unambiguous ENE), reviewing 30 examinations in con-
sensus and the remaining examinations independently. Kaplan-Meier survival analysis
and multivariable Cox proportional hazards model were used to evaluate the utility of
radiologic ENE in predicting overall survival (OS). Prognostic utility of radiologic ENE was
also assessed in patients with clinical N2a disease. In patients who underwent surgery,
sensitivity and specificity were determined of radiologic unambiguous ENE in predict-
ing pathologic ENE.

RESULTS. The 5-year OS rates for no ENE, possible/probable ENE, and unambiguous
ENE were 44.4%, 39.1%, and 20.9% for reader 1 and 45.7%, 36.6%, and 25.6% for reader
2, respectively. Unambiguous ENE was an independent prognostic factor for worse OS
(reader 1: adjusted HR, 1.72, p = .008; reader 2: adjusted HR, 1.56, p = .03), whereas possi-
ble/probable ENE was not (reader 1: adjusted HR, 1.18, p =.33; reader 2: adjusted HR, 1.21,
p =.25). In patients with clinical N2a disease, 5-year OS rate in patients with versus with-
out unambiguous ENE for reader 1 was 22.2% versus 40.6% (p = .59) and for reader 2 was
27.6% versus 41.0% (p = .49). In 203 patients who underwent surgery (66 with pathologic
ENE), sensitivity and specificity of radiologic unambiguous ENE for predicting patholog-
ic ENE were 11% and 93% for reader 1 and 23% and 87% for reader 2.

CONCLUSION. Radiologic unambiguous ENE was an independent predictor of
worse OS in patients with NSCLC. The finding had low sensitivity but high specificity for
pathologic ENE.

CLINICAL IMPACT. Radiologic ENE may have a role in NSCLC staging workup and
treatment selection.

In the 8th edition of the TNM classification of lung cancer, the N category is determined
exclusively by the anatomic location of metastatic lymph nodes (LNs). However, this sim-
ple classification yields heterogeneous prognostic subgroups among patients within the
same N category. Therefore, efforts have been made to incorporate the overall metastat-
ic LN burden into lung cancer LN staging assessment. For this purpose, studies have pro-
posed the use of various metrics, including the number, station, zone, and size of met-
astatic LNs, as well as the ratio of the number of metastatic LNs to the total number of
removed nodes at surgery [1-3]. In addition, the International Association for the Study of
Lung Cancer (IASLC) proposed further subdividing N1 and N2 disease on the basis of the
presence of skip nodal metastases and the number of metastatic LN stations [4]. Although
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these efforts have been promising, opportunity for substantial
improvement remains, because results to date either have been
inconsistent or have indicated prognostic differences only be-
tween certain N subcategories [5-71.

Extranodal extension (ENE) of nodal metastasis is defined as
the extension of metastatic cells beyond the capsule of the met-
astatic node. ENE has received increasing attention in oncolo-
gy, now being recognized as a prognostic factor for several ma-
lignant tumors [8-10]. In addition, the 8th edition TNM staging
system introduced the use of ENE in determining the N catego-
ry for head and neck cancers and for vulvar cancer [11, 12]. Af-
ter that change, the clinical N category of head and neck cancers
now contains detailed subcategories based not only on the num-
ber and size of metastatic LNs but also on the clinical assessment
of ENE. Specifically, patients with head and neck cancer may be
judged as clinically positive for ENE on the basis of unambiguous
findings of ENE on physical examination (e.g., fixation of the nod-
al mass in the neck or evidence of nerve dysfunction), supported
by radiologic evidence of ENE (e.g., indistinct nodal margin or di-
rect nodal invasion of surrounding structures) [11].

In 2018, the Staging and Prognostic Factors Committee of the
IASLC highlighted the prognostic impact of ENE as a research
goal in preparing the 9th edition of the N descriptor [13]. Several
studies in patients with non-small cell lung cancer (NSCLC) have
shown pathologic ENE in metastatic LNs to be associated with un-
favorable prognosis [14-16]. If evidence of ENE on imaging studies
were to predict pathologic ENE and likewise have prognostic im-
pact, then radiologic ENE could play a role in determining treat-
ment strategy. However, to our knowledge, the prognostic impli-
cations of radiologic ENE in the clinical staging of lung cancer and
the diagnostic performance of radiologic ENE in predicting patho-
logic ENE have not been studied. Moreover, studies that have as-
sessed the prognostic impact of ENE solely on the basis of patho-
logic assessment from surgical specimens are limited because
up-front surgery is generally not performed in patients with clini-
cal N2 disease if preoperative imaging shows evidence of ENE [17];
thus, studies including only patients who underwent up-front sur-
gical resection would have captured a small fraction of all patients
with ENE (i.e., primarily those patients without radiologic ENE).
The aims of this study were to evaluate the prognostic utility of ra-
diologic ENE and the diagnostic performance of radiologic ENE in
predicting pathologic ENE in patients with NSCLC.

Methods

The institutional review board of the authors’ institution ap-
proved this retrospective study and waived the requirement for
informed consent.

Study Patients

The institution’s clinical data warehouse, housed within the
EMR, was searched for consecutive patients who underwent a
staging workup, including chest CT, for histologically confirmed
NSCLC that was initially diagnosed between January 2010 and
December 2016 at Seoul National University Bundang Hospital (a
tertiary care center). Patients were then excluded if they did not
have clinical T (of any category), N1 or N2, and MO disease, based
on a review of the staging chest CT examinations and additional
available staging-related imaging tests and pathology reports (as
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B Ffive-year OS rates for no, possible/probable, and
unambiguous ENE on staging chest CT were 44.4%,
39.1%, and 20.9% for reader 1 and 45.7%, 36.6%, and
25.6% for reader 2, respectively. Unambiguous ENE
independently predicted worse OS (reader 1: adjusted HR,
1.72, p =.008; reader 2: adjusted HR, 1.56, p =.03).

Importance

B Radiologic evidence of unambiguous ENE of LN
metastases may have a role in the initial staging
evaluation of patients diagnosed with non-small cell
lung cancer.

described later in the Methods). Additional patients were exclud-
ed if they had LN enlargement owing to concomitant lympho-
ma or previous malignancy with evidence of disease in the past
5 years (aside from inclusion of the latter patients in a sensitivity
analysis, as explained later in the Methods). Of included patients,
242 were also included in a prior study that evaluated the prog-
nostic performance of the clinical N descriptors proposed by the
IASLC for lung cancer staging [18]; however, that prior study did
not assess radiologic or pathologic ENE.

Baseline Characteristics

Two board-certified subspecialty-trained thoracic radiologists
(S.J. and K.H.L. with 2 and 10 years of posttraining experience, re-
spectively) in consensus determined patients’ clinical T, N, and M
categories according to the 8th edition of the TNM staging system,
on the basis of a review that included assessment of the staging
chest CT examinations and their associated clinical reports within
the EMR. The clinical T category was classified as Tis or T1 (hereaf-
ter, Tis/T1), T2, T3, or T4. The clinical N category was classified on
the basis of the IASLC system as N1a, N1b, N2a1, N2a2, or N2b. The
clinical N category was determined on the basis of the results of
all available staging tests, including imaging studies (e.g., chest CT
and FDG PET/CT examinations), endobronchial ultrasound-guid-
ed transbronchial LN needle aspiration, and percutaneous cervical
LN biopsy [19, 20]. For patients who did not undergo LN aspiration
or biopsy, the clinical N category was determined on the basis of
the results of imaging studies only (e.g., CT and FDG PET/CT). Con-
trast-enhanced CT, when available, was preferred over noncon-
trast CT for purposes of LN assessment. The two reviewers jointly
measured LNs during this review. LNs were considered metastatic
if having a short-axis diameter of at least 1.0 cm; however, periph-
eral LNs (i.e.,, LNs located at the lobar level or more distally) were
considered metastatic if having a short-axis diameter of at least
0.8 cm, a location in the primary tumor’s lymphatic drainage path-
way, and either round morphology or contrast enhancement. The
short-axis diameter of the largest metastatic LN was recorded. The
M category was determined on the basis of the results of all avail-
able staging tests, including imaging studies (e.g., chest CT, brain
MRI, and FDG PET/CT examinations) and pathology reports and
was classified as M1 in the presence of clinical or microscopic ev-
idence of distant metastasis and as MO otherwise.
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Information on age, sex, smoking status, and family history of
lung cancer was obtained from the EMR. Treatment of lung can-
cer was classified as surgery without neoadjuvant chemother-
apy, surgery with neoadjuvant chemotherapy, or nonsurgical
management. The nodule type (subsolid vs solid) of the primary
tumor and location (upper lobe, lower lobe, or both upper and
lower lobes) of the primary tumor were recorded after review of
the images from the staging chest CT examinations by the two
previously noted radiologists (S.J. and K.H.L.) in consensus. Fi-
nally, the histologic subtype of lung cancer (adenocarcinoma,
squamous cell carcinoma, or other) was recorded after review of
pathologic reports.

Assessment of Radiologic Extranodal Extension

Six weeks after completion of the described steps, the previ-
ously noted two thoracic radiologists (S.J. and K.H.L.) performed
an additional review of the staging chest CT in each patient,
blinded to pathologic findings of ENE and to clinical outcomes.
The examinations from the first 30 patients in the study sample
(according to the date of staging chest CT, in chronologic order)
were reviewed in consensus; the remaining examinations were
reviewed independently. Figure 1 provides illustrations of the
conceptual framework of ENE on which the selection of imag-
ing features was based [21] (Fig. 1A: no ENE; Fig. 1B: microscop-
ic ENE [breaching of LN capsule by tumor]; Fig. 1C: macroscop-
ic ENE [grossly visible extranodal soft-tissue involvement]). The
radiologists assessed the CT images for four possible findings of
ENE (indistinct LN margin, coalescent LNs, direct invasion of ad-
jacent structures, and central necrosis), each evaluated in a bina-
ry fashion. Figure 2 provides a representative example of each of
the four findings, which in prior studies have shown varying de-
grees of association with pathologic ENE in head and neck can-
cer [22-24]. Indistinct margin was selected as a possible correlate
of either microscopic or macroscopic ENE and was defined as a
poorly defined or irregular nodal margin or infiltration of the fat
plane around the LN. Coalescent LNs and direct invasion of ad-
jacent structures were selected as possible correlates of macro-
scopic ENE; coalescent LNs were defined as juxtaposed LNs with
no definable intervening fat plane, including a confluent mass of
LNs that were indistinguishable from one other [24]. Although
necrosis does not have a direct pathologic correlate relating to
ENE, it was selected because of its previously observed strong as-
sociation with pathologic ENE in head and neck cancer [23, 25];
necrosis was defined as central low attenuation within the LN,
qualitatively similar to the attenuation of fluid. The four features
were assessed on a patient level and considered positive if any
intrathoracic LN showed the given feature. The radiologists also
assessed overall confidence in the presence of ENE, scored on a
subjective 3-point scale on the basis of gestalt impression at the
patient level: no evidence of ENE, possible or probable ENE (here-
after, possible/probable ENE), and unambiguous ENE. Figure 3
provides a representative example of each of these three tiers.

Assessment of Pathologic Extranodal Extension

In patients who underwent surgery, the pathologic reports
were reviewed to record the presence of pathologic ENE; the
pathologic slides were not reviewed for this purpose. During the
study period, attending pathologists at the study institution rou-
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tinely commented on the presence of pathologic ENE within the
reports as part of the standard of care. The pathologists defined
pathologic ENE as the extension of tumor cells beyond the cap-
sule of a metastatic LN and into perinodal tissue. The patholo-
gy reports did not differentiate ENE involving LNs in the primary
lung specimen versus in separately submitted LNs. No attempt
was made to correlate the specific location of LNs between ra-
diologic and pathologic assessments. In addition, in patients who
underwent surgery, the pathologic T category and pathologic N
category were recorded based on the pathologic reports.

Overall Survival

A database of the Ministry of the Interior and Safety, Repub-
lic of Korea, was reviewed to determine information regarding
survival status and date of death for each patient. Overall surviv-
al (OS) was determined for each patient, defined as the interval
from the date of staging CT to the date of death from any cause.
The time of censoring was the earliest of the date of death, the
last follow-up date, or February 17, 2022 (reflecting the date of fi-
nal database review).

Statistical Analysis

The study’s primary outcome was OS. Secondary outcomes
were interreader agreement for radiologic ENE and the diagnos-
tic performance of radiologic ENE in predicting pathologic ENE.

Survival curves and 5-year OS rates were derived and com-
pared using the Kaplan-Meier method and log-rank test. Univari-
able Cox regression analysis was performed using clinical and
radiologic variables, including age, sex, smoking history, fami-
ly history, primary tumor nodule type, primary tumor lobar lo-
cation, tumor histology (classified as adenocarcinoma vs other),
clinical T category, clinical N category, LN size (classified as < 2.0
cm vs > 2.0 cm), and radiologic ENE. Variables with p values less
than .10 in the univariable analysis were entered into the multi-
variable analyses. Multivariable Cox proportional hazards mod-
els were constructed to estimate the multivariable-adjusted HRs
and 95% Cls of radiologic ENE. The assumption of proportionality
was checked by visually inspecting Schoenfeld residual plots. The
prognostic significance of radiologic ENE was analyzed separate-
ly for each reader.

Two sensitivity analyses were performed. The first sensitivi-
ty analysis assessed clinical N category as a three-tiered classifi-
cation (N1, N2a, N2b), reflecting a prior study that showed sig-
nificant differences in survival between these three groups [18].
The second sensitivity analysis included patients with a history
of malignancy and evidence of disease within the prior 5 years
who otherwise were excluded from the study. The Kaplan-Meier
method was also used to assess the association of survival rates
with pathologic ENE in the subset of patients who underwent
surgery (adjusting for pathologic T and N categories rather than
clinical Tand N categories). An exploratory analysis was also per-
formed using the previously noted three-tiered classification of
nodal disease, with further stratification of clinical N2a disease
(i.e., a single N2 metastatic LN) by the presence versus absence of
radiologic unambiguous ENE; this analysis used the Holm meth-
od to adjust for multiple comparisons [26].

Interreader agreement between the two readers was evaluat-
ed on the basis of Cohen kappa coefficients for the four binary fea-
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tures and weighted kappa coefficients for radiologic ENE. Kappa co-
efficients were classified as follows: 0.00-0.20, slight; 0.21-0.40, fair;
0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-1.00, almost per-
fect [27]. Agreement was also calculated for the four binary features
and three-tiered radiologic ENE using percentage agreements.

For each reader, the sensitivity, specificity, PPV, NPV, and accu-
racy of CT findings were calculated in patients who underwent
surgery, using as reference standard pathologic ENE as docu-
mented in the pathologic reports. These performance measures
were assessed for each of the four binary CT features, for pos-
sible/probable ENE or unambiguous ENE, and for unambiguous
ENE. These assessments were also performed in patients who un-
derwent surgery without neoadjuvant chemotherapy. The sensi-
tivity, specificity, PPV, and NPV of the four binary CT findings were
also assessed, stratified by histologic type.

In both the survival and diagnostic performance assessments,
the analysis for each reader used the results of the consensus as-
sessments for the first 30 patients and the results of the given read-
er's independent assessments for the remaining patients. The as-
sessment of interreader agreement was performed only in the
patients evaluated independently by the two readers (e.g., exclud-
ing the initial 30 patients used in the consensus reading). A p value
less than .05 was considered to be statistically significant. All statis-
tical analyses were performed using R software, version 4.1.2.

Results
Patient Characteristics

The initial search identified 3252 patients who underwent stag-
ing workup for histologically confirmed NSCLC during the study
period. Of these patients, 2851 were excluded because they did
not have clinical T (of any category), N1 or N2, and MO disease
based on the two radiologists’ review of all available staging-re-
lated imaging tests and pathology reports. Of the remaining 401
patients, one was excluded owing to lymphoma as cause of LN en-
largement, and 18 were excluded owing to previous malignancy
with evidence of disease in the past 5 years. Thus, the final study
sample included 382 patients (mean age, 67 + 10 [SD] years; 297
men, 85 women). Figure 4 shows the flow of patient selection.

Patients’ baseline characteristics are summarized in Table 1.
The clinical T category at the time of NSCLC diagnosis was Tis/T1
disease in 69 (18%), T2 disease in 133 (35%), T3 disease in 100
(26%), and T4 disease in 80 (21%) patients. The clinical N catego-
ry was N1a in 118 (31%), N1b in 37 (10%), N2a1 in 63 (16%), N2a2
in 88 (23%), and N2b in 76 (20%) patients. The median size of the
largest metastatic LN was 1.4 cm (IQR, 1.0-1.9 cm); the size was
smaller than 2.0 cm in 295 (77%) and at least 2.0 cm in 87 (23%)
patients. The histologic type of lung cancer was adenocarcino-
ma in 174 (46%), squamous cell carcinoma in 172 (45%), and other
types in 36 (9%) patients. Death from any cause occurred in 263
(69%) patients at a median follow-up of 1107 days (IQR, 447-2442
days) after diagnosis.

Association of Radiologic Extranodal Extension With
Overall Survival

Figure 5 shows the Kaplan-Meier survival curves, stratified by
radiologic ENE. OS was significantly associated with radiologic
ENE for both readers (both p < .001). The 5-year OS rates in pa-
tients with no ENE, possible/probable ENE, and unambiguous
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ENE, were, for reader 1, 44.4% (95% Cl, 38.3-51.4%), 39.1% (95% Cl,
30.3-50.5%), and 20.9% (95% Cl, 13.1-33.3%), respectively, and for
reader 2, 45.7% (95% Cl, 39.5-53.0%), 36.6% (95% Cl, 27.5-48.7%),
and 25.6% (95% Cl, 18.0-36.4%), respectively.

Table 2 shows the results of the univariable and multivariable
Cox regression analyses for predicting OS. The univariable analy-
ses showed associations with OS for all covariates except for fam-
ily history. Using the no-ENE category as a reference group, the
HRs of the possible/probable ENE group were 1.31 (95% Cl, 0.97-
1.75; p = .07) for reader 1 and 1.35 (95% Cl, 0.99-1.83; p = .06) for
reader 2. The HRs of the unambiguous ENE group were 2.01 (95%
Cl, 1.47-2.74; p < .001) for reader 1 and 1.78 (95% Cl, 1.33-2.38; p <
.001) for reader 2.

In the multivariable Cox regression analyses, unambiguous
ENE was an independent prognostic factor for worse OS. Unam-
biguous ENE was associated with an adjusted HR of 1.72 (95%
Cl, 1.15-2.58; p = .008) for reader 1 and 1.56 (95% Cl, 1.06-2.31;
p =.03) for reader 2. Possible/probable ENE was not an indepen-
dent prognostic factor (adjusted HRs, 1.18 [95% Cl, 0.85-1.65; p =
.33] for reader 1 and 1.21 [95% Cl, 0.87-1.68; p = .25] for reader 2).
The two sensitivity analyses yielded similar results as the prima-
ry analysis (Tables ST and S2, available in the online supplement).

The 5-year OS was 61.5% (95% Cl, 53.0-71.3%) in patients without
pathologic ENE versus 52.3% (95% Cl, 39.4-69.3%) in patients with
pathologic ENE (p =.50) (Fig. S1, available in the online supplement).

Exploratory Analysis With Stratification of Clinical N2a
Disease by Radiologic Unambiguous Extranodal
Extension

Figure S2 (available in the online supplement) shows the re-
sults of the exploratory analysis that incorporated stratification of
clinical N2a disease by radiologic unambiguous ENE. In patients
with clinical N2a disease and unambiguous radiologic ENE, the
5-year OS rate was 22.2% and 27.6% for readers 1 and 2, respec-
tively; in comparison, the 5-year OS rate was 21.1% in patients
with clinical N2b disease (regardless of radiologic ENE). Among
patients with clinical N2a disease, the 5-year OS rate was lower
in those with unambiguous radiologic ENE (reader 1: 22.2% [95%
Cl, 9.4-52.7%], 18 patients; reader 2: 27.6% [95% Cl, 15.3-49.7%)],
29 patients) than in those without unambiguous radiologic ENE
(reader 1:40.6% [95% Cl, 33.1-49.9%)], 133 patients; reader 2: 41.0%
[95% Cl, 33.1-50.7%)], 122 patients); however, the Kaplan-Meier
survival curves did not show a statistically significant difference
between these groups (Holm-adjusted p = .59 and .49 for readers
1 and 2, respectively).

Reader Agreement in Assessing Radiologic Extranodal
Extension

Table 3 summarizes findings regarding interreader agreement.
For radiologic ENE assessment, the interreader agreement was
substantial (, 0.72; 95% Cl, 0.68-0.76) and the proportion of agree-
ment was 75.9% (267/352). The interreader agreement was sub-
stantial for LN margin (k, 0.70; 95% Cl, 0.62-0.77) and LN necro-
sis (k, 0.65; 95% Cl, 0.57-0.72) and moderate for coalescent LNs (k,
0.54; 95% Cl, 0.37-0.70) and direct invasion of adjacent structures
(, 0.60; 95% Cl, 0.50-0.71). Table S3 (available in the online supple-
ment) presents a cross-tabulation of the two readers’ three-tiered
assessments of overall impression for radiologic ENE.
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extranodal extension.

Note—Unless otherwise specified, data are numbers of patients, with percentages in parentheses. The percentages may not sum to 100% owing to rounding. ENE

“Right middle lobe was considered as upper lobe location.

bClinical Tand N categories were based on the 8th edition of the TNM staging system for lung cancer of the AJCC.

Clinical N categories were subdivided according to the proposal by the International Association for the Study of Lung Cancer.

Diagnostic Performance of
Radiologic Extranodal Extension in
Predicting Pathologic Extranodal
Extension

Of 206 patients who underwent
surgery, information on pathologic
ENE was available for 203 patients; 66
(33%) of these patients had pathologic
ENE. Table 4 summarizes the diagnos-
tic performance of CT findings for pre-
dicting pathologic ENE. The four binary
CT findings showed sensitivity ranging
from 6% to 46% and specificity rang-
ing from 66% to 99% for reader 1 and
sensitivity ranging from 9% to 36% and
specificity ranging from 73% to 98% for
reader 2. Specificity was highest for di-
rect invasion and coalescent LNs (range
across both readers, 85-99%). Accuracy
was relatively low for necrosis (reader 1:
59%; reader 2: 60%) in comparison with
the other CT findings (reader 1: 66—
69%; reader 2: 62-69%). Table S4 (avail-
able in the online supplement) sum-
marizes diagnostic performance of the
four binary features, stratified by lung
cancer histologic subtype.

In terms of overall impression, radio-
logic possible/probable ENE or unam-
biguous radiologic ENE showed sensi-
tivity and specificity of 44% and 76%,
respectively, for reader 1 and 55% and
75%, respectively, for reader 2. Radio-
logic unambiguous ENE showed sen-
sitivity and specificity of 11% and 93%,
respectively, for reader 1 and 23% and
87%, respectively, for reader 2.

Table 4 also shows diagnostic perfor-
mance of radiologic ENE among 153 pa-
tients who underwent up-front surgery
without neoadjuvant therapy. A total
of 44 (29%) of these patients had ENE
on pathologic assessment. Sensitivity,
specificity, PPV, and NPV were similar in
these patients as in all patients who un-
derwent surgery.

Discussion

In this retrospective study, we evalu-
ated the prognostic implications of ra-
diologic ENE on staging chest CT in pa-
tients with NSCLC. The 5-year OS rate
was significantly associated with radio-
logic ENE, being progressively worse
in patients with, in order, no ENE, pos-
sible/probable ENE, and unambiguous
ENE. In addition, for both readers, un-
ambiguous ENE was an independent
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TABLE 2: Univariable and Multivariable Cox Regression Analyses of Overall Survival in Patients With

Non-Small Cell Lung Cancer

Multivariable Analysis

Univariable Analysis Reader 1 Reader 2
Characteristic HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p
Age>60y 1.84 (1.35-2.50) <.001 1.99 (1.44-2.76) <.001 2.01(1.45-2.79) <.001
Female sex 0.73 (0.54-0.98) 04 1.46 (0.87-2.45) 15 1.38(0.81-2.36) 24
Former or current smoker 1.58 (1.14-2.18) .006 2.27 (1.30-3.95) .004 2.08(1.17-3.70) .01
Family history of lung cancer 0.90 (0.58-1.40) .65 NA NA NA NA
Subsolid nodule (reference: solid nodule) 0.29 (0.09-0.90) .03 0.45 (0.14-1.45) 18 0.45 (0.14-1.46) 18
Location (reference: upper lobe?)
Lower lobe 1.37 (1.07-1.76) .01 1.50 (1.15-1.95) .003 1.52(1.17-1.98) .002
Both upper and lower lobes 1.10 (0.64-1.88) 73 1.27 (0.73-2.20) 40 1.23(0.71-2.13) 47
Adenocarcinoma (reference: other histologic types) 0.68 (0.54-0.87) .002 1.05 (0.78-1.42) 75 1.05 (0.77-1.42) .76
Clinical T category® (reference: Tis/T1)
T2 1.71 (115-2.53) .008 1.52(1.01-2.29) .045 1.48 (0.98-2.24) .06
T3 2.51(1.67-3.76) <.001 1.98 (1.29-3.03) .002 2.00(1.31-3.07) .001
T4 2.60 (1.72-3.95) <.001 1.89 (1.22-2.93) .005 1.97 (1.27-3.04) .002
Clinical N category®< (reference: N1a)
N1b 1.51(0.96-2.36) .07 1.07 (0.67-1.70) .78 1.02 (0.64-1.63) 93
N2at1 1.68 (1.16-2.44) .007 1.62 (1.11-2.36) .01 1.54 (1.05-2.26) .03
N2a2 1.49 (1.05-2.12) .03 1.51(1.04-2.18) .03 1.49 (1.03-2.14) .03
N2b 2.66 (1.87-3.76) <.001 2.57(1.76-3.77) <.001 2.49(1.70-3.65) <.001
LN size 22.0cm 1.46 (1.10-1.93) .009 0.78 (0.53-1.15) 22 0.78 (0.53-1.16) 22
Overall impression for radiologic ENE (reference: no ENE)
Reader 1
Possible/probable ENE 1.31(0.97-1.75) .07 1.18 (0.85-1.65) 33 NA NA
Unambiguous ENE 2.01(1.47-2.74) <.001 1.72 (1.15-2.58) .008 NA NA
Reader 2
Possible/probable ENE 1.35(0.99-1.83) .06 NA NA 1.21(0.87-1.68) .25
Unambiguous ENE 1.78 (1.33-2.38) <.001 NA NA 1.56 (1.06-2.31) .03

Note—NA = not applicable, LN = lymph node, ENE = extranodal extension.

2Right middle lobe was considered as upper lobe location.

bClinical Tand N categories were based on the 8th edition of the TNM stage system for lung cancer of the AJCC.
<Clinical N categories were subdivided according to the proposal by International Association for the Study of Lung Cancer.

TABLE 3: Interreader Agreement in Assessing Radiologic ENE

Characteristic

Kappa (95% Cl) Proportion of Agreement®

Downloaded from www.ajronline.org by Samsung Medical Center on 09/20/25 from | P address 211.45.4.19. Copyright ARRS. For personal use only; al rights reserved

Indistinct margin

Coalescent lymph nodes

Direct invasion of adjacent structures
Necrosis

Overall impression for radiologic ENE

0.70 (0.62-0.77)
0.54(0.37-0.70)
0.60 (0.50-0.71)
0.65 (0.57-0.72)
0.72(0.68-0.76)

85.5(301/352)
93.2(328/352)
87.5(308/352)
83.0(292/352)
75.9(267/352)

Note—Interreader agreement was calculated among patients evaluated independently by the two readers, therefore excluding the 30 patients who were used in the
initial consensus reading. Agreement between two readers was assessed by weighted kappa coefficient for overall impression for radiologic extranodal extension

(ENE) and by Cohen kappa coefficient for the other features.

2Expressed as percentage, with numerator and denominator in parentheses.
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poor prognostic predictor of OS in multivariable analysis incor-
porating a range of clinical variables. Interreader agreement was
moderate or substantial for four binary CT features that were
evaluated as potential predictors of ENE and substantial for over-
all impression of radiologic ENE. Unambiguous radiologic ENE
had low sensitivity (9-23%) but high specificity (87-96%) for pre-
dicting pathologic ENE.

The findings support the use of radiologic ENE in prognostic
assessment in patients with NSCLC. Although radiologic ENE is
an imperfect predictor of pathologic ENE, radiologic ENE can
be applied in patients who are not candidates for surgery. Ra-
diologic unambiguous ENE but not radiologic possible/proba-
ble ENE was an independent poor prognostic factor. This result
is consistent with the current clinical staging guideline for head
and neck cancers, in which only unambiguous ENE is considered
to represent clinical ENE [28, 29]. Previous studies of pathologic
ENE in head and neck cancers also support the present findings
in that only macroscopic ENE is associated with poor outcomes,
whereas microscopic ENE has a similar prognosis as no ENE [21,
30]. In the current study, the CT features with highest specific-
ity were those selected to correlate with macroscopic ENE (co-
alescent LNs and direct invasion of adjacent structures). Given
these considerations, we believe that only radiologic unambig-

uous ENE should be considered to represent clinical ENE in lung
cancer staging.

In patients with NSCLC and clinical N2 disease, surgery may be
deferred in those with unambiguous radiologic ENE, in whom the
disease may be deemed unresectable [17]. Although debate con-
tinues regarding the role of surgery in patients with N2 disease,
international guidelines [31, 32] suggest that surgical resection
may be appropriate in the subset of patients with N2a disease
(i.e., single-station N2 disease). Radiologic ENE could potentially
be used to help refine prognosis assessments and surgical deci-
sion-making in patients with clinical N2a disease. The explorato-
ry analysis in patients with clinical N2a disease showed a nonsig-
nificant difference in the 5-year OS rate between those with and
without radiologic unambiguous ENE. Identification of radiolog-
ic ENE may also be important in patients with clinical N1 disease
in that pathologic ENE results in reclassification of such patients
from RO to R1 status (in terms of presence of residual tumor) [33].
Thus, patients with clinical N1 disease and radiologic unambigu-
ous ENE may be selected to undergo neoadjuvant chemotherapy
or to undergo surgery with planned postoperative adjuvant ther-
apy given anticipated R1 resection.

The interreader agreement for assessment of radiologic ENE,
when considering binary features and overall impression, was

TABLE 4: Diagnostic Performance of CT Findings in Predicting Pathologic ENE

Reader, Patient Group, Feature Sensitivity | Specificity PPV NPV Accuracy
Reader 1
Patients who underwent surgery
Indistinct margin 46 (30/66) 79 (108/137) 51 (30/59) 75(108/144) | 68(138/203)
[33-58] [72-86] [38-64] [68-82] [61-74]
Coalescent LNs 6 (4/66) 99 (135/137) 67 (4/6) 69 (135/197) | 69 (139/203)
[0-12] [97-100] [29-100] [62-75] [62-75]
Direct invasion 11 (7/66) 92 (126/137) 39(7/18) 68 (126/185) | 66 (133/203)
[3-18] [87-97] [16-61] [61-75] [59-72]
Necrosis 44 (29/66) 66 (90/137) 38(29/76) 71(90/127) | 59 (119/203)
[32-56] [58-74] [27-49] [63-79] [52-65]
Overall impression: possible/probable or unambiguous ENE® 44 (29/66) 76 (104/137) 47 (29/62) 74 (104/141) | 66 (133/203)
[32-56] [69-83] [34-59] [67-81] [59-72]
Overall impression: unambiguous ENE 11 (7/66) 93 (127/137) 41(7/17) 68(127/186) | 66 (134/203)
[3-18] [88-97] [18-65] [62-75] [59-72]
Patients who underwent surgery without neoadjuvant chemotherapy
Indistinct margin 41 (18/44) 83(90/109) 49 (18/37) 78 (90/116) 71(108/153)
[26-55] [75-90] [33-65] [70-85] [63-78]
Coalescent LNs 2 (1/44) 99 (108/109) 50(1/2) 72(108/151) | 71(109/153)
[0-7] [97-100] [0-100] [64-79] [63-78]
Direct invasion 7 (3/44) 96 (105/109) 43 (3/7) 72(105/146) | 71(108/153)
[0-14] [93-100] [6-78] [65-79] [63-78]
Necrosis 43 (19/44) 73 (79/109) 39 (19/49) 76 (79/104) 64 (98/153)
[29-58] [64-81] [25-52] [68-84] [56-72]
Overall impression: possible/probable or unambiguous ENE? 41 (18/44) 81 (88/109) 46 (18/39) 77 (88/114) 69 (106/153)
[26-55] [73-88] [31-62] [70-85] [61-76]
Overall impression: unambiguous ENE 9 (4/44) 96 (105/109) 50 (4/8) 72(105/145) | 71(109/153)
[1-18] [93-100] [15-85] [65-80] [63-78]
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TABLE 4: Diagnostic Performance of CT Findings in Predicting Pathologic ENE (continued)

Reader, Patient Group, Feature

Sensitivity | Specificity PPV NPV Accuracy

Reader 2
Patients who underwent surgery

Indistinct margin

Coalescent LNs

Direct invasion

Necrosis

Overall impression: possible/probable or unambiguous ENE?
Overall impression: unambiguous ENE

Patients who underwent surgery without neoadjuvant chemotherapy

Indistinct margin

Coalescent LNs

Direct invasion

Necrosis

Overall impression: possible/probable or unambiguous ENE?

Overall impression: unambiguous ENE

36 (24/66) 75 (102/137) 41 (24/59) 71(102/144) | 62 (126/203)

[25-48] (67-82] [28-53] [63-78] [55-69]
9(6/66) | 98(134/137) |  67(6/9) | 69(134/194) | 69 (140/203)
[2-16] [95-100] [36-98] (63-76] (62-75]
26(17/66) | 85(117/137) | 46(17/37) | 71(117/166) | 66 (134/203)
[15-36] (80-91] (30-62] [64-77] (59-72]
33(22/66) | 73(100/137) | 37(22/59) | 69(100/144) | 60 (122/203)
[22-45] [66-80] [25-50] [62-77] [53-67]
55(36/66) | 75(102/137) | 51(36/71) | 77(102/132) | 68 (138/203)
[43-67] [67-82] [39-62] [70-84] [61-74]
23(15/66) | 87(119/137) | 46(15/33) | 70(119/170) | 66(134/203)
[13-33] [81-93] [29-62] [63-77) [59-72]
32(14/44) | 78(85/109) | 37(14/38) | 74(85/115) | 65(99/153)
[18-46] [70-86] [22-52] [66-82] [57-72]
5(2/44) | 98(107/109) | 50(2/4) | 72(107/149) | 71(109/153)
[0-11] [96-100] [1-99] [65-79] [63-78]
23(10/44) | 90(98/109) | 48(10/21) | 74(98/132) | 71(108/153)
[10-35] [84-96] [26-69] [67-82] [63-78]
34(15/44) | 77(84/109) | 38(15/40) | 74(84/113) | 65(99/153)
[20-48] (69-85] [23-53] [66-82] (57-72]
52(23/44) | 80(87/109) | 51(23/45) | 81(87/108) | 72(110/153)
(38-67] [72-87) 37-66] [73-88] [64-79]
18(8/44) | 91(99/109) | 44(8/18) | 73(99/135) | 70(107/153)
[7-30] [85-96] [22-67] [66-81] [62-77]

Note—Data are expressed as percentage with numerator and denominator in parentheses and 95% Cl in brackets. ENE = extranodal extension, LN = lymph node.
2Overall impression was evaluated by considering both possible/probable ENE and unambiguous ENE to be positive ENE.

moderate to substantial. Previous studies investigating radiolog-
ic ENE in head and neck cancers found wide interreader agree-
ment across features (k, 0.18-0.86) [22, 23, 25, 34]. Diagnostic per-
formance of radiologic ENE for predicting pathologic ENE was
also suboptimal. Therefore, more reliable diagnostic CT criteria
for ENE should be established and radiologists should be trained
in the application of such criteria. In particular, the sensitivity of
the various features and of overall impression was low. In com-
parison with cervical and axillary LNs, evaluation of the margins
of mediastinal LNs is difficult given the scarcity of surrounding
fat and adjacent bronchovascular structures. In addition, necro-
sis showed relatively low accuracy compared with the other bi-
nary findings; this finding was selected as a potential CT feature
of ENE on the basis of its association with pathologic ENE in head
and neck cancers, rather than on the basis of an anticipated di-
rect correlation with ENE. Despite these various concerns, overall
impression for radiologic ENE had high specificity for pathologic
ENE; the high specificity is important for radiologic ENE to main-
tain prognostic impact during staging and risk stratification.
There were limitations to this study. First, generalizability re-
mains uncertain, given the study’s retrospective single-institu-
tion design. Second, the study sample had a strong male predom-
inance, also introducing bias. Third, only two fellowship-trained
thoracic radiologists participated in the image assessment. Fur-

AJR:221, October 2023

therresearch should study interreader agreement among readers
with greater variation in background and experience and assess
intrareader agreement. Fourth, the evaluation of intrathoracic LN
metastasis may have been confounded by the high prevalence of
Mpycobacterium tuberculosis in the Republic of Korea. Fifth, the as-
sociation of radiologic ENE with pathologic ENE was evaluated on
a per-patient basis, not on a per-station basis. Finally, ENE involv-
ing LNs within the main lung specimen and involving separately
submitted LNs were both counted as pathologic ENE.

In conclusion, radiologic unambiguous ENE was an indepen-
dent predictor of worse OS in patients with NSCLC in multivari-
able analysis including numerous clinical prognostic factors.
Radiologists’ overall impression for ENE showed substantial in-
terreader agreement and low sensitivity but high specificity for
pathologic ENE. Although the findings require validation in fur-
ther studies, the results support the use of radiologic ENE in stag-
ing workup and treatment selection in patients with NSCLC and
clinical N1 or N2 disease.

Provenance and review: Not solicited; externally peer reviewed.

Peer reviewers: All reviewers chose not to disclose their identities.
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A B C

Fig. 1—Conceptual framework for extranodal extension (ENE) of metastatic lymph nodes in non-small cell lung cancer.
A, lllustration shows no ENE.

B, lllustration shows microscopic ENE.

C, lllustration shows macroscopic ENE.

Fig. 2—Axial images from contrast-enhanced
staging chest CT examinations in four patients with
non-small cell lung cancer show representative
examples of binary features assessed as possible
predictors of extranodal extension.

A, 76-year-old patient. CT scan shows indistinct
margin (arrow) of metastatic lymph node.

B, 65-year-old patient. CT scan shows coalescent
lymph nodes (arrows).

C, 70-year-old patient. CT scan shows direct invasion
of metastatic lymph node into adjacent structure
(tracheobronchial tree) (arrows).

D, 73-year-old patient. CT scan shows central
necrosis (arrow) of metastatic lymph node.
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Fig. 3—Axial images from contrast-enhanced staging chest CT examinations in three patients with non-small cell lung cancer show representative examples of
overall impression for radiologic extranodal extension (ENE).

A, 71-year-old patient. Lymph node (LN) (arrow) was assessed by both readers as showing no radiologic ENE.

B, 64-year-old patient. LN (arrows) was assessed by both readers as showing possible/probable ENE.
C, 58-year-old patient. LN (arrows) was assessed by both readers as showing unambiguous ENE.

Patients who underwent staging workup,
including chest CT, for histologically
confirmed NSCLC initially diagnosed

between January 2010 and December 2016

(n=3252)

Exclusion

+ Category not clinical T (of any
category), N1 or N2, MO (n = 2851)

* Lymph node enlargement due to

A

A 4

lymphoma (n=1)

+ Previous malignancy with
evidence of disease within 5
years (n=18)

clinical N1 or N2

Final study sample of patients with
disease (n = 382)

v

v

v

No radiologic ENE
(n=223)

Possible or probable
ENE (n=92)

Unambiguous ENE
(n=67)
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Fig. 4—Flow diagram shows patient selection. The
excluded previous malignancies with evidence of
disease within 5 years were included in one of two
sensitivity analyses of Cox regression analysis of
overall survival. NSCLC = non-small cell lung cancer,
ENE = extranodal extension.
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Fig. 5—Kaplan-Meier curves for overall survival
stratified by radiologic extranodal extension
(ENE). Covariates for adjustment included age,
sex, smoking history, primary tumor nodule type,
primary tumor lobar location, tumor histology,
clinical T category, clinical N category, and lymph
node size.
A and B, Graphs show unadjusted (A) and adjusted
(B) survival curves for reader 1.

(Fig. 5 continues on next page)
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Fig. 5 (continued)—Kaplan-Meier curves for
overall survival stratified by radiologic extranodal
extension (ENE). Covariates for adjustment included
age, sex, smoking history, primary tumor nodule
type, primary tumor lobar location, tumor histology,
clinical T category, clinical N category, and lymph
node size.

Cand D, Graphs show unadjusted (C) and adjusted
(D) survival curves for reader 2.

(Editorial Comment starts on next page)
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Editorial Comment: Prognostic Implications of CT-Defined Extranodal Extension of Metastatic Lymph Nodes in

Patients With Non-Small Cell Lung Cancer

A major component in the lung cancer TNM staging system is
the status of lymph node (LN) involvement, and accurate LN as-
sessment is crucial in patient management. The N component is
currently stratified into categories of NO to N3 solely on the ba-
sis of the anatomic stations with metastatic LN involvement. Op-
tions for revising the N classification include counting LNs, LN
stations, or LN zones, as well as detecting extranodal extension
(ENE) [1].

For metastatic LNs, ENE is defined as extension of metastatic
cells beyond the LN capsule into perinodal tissue. ENE has been
incorporated into N category determination for head and neck
cancers and for vulvar cancer. In a meta-analysis of pathologic
ENE in patients with non-small cell lung cancer (NSCLC), ENE was
associated with poor prognosis in terms of disease recurrence
and all-cause mortality [2].

This retrospective study of 382 patients with NSCLC investigat-
ed prognostic implications of CT-based ENE and the diagnostic
performance of CT-based ENE in predicting pathologic ENE. In-
distinct LN margin, coalescent LNs, direct invasion of adjacent
structures, and central necrosis were found to be possible CT
findings of ENE. These findings were adopted from previously ex-
plored CT findings of ENE in head and neck cancer [3]. Two chest
radiologists also classified CT examinations for overall confidence
in presence of ENE on a patient level as no ENE, possible or prob-
able ENE, and unambiguous ENE. For both readers, 5-year over-
all survival rates were significantly different among these three
tiers. Unambiguous ENE independently predicted worse overall
survival and was highly specific in predicting pathologic ENE.

This is the first study, to my knowledge, to evaluate the impact of
CT-based ENE in predicting prognosis and pathologic ENE. Although
identifying ENE on CT is challenging, this study opens a new window
into CT-based evaluation for ENE of metastatic LNs in NSCLC.
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