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Background: A prediction model for pathologic N2 (pN2) among lung cancer patients with a negative
mediastinum by positron emission tomography (PET) was recently internally validated. Our study sought to
determine the external validity of that model.

Methods: A cohort study [2005-2013] was performed of lung cancer patients with a negative mediastinum
by PET. Previously published model coefficients were used to estimate the probability of pN2 based on
tumor location and size, nodal enlargement by computed tomography (CT), maximum standardized uptake
value (SUV,,,,) of the primary tumor, N1 disease by PET, and pretreatment histology.

Results: Among 239 patients, 18 had pN2 [7.5%, 95% confidence interval (CI): 4.5-12%]. Model
discrimination was excellent (c-statistic 0.80, 95% CI: 0.75-0.85) and the model fit the data well (P=0.191).
The accuracy of the model was as follows: sensitivity 100%, 95% CI: 81-100%; specificity 49%, 95% CI:
42-56%; positive predictive value (PPV) 14%, 95% CI: 8-21%, and negative predictive value (NPV) 100%,
95% CI: 97-100%. CI inspection revealed a significantly higher c-statistic in this external validation cohort
compared to the internal validation cohort. The model’s apparently poor specificity for patient selection is
in fact significantly better than usual care (i.e., aggressive but allowable guideline concordant staging) and
minimum guideline mandated selection criteria for invasive staging.

Conclusions: A prediction model for pN2 is externally valid. The high NPV of this model may allow

pulmonologists and thoracic surgeons to more comfortably minimize the number of invasive procedures

performed among patients with a negative mediastinum by PET.
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Introduction

Mediastinal nodal evaluation is the cornerstone of staging
patients with non-metastatic non-small cell lung cancer
(NSCLC). Practice guidelines recommend routine invasive
mediastinal staging for patients with a positive mediastinum
by positron emission tomography (PET) (1,2). When the
mediastinum is negative by PET, guidelines recommend
selective invasive staging based on the presence or
absence of other radiographic risk factors for mediastinal
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nodal disease—for example, tumor size and/or location,
mediastinal lymphadenopathy, or fluorodeoxyglucose
(FDQ) uptake in N1 nodes. Because there are multiple risk
factors for unsuspected N2 (3-9), there is an opportunity to
use risk-prediction to facilitate better patient selection for
invasive diagnostic procedures.

Several groups have developed prediction models to
improve patient selection for invasive mediastinal staging

(10-14). One group of investigators recently developed
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and internally validated a prediction model for pathologic
N2 (pN2) using six pre-operative risk-factors among
North American patients with a negative mediastinum by
PET (14). An important limitation of this work and other
contemporary studies is that validation occurred at only
one institution—specifically the same institution where the
model was developed. The goal of this investigation was
to evaluate the performance of the previously internally
validated prediction model for pN2 at another North
American site. A secondary aim was to explore the risk-
prediction model’s potential impact on care.

Materials and methods

A retrospective investigation (November 2005-March
2013) was conducted of NSCLC patients with a negative
mediastinum by PET who underwent nodal evaluation by
invasive staging and/or at the time of pulmonary resection
at the University of Washington. The Institutional Review
Board approved this study and waived the need for consent
for this minimal risk retrospective review (committee
EA, approval number 44939). Study inclusion/exclusion
criteria matched those of a prior North American study that
originally developed and internally validated the prediction
model under investigation (14). Patients were eligible for
study if they were initially staged by computed tomography
(CT) and PET and had no evidence of metastatic
disease. Those ineligible for study included: suspicion of
synchronous, metachronous, or recurrent lung cancer;
evidence of T3 (except by size criteria) or T4 tumors by
CT; and/or receipt of induction therapy without pathologic
confirmation of nodal disease. The American Joint
Committee on Cancer classification for T-status changed
over the study period such that tumors greater than 7 cm
were considered T3 rather than T2 after 2010. Because the
population in which the prediction model was originally
developed included patients regardless of size, we allowed
for inclusion of subjects with I'3 tumors defined exclusively
by size criteria.

The previously published North American prediction
model utilized logistic regression to estimate the probability
of pN2 based on six risk factors ascertained prior to
treatment—tumor size by CT, tumor location by CT
(central versus peripheral), extent of nodal disease by
CT (lymphadenopathy defined by size greater than 1 cm),
maximum standardized uptake value (SUV,,,) of the
primary tumor, FDG uptake in ipsilateral hilar nodes, and
tumor histology if the patient underwent a pretreatment
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biopsy of the primary lesion (14). Coefficient estimates from
this model were used to estimate the probability of pN2
for each patient. Like the original prediction model
study (14), radiology and pathology reports were used to
ascertain model inputs and the true status of mediastinal
lymph nodes—defined by pathologic confirmation of
disease in nodal tissue.

Model performance was evaluated using the same
metrics utilized by the internal validation study (14)—
discrimination, calibration (fit), and accuracy. A c-statistic
describes a model’s ability to discriminate between two
outcomes. The metric ranges from 0.5 (no different than
a coin-toss) to 1.0 (perfect discrimination among two
outcomes). Values greater than 0.7 indicate reasonable
discriminatory ability, and values greater than 0.8 indicate
strong discriminatory ability (15). A non-significant
goodness-of-fit test indicates good fit. Visual evaluation
of calibration (fit) was also performed by plotting actual
versus predicted pN2 rates. In order to describe the model’s
accuracy for patient selection in terms of sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV), patients must be dichotomized
into high-versus low-risk groups based on a threshold
probability. The original prediction model used an
empirical method called the Youden Index to identify the
cut-off that maximizes the sum of sensitivity and specificity (16).
A probability of pN2 disease >8.3% defined the high-risk
group in the original prediction model study (14), and this
threshold was used for the current investigation.

A secondary hypothesis-generating aim of this study was
to explore the potential impact of the prediction model on
care by comparing the frequency and accuracy of patient
selection for invasive staging across varying assumptions
(Tables S1-S3). Usual care at the University of Washington
historically consisted of an aggressive but guideline
allowable staging strategy (1,2) of invasive mediastinal
staging for all patients except for those with a relative
contraindication and/or those in whom management would
not be expected to change based on mediastinal nodal status.
We did not use the prediction model as a part of usual
care because it was not available until 2012 and because we
considered it investigational without evidence of external
validity. The accuracy of patient selection with usual care
was calculated using a 2x2 table of patients who actually
underwent invasive staging. Minimum practice guideline
recommendations for selective staging essentially require
all patients to undergo invasive staging except those with a
radiographic, peripheral stage IA tumor (1,2). The accuracy
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of patient selection using the minimum recommended
standards for invasive staging was estimated using a 2x2
table after classifying patients as having a peripheral stage
IA or not. The accuracy of patient selection using the risk-
prediction model was estimated using a 2x2 table after
classifying patients as being high- or low-risk using the
probability cut-off described earlier.

STATA (Special Edition 12.1; Statacorp, College Station,
Texas, USA) was used to conduct all statistical analyses.
Binary variables were summarized using proportions and
95% exact binomial confidence intervals (CI).

Results

Table 1 provides an overall summary of the cohort. Nearly
every patient underwent invasive staging with a median of
3 (range, 0-5) mediastinal lymph node stations sampled.
Two patients with pN2 identified by invasive staging did
not undergo operative management because one had single-
station bulky disease and the other opted for definitive
chemoradiation therapy. Intra-operatively, a median of 1
(range, 0-8) mediastinal lymph node station was sampled.
The overall median number of mediastinal lymph node
stations sampled by any means (invasive staging or intra-
operatively) was 3 (range, 1-9), with 86% of patients having
at least three mediastinal nodal stations sampled. A total of
18 patients had pN2 (7.5%, 95% CI: 4.5-12%)—all with
single-station disease. Table 2 shows the distribution of risk
factors and the prevalence of pN2 across each risk factor.
The median primary tumor size by CT and SUV,,, were
2.5 cm and 5.6, respectively. Patients with FDG uptake in
N1 nodes had the highest prevalence of pN2 disease (25%).

Table 3 summarizes model performance for the external
validation cohort as well as the reported performance of
the original development and validation cohorts. Model
discrimination was excellent in our external validation
cohort and significantly higher than that reported in the
internal validation cohort (Figure 1). The model fit the
data well across all cohorts (P>0.05). Figure 2 reveals that
the model tended to overestimate the risk of pN2 in the
external validation cohort. Model sensitivity, specificity,
PPV, and NPV were not significantly different across
cohorts. A post-hoc analysis was conducted among patients
with at least three nodal stations sampled by any means
(n=205, pN2 =7.3%). Model performance was similar
to that observed in our primary analysis [c-statistic 0.80
(95% CI: 0.73-0.85), goodness-of-fit test P=0.50, sensitivity
100% (95% CI: 78-100), specificity 46% (95% CI: 39-
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54%), PPV 13% (95% CI: 7.3-20%), and NPV 100%
(95% CI: 96-100%)]. An additional post-hoc analysis was
conducted among patients with at least three nodal stations
sampled intraoperatively (n=58, pN2 =12%). Again model
performance was similar to that observed in our primary
analysis except that the PPV was significantly higher
[c-statistic 0.78 (95% CI: 0.65-0.87), goodness-of-fit test
P=0.62, sensitivity 100% (95% CI: 59-100%), specificity
59% (95% CI: 44-72%), PPV 72% (95% CI: 53-87%), and
NPV 100% (95% CI: 88-100%)].

Table 4 summarizes the frequency and accuracy of patient
selection for invasive staging across varying assumptions.
Usual care—representing an aggressive but guideline
allowable invasive staging strategy—was characterized by
the highest utilization of invasive procedures and lowest
accuracy in terms of patient selection. Had the minimum
practice guideline recommended indications for invasive
staging been adhered to, use of invasive procedures
would have been significantly less, and the specificity and
NPV of patient selection would have been significantly
higher. Compared to both usual care and the minimum
recommended indications for invasive staging, use of the
prediction model would have resulted in even less use of
invasive diagnostic tests and further improvements in the
specificity of patient selection.

Discussion

The clinical application of a prediction model for nodal
disease in operable lung cancer patients is to guide the
use of invasive staging procedures prior to first treatment.
Patients at high-risk for nodal disease will still require
invasive staging in order to characterize the extent of
disease (i.e., N1, single-station N2, multi-station N2,
N3). However, patients at low-risk may proceed directly
to resection with intraoperative nodal evaluation. A few
prediction models have been developed for mediastinal
staging among NSCLC patients (10-14), but none have
been externally validated. We report that a previously
developed and internally validated prediction model for
pN2 among North American patients with a negative
mediastinum by PET is externally valid. The potential
impact of such a model is a reduction in the use of invasive
mediastinal staging procedures and improvements in patient
selection for invasive diagnostic tests.

External validation revealed that model performance
was at least as good as that observed in the original
development and internal validation cohorts (14). Although
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Characteristics

Male (%) 49.0

Comorbidity* (%)
HTN 55.0
CAD 18.0
CHF 4.2
CVD 6.7
PVD 3.8
COPD 15.5
IPF 1.3
Pulmonary HTN 0.8
DM 15.1
Dialysis 0.8
Steroids 4.6

Smoking status (%)

Current 63.0
Former 22.0
Never 15.0

Median predicted FEV, [range] 79 [28-135]

Prior CTS surgery (%) 13.0

Table 1 (continued)
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Characteristics

Approach (%)

Thoracotomy 54.0
VATS 44.0
Robotic 1.3
No resection 0.8

Grade (%)
Well 19.0
Moderate 47.0
Poor/undifferentiated 28.0
Missing 5.4

Prolonged length-of-stay (%) 6.3

*, columns may not add to 100% because patients may have
had more than 1 comorbid condition and/or more than 1 type of
invasive mediastinal staging procedure. PI, Pacific Islander; HTN,
hypertension; CAD, coronary artery disease; CHF, congestive
heart failure; CVD, cerebrovascular disease; PVD, peripheral
vascular disease; COPD, chronic obstructive pulmonary disease;
IPF, interstitial pulmonary fibrosis; DM, diabetes mellitus; ASA,
American Society of Anesthesiologists; FEV,, forced expiratory
volume in 1 second; DLCO, diffusion lung capacity for carbon
monoxide; CTS, cardiothoracic surgery; EBUS, endobronchial
ultrasound-guided nodal aspiration; VATS, video-assisted
thoracic surgery; NSCLC, non-small cell lung cancer; NOS, not
otherwise specified, AlIS, adenocarcinoma-in-situ.
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Frequency of risk factor (95% CI) Prevalence of pN2 (95% Cl)

Primary tumor location
Peripheral 30% (24-36%) 2.8% (3.4-9.8%)
Central 70% (64-76%) 9.5% (5.5-15.0%)

N-status (lymphadenopathy) by CT

NO 79% (73-84%) 5.3% (2.6-9.5%)
N1 9.6% (6.2-14.0%) 22% (7.4-44.0%)
N2/N3 11% (7.5-16.0%) 11% (2.4-29.0%)

Pretreatment histology

No biopsy/other 69% (63-75%) 7.2% (3.8-12.0%)
Adenocarcinoma 20% (15-26%) 8.3% (2.3-20.0%)
Adenocarcinoma w/AlS 0.4% (0.0-2.3%) 0.0% (0-98%)
Sqguamous 10% (6.9-15.0%) 5.4% (1.0-26.0%)

_Table 3 Model performance

Current study, external Prior study (14), Prior study (14), internal
validation cohort (n=239) development cohort (n=625) validation cohort (n=313)

Goodness-of-fit test (P value) 0.191 0.560 0.190

Cl, confidence interval.
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Figure 2 Calibration plot. The x-axis represents predicted rates
of pN2 and the y-axis represents actual rates of pN2. Patients
were divided into 3 groups based on terciles of predicted pN2.
Each group’s average predicted pN2 rate was plotted against their
average actual rate of pN2. The dashed 45-degree line represents
(as a reference) perfect concordance between actual and predicted
rates. Vertical bars represent 95% CI for each group’s average

actual pN2 rate. pN2, pathologic N2; CI, confidence interval.
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model discrimination was significantly better in our
external validation cohort, superior performance in this
metric did not translate into observable improvements in
the accuracy of patient selection for invasive staging. One
potential explanation is the relatively small number of
patients and events in this study. Importantly, however, we
found no evidence of performance decrements in terms of
discrimination, calibration (fit), or accuracy. The tendency
of the model to overestimate risk was also observed in the
internal validation study (14). On balance, the performance
of the model appeared to be similar across two different
centers among patient populations defined by the same
inclusion/exclusion criteria.

External validation of risk-prediction models is important
because the ascertainment and/or prevalence of risk-factors
can vary across patient populations at different centers
despite identical inclusion/exclusion criteria. Compared to
the population in which the prediction model was originally
developed and validated (14), patients in our study tended
to have slightly larger tumors radiographically, higher
SUV.,..., and a higher frequency of lymphadenopathy by
CT and FDG-uptake in N1 nodes. Interestingly, despite a
higher prevalence of radiographic risk factors for pN2, the
overall rate of pN2 did not vary significantly across studies.
These tindings support conventional wisdom suggesting
variation in the interpretation of advanced imaging across
centers. Although the reasons underlying such variation
are often unknown, in some cases they are expected.
For instance, factors that influence SUV measurement
include the time from FDG injection to imaging, type
of image reconstruction algorithm, reconstruction filter;
scan length, and attenuation correction methods (17). The
significance of variation in interpreting advanced imaging
is that model performance may also vary from one site to
another. While it is desirable to mitigate practice variation,

Table 4 Exploratory analysis comparing use of the prediction model versus usual care

Usual care*

Minimum recommended practice guideline

T . . . Prediction model
indications for invasive staging

Frequency of invasive staging (95% Cl) 97% (94-99%)
Accuracy of patient selection (95% ClI)
Sensitivity 83% (59-96%)
Specificity 2.3% (0.7-5.2%)
6.5% (3.7-10.0%)
63% (24-91%)

Positive predictive value
Negative predictive value

77% (72-83%) 55% (48-61%)

100% (81-100%) 100% (81-100%)
24% (19-31%) 49% (42-56%)
10% (5.8-15.0%) 14% (8.3-21.0%)

100% (93-100%) 100% (97-100%)

*, aggressive but guideline allowable invasive staging; Cl, confidence interval.
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it is not always practical to do so. For this reason, it is
imperative to externally validate the performance of risk-
prediction models across varying settings. The similar
performance of the prediction model across two different
North American centers provides evidence in support of its
generalizability. However, one important limitation of the
current analysis is that model performance was evaluated at
another high-volume, academic, National Cancer Institute
(NCI)-designated comprehensive cancer center. Future
studies should evaluate model performance across multiple
environments including non-academic centers; non-NCI
designated cancer centers, low-volume hospitals, and
integrated health systems.

Our exploratory aim suggests that use of a risk-prediction
model for mediastinal staging may lead to a decreased need
for invasive diagnostic tests through better patient selection.
To the extent that diagnostic accuracy, appropriate
treatment selection, and patient outcomes are not adversely
impacted by the use of a risk-prediction model, a reduction
in the number of invasive diagnostic tests will increase
the value of thoracic oncologic care. Certainly, fewer
procedures will translate into less exposure to procedure-
related risks and lower costs. The efficiency of care may
also improve by omitting one step (invasive staging) in a
complex diagnostic algorithm for working up suspected or
confirmed NSCLC (1,2). Another potential benefit of risk-
prediction is reducing unnecessary provider-level variation
in the use of invasive procedures. Practice variation in the
use of invasive staging modalities has not yet been described
at the population level, but it is strongly suspected based
on clinical experience. Importantly, the use of a risk-
prediction model does not eliminate patient-level variation
in the use of invasive staging procedures arising from
differences in individual-level risk. Risk-prediction provides
an opportunity to standardize provider- or institutional-
level approaches to lung cancer staging while ensuring the
delivery of personalized cancer care.

This study has several important limitations. Our
approach to defining true pathologic nodal status is
antiquated, even though it was based on a conventional
criterion appropriate for the period of time under study.
The traditional gold standard definition for mediastinal
nodal disease is pathologic confirmation of disease in
nodal tissue. However, this definition does not take
into account the thoroughness of mediastinal nodal
evaluation (18). A secondary analysis of the ACOSOG
70030 trial revealed that 99% of patients had at least three
nodal stations sampled (19). Subsequently, contemporary
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practice guidelines and quality improvement initiatives
regard assessment of at least three nodal stations to be the
standard (2,20). One potential consequence of lymph node
sampling is that the true prevalence of nodal disease is
underestimated, which may in turn falsely elevate sensitivity
and falsely decrease specificity. A single institution study
evaluated the prevalence of pN2 when usual care consists
of routine lymphadenectomy and reported a prevalence of
pN2 only slightly higher (10%) than our rate of pN2 (21).
Furthermore, a post-hoc analysis restricted to patients in
our study that had at least three nodal stations sampled (by
any means or intraoperatively) revealed model performance
similar to that observed in the internal validation study.
We found no evidence to suggest that the pragmatic nature
of our retrospective study has substantially biased results
pertaining to model performance. Future validation studies
should ideally define the gold standard for determining
nodal disease by both pathologic confirmation of disease
and adequate extent of mediastinal nodal assessment.

One potential criticism of our study is a missed
opportunity to evaluate the performance of other previously
published prediction models for pN2. All four prior
models/studies did not use information from PET to
define the population under investigation and/or include
as model inputs. One North American study evaluated
patients prior to the availability of PET (10). Two studies
from China and one from Japan alluded to the selective
use of PET in their countries because of high costs and/
or delayed adoption (11-13). Because PET is the standard
of care in North American, we only considered validating
the prediction model developed among a population that
routinely underwent PET. As a consequence, the prediction
model under study may only be generalizable to patients
undergoing routine PET. Finally, another potential
criticism of this study is that the availability of minimally-
invasive endosonography obviates the need for risk-
prediction. However, practice guidelines recommending
the use of endosonography for invasive mediastinal staging
emphasize the importance of available equipment and the
skill and experience of the operator, which may not yet exist
in all practice settings (1,2). Furthermore, the ASTER trial
revealed that up to 53% of patients undergoing first-line
endosonography will require surgical staging to definitely
rule-out mediastinal disease (22). Finally, endosonography is
not without risk (23). A risk-prediction model compliments
new technology in reducing procedure-related risks for lung
cancer patients.

In conclusion, a previously developed and internally
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validated prediction model for pN2 among patients with
a negative mediastinum by PET is externally valid. The
potential benefit of using risk-prediction is a reduction
in the overall number of invasive diagnostic procedures
achieved through better patient selection.
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