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ABSTRACT
Introduction: Stage classiﬁcation provides a consistent language to describe the anatomic extent of disease and is therefore
a critical tool in caring for patients. The Staging and Prognostic
Factors Committee of the International Association for the Study
of Lung Cancer developed proposals for revision of the classiﬁcation of lung cancer for the eighth edition of the tumor, node,
and metastasis (TNM) classiﬁcation, which takes effect in 2017.
Methods: An international database of 94,708 patients with
lung cancer diagnosed in 1999–2010 was assembled. This
article describes the process and statistical methods used to
reﬁne the lung cancer stage classiﬁcation.

areas of strength and weakness; a sound validation should
have discriminatory ability and be based on an independent
data set of adequate size and sufﬁcient follow-up with
enough patients for each subgroup.
 2016 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.
Keywords: Lung cancer; NSCLC; TNM classiﬁcation; Lung
cancer staging; Validation; Prognosis

Results: Extensive analysis allowed deﬁnition of tumor,
node, and metastasis categories and stage groupings that
demonstrated consistent discrimination overall and within
multiple different patient cohorts (e.g., clinical or pathologic
stage, R0 or R-any resection status, geographic region).
Additional analyses provided evidence of applicability over
time, across a spectrum of geographic regions, histologic
types, evaluative approaches, and follow-up intervals.

*Corresponding author.

Conclusions: An extensive analysis has produced stage
classiﬁcation proposals for lung cancer with a robust degree
of discriminatory consistency and general applicability.
Nevertheless, external validation is encouraged to identify
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Stage classiﬁcation is a fundamental cornerstone in
the management of patients with cancer. It provides a
nomenclature to communicate effectively about the
anatomic extent of the cancer. This is useful in many
ways (e.g., grouping patients who have a similar extent
of disease, providing a basis for reporting results and
for comparing one treatment with another). Indeed,
tumor stage is a prominent criterion for inclusion or
exclusion in clinical trials. Knowing the extent of disease
(and the selected treatment) has a major impact in
predicting prognosis for a group of patients with similar
characteristics (in addition to other patient, tumor, and
environmental factors).1,2 Thus, stage classiﬁcation is
used as an important tool in estimating prognosis,
selecting treatment, and conducting and reporting on
research studies. The ability to communicate clearly
about the anatomic extent of disease is crucial to all of
these.
The stage classiﬁcation system is determined by the
American Joint Committee on Cancer (AJCC) and Union
for International Cancer Control (UICC). These are
separate organizations, but they work collaboratively to
deﬁne a single, consistent stage classiﬁcation system for
use around the world. This system is periodically
updated, with the eighth edition taking effect on January
1, 2017. For lung cancer, the AJCC and UICC have relied
primarily on the extensive work done by the Staging and
Prognostic Factors Committee (SPFC) of the International Association for the Study of Lung Cancer (IASLC).
The IASLC initiative provided a quantum leap forward
for the seventh and eighth editions with regard to
development, analysis, and validation of proposed stage
classiﬁcation elements (Fig. 1). This article describes the
process and methodology used by the SPFC in developing proposals for the eighth edition of the stage classiﬁcation for NSCLC. The actual tumor (T), node (N), and
metastasis (M) stage grouping proposals, as well as
related articles concerning tumor size measurement and
the classiﬁcation of multiple pulmonary sites of lung
cancer, are described in speciﬁc articles.3–11

Patients and Methods
Process of Development of Proposals
Structure of the SPFC. The Lung Cancer Domain of the
SPFC was divided into several subcommittees (Methodology, Tumor [T] Descriptors, Node [N] Descriptors,
Metastasis [M] Descriptors, SCLC, Neuroendocrine Tumors, and Prognostic Factors) and ad hoc workgroups (T
Coding and Size Measurement in Preinvasive and Lepidic
Adenocarcinoma and Classiﬁcation of Multiple Pulmonary Sites of Lung Cancer [see Appendix]). Each of these
subcommittees were tasked with analyzing the data and
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Figure 1. Features of data used for editions of the lung
cancer stage classiﬁcation system. A comparison of the
number of cases, contributing institutions, and countries for
various editions of the lung cancer stage classiﬁcation
system.

developing proposals within their area. Annually, the
chairs of the subcommittees, other members involved in
data analysis, and the biostatisticians of Cancer Research
And Biostatistics assembled for face-to-face meetings,
and the entire SPFC and the advisory boards assembled
every 2 years in conjunction with the World Conference
on Lung Cancer meetings. Proposals for classiﬁcation
were ﬁrst developed within the subcommittees and then
presented and discussed at joint meetings. After revision
the proposals were provided to the entire SPFC for
further input and approval according to a formal
process.
General Approach and Guiding Principles. Stage
classiﬁcation should coalesce tumors sharing similarities
into groups that in turn should be distinct from one
another. The deﬁnition of groups is based on the
anatomic extent of the tumor (i.e., the characteristic the
stage classiﬁcation is designed to address). Of course,
many other features of a tumor or patient (e.g., histologic
type, genetic characteristics, age, sex, performance status, comorbidities, socioeconomic status) that may also
be useful to classify patients for various purposes can be
identiﬁed. However, stage classiﬁcation relates only to
the anatomic extent of disease.
On what basis should one consider that patients
within a group are similar, or that groups are distinct
from one another? There is no single “absolute” answer
to this question, and how one addresses this depends on
clinical judgment and viewpoint as much as it does on
science. The SPFC chose to use prognosis of patients in
the IASLC database as a tool to identify tumors that bear
similarities and to distinguish groups. One must
remember, however, that prognosis is determined by
many factors (e.g., tumor-related, patient-related,
environment-related, and treatment-related factors).2
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Figure 2. Comparison of survival in the 1990–1999 versus 1999–2000 data sets. Five-year overall survival (%) in the 1990–1999
versus 1999–2000 data sets (using the seventh-edition classiﬁcation). The graph demonstrates that although discrimination is
maintained in each data set, the actual prognosis (i.e., calibration) is markedly different.

database type (Fig. 3A–C). Thus, prognosis per se could
not be used; rather, we used the presence (or absence)
of a difference in prognosis that was consistent across
multiple comparisons (clinical, pathologic, R0, R-any, N0,

Furthermore, prognosis varies substantially over time
(e.g., comparing the 1999–2010 data set with the 1990–
1999 data set [Fig. 2]), by geographic region of the institutions providing the source data, and by the source
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Figure 3. Comparison of survival by location of data contributors and type of source data. (A) Two-year overall survival by T
category and location of data contributors (pathologic stage [p-stage] N-any M0 R-any tumors). (B) Two-year survival by N category
and location of data contributors (p-stage T-any M0 R0 tumors). (C) Two-year survival by type of database and p-stage (p-stage T-any
M0 R0 tumors). The graphs demonstrate that although discrimination is generally maintained, the actual prognosis (i.e., calibration)
is markedly different. Results are for p-stage patients with tumors diagnosed in 1999–2010 using eighth-edition deﬁnitions. Categories with limited sample size (<50 patients) are omitted. N America, North America; N/S America, North and South America.

1436 Detterbeck et al

Journal of Thoracic Oncology

Vol. 11 No. 9

Table 1. Guiding Principles for the Development of Stage Classiﬁcation Proposals
Descriptors should be applicable to both clinical and pathologic stage classiﬁcation
Changes in T, N, and M categories should not compromise the use of data from the previous staging system whenever possible
Criteria for clinical T, N, and M categories should match those for pathologic T, N, and M categories
If boundaries between categories are to be changed, there should be overwhelming evidence to support such changes
Unproven descriptors should be “ﬂagged” for further testing
Pathologic stage classiﬁcation should include consideration of incompletely resected cases (R1, R2)
Prediction of prognosis associated with tumor stage should be supplemented by other prognostically important factors in a validated
system (e.g., histologic diagnosis, age, sex, performance status, comorbidities)
Evidence from external sources should be taken into consideration.
T, tumor; N, node; M, metastasis.
Data from the principles used for development of the seventh-edition proposals for lung cancer.12

N-any, within a geographic region, histologic type, database type, etc.) along with clinical judgment to make
decisions about stage classiﬁcation changes.
The SPFC developed guiding principles for the
development of proposals for the seventh edition of
stage classiﬁcation; these were carried forward for the
eighth edition (Table 1) and used to guide decisions of
the SPFC. The SPFC also considered additional aspects in
developing classiﬁcation proposals (e.g., statistical analysis of outcomes of patients in the IASLC database, degree of consistency across subgroups, practical aspects
related to speciﬁc descriptors).
A goal of the SPFC was to conduct sufﬁcient validation to be conﬁdent that the stage classiﬁcation
schema would function well. It should be emphasized
that this refers to validation of the stage classiﬁcation,
meaning the ability to discriminate ordered groups of
tumors according to anatomic extent of disease.
Development of a prognostic model that forecasts outcomes (as opposed to sorting into ordered groups) is a
different task, requiring inclusion of all relevant prognostic information and assessment of calibration (the
accuracy of the prediction of the outcome in question).
A framework for validation of stage classiﬁcation is
outlined in Table 2.13

Characteristics of the Database
The database used for analysis has been previously
described.14 This involved 94,708 patients whose disease was diagnosed between 1999 and 2010. After exclusions, 70,967 patients with NSCLC and 6189 with
SCLC were available for analysis. This involved a
worldwide collection of patients from 35 sources and 16
countries. Europe (49%) and Asia (44%) are strongly
represented, whereas the proportions of the database
coming from North America (5%), Australia (1.7%), and
South America (0.3%) were much lower.14 The yearly
number of cases submitted was fairly even (w3000 per
year) except for large contributions from Japan in 1999,
2002, and 2004, reﬂecting three initiatives to gather data
from a national consortium of institutions recording
surgical cases (38,928 cases) and a smaller bolus from
Turkey in 2005 (3885 cases) (Supplementary Fig. 1).
Most of the patients underwent an operation (with
57.7% receiving an operation alone and 27% receiving
an operation in combination with chemotherapy and/or
radiotherapy), 9.3% underwent chemotherapy alone,
4.7% chemotherapy and radiotherapy, and 1.5% radiotherapy alone.14 The source of the cases was a consortium in 57% of cases (meaning a group of institutions
that registered all cases) and a registry in 34%

Table 2. Criteria to Assess Stage Classiﬁcation
Category

Characteristic

Explanation

Transportability
(applicability)

Historical

Is discrimination maintained in populations from a different era than the one used to develop
the system?
Is discrimination maintained in populations from a different geographic region than the ones
used to develop the system?
Is discrimination maintained in cohorts identiﬁed in different ways (e.g., CT vs. PET, c-stage
vs. p-stage)?
Is discrimination maintained in populations with a different spectrum of disease (e.g.,
different histotypes, smokers vs. nonsmokers, symptom detected vs. screen detected)?
Is appropriate ordering of groups maintained across the follow-up spectrum (e.g., at 1, 2, 3, 5,
and 10 years)?
Is it simple, intuitive, easy, and practical to implement?
Is it deﬁned in unambiguous terms?

Geographic
Methodologic
Spectrum
Follow-up interval
Implementability

Simplicity
Clarity

CT, computed tomography; PET, positron emission tomography; c-stage, clinical stage; p-stage, pathologic stage.
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(involving all cases within a region).13 There were
40,263 clinical stage (c-stage) M0 cases and 36,830
pathologic stage (p-stage) M0 cases with complete T and
N category information. Patients receiving preoperative
therapy were excluded from p-stage analyses (i.e., ypstage cases were excluded from p-stage cohorts).
An electronic data capture (EDC) system was established to collect detailed and complete data from
participating institutions, thus avoiding the limitations of
the retrospective data, which were not designed specifically for the purpose of deﬁning stage classiﬁcation and
contained varying levels of detail and missing information. The EDC comprised 4667 cases from 23 institutions
in 14 countries.14 Although the EDC data set is much
smaller, it has distinct advantages because it is much
more detailed and complete. We used both the larger
data set of available data from multiple sources and the
EDC data to derive the proposed eighth edition of the
classiﬁcation.
Table 3 depicts the number of NSCLC cases available
for analysis in various subsets (i.e., cases with sufﬁcient
detail in the relevant T, N, and M descriptors; R status;
and other factors to allow performance of the major
exploratory and validation analyses).

Statistical Analysis
We performed extensive survival analyses of patients
in the IASLC database to inform the decisions regarding
the best way to deﬁne the T, N, and M categories and
stage groupings. Cases with missing data were excluded
from the analysis. Because actual outcomes varied in
association with many factors (database type, geographic

Table 3. Non–Small Cell Cases Available for T, N, and M
Category Analysis
Pathologic Stage

n

Clinical Stage

T component
N0 M0 R0
21,133
N0 M0
N-any M0 R0
27,986
N-any M0
N0 M0 R-any
22,257
N component
T-any M0 R0
29,728
T-any M0
T1 M0 R0
12,824
T1 M0
T2 M0 R0
12,785
T2 M0
T3 M0 R0
3636
T3 M0
T4 M0 R0
483
T4 M0
T-any M0 R-any
31,426
M component (nonsurgically managed)
—
—
T-any N-any
—
—
T-any N-any
Stage grouping
T-any N-any M0
31,936
T-any N-any
T-any N-any M1
0
T-any N-any
Total
31,936
Total

n
10,230
12,956

38,910
15,681
13,476
5004
4729

M1a
M1b

324
735

M0
M1

16595
882
17,477
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region, time period, etc.) decisions were informed not by
the prognosis per se but by differences in prognosis
between categories and stage groupings that were
consistent among many separate analyses of particular
cohorts. Speciﬁcally, the SPFC considered the presence
or absence of differences in prognosis between (heterogeneous) and within (homogeneous) categories and
stage groupings and the consistency of those ﬁndings
across separate analyses of particular cohorts. The SPFC
also considered whether differences were clinically
meaningful, because in a large data set statistical signiﬁcance can sometimes be seen with trivial differences.
Details of the cohorts considered and the analyses used
to choose deﬁnitions of T, N, and M categories and stage
groups varied by subcommittee, reﬂecting differences in
the issues, the available data, and the value of particular
assessments. These details are presented in the context
of each subcommittee later in this article.
The statistical analysis was carried out by Cancer
Research And Biostatistics, building on experience
gained from development of the seventh edition of the
stage classiﬁcation. Cases used for the analyses summarized in this article were restricted to NSCLC; SCLC
was evaluated separately as reported elsewhere.15
Survival was measured from the date of diagnosis for cstage tumors and the date of operation for p-stage tumors,
and it was analyzed using Kaplan-Meier methods. Survival
estimates were compared using the likelihood ratio test
from Cox proportional hazards regression. The recursive
partitioning and amalgamation (RPA) analysis was performed using the statistical package R, version 3.1.0 (R
Foundation for Statistical Computing, Vienna, Austria).
Cox regression analysis, adjusted for baseline factors (age,
sex, region, and cell type) was performed using the proportional hazards regression procedure of SAS System for
Windows, version 9.4 (SAS Institute Inc., Cary, NC). The
discrimination of the classiﬁcation was assessed primarily
by using the R2 measure. This measure was deemed to be
the best metric to use, given the strengths and weaknesses
of different measures and characteristics of the data (e.g.,
the number of categories, tied pair combinations of risk
scores, censored cases).

Results
Evaluation of the T Component
T size cutpoints were chosen using a running log rank
statistic,16 initially in a p-stage N0 M0 R0 cohort, but
then conﬁrmed in a p-stage N0 M0 R-any, an N-any M0
R0, a c-stage N0 M0 and a c-stage N-any M0 cohort
(NSCLC).3 This conﬁrmed previous size cutpoints identiﬁed in the seventh edition but also suggested cutpoints
in 1-cm increments. Potential T-descriptor categories by
size alone were then compared with those identiﬁed by
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an isolated nonsize descriptor (e.g., visceral pleural invasion, pericardial invasion) using a multivariate Cox
regression analysis that adjusted for age, sex, histologic
type, and geographic region. Tumors with more than one
positive descriptor within a T category were considered
separately from those with only one positive descriptor.
Descriptors that identiﬁed tumors with a prognosis
similar to those of another group were combined, and
those that demonstrated a signiﬁcant difference were
separated. This was done initially in a p-stage N0 M0
R0 cohort but conﬁrmed in p-stage N0 M0 R-any and Nany M0 R0 cohorts and in c-stage N0 M0 and N-any M0
cohorts.3
Tumors with more than one positive T descriptor
were compared with those with only 1 positive T
descriptor in multiple ways, but the results were
inconsistent (often differing between analyses done in
different cohorts, especially p-stage and c-stage cohorts).
Therefore, the number of positive T descriptors does not
affect the T category—it is determined by the highest T
as deﬁned by any one descriptor. The ﬁnal proposals for
T descriptors are presented in the T-component article.3

Evaluation of the N Component
The discrimination of the N categories was ﬁrst
demonstrated in c-stage T-any M0 NSCLC cases, then
conﬁrmed in each T category.4 The differences between
the groups deﬁned by each N category were highly statistically signiﬁcant,4 with the exception that signiﬁcance
was not demonstrated between the N0 and N1 categories in T3 and in T4 cases. The discriminatory ability
of the N categories was also conﬁrmed in p-stage cases,
speciﬁcally in T-any M0 R-any and T-any M0 R0 cases
(all differences being highly statistically signiﬁcant).4
Furthermore, within each p-stage T category (M0 R0),
the N categories deﬁned cohorts with progressively
worse survival, although statistical signiﬁcance was
lacking between the N2 and N3 categories because of a
limited number of p-stage N3 M0 R0 tumors.4
Patients with sufﬁcient detail to be evaluable for the Ncomponent analysis were largely contributed from Japan.
Furthermore, there were differences in survival between
different regions (Fig. 2).4 However, geographic applicability of the N categories was demonstrated in separate
comparisons within geographic regions (Asia, North and
South America, Europe, and Australia).4 Further details of
the N-component analysis, including exploratory analyses
related to the number of positive nodes and nodal stations, is described in the N-component article.4

Evaluation of the M Component
The analysis of the M component involved data on
1059 patients with c-stage M1 NSCLC that was not
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surgically resected; the data were collected using the
EDC system in 2000–2012 (because only these cases had
enough detail for analysis). There was no difference in
survival among different M1a descriptors (i.e., pleural/
pericardial nodules, pleural/pericardial effusion,
contralateral/bilateral pulmonary nodules) or between
single or multiple M1a descriptors (in c-stage T-any Nany M1a cases). Therefore, these descriptors were
retained within the M1a category, just as in the seventh
edition. Among patients with distant (extrathoracic)
metastases, prognosis did not differ according to the site
of metastasis in patients with a single metastasis or in
patients with metastases in only a single organ site.
However, there was a signiﬁcant survival difference between patients with a single metastasis, with multiple
metastases in a single organ, and with multiple metastases in multiple organs.5 Conﬁrmation of any of these
ﬁndings within subsets (e.g., geographic regions, treatment groups) was not performed, and comparison with
an M0 cohort was also not done.5

Evaluation of Stage Grouping
Candidate stage grouping schemes were developed
using a recursive partitioning and amalgamation (RPA)
algorithm17 based on survival in a training set (a
randomly selected sample of two-thirds of the cases
stratiﬁed by type of data submission and time period of
case entry [1999–2004 versus 2005–2010]). The RPA
algorithm generates tree-based models using survival
data and log-rank test statistics to determine best-split
points on the basis of the newly proposed ordered T
and N categories. M1 cases were also split into a training
and validation set but were not the focus of the treebased analysis.
Initial candidate stage grouping schemes were
developed using the training set of M0 cases and best
stage. Candidate groupings of the training set, with M1
cases added, were then evaluated using adjusted Cox
regression analysis to assess whether there was an ordered, progressive decrease in survival and meaningful
separation between the groups. The candidate staging
schemes were also evaluated with respect to their clinical relevance and practical use. These groupings were
then internally validated in the validation set as well as
in larger cohorts involving all clinically staged or pathologically staged tumors (including M1 tumors and both
the training and validation sets).
Survival was assessed for clinical, pathologic, and
best stage (i.e., pathologic if available, otherwise clinical),
using adjusted survival curves (adjusted using inverse
probability weights reﬂecting the proportion of cases
that were from registry databases [versus others] in
each stage category).18,19 This method was used to
adjust for the different survival in registry databases in
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general and the varying proportion of registry cases
among the stage groups. Contrasts between adjacent
stage groups were evaluated by Cox regression analysis,
adjusted for baseline factors (age, sex, performance
status, region, and cell type) and type of database submission. Assessment of candidate stage groupings was
performed using the R2 statistic, which can be viewed as
the percent of variance of OS explained by the model.
The ﬁnal stage grouping proposal was selected by
consensus from among the candidate schemes on the
basis of its statistical properties and its relevance to
clinical practice. In the ﬁnal eighth edition of the classiﬁcation scheme the R2 statistic (adjusted for database
type) for c-stage is 65.5 and for p-stage is 41.6 (versus
64.6 and 39.8, respectively, for the seventh edition of the
classiﬁcation scheme).6 With the inclusion of covariates
of age, sex, and histologic type this improves slightly to
68.3 for c-stage and 46.9 for p-stage (versus 67.5 and
45.7, respectively, for the seventh edition of the classiﬁcation scheme). The maximum possible R2 score is 100
(i.e., a perfect model).

Validation
Internal validation of the proposed stage classiﬁcation was conducted to assess the consistency of the
proposed stage classiﬁcation across meaningful subgroups. This validation was focused on the discriminatory ability of the stage classiﬁcation, meaning the ability
to discriminate ordered groups of tumors according to
anatomic extent of disease. The type of validation and
the degree to which it was done (e.g., the number of
subgroup analyses) varied among the T, N, and M components and stage grouping. This was determined
largely by what was possible from the available data but
was also inﬂuenced by what was deemed necessary by
the SPFC to establish reasonable conﬁdence in the proposed classiﬁcation scheme. An overview of what was
done is provided in Table 4.
Geographic applicability is crucial for a worldwide
classiﬁcation system. This has been demonstrated for the
T and N components and the stage grouping through
internal validation for broad geographic regions in both
the seventh- and eighth-edition classiﬁcation proposals.
Because of a limited number of patients with sufﬁcient
detail for the M component it was not possible to
conﬁrm geographic transportability of the M classiﬁcation. Further analysis by more ﬁnely parsed regions,
particular countries, or regions deﬁned by the degree of
economic or health care system development was
considered but was not possible.
The stage classiﬁcation system should be useful over a
period of years until the next edition is developed. This
underscores the importance of historical transportability,
which is further highlighted by the fact that the current
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Table 4. Applicability Assessments of the Eighth Edition of
the Stage Classiﬁcation System
T
Historical
Geographic
Methodologicb
Spectrumc
Follow-up interval
Implementability

Yes
Yes
Yes
Yes
Yes
No

a

N

M

Groups

Yes
Yes
Yes
Yes
Yes
No

No
No
No
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
No

a

Done for those descriptors that have not changed between the seventh and
eighth editions.
Done for c-stage versus p-stage.
c
Accomplished for SCLC versus NSCLC, and for NSCLC histotypes.
b

proposal is based on patients whose disease was diagnosed between 1999 and 2010. Historical applicability
has been demonstrated for the N categories, and for most
of the T categories and descriptors as well, as evidenced
by similar discriminatory impact in the 1990–1999 and
1999–2010 data sets. It was not possible to assess this for
the M component because of insufﬁcient detail in prior
data. We tested for historical transportability by applying
the new (eighth-edition) stage classiﬁcation to the 1990–
1999 data set (Supplementary Fig. 2). In general, good
discrimination was demonstrated for the new (eighthedition) classiﬁcation.
We can be fairly conﬁdent that the stage classiﬁcation system has methodologic transportability, meaning
that it applies to patients evaluated in different ways.
The analyses underlying the eighth-edition proposals
have included validation that the proposals apply to
tumors staged clinically as well as pathologically. It is
not possible with the current IASLC data to evaluate
methodologic transportability for further details such as
the use or nonuse of positron emission tomography.
However, the historic and geographic transportability
surely also reﬂect differences in the use of various
staging tools.
Spectrum transportability refers to applicability
across a spectrum of tumor biology/aggressiveness. Internal validation has demonstrated that the system
works well for SCLC and for NSCLC,15 which can be expected to be most likely to show a discrepancy. Neuroendocrine (i.e., carcinoid) tumors are on the other end of
the spectrum; testing of the eighth edition in these tumors is planned but not yet completed. However, the fact
that it was demonstrated that the seventh-edition
schema was applicable to neuroendocrine tumors20
provides a level of conﬁdence that this will again be
demonstrated. Spectrum transportability for stage
groups has also been demonstrated by an internal
analysis comparing adenocarcinoma versus squamous
carcinoma versus other NSCLC subtypes (Supplementary
Fig. 3).
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Qualitative demonstration of applicability across a
range of follow-up intervals is demonstrated by the
survival curves in the various analyses; these do not
show areas of superiority of groups that subsequently
cross over to being inferior. It was not deemed necessary
to carry out separate statistical analyses at various time
points.
Implementability, meaning the degree to which the
system can be consistently used, cannot be evaluated
until it is implemented. The seventh edition of the system was demonstrated to be implemented and function
appropriately in general, as shown by many external
validation studies21–35 as well as by application of the
seventh-edition scheme to the 1999–2010 data set.3,4,6
However, increasing complexity could create confusion.
Assessment of the consistency of classiﬁcation would
likely require an audit of cases that assesses how closely
the eighth edition of the TNM classiﬁcation recorded in
actual practice matches what should have been done
upon independent review; such an assessment is outside
of the capability of the SPFC.

Discussion
This article summarizes the principles, considerations and statistical methods used by the SPFC in the
development of proposals for the eighth edition of the
TNM classiﬁcation of lung cancer. This involved an international multispecialty committee of lung cancer experts and a sophisticated deﬁned process. Multiple
subcommittees considered many detailed aspects. A
large worldwide database of almost 100,000 cases was
analyzed to guide decisions in conjunction with practical,
clinical, and therapeutic considerations. This analysis
was extensive, multifaceted, and detailed, with multiple
assessments for consistency of the discriminatory ﬁndings across different subgroups deﬁned by clinical status, region, database type, and time—thus providing a
measure of internal validity. This multiyear project built
on knowledge and experience gained from the seventh
edition of the lung cancer stage classiﬁcation. The process involved multiple layers of critical review before
being submitted to the UICC/AJCC for consideration and
published for review by the entire medical community.
These features represent strengths that are unparalleled
in the development of stage classiﬁcation schemes of
malignant tumors.

Limitations
Despite the size and global nature of the stage classiﬁcation database, it remains largely a collection of
available retrospective data. The process of collecting
data involved extensive review, clariﬁcations, and
cleaning of the data but was limited to institutions or
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organizations that were willing and able to participate
and by what was available to contribute. Certain regions
are either underrepresented (e.g., North America) or not
represented (e.g., Africa). Conversely, some areas are
overrepresented, most notably Japan. Cases managed
nonsurgically are underrepresented. The amount of
detail that was available from different sources varied.
Despite the size of the database, certain potential tumor
descriptors were collected too infrequently to permit a
robust analysis of their impact.
External validation of the proposed eighth edition of
the classiﬁcation is desirable, ideally involving a large
independent data set that has all of the detail addressed
by the eighth-edition proposal. However, larger databases often lack the level of detail, and smaller databases
have the limitations imposed by their size. Nevertheless,
the thoracic community is encouraged to carry out
external validation wherever possible in a scientiﬁcally
sound manner. External validation using the Surveillance, Epidemiology, and End Results database is not
possible owing to lack of sufﬁcient detail; however, the
SPFC is conducting external validation using the U.S.
National Cancer Data Base; the results of this analysis
will be discussed in a separate manuscript.

Criteria to Assess Stage Classiﬁcation
Many people are stimulated to investigate particular
factors, which often were not addressed in the stage
classiﬁcation proposal, in their own database. There is
certainly value in analyses of institutional data, particularly when details that may not be generally available
are accessible. The UICC speciﬁcally tracks and considers such publications.36 However, (isolated) evaluation of a particular factor must be viewed as hypothesis
generating. The discriminatory value of the characteristic is unclear if it has not been subjected to conﬁrmation in multiple patient subgroups, institutions, and
regions, as was done for the stage classiﬁcation system.
Furthermore, an exploratory evaluation of multiple factors in a data set is associated with a high rate of falsepositive ﬁndings (i.e., a factor that will not hold up in
independent assessment in another data set) if the
number of events (i.e., patients experiencing the
outcome of interest) per variables examined is less than
10 to 20.37,38 Investigators should keep these points in
mind and resist the temptation to suggest new classiﬁcation schemes that overstep what is possible to
conclude from exploratory analyses of institutional data
sets.
The stage classiﬁcation system has also motivated
individuals to investigate how well the system works in
independent databases. The SPFC welcomes well-done
external validation studies. As with scientiﬁc hypothesis, the generalizability of a system is established by
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being tested in diverse settings. The more numerous and
diverse the settings in which the system is tested and
found to discriminate well, the more likely it will
generalize to an untested setting. To promote application
of a high level of science to such initiatives, it is worth
discussing concepts fundamental to external validation.

Requirements for Robust External Validation
An external validation study should assess the
discriminatory ability of the stage classiﬁcation system
(not prediction of prognosis). Discrimination denotes the
ability of the system to identify distinct groups with an
ordered relationship to one another—this is the goal of
the stage classiﬁcation system. Prognosis depends on
many factors beyond the anatomic extent of disease, and
it varies by region, treatment approach, the extent of
testing to deﬁne the stage, the time period, the type of
database, and many other patient-related (e.g., age,
comorbidities), tumor-related (e.g., histotype, molecular
characterization), and environment-related factors. The
variability in prognosis across time periods and among
regions within the IASLC database underscores this
(Figs. 2 and 3).
An appropriate validation study should involve an
independent data set with sufﬁcient size. This means
that it should involve few patients (we suggest <10%)
who were also included in the IASLC database, and
should involve enough patients and have sufﬁcient
follow-up to permit a robust assessment of relative
outcomes. A rule of thumb for multivariate models is
that there should be at least 10 to 20 events per variable.37,39,40 Studies speciﬁcally evaluating external validation suggest that a minimum of 100 to 200 events are
needed.41–43 It is useful for the investigators to be clear
about what is being tested (i.e., geographic, historic,
methodologic, and spectrum transportability [Table 2]).
Assessment of any type of transportability can be useful
to deﬁne areas of strength or weakness of the stage
classiﬁcation system, provided the assessment is scientiﬁcally sound. Although formal standards have been
established for reporting on prognostic risk prediction
modeling studies,43 such standards for validation of a
classiﬁcation scheme have not been developed. To better
assess the scientiﬁc strength of an external validation
study, we suggest that such studies explicitly report on
the points outlined in Table 5.

Difference between Stage Classiﬁcation and
Prognosis
Stage classiﬁcation is a fundamental tool in the
management of patients with malignant tumors. Prediction of prognosis is also a fundamental desire of
physicians and patients. However, it is important to
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recognize that stage classiﬁcation and prediction of
prognosis are two fundamentally different processes.1
Stage classiﬁcation is a nomenclature describing the
anatomic extent of a cancer. Stage classiﬁcation is
inherently concrete and is designed to apply to an individual and to consistently produce the same stage
assignment given the same staging information. It must
be applicable and consistent throughout the world, and it
must remain relatively static (only periodic reﬁnement as
for the eighth edition is allowed). It should cluster similar
patients and separate groups that are distinct from one
another. Although prognosis (actually, it was consistent
differences in prognosis among multiple analyses) was
used as a tool by the SPFC when considering how to
coalesce patients into groups, the goal of the classiﬁcation
scheme is to provide a simple, consistent, and stable
language to describe similar groups of tumors.
Prognosis, on the other hand, is dependent on many
factors (e.g., age, comorbidities, whether and how the
patient is treated, genetic features of the tumor). Prognosis is inherently ﬂuid: it is constantly changing as
treatment advances are made; even for a speciﬁc patient
it is constantly changing (i.e., it is different at the point of
diagnosis, upon successful completion of treatment, a
year after treatment, etc.). Thus, although the anatomic
extent of disease is a very important aspect inﬂuencing
prognosis, actual prognosis is dependent on many factors that are inherently ﬂuid and constantly changing. An
appropriate, clinically useful prognostic model must take
all of the factors that have a major impact into account,
must be sufﬁciently detailed to apply to a speciﬁc patient, and must have a ﬂexible structure that provides
the most up-to-date prediction possible.
Although the AJCC and UICC have long worked to
have exactly matching stage classiﬁcation, terms, and
deﬁnitions in their manuals, there is a discrepancy of
terms with the eighth edition. The AJCC eighth edition
will use the singular term prognostic stage groups to
describe the grouping system regardless of whether it is
solely anatomic or also includes nonanatomic factors in
the calculation. The UICC will use the term stage groups
to refer to stage classiﬁcation based strictly on anatomic
factors and prognostic stage groups for a separate classiﬁcation that includes nonanatomic factors for those
disease sites in which prognostic groups have been
deﬁned by the inclusion of nonanatomic factors.

Appropriate Use of Prognosis from the IASLC
Database
There is a great temptation to apply the prognosis
shown by the survival graphs to patients with a particular
stage. It is important to recognize the limitations inherent
to this exercise. The IASLC survival curves represent a
global average of available cases across the world that
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Table 5. Suggested Factors to Report in an External Validation Study
Factor

Detail

Independent cases
Sample size
Follow-up
Ordering
Discrimination
Consistency
Homogeneity
Sample size limitation

Cases not already included in IASLC database
No. cases and events (total and per analyzed subgroup)
Median f/u (till death or last known status); no. lost to f/u
What is the order of subgroups examined?
Degree of statistical difference between cohorts
Were ﬁndings consistent in different cohorts (e.g., c-stage, p-stage, N0, N-any, R0, R-any cohorts)?
Degree of variability with an analyzed subgroup
In event of lack of a difference between subgroups, what is the power to detect a clinically
meaningful difference?
Was a multivariate analysis done to assess whether an observed difference was independently associated
with the factor of interest?

Confounding

IASLC, International Association for the Study of Lung Cancer; No., number; f/u, follow-up; c-stage, clinical stage; p-stage, pathologic stage.

were diagnosed between 1999 and 2010 and treated in a
variety of ways. How well this average applies to a speciﬁc patient whose disease is diagnosed today within a
particular region and treated in a speciﬁc way is questionable at best. Physicians (and patients) want a prediction that is applicable to a particular patient, not a
general average from a decade ago. Furthermore, the
prediction of prognosis is inherently associated with a
degree of uncertainty due to the fact that we can never
predict everything that may happen in the future.
A measure of the ability of the stage classiﬁcation to
predict prognosis is the R2 statistic, which is also referred
to as the percent of variance explained (PVE). This can be
viewed as a measure of the degree to which the observed
outcomes are predicted by the model (in this case the
stage classiﬁcation). For c-stage alone, the PVE for the
proposed eighth edition is 65.5; for p-stage, the PVE is
41.6 (perfect prediction of prognosis would be 100).6
This can be interpreted as demonstrating that anatomic
stage explains approximately two-thirds of the variability
of actual prognosis in c-stage and less than half in p-stage.
If additional covariates of age, sex, and histologic type are
added, the PVE increases only slightly to 68.3 and 46.9 in
the IASLC data set for c-stage and p-stage, respectively.
The higher PVE in c-stage may result from the fact that
this cohort contains a much higher proportion of
advanced-stage tumors and patients treated palliatively
(i.e., groups in which the tumor is a strong driver of
outcome). The p-stage cohort contains more early-stage
tumors and curatively treated patients, in which prognosis is primarily determined by other factors such as age
and comorbidities. This highlights that the extent to
which the anatomic extent of disease can determine
prognosis is limited and varies according to the tumor
stage, the treatment given, and other factors.
The survival outcomes as observed in the SPFC
analysis can therefore be appropriately viewed as only a
general indicator of prognosis. Applying this to patients
in the current clinical setting requires clinical judgment,

factoring in general trends over time, by region, and by
treatment. Making a speciﬁc estimate for an individual
patient should further take into account patient-related
factors (e.g., comorbidities) and, if possible, tumorrelated factors and treatment-related factors (e.g.,
treatment response). At this point, this must be done
qualitatively (i.e., by “clinical judgment,” because the
development of validated quantitative prognostic models
is rudimentary).44 Finally, it must be accepted that
making a prediction into the future for a patient whose
disease is diagnosed or treated today involves a substantial amount of inherent uncertainty, as opposed to a
(retrospective) model that involves previous patients in
whom outcomes have already occurred.

Conclusion
A universal language to describe the anatomic extent
of disease is a critical cornerstone in managing patients.
Reﬁnements for the eighth edition of the TNM classiﬁcation of lung cancer have been developed by using an
international database of nearly 100,000 patients and an
extensive multifaceted analysis. This analysis has
demonstrated consistent discriminatory ability in multiple subset analyses, and it provides an assessment of
applicability across time periods, geographic regions,
histologic types, methods of stage evaluation, and followup. Nevertheless, scientiﬁcally sound external evaluation
by the broader medical community is welcome.
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