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Abstract

Introduction—Accurate, individualized prognostication for lung cancer patients requires the
integration of standard patient and pathologic factors, biologic, genetic, and other molecular
characteristics of the tumor. Clinical prognostic tools aim to aggregate information on an
individual patient to predict disease outcomes such as overall survival, but little is known about
their clinical utility and accuracy in lung cancer.

Methods—A systematic search of the scientific literature for clinical prognostic tools in lung
cancer published Jan 1, 1996-Jan 27, 2015 was performed. In addition, web-based resources were
searched. A priori criteria determined by the Molecular Modellers Working Group of the
American Joint Committee on Cancer were used to investigate the quality and usefulness of tools.
Criteria included clinical presentation, model development approaches, validation strategies, and
performance metrics.

Results—Thirty-two prognostic tools were identified. Patients with metastases were the most
frequently considered population in non-small cell lung cancer. All tools for small cell lung cancer
covered that entire patient population. Included prognostic factors varied considerably across
tools. Internal validity was not formally evaluated for most tools and only eleven were evaluated
for external validity. Two key considerations were highlighted for tool development: identification
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of an explicit purpose related to a relevant clinical population and clear decision-points, and
prioritized inclusion of established prognostic factors over emerging factors.

Conclusions—Prognostic tools will contribute more meaningfully to the practice of
personalized medicine if better study design and analysis approaches are used in their
development and validation.

Keywords

lung cancer; prognosis; clinical prediction tools; prediction models; prognostic model

Introduction

Anatomic stage as classified by the Tumor Node Metastasis (TNM) system is considered the
predominant prognostic factor in lung cancer.1-3 However, the purpose of a staging system
is to classify anatomical extent of disease, and in isolation is not sufficient for accurate
survival probability prediction. 1246 A wide variety of other prognostic information exists,
including biologic, genetic, and other molecular characteristics of the tumor and standard
clinical and pathologic factors. These factors can be considered alongside TNM,”-? to refine
prognosis. For example, age, gender, performance status and tumor histology are established

prognostic factors in lung cancer.26

Prognostic information arising from clinical, pathologic and molecular data can be
combined with (or without) the TNM classification to create prognostic risk scores or

groups. If developed and properly validated, these tools can help clinicians provide a more
accurate estimate of prognosis for the individual patient, as well to facilitate clinical decision

making including primary and adjuvant disease management.10.11

Little is known about the accuracy or clinical usefulness of available prognostic tools in lung

cancer. The Molecular Modellers Working Group (MMWG) of the American Joint

Committee on Cancer (AJCC) was charged with understanding how to use information
beyond stage to more accurately predict prognosis and thereby better guide personalized
patient management. The MMWG identified the need to review currently available clinical
prognostic tools in lung and four other cancers as their first task. The initial findings were
presented at the American Society for Clinical Oncology in 2013.12 This paper reports on

the MMWGs findings in lung cancer.

Materials & Methods

The MMWG was a collaboration of surgeons, medical oncologists, pathologists,

computational scientists, epidemiologists and biostatisticians with expertise in clinical and
molecular model development working within the AJCC. It has since become two core

groups (Precision Medicine Core and Evidence Based Medicine and Statistics Core)

preparing for the 8t edition of the TNM staging classification system.13 As a first step, the
MMWG called for the investigation of current clinical prognostic tools for their potential to
reliably predict survival outcome based on aggregate prognostic information.12 A focus on
survival prognostication was chosen because of its overarching importance and because it
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has traditionally been used in the assessment of the prognostic value of TNM stage. The
quality and clinical relevance of clinical prognostic tools were studied across five cancer
sites (breast, colorectal, lung, melanoma and prostate). The results of the lung cancer study
are reported here.

Systematic Literature Review & Search of the Web-Based Scientific Community

The search for prognostic tools and information on their development and validation was
performed via three mechanisms: a search of the peer-reviewed published literature (which
included a systematic literature review and cited reference search); a search of the web-
based scientific community; and contacting tool developers for further information about
development of publicly available web-based tools. Prognostic tools were defined as any
nomogram, risk classification system, equation, risk score, electronic calculator, or other
statistical regression model-based tool developed with the purpose of predicting time to
death for use in clinical practice.1? Prognostic tools in this paper include those developed to
estimate the probability of survival at a particular point along the disease trajectory (e.g. at
diagnosis, following treatment) or for the purpose of using a survival probability to inform
treatment decision-making. Loosely speaking, there is some form of statistical model
underlying most prognostic tools and we will use the terms prognostic tool and prognostic
model interchangeably in many of the discussions here. The two main types of lung cancer,
non-small cell and small cell histology, were considered separately.

The search strategy was executed in Medline, Embase and HealthStar to cover the period
Jan 1, 1996-Jan 27, 2015. MESH headings do not exist for prognostic tools and so a
combination of alternate MESH headings and key words were used following consultation
with a health sciences librarian. An example of the search strategy used for the OVID
Medline database is provided in Figure 1. Similar searches were conducted for the other
databases using the appropriate syntax. Tools which may have been originally developed
outside the literature search timeframe but that were identified in validation articles were
considered clinically relevant and included. Seemingly eligible studies were excluded if they
met any of the following a priori exclusion criteria: 1) assessment of the prognostic impact
of a single factor (unless it was updating the accuracy of an existing prognostic tool); 2)
inappropriate analytic purpose (e.g. multivariate modeling not aimed at prognostication,
development of novel statistical methods); 3) not specific to lung cancer patients; 4) not
original data/research (e.g. editorial, review) or 5) the outcome was not survival. Eligible
survival end-points included all time-to-death analyses (e.g. overall survival, cause-specific
survival), as well as vital status analyses (e.g. probability of being dead 5-years following
diagnosis). The search strategy was not developed to identify studies developing genomic
classifiers built entirely on gene expression data. These studies were excluded.

Citations were assessed for inclusion by a single reviewer (AM), first through their titles and
abstracts and then as full articles. Early on, a random sample of 20 citations was
independently re-evaluated by a blinded second reviewer (PG) and the results compared.
Percent agreement was calculated to estimate inter-rater reliability. Percent agreement was
high (>95%) and any differences identified in this exercise were discussed and resolved
through consensus. Based on these findings, it was judged that the rules for inclusion and
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exclusion were being applied consistently, and we proceeded to screen the larger group of
eligible studies.

A cited reference search of eligible articles was conducted using Web of Science to identify
other articles not found using the original search strategy. We also performed an online
search for web-based clinical prognostic tools; both those identified through the primary
literature search and those that were purely web-based. The search was performed using
Google and search terms included: “clinical prediction tool cancer”, “online calculator
cancer”, and “nomogram cancer”. Tool developers and/or the developer's institution were
contacted if there were no peer-reviewed publications or technical documents available
describing the tool's development process. A standard email and information query form

was sent to these contacts through the auspices of the AJCC.

Data Abstraction

We developed a list of critical criteria for the adequate development and validation of
clinical prognostic tools. The list was based on the work of Harrell et al.1415 guidelines
provided by Bouwmeester et al.,16 a textbook on clinical prediction model development and
validation,10 and on the REMARK reporting guidelines.}” Successive drafts of the list were
vetted by members of the MMWG and informed by discussion at the MMWG face to face
meetings in 2009, 2010, and 2012. The final criteria are provided in the online appendix. At
the time that the list was developed, TRIPOD, a reporting guideline for clinical prediction
tools819 and the CHARM checklist20, a reporting guideline for the systematic review of
clinical prediction tools had not been published. The list created by the MMWG includes all
key criteria identified in both guidelines. Some of the criteria were common to both
development and validation studies including study descriptors (e.g. authors, location,
purpose), design, population characteristics, outcome measurement, standard clinical and
pathology variables, and laboratory assay-based measurements. Information specific to tool
development included candidate variables for the prognostic tool, selection of candidate
variables, statistical modeling methodology, number of events, how missing data were
handled, and a list of the final variables in the model. Information on internal validity and
external validity assessments included the type of internal validation (e.g. apparent, cross-
validation, bootstrapping), type of external validation (e.g. geographic, temporal,
independent), and measures of internal and external validity (e.g. overall measures of model
fit (e.g. Brier score), survival curves, calibration (e.g. calibration plot), discrimination (e.g.
Harrell's c-index). Definitions for the key terms evaluated are provided in Box 1. The
assessment of clinical usefulness included consideration of the clinical population targeted
by the clinical prediction tool, face validity, the purpose of the tool, and its practicality.
Clinical relevance was defined as those additional tool attributes outside the scope of
development and validation methodology that were important for consideration. The criteria
in this category informed the practicality and appropriateness of using the tool in a clinical
setting. Clinical relevance was informally assessed by evaluating the choice of eligible and
final prognostic factors, the clinical population addressed, the purpose and clinical question
or decision-point targeted, and the format of the prognostic tool (e.g. was it available online,
was the equation available for use in the clinic).
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Summary of Data Quality

Results

We report descriptive statistics on the development and validation of the eligible prognostic
tools. We defined formal statistical evaluation of internal or external validity as the
assessment of the tool's calibration and/or discriminative ability, which have been
established as the best means of evaluating a prognostic model.10 We also tracked whether
tools were assessed through a comparison of survival time distributions across prognostic
groups. This approach provides evidence that the prognostic tool creates monotonically
increasing risk groups and is the same approach that is often used to evaluate the prognostic
ability of TNM stage,2? but it is not a replacement for measures of calibration and/or
discrimination.

Literature Search Results

Figure 2 outlines the published literature and web search. Overall, we identified thirty-three
articles or technical documents?2-54 that supported the development of thirty-two clinical
prognostic tools2249; with three additional articles reporting only external validations,>0-52
another focused on assessing the incremental value of updating an existing prognostic tool
with a new piece of information,3 and another reported on comparing the prognostic
accuracy of an existing, validated tool to the prognostic accuracy of a radiation oncologist.>*
Twenty-five tools were directed at prognosis in non-small cell lung cancer (NSCLC) and 7
in small cell lung cancer (SCLC). [FIGURE 2]

Tables 1a & 1b document key information abstracted on each tool. Sixteen tools were
developed to predict overall survival, two for lung cancer-specific survival, two for vital
status (alive at 2 years), and one for cumulative survival. The end-point for the survival
analysis (e.g. death from any cause, death from cancer) was not specified in eleven tools. An
index date to measure survival time (e.g. from the time of diagnosis) was not provided for
17/32 tools. Four tools predicted survival from the time of diagnosis, eight predicted
survival from the start of a particular treatment, and one from the time of recurrence.
Nineteen of the tools were developed to define risk categories, providing the least precise
estimate of prognosis for an individual patient but potentially informing key decision points
based on risk assessment. Four tools were available for use on the Internet, and of those, two
were not associated with a peer-reviewed article describing its development. [FIGURE 3]
Tool development occurred primarily in the United States (8/32), China (4/32), South Korea
(3/32), the United Kingdom (3/32), the Netherlands (3/32), and Spain (3/32).

Tool Development Methods [TABLE 2]

None of the tools were developed from data prospectively collected specifically for the
purpose of creating a prognostic tool. Nine tools used prospective data gathered for other
purposes: seven used data collected for one or more randomized controlled trials and two
used data aimed at investigating individual prognostic factors. Time period of data collection
ranged from 1969 through 2013, with twenty-three tools (72%) developed using data
collected on patients diagnosed ten or more years ago.
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Table 2 documents that the rationale for prognostic variable selection was not provided for
18 of the 32 tools. Eight reported that literature-based reasoning and/or clinical relevance
influenced variable choice and two reported choosing variables from those that were
conveniently available. Four chose variables based on statistical associations with the
outcome based on univariate analysis. Variable measurement methods were rarely described
and operational definitions were rarely provided.

Table 2 also provides details on model development, including the choice of statistical
approach for tool development, and how continuous variables and missing data were
handled. Twenty-six of the 32 tools were built using the Cox proportional hazards model for
time- to-event outcomes, two used recursive partitioning, two used support vector machines
and one was built using regression tree methods. In 19 tools, continuous prognostic factors
were categorized prior to inclusion in the tool (e.g. abnormal vs normal lab values) for the
purpose of creating risk groups. Information on the handling of missing data was not
provided for 20/32 tools (63%). For 7 tools (22%) patients with any missing data were
excluded completely from the analysis. This approach is known as a ‘complete case
analysis” and can lead to inaccurate predictions of the outcome,10.18.19

and Prognostic Factors NSCLC [FIGURE 4, TABLE 3]

In NSCLC, the most commonly addressed population was advanced or metastatic disease
(16/25). The remaining NSCLC tools targeted patients with all stages of disease (n=1),
patients treated with curative intent (n=2), or patients with stage I, Il, or Illa disease (n=6).
Key time points in lung cancer where prognostic tools could be beneficial include decision-
making to undergo definitive, inductive or adjuvant treatment or palliative management and
at the time of recurrence or disease progression. Baseline prognosis was estimated across all
stage categories. Prognostic tools designed for patients with operable tumours often aimed to
identify high risk patients who would benefit from adjuvant therapy. The purpose of most
tools in metastatic populations was to help physicians and patients make palliative
management decisions by refining prognosis. The probability of survival estimated by many
tools was used to inform particular treatment decisions, including whether or not to offer
second line chemotherapy, and to identify high risk patients who may be considered for
treatment with erlotinib.

There was considerable heterogeneity in the selection of prognostic factor in the tools that
were reviewed, they contained many emerging factors and there was incomplete coverage of
some established factors. In stage I-111 NSCLC, many tools included less established
prognostic factors that are expensive or difficult to measure, while, at the same time basic
pathologic features with proven prognostic impact that can be easily determined in the
resected specimens were missing. For example, the TNM optional factors such as vascular
invasion, lymphovascular permeability and perineural invasion are considered established
pieces of prognostic information for resected NSCLC,355 but none of the tools included this
information. Figure 4 describes the sixteen metastatic tools, showing that 22 prognostic
factors were common to at least two of the sixteen tools. None of these prognostic factors
were included across all sixteen tools; however, when the target population definition
ensures no heterogeneity of a specific prognostic factor (e.g. Stage IV M1 population and no
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heterogeneity on the prognostic factor TNM stage), then it could be appropriate for this
variable to be absent from the prognostic tool. Performance status was the most commonly
included prognostic factor, incorporated in 10 tools. Thirty-three additional prognostic
factors were included in only one of each of the sixteen tools (Table 3).

Populations and Prognostic Factors SCLC [FIGURE 5, TABLE 3]

In SCLC, all seven clinical prognostic tools were developed for use in the general SCLC
population to refine prognosis at the time of diagnosis. None targeted a particular sub-
population or time-point that may have benefitted from a tool due to medical decision-
making uncertainty. These seven tools were developed using 14 different prognostic factors.
Figure 5 shows that performance status and stage were common to seven and five tools
respectively, and four other factors were common to at least two tools. Table 3 lists eight
other factors that were included in only one tool.

Internal Validity [TABLE 4]

Twenty-eight tool development articles included evaluations of internal validity, but 18 of
these used 100% of the data that were used to develop the model (which is defined as
“apparent” internal validation) and 4 randomly split their sample. The use of “apparent”
internal validation techniques lead to overly optimistic performance estimates.10 Three
internal validation analyses used cross-validation, and three used boot-strapping, both of
which are more appropriate established methods.18:19 Cross-validation iteratively splits the
original sample into training (for model development) and testing (for model validation) sets
to estimate performance of the tool. Bootstrapping follows a similar process but defines the
training set by drawing data with replacement from the full data set (same data can be
represented more than once in the training set). Sixteen of these 28 internal validations did
not measure or report calibration or discrimination of the model, but instead purported to
assess validity by establishing that there was a statistically significant difference in survival
time distribution between risk groups defined by the prognostic tool. A Brier score was used
to measure model performance in one tool, ranging from 0.119-0.162 across subgroups
(smaller is better). Performance of four prognostic tools was assessed using an R statistic, a
measure of variation in the outcome predicted by the tool, with all values being less than
0.31. Calibration was evaluated in the development of three tools, two with results provided
as graphs of predicted versus observed survival (calibration plots). Discrimination was
evaluated in twelve tools with concordance statistic that ranged from 0.64-0.83. No temporal
trends in the inclusion of an internal validation assessment were noted.

External Validity [TABLE 4]

The majority of prognostic tools (21/32) were not evaluated in an independent sample from
that used for tool development (external validation). Ten articles performed 17 assessments
of the external validity of eleven tools. Of the eleven tools with evidence of external
validation, three were evaluated by reporting the statistical significance of the separation of
survival curves by risk strata with no formal measures of calibration, discrimination or other
valid ways of assessing predictive ability reported. Four tools were evaluated using Brier
Score (0.071-0.163) or R? ( 0.08-0.343). Calibration was assessed in two tools, one via a
calibration plot and one through the informal comparison of predicted versus observed
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survival probabilities. Five tools were evaluated for their discrimination ability; concordance
statistic ranged from 0.687-0.76. de Jong et al. (2007) evaluated the ability of three different
tools to distinguish between two patients with better or worse prognosis, but did not
formally calculate a concordance statistic. No trends in the performance of external
validations were noted over time.

Discussion

This study described the clinical prognostic tool landscape in lung cancer. We identified 32
clinical prognostic tools from the peer-reviewed literature and web-based resources.
Metastatic disease was the most commaonly considered clinical population in NSCLC, and
all tools in SCLC were intended for the entire population of patients with small cell lung
cancer. There was significant heterogeneity in the prognostic factors included. Most tool
developers did not conduct a formal evaluation of the internal validity of the underlying
statistical model. Nine tools were evaluated for external validity, with varying degrees of
rigor.

This study supports conclusions of previous investigations regarding the methodological
quality of clinical prediction tools in other clinical settings: the methodology used to develop
and validate many tools is poor, with little reliable external generalizability or attention to
the impact these tools have on clinical decision-making and patient-outcomes.11:16:56-63 The
accuracy of the tools’ predictions was generally insufficient to use them to justify deviating
from standard clinical decisions. These findings provide further emphasis to the widespread
recognition that methodological improvements are required to optimize clinical prediction
tools for patient care.11:16.19.58-63 Excellent guidance on best practices for the conduct of
prognostic research, tool development, and prognostic study reporting has been
published.16:19.56-61 More leadership in the promotion of these methodological requirements
to tool developers, tool resources and scientific journals is badly needed.

Previous reviews of clinical prediction tool methodology have not specifically evaluated
lung cancer prognostic tools to gain a clinically relevant understanding of their particular
strengths and weaknesses. This review identified that improvement in the development,
validation and use of prognostic tools for survival in patient with lung cancer will require
addressing the choice of relevant clinical populations and clinical management decision-
points, and the significant heterogeneity in the consideration and inclusion of prognostic
factors. This targeted information is necessary to build on the methodological findings of
this review and guide future directions in clinical prognostic tool development and
implementation in lung cancer patients.

In addition to prognostication at diagnosis, multiple prognostic judgements within sub-
populations are also necessary as the disease progresses (or regresses), both to re-estimate
prognosis and help to inform treatment decisions. This review identified that none of the
tools developed for use in SCLC were targeted to a particular clinical management decision-
point. Similarly, many in NSCLC were targeted to refining prognosis at the time of
diagnosis. Stage-specific prognostication at diagnosis for small cell and non-small cell lung
cancer could be improved by the combination of clinical, pathological and biological
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factors. For example, for a TLaNOMO NSCLC patient, the addition of pathological factors
(perineural invasion®4, vascular invasion® or lymphatic permeation®), and established
clinical factors (age, performance status) may alter their prognosis at diagnosis from
relatively good to much worse.

We also propose that successive prognostic tools are needed along the disease trajectory.
None of the prognostic tools in SCLC targeted any particular clinical management decision;
while tools in NSCLC were designed for multiple purposes. Therefore, gaps in the coverage
of key clinical decision points exist. Such individualized prognostication across the
trajectory could provide information that a patient and their family may want for planning
and has the potential to better inform management decisions. For example, before any
surgical treatment has been done, post-operative 5-year survival based on TNM stage alone
for an individual patient may be 90%. In the same patient, a postoperative prognostic tool
that included the pathological TNM, the definitive histopathological type and EGFR
mutation status, for example, would modify the prognostic assessment of the disease. The
tool may drop that individual's personal estimate to 40% and the decision to move forward
with surgery may change based on this more personalized prognosis.

Consistency and a balance between the practical and the ideal is needed when identifying
relevant prognostic factors for inclusion in prognostic tools for lung cancer, regardless of the
clinical population addressed or the decision-point targeted. There was substantial
heterogeneity in prognostic factor choices in the tools we reviewed, even within similar
clinical presentations. Tools also contained many emerging factors, the coverage of some
established factors was not in evidence, and many of the tools included expensive, difficult
to measure factors that are not reliably or routinely collected. Although the number of
established prognostic factors in lung cancer is small,3>° consideration of fundamental
prognostic knowledge during tool development is vital. Large scale, standardized data
sharing agreements, such as that led by the IASLC?1:67.68 could better supply physicians and
scientists with the appropriate information needed to develop high quality prognostic tools.

This study may underestimate the number of prognostic tools developed in lung cancer
during the study time frame. The lack of standardized MESH headings for this type of study
limited the ability to find all relevant prognostic tools. For example, the study by Blanchon
et al (2006) was not identified through the search terms used in this systematic review.
However, we applied many methods to optimize the capture of prognostic tools in lung
cancer, including consultation with a health sciences librarian for the systematic review,
cited reference searches and a search of online resources.

The existing clinical prognostic tool literature in lung cancer has both methodological flaws
and clinical challenges. The future of prognostic tool development, validation and use in
patients with lung cancer must begin with the identification of a clear, clinical objective,
targeting a precise decision-point within the disease trajectory. High quality development
and validation methods for prognostic tools that build upon established prognostic
information will improve the accuracy of individualized estimates of prognosis, and provide
necessary credibility for their implementation into clinical practice.
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Refer to Web version on PubMed Central for supplementary material.
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1. models, statistical/
2. exp prognosis/
3.1and 2
4. predict®™ model*. mp.
5. exp nomogram/
6. exp "Neural Networks (Computer)”/
7. prognos®” model*.mp.
8. predict” tool.mp.
9. Lung Neoplasms/
10. 9 and (3 or4orSoré6or7or8)
11. limit 10 to english language
12. limit 11 to yr="1996-2011"
Figure 1.

Example of the systematic literature search strategies used to identify clinical prognostic
tools and articles evaluating their validation in lung cancer
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Figure 2.
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Results of the search for clinical prognostic tools and their validation articles in lung cancer.
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Figure 3.
The identification of tools related to survival outcomes accessing both the scientific

literature and web-based resources
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Figure4.
Predictors used in more than one clinical prognostic tool for survival in advanced/incurable

NSCLC (n=12 tools)*
* See Table 3 for predictors used in only one tool
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Predictors of survival used in more than one clinical prediction tool for SCLC

(any stage)
(n=7 tools)
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Figure5.
Predictors used in more than one clinical prognostic tool for survival SCLC (any stage) (n=7

tools)*
* See Table 3 for predictors used in only one tool

J Thorac Oncol. Author manuscript; available in PMC 2016 November 01.



Page 20

211S1781S 90URPIOIUOD BY) 812[N[LD 10U PIP Ing ‘sdnoJB Xsii ojul way) ysinBunsip Aje1einage pue awil [BAIAINS 11943 AQ S[enpIAIpUI Yues 0} [apow 8y} jo Aujige ayy Bunlodai a|gel e papiacid
¥

pajussaid S3AIND [AIAINS JBIBIN-UB|deS)
*

dnoig ABoj0ouQ aAINRIBd00D UIBISET =90 ‘[RAIAINS SAIRINWIND =S ‘[AIAINS [[ISA0 =S O ‘PalsIoads aSIMIBLIO 10U [BAIAINS =SON ‘BIEP [BL1) P3]|0AU0D Paziwopuel Jo asn A1epuodss =Dd-10d pauoday 10N =4N

Mahar et al.

*¥
:uoneuIWwNISI snyels aouewIoIad
80'0=zd ‘aseulwesue.} auluele 110yoD
‘[[e48AO SUON ‘SUeds JaA| ‘ulnge ewseld 4N SON 4N dN ON L.T | @Anoadsoney G86T-8L6T L86T oy
K
:uoneuIwLASI wnipos ewsed ‘uiwngye ewseld
€T0=2d *Eem%,q “Jua)xa aseaslp ‘asereydsoyd
‘[[eI8AO ‘yoeolddy aul[e[e ‘snjels souewWIopad dN SO 4N dN ON TLE Jd-10d C86T-616T G86T ey
SN1EIS 90UBWIOLAd
1uaseddy 90D3 ‘esessip pajwi|
" SNSI9A PapUaIXa ‘sjiydosnau | 8E :9AISUBIXT 1oyo)
8UON ‘yoeouddy ‘unwngje ‘aseuaBolpAysp ayejoe] 29 -paniwn SON 4N ON TrE | @Anoadsoney €66T-T86T L66T 9
x¥
:uoneuIWwLISIq wnipos
€T°0=zd ucem%,q wnJas ‘snyels aouewoplad | 6y :aAISUSIXT
‘[[e48AO ‘Yoeouddy ‘aseusbolpAysap sreloe wnies TG ‘payiw SON 4N dN ON 98¢ 0d-10d 886T-G86T L66T g8
Jusleddy ] 9'sS cho.E
* snels 18AISUBIXT 7’6 Hoyo)
8UON ‘yoeouddy aouewiopsd ‘T-TZ VAY4D ‘86a1s | vy :pauwiy SO uelpaiN 4N ON G6z | @nndadsoney L002-2002 0102 ze
¥
:uoneulwLdSIg abe ‘aseusbolpAyap
aleddy a1e10€7 WNJAS ‘Junod 18jale|d ‘unod | 09 :aAIsUsIXT 1oyo)
3UON ‘yoeouddy O9M ‘shiess souewioplad ‘abels Ot -payiwi] SON dN 4N ON 95T | @Andadsonay ¥002-966T 1002 4
areuoquedlq
‘asereydsoyd auljey|v
‘109s Axsjouled Juswiea-aid
‘WNIpos WnJas ‘abels aAIsuUalXa | O :9AISUsIXT 1oyo)
8UON 8UON ‘aseusfiolpAysp aejoe] 09 -paniwi] SON dN 4N 4N L0v | @Anoadsoney G86T-6.6T 1861 x4
powi Jojod
uolre|noed
BMod uon®e||0D
uolrepieA feulix3y | uolreplieA feussiu| PPON UISs|qelieA feuld (%)abeis | swoono | dn-mojjod jo uoireing | siueng pzisadwes | szissidures | ubseq Apnis | ereq josereq | uoiredl|gnd Jo Jes A | UOIRUD |00 L

Author Manuscript

Author Manuscript

el 9|qeL

Author Manuscript

(sebess e 1oy padojanap sj001 [JB) salpnis Jaaued Bun| |99 [[ewsS papnjoul uo s|ieadg

Author Manuscript

J Thorac Oncol. Author manuscript; available in PMC 2016 November 01.



Page 21

Mahar et al.

-oydoyd ‘uigojbowaey
‘Ad0oQ ‘own
snoinaid ‘snyeis Buijows
‘snyels aouewopad 9T :TNd
‘abe ‘uoisuaualdAy 8 :0Nd
[euaue ‘siuownaud g/ :e1d
99'0 -sIse1d8]ale ‘snyauolq eTL
:uolreUIWSIQ Tewixoud z1d syuow
densjoog ‘Ip.Ld ‘az1S Jowny 6°0C 0ct uoyoo 1667
3UON :yoeolddy | ‘aqo] swes ay} ul 3INPON ‘T1d SO ueay uN SOA 218 8A1108ds0.d -€66T 1102 11-1 8beis se
.0
:uolreUIWLSIQ
uonepifen SN1d ‘ALD
9/°0-GL°0 -$5010 TA3A s1eah Ty 1oyod 9002
‘uofreuIWILIASIA ‘yoeolddy ‘Sd-OHM ‘19pus9 SO ueIpain UN UN zze | ennosdsoney -2002 6002 alll-1 sbes o
ABojoisiy
‘SnJels [epou ‘UoISeAUl 1oyoD
3UON BUON [ Jowns o yrdap ‘xas ‘aby UN SO N UN UN UN | @nnoadsonsy AN 800z | jusiul aAneIND o€
TT1-alll
$32UB.INJ31 JO Jaquinu
0.0 ‘abe)s ‘aoualingal
:uolreuIwiLIdSIq J9AI| ‘90UB4INdBI
JuaJeddy 1e swoydwAs ‘souslinoal 1oyod 1002 Bl
aUoON :yoeouddy Te snyels aouewloiad SON 4N dN ON 06€ an119adsold -166T 9002 anleIn)d oL
Adesayy ueanipe
‘JajaWelp Jown) ‘apesh
a16oj01s1y
‘N [eaibojoyyed
‘1 reaibojoyzed wnwiuiw 002
SUON 9UON ‘Aupigiowoo ‘xas ‘aby 4N Ssd sieak g 4N 4N 01€'LT 13Y10 -886T ¥00¢ el|1-| 8beis 44
a1dwe
. |duwres Hoyo 8661
3UON u|ds :yoeoiddy adAy (190 *az1s Jowin 00T ‘gl o) UN UN ON 659 | ennosdsonsy -696T 2002 g1 abeis ov
11-196e15
€92°0-¢L0
:uolreUIWLSIg
12.°0-189°0 JusJeddy Japuab pue ades 10yod 9002
:uoneulwdsIa :yoeosddy ‘abe ‘apesb ‘abers Jown ] ssa N N dN 8GTOST | @nndadsonsy -886T 1102 NS 20
Al-190es
pow Jo} lod
uolrejnoed uols|j0d
PPON Jomodpzis erq
uollepifeA [eulix3 | uolepleA feuleiu| uIsa|qel e feuld (%) abeis | swooino | dn-mojjod jo uolreing | sz a|dwes | szisajdwes | ubseq Apnis jossreq | uoireoljgnd Jo feo A uofre|ndod | uoieud 0oL
S|00}] J32ued mc:_ |19 ||ewsS-uou papnjoul uo sjielsg
qT 8lqel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Thorac Oncol. Author manuscript; available in PMC 2016 November 01.



Page 22

Mahar et al.

sase)seloll
Juareddy urelq ‘Abojoisiy
* unod a1Ao0xNa| V'EL NI Hoyod S00¢
SUON ‘Yoeoiddy ‘Snyels aduewWIOAd 9'9¢ -alll SO 4N 08¢ ON 0ze | enndadsonsy -766T 800¢ Al/dl11 8beis 44
AKiabins
Bunj snoinaid ‘sas
J1eISeIBW # ‘siselselall 26 Al
A :uoneiqied JaAl] ‘aadde jo g:
a|dwes SSO| ‘snyels aouewJopiad (uoisnya 666T
3UON u|ds :yoeouddy | ‘siseiselsl snosueINIgNS yum) aill SON N N ON 9evT 2d-10d -€66T 8002 paoueApy 0e
suawifal
Joud Jo Jaquinu ‘Anoiuyle
‘Jaquinu Adod auab
HSI4-4493 ‘uswiean
Joud 0] asuodsal
‘sisoufelp wouy awin
‘aseuabolpAyap sreoe
‘elwaue ‘sso| yBram
Juareddy “Kioisiy Algil
8UON ‘yoeolddy Bupiows ‘sd 5003 UN e} UN 9.€ ON g8y 2d-10d AN 8002 abeis 8
|9A3] aululleald
590 ‘28] uigojBoway
:uoneUIWLILIOSIA ‘Junod 1199 poojq
A uonelqied | suym ‘IINg ‘ebess ‘snyels Al
densoog aouew.Ioad 68 Al 1002 abeis/qlll
A :uoneigied ‘yoeolddy ‘afe ‘Iopus 1Tl e} UN uN SIA z8. 2d-10d -G86T 9002 abeis L€
Juareddy az1s Jown) ‘uigojBoway
x ‘31095 Axsjosuoley] ‘abels 110yod 1861
A :Uoneiqifed :yoeouddy | ‘e109s wordwAs uissula4 dN SO dN dN OoN 205 | annoadsoney 16T /66T a|qesadou I
asess1 9|ge JNdU |/paoueApY
T-T2vdd4AD ‘p1oe
Juareddy aun ‘1apuab ‘ulunge
% ‘ap1189A|B1} [e10} Hoyod €702
3UON :yoeolddy | ‘abe ‘utajoud [e}0} WnIAS UN SON UN UN 4N €5 | annoadsonay -800¢2 ¥102 alll-l abeys 8¢
9.0
:uoneUILILIOSIq
uolepifeA SN1d ‘ALD syuow
-$S01D ‘TA3A 8¢ Hoyoo 100¢
SUON ‘Yoeoiddy ‘Sd-OHM “J8pus9 SO uelpaN TL 4N 90T | 8nnoadsonsy -700Z TT0C gl11-1 abers 74
ax-4N ‘zzd
‘Holw
-oydsoyd ‘uriaypea
-3 ‘£9d ‘91X '000V
pow Jo}ed
uoire|noed uonoe|0D
PPON PMOdPZIS ereqg
uolfeplfeA [eueix3 | uolepieA feuriu| uIss|qel e feuld (%) 8fels | swooino | dn-mojjo4 o uoireIng | siueAg a|dures | szise|dwes | ubseq Apnis josereq | uoreolgnd jo fes A uoirejndod | uored 0oL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Thorac Oncol. Author manuscript; available in PMC 2016 November 01.



Page 23

Mahar et al.

ENIN

§99°0
:uolreUIWLSIg
uonepljeA
-§5010
:yoeosddy

ulwinge ‘aseuafolpAysp
aye10e] /N
‘ugload annaeal-) ‘abels

€€L NI
L'9¢

SO

4N

4N

4N

85¢

1oyod
anndadsosley

8002
-¢00¢

€10¢

Al/lN1 8bers
a|qeladouy

6¢

3uoN

a|dwes
*
11ds :yoeouddy

gewnzioenaq
‘Sapou [eunselpaw
‘ABojoisiy

3U0q ‘X85 ‘UIWLNG[e WINIAs

MO ‘snyess aouewopiad
‘SISelselaw |eualpe
‘aseuaBolpAyap are1oe
wnuas ybiy ‘(§'8T>)

1ING MO] ‘siseIselsl UBiS

88

“JUBLINBY/AI

¢t gt

SO

4N

4N

4N

0S8

0d-10d

dN

¢10¢

AL/l
abe1s

T€

ENIN

JusJeddy
x
:yoeosddy

ENED

‘uoieINW Y493 ‘sniels
Burjows ‘Adesayiowsayd
aUI|-1S11} WO SWI} ‘[9A8)
aseuabolpAyap are1oe
‘1apuab ‘sso| ybram
‘sisoufelp wouy awin
‘yseJ ‘snyejs aouBWI0MAd

TLNI
6¢ dlll

SO

4N

4N

ON

€L

1oyod
anndadsosley

4N

T10C

Al/All
paoueApy

8y

3uoN

densjoog
*
:yoeosddy

ysel uiys ‘aseusfolpAysp
918108 WNJ3S ‘Snyels
aouewlopad 9003

€6 ‘Al
L:gll

SO

4N

4N

ON

1S¢

1oyod
annodadsoney

800¢
-900¢

010¢

JneIse1sW
/paoueApy

I

3UON

€v9°0
:uolreUIWLIASIg
Juaseddy
:yoeosddy

aull-1siy

03 asuodsal andalqo
‘Adetayy aulj-1si1y

10 8dAy ‘adAy 2160j01S1Y
‘abe)s Jowny ‘snyels
aouewlopad ‘JapusD

¢'Z8 NI
8.1l

SO

4N

956

ON

L6TT

0d-10d

1002
-666T

010¢

paoueApy

L2

EIIN

Jusleddy :yoeouddy
¥

snels
Burjows

‘Juno? |99 poolq

aNym ‘Adessyioway
snoinald Burinp

awin aau4-uoissaiboud
‘urwinge wnuas ‘Adesayy
qiuiyab o3 sisoubelp
WwoJj [eAId)UI BWIN
‘asereydsoyd auljey|v
‘sIselselal |eulwiopge
-eJjul Jo 9oussald
‘snjels

aouewlIopad 903

18
6T :dlll

SO

syauow
vy
uelpaN

06¢

ON

91¢

1oyod
annodadsoney

§00¢
-¢00¢

600¢

Jua.lindal
JONRISEIBIN

144

uoliepieA feueix3y

UolFEeplieA feuiu|

PPOIN
ulss|qelreA feuld

(%) ebeis

awoaINO

dn-mojo4 o uoireIng

S1UaA]

paw Jo}lod
uole|noed
JBModpzIS

a|dwes

azis a|duwres

ubseq@ Apnis

U013 10D
ereq
josereq

uoITed1|aN JO feo A

uolre|ndod

uolend jooL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Thorac Oncol. Author manuscript; available in PMC 2016 November 01.



Page 24

pajuasaid SBAIND [RAIAINS JaIBIN-Ue|ded
%

pawogiad sem uoleIgI[ed = A ‘B1ep JUSAS 0} 3w} BuIsn S|apow 1oy JIsIels O S,||a1JeH U0 paseq Xapul 80UepIoduod =, ‘101dadal 103oey yamolb [ewlapids -4493
‘xapui ssew Apog : |G ‘dnolo AB0joouQ aAIRIado0) ulslseT =H0DT [BAIAINS 0111090S-85LaSIP :SSA [EAIAINS BAIEINWND =SD) {[BAIAINS |[RIBAO =SO Pa1}10ads 8SIMIBLI0 10U [BAIAINS =SON ‘e1ep [eLl} paj|0Jiuod paziopuel Jo asn A1epuodss =0d-194 pauoday 10N =N

Mahar et al.

aseyeydsoyd auley|v
‘uaboaiiu eain poojq
‘UI810.d ‘olrel pazijewlou
€80 [euoIeUIBIU] ‘UIWING|Y
uolreuIwLIaSIq ‘A1abing ‘Adelsyiowayd syuow
8|dwes ‘sbe1s ‘uondwinsuod 918 ‘Al 99 Hoyoo T70C A/l
3UON u|ds :yoeoiddy 10yodje ‘aby 7’81 :dlll e} ueipsy uN UN T9TT | @anndadsonay -866T 102 abeis 6
ulnqv
Juareddy _E:_o_m,o ‘asereydsoyd . syuow
* auljex|v ‘aseusboipAyap G5 Al 144 Hoyod 0102 Al/AN
3UON ‘yoeolddy ayepoeT '0gm Gy :alll SO uelpajn T6€ UN 297 | onnoadsonsy -000¢ ¥102 abes =
s
wareddy | . 661VO oljeISEIB
x ase|oud J1j193ds-uoInau Hoyod €10¢ auo
SUON ‘Yoeoiddy ‘afe ‘uignai|iq 10811 00T ‘Al SON 4N 4N 4N €/ | annoadsonsy -800¢ ¥10¢ ‘Al 9be1s 8¢
SIS
JusJeddy \ BINNCIETIT]
x €GTVO ‘apHadk|bis Hoyod €102 omy
SUON ‘yoeouddy [€10} ‘8seuly suluieal) 00T ‘Al SON 4N 4N 4N G5 | eaanosdsonsy -800¢ ¥10¢ ‘Al 8be1s 8¢
66TVD ‘GZTVO
‘eGTVD ‘aseuabolpAysp
9Je)oE| ‘asejous SIS
214199ds-U0Inau ‘aseury JnelselsWl
Jaseddy _ auIuneaId oMy
x uignaijiq 198.1p 1oyod €102 uey) alow
SUON ‘Yoeoiddy |30} WnJss 00T ‘Al SON 4N 4N 4N 9% | aanoadsonsy -800¢ ¥10¢ ‘Al 9be1s 8¢
pow Jo}ed
uoire|noed uonoe|0D
PPON PMOdPZIS ereqg
uolrepieA euoix3 uolrepieA feusoiu| uIsa|qel e/ feuld (%) abe1s | sawoono | dn-mojjo4 jo uoire.ng | siueng a|dwes | szisajdures | ubsaq Apnis Josoreq | uoieolgnd Jo feo A uolre|ndod | uomeD oot

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Thorac Oncol. Author manuscript; available in PMC 2016 November 01.



1duasnuen Joyiny

1duosnuen Joyiny

Mabhar et al. Page 25

Table 2

A description of quality criteria of prognostic tools targeting prognosis for patients with lung cancer (n=32)

Quality Criteria N (%)

Prognostic Factor Selection M ethod

Literature-based/clinical reasoning 8 (25)
Screened using univariate analysis 4 (13)
Auvailable in existing dataset 2 (6)
Not reported 18 (56)

Missing Data M ethods
Complete case analysis 7(22)
Imputation 3(9)
Missing value indicator/unknown category 1(3)
Input favourable value for missing variables | 1 (3)
Not reported 20(63)

Handling of Continuous Predictors

Continuous 5 (16)
Dichotomized/categorized 19 (59)
Not Reported 8 (25)

Analytic Model Used

Cox proportional hazards regression 26 (81)
Recursive partitioning 2 (6)
Support vector machines 2 (6)
Regression Tree 1(3)
Method not specified 1(3)
Statistical Model Assumptions Checked 5 (16)
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Table 3

Page 26

Predictors included in only one tool in predicting survival for patients with incurable/metastatic NSCLC (n=9

tools) and SCLC (n=7 tools).

NSCLC

SCLC

# Metastatic Sites
Adrenal metastases
Alcohol consumption
Bevacizumab
Bone metastasis
brain metastases
BUN

CA125

Calcium
Chemotherapy
CRP

Ethnicity

Feinstein Symptom Score

INR

Intra-abdominal Metastasis
Liver Metastasis

Loss of Appetite

Mediastinal nodes

N/L ratio

Number of prior regimens
Objective response to first-line
Progression-free interval during
previous chemotherapy

Protein

Response to prior treatment
Skin metastasis

Subcutaneous metastasis
Surgery

Time from diagnosis to geftinib therapy
Time from first-line chemotherapy
Total Serum bilirubin

Total triglycerides

Tumor size

Type of first-line therapy

Bicarbonate

White blood cell count
Platelet count

Age

CRFYA 21-1
Neutrophils

Liver Scan Results
Alanine transaminase
Feinstein Symptom Score
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Details of tool performance evaluations

Table 4

Performance Measure

Internal Validation (n= 28)

External Validation (n=11)

Internal Validation Method

Apparent 18 (64) --
Cross-Validation 3(11) --
Split Sample 4 (14) -
Bootstrapping 3(11) --
External Validation Method
IndependentA - 5(49)
* %

Overall Model Performance
Brier Score 1(4) 1(9)
R-square 3(11) 4 (36)
Calibration
Graph (Plot/intercept/slope) 2(7) 1(9)
Other 1(4) 1(9)
Discrimination

*
C-statistic 9(32) 2(18)
Other 1(4) 3(27)
Survival Analysis Only with Significance Test | 16 (57) 3(27)

*
Concordance index based on Harrell's C statistic for models using time to event data

F%k

Brier Score and RZ could have been calculated on the same model

Page 27

N
Other approaches to external validation such as geographic validation or temporal validation could have been used, but were not used for any of

the tools reviewed (see Box 1 for further details)
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