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Introduction: Tobacco use and other cardiovascular risk factors often accompany chronic
obstructive pulmonary disease (COPD). This study derived and validated the Summit Score
to predict mortality in people with COPD and cardiovascular risks.

Methods: SUMMIT trial subjects (N=16,485) ages 40—80 years with COPD were randomly
assigned 50%/50% to derivation (N=8181) and internal validation (N=8304). Three external
COPD validations from Intermountain Healthcare included outpatients with cardiovascular
risks (N=9251),
(N=26,170). Cox regression evaluated 40 predictors of all-cause mortality. SUMMIT treat-
ments including combined fluticasone furoate (FF) 100pg/vilanterol 25ug (VI) were not

outpatients without cardiovascular risks (N=8551), and inpatients

included in the score.

Results: Mortality predictors were FEV, heart rate, systolic blood pressure, body mass
index, age, smoking pack-years, prior COPD hospitalizations, myocardial infarction, heart
failure, diabetes, anti-thrombotics, anti-arrhythmics, and xanthines. Combined in the Summit
Score (derivation: ¢=0.668), quartile 4 vs 1 had HR=4.43 in SUMMIT validation (p<0.001,
95% CI=3.27, 6.01, ¢=0.662) and HR=8.15 in Intermountain cardiovascular risk COPD
outpatients (p<0.001, 95% CI=5.86, 11.34, c=0.736), and strongly predicted mortality in
the other Intermountain COPD populations. Among all SUMMIT subjects with scores
14-19, FF 100pg/VI 25ug vs placebo had HR=0.76 (p=0.0158, 95% CI=0.61, 0.95), but
FF 100pg/VI 25ug was not different from placebo for scores <14 or >19.

Conclusion: In this post hoc analysis of SUMMIT trial data, the Summit Score was derived
and validated in multiple Intermountain COPD populations. The score was used to identify
a subpopulation in which mortality risk was lower for FF 100png/VI 25ug treatment.

Trial Registration: The SUMMIT trial is registered at ClinicalTrials.gov as number
NCTO01313676.

Keywords: clinical decision tool, risk score, randomized controlled trial, Intermountain risk
score, IMRS

Plain Language Summary

The Summit Score was derived and internally validated to predict mortality in the SUMMIT
trial population and externally validated at Intermountain Healthcare. The Summit Score also
predicted COPD exacerbations, cardiovascular events, and changes in spirometry findings.

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic, progressive lung dis-
ease often caused by tobacco use, a shared risk factor with cardiovascular disease that

leads to a high rate of cardiovascular events and mortality."* Cardiovascular disease
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is the second most common cause of death in COPD
patients,® and the most common cause of death in patients
with moderate COPD.** In non-COPD populations, mea-
sures of COPD severity such as spirometry parameters are
independently predictive of cardiovascular outcomes.®’ In
COPD patients, mortality and other respiratory outcomes
are also predicted by cardiovascular risk factors, including
C-reactive  protein, troponin, hypertension, and
smoking."*® Due to its complexity, COPD may require
use of risk predictors related to pulmonary and cardiovas-
cular diseases and to systemic health that existing risk
stratification tools do not employ.

A pragmatic parsimonious prediction tool, the
Intermountain Mortality Risk Score (IMRS) was created
using a broad spectrum of physiologic variables [ie, com-
plete blood count (CBC) and basic metabolic profile
(BMP) parameters] to predict all-cause mortality in hospi-
talized patients.” It has been validated in various
populations,’ '? including pulmonary patients'® and exter-
nal populations.”'*'> Because CBC and BMP parameters
can improve and deteriorate over time, IMRS can add
unique risk information each time it is calculated.'' It
also predicts common events and diagnoses,'® is used
clinically,'” and modified versions such as the pulmonary
IMRS (pIMRS) for lower-risk COPD exist.'®!7-1?

Unfortunately, the unique needs of patients with mod-
erate severity COPD and cardiovascular risk factors may
not be addressed by IMRS, pIMRS, or COPD scores.
Subjects in the Study to Understand Mortality and
Morbidity in COPD (SUMMIT) trial were included in
the original trial based on the presence of both COPD
and cardiovascular risk factors.™*® Utilizing SUMMIT
trial subjects and Intermountain patients, this study’s aim
was to develop and validate a risk score that predicts
mortality and other COPD patient outcomes and that can

be used to guide treatment decisions in COPD patients.

Methods

Objectives and Populations

The primary objective of this study was to derive and
validate a risk score, the Summit Score, for all-cause
with moderate COPD.
A secondary objective was to risk stratify SUMMIT trial

mortality among individuals
subjects by the Summit Score to identify one or more
subsets in which randomly assigned trial medical therapy
was more and less effective for preventing mortality. Other
secondary objectives (Supplement) were to evaluate the

association of the Summit Score with non-fatal outcomes,
to derive and validate the Summit Lab Score, and to
validate the associations of IMRS and pIMRS with all-
cause mortality in the SUMMIT trial population. The
Intermountain Healthcare Institutional Review Board
approved this post hoc evaluation of SUMMIT trial data
as a minimal risk study,” and approved evaluation of
Intermountain data with a waiver of consent as
a minimal risk study.

Populations studied here included subjects from the
SUMMIT trial (N=16,485) who were individuals ages
40-80 years with COPD who had moderate airflow limita-
tion and a history of or elevated risk of cardiovascular
disease.” Moderate COPD in SUMMIT was defined as
forced expiratory volume in 1 s (FEV;) of 50-70% of
predicted, FEV,/forced vital capacity (FVC) ratio <0.70,
history of smoking >10 pack-years, and modified Medical
Research Council dyspnea scale >2.° Enrollees were ran-
domly assigned 1:1:1:1 to one of four once-daily treat-
ments: an inhaled placebo, vilanterol (VI) 25 pg,
fluticasone furoate (FF) 100 pg, or the combination of
FF 100 pg/VI 25 pg’ Additional details about the
SUMMIT trial were previously published.’~° Herein,
SUMMIT subjects were randomly divided 50%/50% into
two populations using a binomial random number genera-
tor powered by a long-period Mersenne Twister. The first
half of SUMMIT subjects constituted the derivation popu-
lation in which the Summit Score was created and the
other half was evaluated for internal validation.

Three Intermountain populations were evaluated as
external validations of the Summit Score, with the primary
validation being among outpatients with diagnosed COPD
and elevated cardiovascular risks. Intermountain outpati-
ents with elevated cardiovascular risks (N=9251) were
ages 40-80 years with a history of CAD, MI, stroke,
peripheral arterial disease, or diabetes, or ages 60-80
years who were receiving treatments for one or more of
the following: hypercholesterolemia, hypertension, or vas-
cular disease, approximating the cardiovascular risk defi-
nition from SUMMIT.> Outpatients with COPD but no
cardiovascular risks (as defined in SUMMIT,[5] which
did not include heart failure) and COPD inpatients were
also studied (Supplement). All Intermountain outpatients
were managed in an outpatient setting at their first COPD
encounter between December 2008 and December 2015.
The primary ICD-9 diagnostic codes were 490, 491, 492,
493, 494, 495, or 496. ICD-10 was not used since cohort
inclusion ended in 2015. For patients with a primary code
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of asthma, COPD was required as a secondary ICD-9
code. Outpatients were followed through March 2018.
Mortality was determined from electronic health records,
Utah death certificates, and the Social Security death mas-
ter file. COPD exacerbation (defined as moderate when
treated with antibiotics or systemic corticosteroids or as
severe when requiring hospitalization) and cardiovascular
endpoints (ie, myocardial infarction, unstable angina,
stroke, and mortality) were determined from electronic
health record data of Intermountain’s 22 hospitals and
>180 clinics that provide health services to about two
thirds of the population of Utah and southeast Idaho.

Development of the Summit Risk Scores
Derivation of the Summit Score was performed in half of
SUMMIT subjects (n=8181) using multivariable Cox
regression analysis evaluating all-cause mortality, the pri-
mary SUMMIT trial outcome.”>° Variables evaluated in the
Cox regression modeling were: age, sex, race, ethnicity,
baseline weight, baseline body mass index (BMI), previous
treatment for a COPD exacerbation, number of prior hospi-
talizations for a COPD exacerbation (categorized as 0, 1, or
>2), number of prior treated or hospitalized COPD exacer-
bations (categorized as 0, 1, or >2), baseline clinical mea-
sures [heart rate (HR), systolic blood pressure (SBP),
diastolic blood pressure, FEV;, FVC, FEV/FVC ratio],
history of smoking, number of pack-years, modified
Medical Research Council dyspnea scale score, history of
hypertension, history of hypercholesterolemia, diagnosis of
diabetes mellitus, previous hospitalization for MI, prior HF
diagnosis, previous hospitalization for stroke, history of
coronary artery disease (CAD), history of pneumonia, and
baseline medications: anti-arrhythmic agents, anti-
hypertensives, anti-thrombotics, beta-blockers, calcium
channel blockers, diuretics, inhaled corticosteroids, long-
acting anticholinergics, long-acting 2 agonists, lipid low-
ering agents, mucolytics, renin-angiotensin-aldosterone
system inhibitors, short-acting anticholinergics, and
xanthines. Quantitative variables were categorized into
quintiles of similar sample size and age was categorized
by decade with ages 40—49 years used as the referent cate-
gory. Comorbidities and medication variables were categor-
ized as present or absent. Randomized SUMMIT treatments
were not considered in the risk score derivation.

Initial analyses used univariable Cox regression to
examine each variable above for association with all-
cause mortality. Multivariable Cox models used both back-

ward and forward stepwise selection of study covariables.

Additional models utilized forced variable entry for those
with p<0.10 or confounders (ie, variables causing >10%
change in another variable’s B-coefficient). The final risk
model entered predictors with p<0.05 and variables deter-
mined in the model building process to be important con-
tributors to risk stratification. Risk score weightings were
assigned based on variables’ B-coefficients from the final
model. The risk score was composed as the sum of scalar
weightings for each category of each contributing variable
based on a modification of the procedure used to compute
IMRS.” The scalar weighting for each variable was calcu-
lated by subtracting 0.15 from the B-coefficient, dividing
the result by 0.15, and rounding that value to the nearest
integer. Referent categories (e.g., a comorbidity was not
present, a medication was not used, or ages 4049 years)
were assigned a scalar value of zero. Baseline character-
istics were evaluated between the SUMMIT derivation and
validation populations using the chi-square test for discrete
data or the 7-test for continuous variables. Life table
analysis was used to examine mortality rates in each of
the derivation and validation populations. C-statistics, sen-
sitivity, specificity, positive predictive value, negative pre-
dictive value, and accuracy were also computed for the
Summit Score in the derivation and validation populations.
The age, dyspnea, airflow obstruction (ADO) index was
calculated using standard methodology and c-statistics
were calculated.”’ Analyses were performed in SPSS
v.23.0 (IBM SPSS Statistics, Armonk, NY).

Validating the Summit Risk Scores

To validate the Summit Score, the derived scoring
scheme was applied to the SUMMIT validation subjects
and the Intermountain validations to predict all-cause
mortality. Kaplan—-Meier and Cox regression methods
were used. Among Intermountain COPD patients, as is
common among clinical datasets, most did not have
spirometry available [only about 10% did, as noted
previously??] and the data were contained in separate
clinical machines (in part, this may be due to spirometry
being performed in primary care offices or other loca-
tions). Further, although tobacco history is collected rou-
tinely, data before 2015 did not include electronic capture
and thus pack-years were assigned a null value in the
Intermountain validations. Quartiles of each score were
created separately for each population. A p-value of
p<0.05 was required in each independent population for
validation.
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Stratification by the Summit Score for the

Evaluation of Trial Treatments

Once validated, the Summit Score was utilized to identify
a subset of SUMMIT trial subjects among whom the active
treatment of a combination FF 100 pg/VI 25 pg provided
a protective mortality benefit compared with placebo, separ-
ating those individuals from one or more subsets in whom the
benefit was not evident. A minimum of one third of the
population with contiguous risk score values was required
as a clinically meaningful subset of individuals in whom
a benefit may exist. The maximum number of subjects allow-
able in the subset was not defined because, if it existed, it was
necessarily less than the full trial population [the original
analysis (N=16,485) did not find an overall mortality benefit:
HR=0.88, CI=0.74, 1.04, p=0.137"].

To do so, a bar graph was used to assess where a benefit of
the FF 100 pg/VI 25 pg combination medication resided and
to define the Summit score boundaries of that subset.
A search pattern was defined in which no two contiguous
Summit Score values could have greater mortality in those
receiving FF 100 pg/VI 25 pg than placebo, and at least two
thirds of the scores in the subset had to have lower mortality
in the FF 100 pg/VI 25 pg arm than placebo. Hazard curves
and Cox regression were used to evaluate the trial medica-
tions compared with placebo in the subset with benefit and
secondarily in the lack of benefit subsets. Secondary end-
points of cardiovascular events, moderate to severe COPD
exacerbations, and change in FEV;, FVC, and the FEV;
/FVC ratio were also evaluated using survival methods or
analysis of variance, as appropriate. Other methods are pro-
vided in the on-line Supplement.

Results
Baseline demographics, clinical, risk factor, medication, and
other variables for the SUMMIT derivation population and
the validation populations are provided in Table 1. The
randomization of SUMMIT subjects into derivation and vali-
dation groups resulted in the majority of variables being
distributed similarly between the two subpopulations, with
just two of the 38 variables listed in Table 1 (ie, RDW and
short-acting anticholinergic medications) having statistically
significant (but not clinically meaningful) differences.

The derivation of the Summit Score discovered that
significant predictors of all-cause mortality were: BMI,
number of pack years, number of prior COPD hospitaliza-
tions, FEV;, HR, SBP, prior MI, prior HF diagnosis, prior
diabetes diagnosis,

age, and prescription of anti-

thrombotics, anti-arrhythmics, and xanthines. The c-statis-
tic for the Summit Score in the derivation population was
¢=0.668, which was comparable to the SUMMIT validation
population (¢=0.662) and lower than the Intermountain
cardiovascular outpatients (c=0.736). In comparison, the
ADO index had c-statistics of ¢=0.592 (95% CI: 0.567,
0.617) in the SUMMIT derivation and ¢=0.618 (95% CI:
0.593, 0.644) in the SUMMIT validation populations.
Lengths of longitudinal follow-up and annual mortality
rates differed between the populations (Table 1), but the
Summit Score was validated as a mortality risk stratification
tool in the SUMMIT validation population and Intermountain
outpatient validation population (Figure 1, Supplemental
Figure S1), with risk differences of 4.4- to 7.6-fold between
the lowest and highest risk score quartiles (Table 2,
Supplemental Table S1). Examining associations of the

Summit Score with mortality among Intermountain popula-
tions using quartile thresholds from the SUMMIT validation
population resulted in similar findings (Supplemental Table S2

and Supplemental Figure S2). Predictive values and accuracy

of the Summit Score are shown in Supplemental Table S3.

Associations were also found of the Summit Score with first
COPD exacerbation or cardiovascular event (Supplemental
Table S4) and with changes in spirometry findings
(Supplemental Table S5). Associations are shown for IMRS
and pIMRS with mortality in Supplemental Figure S4 and for
the Summit Lab Score with mortality in Supplemental Table

S6 and Supplemental Figure S5.

Analyses of the four SUMMIT treatments were per-
formed in risk-based substrata of the combined SUMMIT
derivation and validation populations (N=16,485), with the

substrata defined by levels of the Summit Score. Mortality in
each Summit Score value (Supplemental Figure S3) identi-
fied risk score thresholds that differentiated mortality benefit
between subjects taking the combination of FF 100 pg/VI 25
pg. Among SUMMIT subjects with a Summit Score of
14-19 (n=9243), Figure 2 reveals that those with the com-
bined FF 100 pg/VI 25 pg treatment had fewer events com-
pared with placebo (HR=0.76, CI=0.61, 0.95, p=0.0158). No
effect modification was found when an interaction variable of
study treatment with SUMMIT derivation/validation was
evaluated (for FF 100 pg/VI 25 pg vs placebo: HR=0.77 in
derivation, HR=0.75 in validation; p-interaction= 0.87). In
the Summit Score 14—19 subgroup, FF 100 ng/VI 25 ng also
was associated with lower risk of moderate to severe COPD
exacerbation (HR=0.86, CI=0.77, 0.96, p=0.005) and
improved changes in FEV;, FVC, and FEV,/FVC ratio (all
p<0.001) but with

compared with placebo, not
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Table | Baseline Characteristics of the SUMMIT Derivation Population and the Four Risk Score Validation Populations

Characteristics SUMMIT SUMMIT Intermountain Intermountain Intermountain
Cardiovascular Non-Cardiovasc
Derivation Validation Outpatients Outpatients Inpatients
Sample size N=8181 N=8304 N=9251 N=8551 N=26,170
Demographics

Age (years) 652 +79 652 +79 674+ 11.0 599 £ I15 66.5 + 14.6

Sex (female) 24.8% 26.1% 47.4% 53.6% 46.6%

Race (Non-White) 18.8% 19.1% 2.5% 2.4% 3.5%

Ethnicity (Hispanic) 6.8% 7.5% 0.2% 0.2% 0.5%

Body mass index (kg/m?) 28.0 +59 28.0 + 6.0 309 £ 8.6 29279 292 +88
Randomized SUMMIT Trial Treatment

Placebo 25.0% 24.8% - - -

VI 25 25.0% 25.0% - - -

FF 100 24.9% 25.3% - - -

FF 100/VI 25 25.1% 24.9% - - -

Clinical History (Selected Variables)

Prior COPD exacerbations (1) 13.4% 13.3% 3.6% 1.3% 5.3%

Prior COPD treatments (1) 32.4% 32.4% NA NA NA
Number of Prior COPD Hospitalizations

0 86.6% 86.6% 97.3% 99.0% 82.1%

| 11.6% 11.7% 2.7% 1.0% 13.6%

2 or more 1.8% 1.6% 0% 0% 4.3%
Heart rate (beats per minute) 758 £ 9.9 76.0 £ 9.9 80.7 + 15.6 83.6 £ 154 878 £ 19.7
Systolic blood pressure (mmHg) 133 £ 15 133 £ 15 130 £ 19 130 £ 19 133 £ 26
FEV, (mL) 1686 + 425 1679 + 422 NA NA NA
Mean corpuscular volume (fL) 94.7 + 597 94.8 + 6.41 91.8+58 92.1 £59 920 + 6.7
Red cell distribution width (%) I15.1 + 1.5¢ 15.3 + 1.61F 145+ 1.8 14.1 £ 1.7 148 +2.2
Risk Factors and Comorbidities

Smoking (current) 46.6% 46.5% NA NA NA

Smoking: Pack Years 412 + 244 40.3 + 242 NA NA NA

Hypertension 89.9% 90.3% 85.8% 48.0% 73.6%

Hypercholesterolemia 70.0% 69.7% 80.4% 40.6% 55.4%

Diabetes mellitus 30.2% 30.5% 42.5% 0% 25.6%

Myocardial infarction 15.4% 14.8% 18.9% 0% 14.0%

Heart failure 21.2% 20.7% 30.7% 5.6% 23.7%

Stroke 7.2% 6.9% 24.8% 0% 15.5%

Coronary artery disease 50.8% 50.8% 63.1% 0% 42.2%

Pneumonia 16.5% 15.9% 42.0% 25.0% 42.4%
Baseline Medications

Lipid lowering agent 65.1% 64.6% 6.3% 1.5% 25.9%

Anti-thrombotics 52.8% 52.5% 2.5% 0.5% 25.8%

Beta-blockers 31.6% 31.0% 4.9% 1.0% 26.2%

Diuretics 32.9% 33.2% 5.6% 1.6% 33.2%

Calcium channel blockers 34.5% 34.5% 2.8% 0.8% 14.7%

Anti-arrhythmic agents 5.4% 5.3% 2.7% 0.9% 19.8%

Renin-angiotensin-aldosterone inhib. 66.9% 66.3% 5.9% 1.8% 24.0%

Anti-hypertensives 4.5% 4.7% 5.8% 1.8% 24.4%

Xanthine 14.6% 15.3% 0.1% 0% 0.7%

(Continued)
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Table | (Continued).

Characteristics SUMMIT SUMMIT Intermountain Intermountain Intermountain
Cardiovascular Non-Cardiovasc
Derivation Validation Outpatients Outpatients Inpatients
Short-acting anticholinergic 10.5% 12.1%§ 2.6% 1.9% 23.2%
Mucolytics 3.0% 3.0% 0.6% 0.2% 2.3%
Corticosteroids 0.6% 0.5% 4.2% 5.5% 22.1%
Long-acting beta-2 agonist 0.4% 0.4% 3.8% 3.2% 14.2%
Long-acting anticholinergic 0.1% 0.2% 2.5% 2.2% 9.3%
Mortality Outcomes
Mortality, total 6.5% 6.1% 27.1% 12.6% 36.8%
Follow-up, mean+SD (years) 1.96 £ 0.78 1.95 £ 0.79 6.44 +2.12 6.36 + 2.01 4.38 + 1.97
Follow-up, range (years) 0.88-3.91 0.21-3.91 2.23-9.29 2.25-9.29 0.50-7.50
Mortality, annual rate 3.40%/year 3.01%/year 3.96%l/year 1.7 1%lyear 8.40%/year

Notes: fLaboratory data were only available for n=1745 SUMMIT subjects; $p=0.007 or §p<0.001 for the comparison of SUMMIT validation vs derivation populations.

Abbreviation: NA, not available.

cardiovascular events (p=0.12, HR=0.81, CI=0.62, 1.06).
The impact of the medications on mortality in subjects with
a Summit Score <13 (n=5610) and >20 (n=1632) are shown
in Supplemental Figures S2B and S2C, and results for sec-

ondary outcomes in these subsets are also provided in the
Supplement. No difference was found between those
assigned to FF/VI or placebo based on Summit Score con-
tinuous values (p=0.36) or categorizations (p=0.22; 25%,
25%, and 24% of subjects received placebo and 24%, 25%,
26% received FF 100 pug/VI 25 pg in Summit Scores <13,
14-19, or >20, respectfully).

Discussion

Summary of Findings

The Summit Score predicted all-cause mortality among
a derivation population from the SUMMIT trial and was
validated in the other half of the SUMMIT trial subjects
and in Intermountain patients who had moderate COPD
and cardiovascular risk factors. The Summit Score also pre-
dicted mortality in lower-risk Intermountain outpatients and
higher-risk inpatients. Among a substratum of SUMMIT trial
subjects with intermediate Summit Scores (ie, scores
between 14-19, which constituted 56% of subjects),
SUMMIT treatment with FF 100 pg/VI 25 ng was associated
with a lower risk of all-cause mortality; in contrast, no
difference in mortality based on trial medical therapy was
found in subjects with Summit Scores <13 or >20. Finally,
the Summit Score predicted COPD exacerbations, cardiovas-

cular events (eg, unstable angina, MI, stroke), changes in

spirometric measures, incident heart failure, incident cardiac
arrhythmias, and coronary revascularization.

COPD, Cardiovascular Disease, and

Decision Tools
COPD is a common complex disease that is challenging to
diagnose and requires a thorough and encompassing manage-
ment approach.! Patients with COPD frequently have other
respiratory and cardiovascular comorbidities, some due to
the shared risk factor of tobacco use."*»**** COPD severity
and prognosis may be stratified by composite risk tools,"
such as the BODE Index,”® ADO Index,”! and DOSE
Index,”’ but these scores use a very limited number of pre-
dictors and focus on pulmonary factors. Commonly utilized
in COPD populations, these validated scores are the mainstay
of risk prediction in pulmonary disease populations.''%%
Analysis of the ADO Index in the derivation and SUMMIT
validation populations herein found c-statistics of 0.592—
0.618, which were 0.05-0.07 lower than the Summit Score.
Those risk indices were also derived in small populations
(fewer than a thousand) with the intended application to all
COPD patients. Their use among severely diseased patients
or those with complex mixes of morbidities may not fit the
originally derivation.”' Similarly, while IMRS and pIMRS
were predictive of mortality in SUMMIT trial subjects
herein, those associations were weaker than in prior evalua-
tions of lower-risk patients.'® Given the challenges of apply-
ing a risk score to patients with moderate COPD and
cardiovascular comorbidities, the Summit Score was devel-
oped to attune prediction models to that population.
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Figure | Kaplan—Meier survival curves displaying the association of the Summit
Risk Score with all-cause mortality among: (A) the validation half of the SUMMIT
trial population, N=8304 (for quartiles 4, 3, and 2 compared with quartile |: Log
rank p<0.001, p<0.001, and p=0.002, respectively; c-statistic: c=0.662), (B) an
Intermountain Healthcare validation population of outpatients with COPD and
cardiovascular risks, N=9251 (for quartiles 4, 3, and 2 compared with quartile |:
Log rank p<0.001, p<0.001, and p<0.001, respectively; c-statistic: ¢=0.736). Time
intervals on the x-axes were designated in 365-day intervals for SUMMIT popula-
tions and years for Intermountain populations.

To predict mortality, the Summit Score employed a myriad
of variables spanning the spectrum of pulmonary disease,
cardiovascular disease, and general health. These included
clinical exam findings, COPD-specific measurements, cardio-
vascular parameters, prescription data, and other variables that
are not disease-specific. This score utilizes both static and
dynamic factors, meaning that some component variables can
respond to both positive and negative changes in health (eg,
FEV, SBP, and RDW). Static factors are strong predictors (eg,
experiencing an MI) but will not return to being absent once
they occur. While the scores provided moderate risk discrimi-
nation in the trial population and were useful in identifying

subjects who may receive benefit from FF 100 ug/VI 25 pg
treatment, among real-world Intermountain patients the risk
differences between Summit Score categories were greater.
These findings require further study including whether the
Summit Score can identify patients for whom FF 100 pg/VI
25 g is effective in actual practice, and evaluation in imple-
mentation science.

Implementation of risk scores in clinical medicine
has the goal of achieving best care, whether scores
guide a patient care plan or are used to tailor
a medication prescription to patient needs. Often today,
clinical decision tools such as the Summit Score are
used to guide medication prescriptions because the
score reveals therapeutic need based on a favorable
benefit to risk profile, while indicating which patients
do not have a favorable risk-benefit. For example,
among atrial fibrillation patients, the CHADS, and
CHA,DS,-VASc scores are used to identify which
patients should receive oral anticoagulation and which
excessive bleeding risk.*® Among post-stent patients, the
DAPT Score is used in determining which patients
should receive long-term (ie, >12 months) dual antipla-
telet therapy after percutaneous coronary intervention.>’
Instead of guiding a specific medical therapy, IMRS and
other scores are used as attention metrics to point clin-
icians to higher-risk patients and to inform them of
which patients require less of their time because they
will have the same outcomes from standard care as from
intense evaluation and treatment.'” This approach is
associated with lower 30-day mortality and 30-day read-
mission in high-risk HF patients, with no worsening of
outcomes for lower-risk patients.'’

The Summit Score has the potential to indicate both
therapeutic effect of a medical therapy and to be used as an
attention metric for aggressive prevention (see the
Supplemental Use Cases). This study suggests that FF

100 pg/VI 25 pg may have varying effectiveness across
the spectrum of COPD patients, perhaps due to heteroge-
neity of disease severity or complexity. A biological ratio-
nale exists for the benefit of FF+VI and a reduction in
cardiovascular benefits as this combination has been asso-
ciated with a broad spectrum of anti-inflammatory effects
in patients with COPD.*® Study limitations are described
in the Supplemental Discussion.

Limitations
This study was challenged by a number of issues in the
process of developing a risk score since the predictive
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Table 2 The Association of Quartiles of the Summit Risk Score with All-Cause Mortality in the Internal SUMMIT Validation
Population Subset and in the Intermountain Outpatients with COPD and Cardiovascular Risks. As per Table |, Length of Follow-

Up for Mortality Differed Between Populations

Summit Score Category Mortality Hazard Ratio (95% CI) p-value Sample Size

SUMMIT Trial Internal Validation (N=8304)

Quartile: | (Score: 1-12) 2.6% 1.0 (referent) — n=1977
2 (Score: 13-14) 4.5% 1.73 (1.22, 2.45) 0.002 n=1813
3 (Score: 15-17) 6.3% 2.50 (1.83, 3.42) <0.001 n=2664
4 (Score: 18-32) 11.0% 443 (3.27, 6.01) <0.001 n=1850

Intermountain COPD Outpatients with Cardiovascular Risks (External Validation) (N=9251)

Quartile: | (Score: 0-9) 8.5% 1.0 (referent) — n=2207
2 (Score: 10-11) 17.9% 2.17 (1.82, 2.59) <0.001 n=1932
3 (Score: 12-14) 28.4% 3.59 (3.06, 4.21) <0.001 n=2795
4 (Score: 15-26) 50.9% 7.62 (6.53, 8.89) <0.001 n=2317

performance is critically determined by the available
data and the nature of the populations studied. One
was that the primary study population consisted of indi-
viduals who were selected for inclusion in a large pro-
spective randomized clinical trial based on stringent
criteria and are unlikely to be broadly representative of
clinical practice.*° Actual medical practice includes
a broad range of patients rather than those with
a tightly defined COPD diagnosis as in a trial, which

Randomization

~I1Placebo

—vi25

~IFF 100

~IFF 100/V1 25

—+— Placebo-censored
0.20 —+= VI 25-censored
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Figure 2 Hazard curves for the effects of the four SUMMIT trial randomized
treatments on all-cause mortality among all SUMMIT trial subjects (ie, both the
Summit Score derivation and validation groups). Trial randomizations included: once
daily inhaled placebo, vilanterol (VI) 25 pg, fluticasone furoate (FF) 100 pg, or the
combination of FF 100 pg and VI 25 pg. Here the combination of FF 100 pg/VI 25 ug
(n=2347) had a statistically significantly lower mortality compared with placebo
(n=2305) (p=0.0158, HR=0.76, CI=0.61, 0.95) among subjects with a Summit Score
214 and <19 (n=9243, which is 56.1% of the SUMMIT trial subjects). The hazard
curves for subject with Summit Score <13 and 220 are provided in Supplemental
Figures S2B and S2C.

may in part account for the greater ability for the
the
Intermountain populations given that some parameters

Summit Score to stratify risk in three
were not necessarily pulmonary-related. Further, the
Intermountain clinical population was limited because
a few Summit Score parameters were not available (i.e.,
FEV;—which was unavailable for ~90% of patients and
for the few who did have spirometry data it was housed
in a proprietary vendor database not accessible to study
personnel, and smoking status which was unavailable
outside of free text reports).

Secondly, this study derived the risk scores among sub-
jects in whom three quarters were assigned an active medica-
tion in the SUMMIT trial that may have some effect on
mortality (the other quarter received placebo). The derivation
of the score, though, did not account for the treatment vari-
able so that subsequent analysis could examine using the
score for therapeutic risk stratification. Analysis showed
that the percentage of subjects receiving each medication
assignment did not differ across levels of the risk score,
indicating that the score did not include the treatment effects.
If any bias existed due to the treatment effects, thus, it was
toward the null hypothesis. Finally, despite that the c-statis-
tics for mortality in the SUMMIT population were of only
moderate strength, the risk was strongly stratified by the
Summit Score. Further evaluation of the score is needed in
additional populations and in studies using the risk score to
identify people who will benefit from combined FF 100 pg/
VI 25 ug treatment. Because the SUMMIT Trial did not use
ICD codes and the Intermountain cohort inclusions ended in
2015, ICD-10 coding was not evaluated herein and could
provide improved resolution.
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Conclusions

The Summit Score was developed and validated in geographi-
cally and constituently distinct populations as a predictor of
all-cause mortality. It also predicted COPD and cardiovascular
endpoints. When modified to include common laboratory
panels (ie, CBC and BMP), the resulting Summit Lab Score
also predicted those outcomes (see Supplement). Uniquely, the
Summit Score identified a subset of individuals with similar
risk levels who may receive therapeutic benefit from
a combination of FF 100 pg/VI 25 ug, which requires addi-
tional evaluation and validation. Further study of these ther-
apeutic risk scores in research and clinical implementation

environments is indicated.

Abbreviation

ADO, age, dyspnea, airflow obstruction; BMI, body mass
index; BMP, basic metabolic profile; CAD, coronary artery
disease; CBC, complete blood count; COPD, chronic
obstructive pulmonary disease; FEV;, forced expiratory
volume in 1 s; FF, fluticasone furoate; FVC, forced vital
capacity; HF, heart failure; HR, heart rate; hsCRP, high-
IMRS,
Mortality Risk Score; MCV, mean corpuscular volume; MI,

sensitivity ~C-reactive protein; Intermountain
myocardial infarction; pIMRS, pulmonary Intermountain
Mortality Risk Score; RDW, red cell distribution width;
SBP, systolic blood pressure; SUMMIT, study to understand

mortality and morbidity in COPD; VI, vilanterol.

Data Sharing

Information on GlaxoSmithKline plc’s data sharing commit-
ments and requesting access to anonymized individual parti-
cipant data and associated documents can be found at www.
Healthcare

clinicalstudydatarequest.com. Intermountain

patient data are protected by law but may be accessed
through collaborative contract by contacting Dr. Horne (ben-
jamin.horne@imail.org).
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