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Abstract

Background: Predicting a favorable cardiac resynchronization therapy (CRT) response holds
great clinical importance.

Objective: To examine proteins from broad biological pathways and develop a prediction tool for
response to CRT.

Methods: Plasma was collected from patients prior to CRT (SMART-AV trial) whereby a CRT
response was pre-specified as a =15 mL reduction in LV end-systolic volume (LVESV) at 6
months, which resulted in a binary CRT response (Responders: 52%, Non-Responders: 48%;
n=758).
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Results: Candidate proteins (n=74) were evaluated from the inflammatory, signaling, and
structural domains, which yielded 12 candidate biomarkers, but only a subset of these
demonstrated predictive value for CRT response: soluble suppressor of tumorgenicity-2, soluble
tumor necrosis factor receptor-11 (STNFr-11), matrix metalloproteinases-2, and C-reactive protein.
These biomarkers were used in a composite categorical scoring algorithm (Biomarker CRT Score),
which identified patients with a high/low probability of a response to CRT (p<0.001) when
adjusted for a number of clinical covariates. For example, a Biomarker CRT Score of 0 yielded 5
times higher odds of a response to CRT compared to a Biomarker CRT Score of 4 (p<0.001). The
Biomarker CRT Score demonstrated additive predictive value when considered against a
composite of clinical variables.

Conclusion: These unique findings demonstrate that developing a biomarker panel for
predicting individual response to CRT is feasible and holds potential for point of care testing and
integration into evaluation algorithms for patients presenting for CRT.
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INTRODUCTION

Cardiac resynchronization therapy (CRT), is an important treatment for heart failure (HF) in
addition to standardized medical therapy.1~8 Prior studies have obtained plasma samples
from patients undergoing CRT in order to examine the effects of this device treatment upon
bioactive signaling molecules and determinants of myocardial structure.8-12 The central
hypothesis of this study was that a specific biomarker panel obtained prior to CRT could be
developed that would predict a pre-specified CRT response. Biomarker profiling was
performed in pre-CRT samples obtained as part of the trial: SmartDelay Determined AV
Optimization: A Comparison to Other AV Delay Methods Used in Cardiac
Resynchronization Therapy (SMART-AV: ClinicalTrials.gov Identifier: NCT00677014). The
pre-specified primary response definition was an absolute change in LV end-systolic volume
(LVESV) at 6 months following CRT. The initial findings from this CRT trial have been
reported previously.” While this pre-specified LV response yielded a relatively lower CRT
response rate than studies utilizing quality of life measures, this stratification of response to
CRT provided a unique opportunity to examine whether and to what degree prospectively
collected and blinded blood samples, subjected to unbiased biomarker assessment, would
predict this pre-specified response to CRT. This study quantified and evaluated a large and
diverse group of analytes with potential relevance to HF, and using statistical modeling,
developed a composite biomarker score, the Biomarker CRT Score, in order to predict CRT
response. The rationale for the Biomarker CRT Score was to move beyond complex
multivariable predictive models and to provide a potentially clinically relevant and
applicable tool in the context of evaluating patients with HF for CRT.
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METHODS

Patients enrolled in the SMART-AV trial biomarker sub-study informed consent which was
approved by the participating institutional IRB. The study was performed in a step-wise
fashion. First, Biomarker Identificationwas performed. Next, Biomarker CRT Score
Development and Validation was performed. Finally, the Biomarker CRT Score Utilization
was examined with respect to established clinical/demographic variables that have been
associated previously with CRT response.®

Detailed methodological approaches are provided in the Supplemental Methods. Age and
gender matched normal subjects were incorporated into the analysis (n=26) for the purpose
of defining referent normal values.

The Biomarker ldentification Phase evaluated 74 candidate proteins for potential association
with response to CRT (Supplemental Table 1). Two sets of 50 SMART-AV patients (each set
consisting of 25 responders/25 non-responders) were used and 12 of the initial 74
biomarkers were selected as candidates (Supplemental Table 1). The values from Biomarker
ldentification Phase were included in the full composite data set. Specific sample sizes and
distribution for the primary response variable is shown in Figure 1A. The Biomarker CRT
Score was created through dichotomizing and combining selected biomarkers using a
bootstrap statistical methodology (Supplemental Methods and Figure 1B. A multivariable
logistic regression model adjusted for age, gender, ischemic etiology, presence of left bundle
branch block (LBBB), New York Heart Association (NYHA) classification, LV ejection
fraction (LVEF), and QRS duration. A previously developed clinical CRT, the MADIT-CRT
study (MADIT-CRT Score),> was evaluated with respect to the Biomarker CRT Score.

RESULTS

Biomarker Identification

A final subset of 12 biomarkers were selected as candidates for the Biomarker CRT Score:
soluble suppressor of tumorgenicity-2: sST2; C-reactive protein: CRP; soluble
glycoprotein-130: SGP-130; soluble interleukin-2 receptor: sIL-2R; soluble tumor necrosis
factor receptor-11: sTNFR-II; interferon gamma: IFNg), natriuretic (brain natriuretic peptide
fragment: NT-proBNP, matrix metalloproteinase —2 and —9: MMP-2/-9; and tissue
inhibitors of MMP: TIMP-1, -2, —4 (Table 1). When dichotomized in terms of CRT
response, baseline LV volumes were higher and ejection fraction lower in the CRT
Responder group, with a higher percentage of patients with a positive response to CRT
presenting with LBBB. The percentage of males was higher in the CRT Non-Responder
group. Overall, the patient demographics for the SMART-AV group were similar to past
CRT clinical trials.124-7 The values for the majority of final selected biomarkers were
significantly different in the SMART-AV group compared to referent normal subjects. The
distribution for the 12 candidate biomarkers is shown in Figure 2A and as a function of 15t
and 3 quartile and median values shown in Figure 2B.

Heart Rhythm. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Spinale et al.

Page 4

Biomarker CRT Score Performance and Validation

The Biomarker CRT Score was developed as shown in Table 2A whereby the set-point for
inclusion was greater than 70% of the univariate models being significant (Table 2A), which
resulted in inclusion of 4 biomarkers: STNFr-11, sST-2, CRP, and MMP-2. The Biomarker
CRT Score was then developed; 1 point value was assigned for each biomarker that
exceeded a specific threshold: sTNFr-11 = 7,090 pg/mL, sST-2 = 23,721 pg/mL, CRP >
7,381 ng/mL, and MMP-2 > 982,000 pg/mL (Table 2A). The biomarker values and the
Biomarker CRT Scores are shown in Figure 3A. The Biomarker CRT Score was
significantly associated with response to CRT (Figure 3B). Of the patients with a Biomarker
CRT Score of 0, approximately 70% were CRT responders compared to only 32% with a
Biomarker CRT Score of 4. When the Biomarker Identification Phase cohort (2 sets of 50
SMART-AV patients) was removed from this analysis, the findings remained unchanged
(Supplemental Table 2). The Biomarker CRT Score was significantly associated with
absolute and relative reductions in LVESV (Table 2B).

The Biomarker CRT Score was next examined for association with secondary response
variables: LV end-diastolic volume (LVEDV), LVEF, NYHA classification, Six Minute
Walk, and Quality of Life (QOL) Questionnaire (Supplemental Methods). Significant
relationships were observed for several of these secondary outcomes (Figure 4A). For
example, a reduction in LVEDV and an increase in LVEF occurred in patients with a low
Biomarker CRT Score, whereas these changes occurred in a much lower percentage of
patients with a high Biomarker CRT Score. The composite freedom from HF/death was
highest in those patients with a low Biomarker CRT Score and was lower with a high
Biomarker CRT Score (Figure 4B).

Biomarker CRT Score Utilization

Patient demographics and functional variables for the entire SMART-AV patient group as a
function of Biomarker CRT Scores are shown in Supplemental Table 3. With a low
Biomarker CRT Score, the patients were younger, with a higher percentage female,
presenting with LBBB, and a non-ischemic HF etiology. These demographic characteristics
have been reported to be associated with a positive CRT response previously.*~7 The
Biomarker CRT Score was independently predictive of a CRT response after adjusting for
these clinical covariates (Figure 4C). The comparative odds for a positive CRT response
following covariate adjustment demonstrated that with a high Biomarker CRT Score,
patients were 5 times more likely not to respond to CRT when compared to a low Biomarker
CRT Score.

The entire patient dataset was next examined in relation to the previously established
MADIT-CRT Score® (Supplemental Table 3). There was no relation between the MADIT-
CRT Score and the Biomarker CRT Score at enrollment (p=0.135). An interaction between
the Biomarker CRT Score and the MADIT-CRT Score occured (Figure 5A, Mantel-Haenszel
p=0.006). In three of the MADIT-CRT Score groups, the Biomarker CRT Score provided
additional CRT response stratification which would not have been identified by this clinical
scoring algorithm alone. In order to further integrate both the Biomarker CRT and MADIT-
CRT Scores, an adaptive design, using recursive partitioning was utilized (Supplemental
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Methods) and illustrated in Supplemental Figure 1. Briefly, the Biomarker CRT and
MADIT-CRT Scores were placed into 3 groups and the distribution of response to CRT re-
examined (Figure 5B). This analysis further demonstrated that the Biomarker CRT Score
uniquely and in an additive fashion, identified a subset of patients with a low likelihood of
responding to CRT, which would not have been realized by a clinical scoring algorithm
alone. Specifically, a high Biomarker CRT Score continued to identify a cohort of patients
with low likelihood of a response to CRT.

DISCUSSION

In patients presenting with a very similar HF phenotype, a sizeable proportion of patients do
not respond to CRT.5~7 Thus, while the reported relative response rate to CRT is influenced
by definition, improved prediction of those patients at greatest risk for either equivocal or
poor response to CRT would address a significant unmet medical need. The present study
performed a prospective approach of biomarker analysis prior to CRT implant and developed
a prediction model for response to CRT. The unique and significant findings were 4-fold.
First, in a large CRT patient sample size, pre-CRT values were different between CRT
response groups for biomarkers from several functional domains. Second, a specific
biomarker panel, which included indices of inflammation (sST-2, sSTNFr-11, CRP) and
extracellular matrix structure (MMP-2), provided predictive value in terms of a pre-specified
response to CRT. Third, when these biomarkers were clustered to form an a categorical
index, the Biomarker CRT Score, subsets of patients were identified with a very low and
very high likelihood of a favorable response to CRT. This Biomarker CRT Score was
independent of other clinical/demographic variables that can influence response to CRT.
Finally, when examined in conjunction to a clinical CRT scoring algorithm, the Biomarker
CRT Score identified a specific subset of patients with a low likelihood of a CRT response,
which heretofore would have gone unrecognized. These unique findings demonstrate that a
cassette of blood based biomarkers can be used to develop a clinically applicable index for
predicting individual response to CRT and holds potential for point of care testing and
integration into the CRT evaluation algorithm. One potential strategy for integrating this
Biomarker CRT Score into the clinical workflow is provided in Figure 6. In this illustration,
the Biomarker CRT Score identified a subset of patients with a low probability of a CRT
response, which would not be identified using clinical demographics or a composite CRT
clinical scoring algorithm alone.

Biomarker Profiling and Response to CRT

While past studies have identified changes in a specific biomarker and relation to outcomes
following CRT,8-12 a prospectively collected and unbiased biomarker array approach had
not been performed. The present study identified a cassette of biomarkers with predictive
value for a CRT response, but it is unlikely this is the optimal set of biomarkers for CRT
response prediction. For example, expanding the domain of biomarker candidates to non-
peptide structures, such as microRNAs, may hold relevance.13 Nevertheless, the present
study, to our knowledge, is the first of its kind to encompass a broad protein screening
approach of plasma samples collected in a prospective fashion for the purposes of predictive
modeling to a pre-defined CRT response. Consistent with the HF phenotype, the present
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study identified that a number of biomarkers reflective of a pro-inflammatory state were
elevated and past studies have identified that changes in several of these inflammatory
markers were associated with the generalized functional response to CRT.14 In the present
study, our approach identified that sST-2 and CRP levels provided predictive value for
response to CRT. The function of sST-2 in general appears to be that of a decoy receptor for
a member of the interleukin family and can induce a generalized induction of inflammatory
mediators.1> Changes in plasma MMP and TIMP levels have been identified previously in
patients with HF and primary systolic or diastolic dysfunction.18:17 While not included in
the final cassette, our univariate analysis identified both TIMP-1 and TIMP-2 as potential
biomarker candidates. Tolosana et al identified in a retrospective set of samples with a 12
month follow-up from CRT that TIMP-1 levels may hold predictive value in terms of
response to CRT.1! The findings from this past study and the present findings underscores
the concept that it is unlikely that a single biomarker will be sufficient to provide predictive
information in terms of response to CRT, but rather a cassette of biomarkers will likely need
to be considered in terms of providing potential predictive value.

Limitations and Summary

One of the limitations of biomarker profiling is that it can be considered descriptive from a
mechanistic standpoint. However, a direct mechanistic association between specific
biomarkers to underlying cellular-molecular events does not preclude utility in terms of
clinical applications for diagnosis and prognosis. It must also be recognized that the present
study removed a number of potential biomarkers from further analysis due to performance
characteristics rather than a lack of association with response to CRT. This study was
predicated upon utilizing an LV volumetric variable (LVESV) to define the pre-specified
definition of response to CRT, and thus future work using the Biomarker CRT Score to
predict other measures of response to CRT will be required.

Prior to this study, any biomarker study performed in the context of CRT was, in general, a
retrospective, non-blinded study that often was statistically underpowered and considered a
pre-specified set of biomarkers. Moreover, past studies have utilized a modeling algorithm
that makes clinical deployment of the biomarker measurement problematic. The report
presented herein is the first study that prospectively designed a biomarker analysis using a
large sample size, which demonstrated that a Biomarker CRT Score could be utilized to
identify subsets of patients with different likelihood of response to CRT. The significance of
this finding is further underscored by recent consensus guidelines that propose integration of
biomarker profiling in patients with developing HF.3

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(A) Sample sizes and distribution for biomarker measurements and primary/secondary end-

points utilized in the present study from the SMART-AV trial. (B) Biomarker selection

algorithm for predicting response to CRT whereby 12 candidate biomarkers were moved

forward for evaluation.
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(A) Histograms for the 12 candidate biomarkers measured in the entire SMART-AV CRT
sample set (n=758) with a vertical line representing the mean of the SMART-AV sample.
The referent normal values (“Ref Norm”; age-matched control subjects (n=26)) vertical line
has been superimposed as a frame of reference. (B) Distribution of the 12 candidate
biomarkers as a function of 15t and 3 quartile and the median value (box and whisker
plots), dichotomized for the pre-specified response to CRT. NT-proBNP: 1pmol/L = 0.445

ng/mL
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(A) Distribution of Biomarker CRT Score as a function of changes in secondary response
variables: LV end-diastolic volume (EDV), LV ejection fraction (EF), NYHA classification,

Six Minute Walk test (6 MW), and Quality of Life (QOL) questionnaire. With a higher

Biomarker CRT Score, LV functional indices and NYHA worsened at the end of the follow-
up period in those patients with a high CRT response score vs those with a low Biomarker
CRT Score (all p<0.001 as indicated). However, 6 MW and QOL score were not related to
Biomarker CRT Score (p=0.965, p=0.174, respectively). (B) A Composite Freedom from
Death and Heart Failure Hospitalization over the course of the observation period (6 months)

was constructed as a function of Biomarker CRT Score. As the Biomarker CRT Score

increased, the composite mortality/morbidity outcome worsened (log-rank test; p<0.001).
The table shows the values computed at each time point and the relative risk as a function of
Biomarker CRT Score. (C) Comparison of Odds of CRT Response between Biomarker CRT
Scores, adjusted for confounding variables described in the text. A high Biomarker CRT
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Score resulted in low odds for a positive response to CRT. For example, a Biomarker CRT
Score of 4 yielded a 5 times lower odds for a positive response to CRT compared to a
Biomarker CRT Score of 0 (p<0.001).
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Figure 5.
(A) Distribution of Biomarker CRT Score as a function of a composite MADITCRT Score.®

With higher MADIT-CRT Scores (>5), a subset of patients could still be identified with a
high probability of a favorable response to CRT using the Biomarker CRT Score (bracket
indicates p<0.05). Thus, despite classifying patients using a previously established CRT
clinical scoring algorithm, a subset of patients could be identified over and above this
clinical scoring algorithm. (B) Using an adaptive design and recursive partitioning
(Supplemental Methods) demonstrated that the Biomarker CRT Score identified a subset of
patients with a low likelihood of response to CRT, which would not have been realized by a
clinical scoring algorithm alone.
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Figure 6.

A proposed integration of the Biomarker CRT Score into a clinical HFrEF algorithm. The
left sequence is the current standard of care recommendations® and the right sequence
identifies how the Biomarker CRT Score in combination with a clinical CRT score (MADIT-
CRT)® would identify unique cohorts of patients with a low and high likelihood of a
favorable CRT response. In patients with a high Biomarker CRT Score, a low probability of
a CRT response exists and alternative/advanced HF treatment may be appropriate. A low
Biomarker CRT Score coupled with a high MADIT-CRT score would confer a high
probability of a CRT response. A moderate Biomarker CRT Score coupled with a low
MADIT-CRT would also suggest a low likelihood of a favorable CRT response. This
schematic is derived from results shown in Figure 5B.

Heart Rhythm. Author manuscript; available in PMC 2020 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Spinale et al.

Table 1.

Page 16

Demographics and Candidate Biomarker Values for SMART-AV Patients and Referent Normal Subjects ™

Referent
Normal Smart-AV Responders Non-Responders
Characteristic Statistic (N =26) (N =921) p-value (N =391) (N =367) p-value
Age (y) Mean * SE 66.6+1.8 66.2+0.4 0.97 65.9+0.5 65.7+0.6 0.91
Median 66.0 (63.0, 67.0 (59.0, 75.0) 66.0 (59.0, 74.0) 67.0 (58.0, 74.0)
(25th, 75th 73.0)
Yile)
Gender M/F (% M) 18/8 (69.2%) 625/296 (67.9%) 0.88 244/147 (62.4%) 263/104 (71.7%) 0.007
LBBB N (%) Not Collected 692 (75%) N/A 322 (82%) 252 (69%) <0.001
LVEF (%) Mean + SE 67914 275+0.3 <0.001 25.7+0.4 30.0+0.5 <0.001
Median 67.0 (63.8, 26.9 (21.0, 33.9) 25.3(20.0, 31.0) 29.8 (23.1, 36.8)
(25th, 75th 72.6)
%ile)
LVESV (mL) Mean + SE 35+2 1302 <0.001 144 +3 117 +3 <0.001
Median 34 (26, 43) 117 (84, 157) 128 (98, 170) 103 (75, 146)
(25th, 75th
Yile)
CRP (ng/mL) Mean + SE 2984 + 617 6514 + 146 <0.001 5874 + 211 6806 + 237 0.004
Median 1779 (1067, 5436 (2831, 4784 (2383, 5632 (2941,
(25th, 75th 3400) 9756) 8199) 10646)
%ile)
sGp130 (pg/mL) Mean * SE 165123 200198 + 2144 0.006 196763 + 32 200837 + 3342 0.27
Median + 8951 196123 (154450, 6191736 196943 (157929,
(25th, 75th 162625 244425) (150888, 246126)
%ile) (123059, 235030)
207369)
slL-2ra (pg/mL) Mean + SE 846 £ 70 1145+ 21 0.008 1134+ 34 1141 + 33 0.68
Median 762 (598, 1015 (701, 1410) 978 (695, 1375) 1027 (697, 1418)
(25th, 75th 974)
%ile)
STNFr-11 (pg/mL) Mean + SE 6404 + 621 9250 + 263 0.002 8913 + 493 9190 + 286 0.003
Median 5259 (4672, 7635 (5333, 6950 (5260, 8052 (5396,
(25th, 75th 6542) 10929) 9939) 11322)
%ile)
IFNg (pg/mL) Mean + SE 3.2+0.8 43+05 <0.001 34+0.2 55+1.3 0.56
Median 2.4 (2.4,2.6) 2.9(2.6,3.2) 2.9(2.7,3.2) 2.8(2.6,3.3)
(25th, 75th
%ile)
NT-proBNP (pmol/L) | Mean = SE 851 + 104 2952 + 96 <0.001 2631+ 139 2877 £ 145 0.16
Median 673 (467, 1735 (874, 4045) 1534 (820, 3601) | 1679 (846, 3897)
(25th, 75th 1294)
%ile)
sST-2 (pg/mL) Mean £ SE | 23741 + 2094 34720 + 762 0.003 31184 + 987 35749 + 1197 0.001
Median 22056 (18079, 28557 (20462, 26769 (18394, 29748 (21583,
(25th, 75th 26244) 41837) 37317) 42503)
%ile)
MMP-2 (pg/mL) Mean + SE 790795 877129 + 15968 0.98 832740 + 22341 899773 + 27573 0.13
Median + 45595 767645 (536830, 724524 (519381, 767645 (534363,
(25th, 75th 770113 1104317) 1010567) 1135681)
%ile) (666576,
905448)
MMP-9 (pg/mL) Mean + SE 191221 146066 + 4779 0.004 144978 + 6879 149221 + 8196 0.80
Median + 19994 106801 (67204, 106801 (69433, 108319 (70022,
(25th, 75th 186979 172259) 167351) 179013)
%ile) (91462,
295038)
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Referent
Normal Smart-AV Responders Non-Responders
Characteristic Statistic (N =26) (N =921) p-value (N =391) (N =367) p-value
TIMP-1 (pg/mL) Mean = SE 142776 139950 + 2303 0.12 136534 + 3572 138547 + 3429 0.44
Median + 6463 122630 (90070, 118659 (90029, 122867 (88969,
(25th, 75th 138676 176917) 169334) 184127)
%ile) (124832,
167069)
TIMP-2 (pg/mL) Mean * SE 104209 105103 +9 25 0.68 103811 + 1338 106265 + 1585 0.34
Median +2799 101823 (86769, 101243 (86066, 101533 (86468,
(25th, 75th 106349 120942) 119650) 126132)
Yile) (95839,
110460)
TIMP-4 (pg/mL) Mean + SE 2510 + 207 2608 + 52 0.77 2618 + 85 2599 + 81 0.65
Median 2112 (1905, 2263 (1550, 2249 (1524, 2276 (1575,
(25th, 75th 3087) 3225) 3301) 3201)
%ile)

*

The 12 candidate biomarkers shown here were selected from an initial screening of 74 biomarkers, and these 12 were then subjected to further
analysis for developing a final composite Biomarker CRT Score. The clinical demographic variables were considered as covariates/confounding
variables in developing predictive models for the Biomarker CRT Score. Referent Normal values are presented as a frame of reference for the

SMART-AV patient values.
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Biomarker Selection Results Used to Develop Final Biomarker Cassette for Biomarker CRT Score ™

Mean AIC from

Percent of i th th
Significant Median (2.5, 97.5 Bootstrap Response Contribution to
i Percentiles) Odds Score Model (Model .
Biomarker Cutoff Bootstrap % Included Biomarker Biomarker Response
Univariable Ratio” from Bootstrap hsrpiriete Score
Models Models Biomgrkers) ‘

STNFr-11 (pg/mL) 7,090 91.4% 1.64 (1.22, 2.19) 1040.93 >7,090 = 1 point
sST-2 (pg/mL) 23,721 90.7% 1.65 (1.23, 2.23) 1033.45 > 23,721 = 1 point
CRP (ng/mL) 7,381 74.6% 1.50 (1.10, 2.05) 1031.02 >7,381 = 1 point

MMP-2 (pg/mL) 982,000 70.1% 1.49 (1.09, 2.03) 1028.69 > 982,000 = 1 point

TIMP-2 (pg/mL) 124,257 63.7% 1.50 (1.06, 2.12) 1029.00 Not selected

NT-proBNP (pmol/L) 1,430 36.9% 1.27 (0.95, 1.69) 1033.74 Not selected
sGp130 (pg/mL) 218,820 31.9% 1.25(0.93, 1.70) 1032.23 Not selected

TIMP-1 (pg/mL) 173,634 30.1% 1.27 (0.92, 1.78) 1031.38 Not selected
IFNg (pg/mL) 34 30.0% 1.29(0.91, 1.83) 1030.00 Not selected

slL-2ra (pg/mL) 978 16.7% 1.16 (0.87, 1.54) 1030.74 Not selected
MMP-9 (pg/mL) 155,246 6.4% 1.05(0.77, 1.43) 1032.72 Not selected
TIMP-4 (pg/mL) 2,923 5.5% 0.95 (0.70, 1.30) 1033.07 Not selected

*
Odds Ratio of CRT Response, comparing < cutoff to > cutoff

*
The 12 candidate biomarkers were subjected to Bootstrapping modeling and a set-point of >70% of the univariate models was established for final

inclusion.
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Table 2B.

Changes in the Primary Response Variable from the SMART-AV Trial as a Function of Biomarker CRT Score

Biomarker CRT Score | Absolute Change in LVESV® | Relative Change in LVESV+
0 -30+39 -22.1% + 30.5%
1 -25+50 -15.7% + 34.2%
2 -14 +43 —-9.1% + 35.4%
3 -13+41 —6.9% + 31.8%
4 -5+36 —-0.2% * 25.9%

*

The Biomarker CRT Score when considered as 5 ordinal treatment groups, was associated with a significant difference in both absolute and
percent changes in LVESV (absolute change: Cuzick trend test statistic=5.2, *= p<0.001; relative change: Cuzick trend test statistic=5.9,
+p<0.001). Specifically, with a lower Biomarker CRT Score the mean decrease in LVESV was greater, whereas with a higher Biomarker CRT
Score a much smaller mean decrease in LVESV occurred.
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