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Heterogeneity of health status treatment response
with sacubitril/valsartan: insights from the CHAMP-HF
registry

Yevgeniy Khariton'*, Gregg C. Fonarow?, Ann HeIIkamp3, Laine Thomas®, Michael E. Nassif*, Javed Butler?,
Carol I. Duffy®, Nancy M. Albert® and John A. Spertus®

Saint Luke’s Mid America Heart Institute, University of Missouri-Kansas City, 4401 Wornall Road, Kansas City, MO 64111, USA; 2Ahmanson-UCLA Cardiomyopathy Center,
Ronald Reagan UCLA Medical Center, Los Angeles, CA, USA; >Duke Clinical Research Institute, Durham, NC, USA; *University of Mississippi, Jackson, MS, USA; *Novartis
Pharmaceuticals Corporation, East Hanover, NJ, USA; SCleveland Clinic, Cleveland, OH, USA

Abstract

Aims The aim of our study was to investigate heterogeneity of health status treatment response of sacubitril/valsartan in
patients with heart failure with reduced ejection fraction (HFrEF).

Methods and results We leveraged data from CHAMP-HF, an observational registry of 140 US clinics and 5026 outpatients
with chronic HFrEF, where health status was serially assessed using the Kansas City Cardiomyopathy Questionnaire (KCCQ)-12
Overall Summary Scale (range from 0 to 100; >20-point improvement is a very large improvement). In 334 patients newly ini-
tiated on sacubitril/valsartan, we used hierarchical multivariable logistic regression (13 patient-level characteristics as well as
baseline KCCQ-12 score) to calculate the odds ratio (OR) of any characteristic being associated with a very large health status
improvement. A total of 104/334 (31.1%) of patients achieved the primary endpoint, where only worse baseline health status
[KCCQ-12 score of 0—60 points had an OR = 0.86/5-point higher score (Cl 0.79, 0.93)], and those with a KCCQ-12 score of 60—
80 points had an OR = 0.61/5-point higher score (0.45-0.82), which was associated with a very large benefit. No other patient
characteristic was associated with a very large health status improvement (P > 0.05).

Conclusions We found that, after initiation of sacubitril/valsartan, only worse baseline health status was associated with
very large health status improvement. Accordingly, a trial of therapy—particularly in those with worse symptoms, function,
and quality of life—and assessing treatment response are likely to be the best prospective strategy.
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Introduction (KCCQ) Overall Summary Score] occurs in about one in five pa-
tients shortly after initiating this medication.?

The primary treatment goal for patients with heart failure

with reduced ejection fraction (HFrEF) is to improve their sur-

vival and to optimize their health status—their symptoms, Aims

function, and quality of life.> Sacubitril/valsartan has been

shown to improve both outcomes,? and we recently demon-  The aim of this study was to investigate whether or not there
strated that a very large health status response [>20-pointim- is  heterogeneity = of  treatment response  with
provement in the Kansas City Cardiomyopathy Questionnaire  sacubitril/valsartan, whereby certain patient-specific clinical
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characteristics are associated with a larger health status
treatment benefit.

Methods

To better identify patients whose health status may be more
likely to improve than others, we used data from CHAMP-HF
—an ongoing, observational registry of 140 US clinics that en-
rolled 5026 outpatients with chronic HFrEF.* Health status
was measured using the KCCQ-12 Overall Summary Scale
(KCCQ-0S), an extensively validated, disease-specific
patient-reported outcome measure that ranges from 0 to
100 (higher scores are better) and where a >20-point im-
provement has been established as a very large improvement
in patients’ health status.>®

We used the previously reported cohort of 508 patients
newly initiated on sacubitril/valsartan, in whom 104 (20.5%)
experienced a >20-point change in KCCQ score within
3 months.® Because those with a baseline score > 80 were
not eligible to improve by >20 points, we excluded 174 pa-
tients, leaving a final analytic cohort of 334 patients. To com-
pare the clinical characteristics of those who markedly
improved with those who did not, we used hierarchical

multivariable logistic regression, with site as a random effect
to account for clustering of patients at the same site. Thirteen
patient-level characteristics were considered, including
sociodemographic (age, sex, race, and household income),
clinical (chronic obstructive lung disease, chronic kidney dis-
ease, diabetes mellitus, depression, and number of hospitali-
zations within the past 12 months), haemodynamic (systolic
blood pressure), and medication [angiotensin-converting
enzyme/angiotensin receptor blocker (ACE/ARB) and loop di-
uretic] characteristics, as well as baseline KCCQ-12 score.
Non-linear associations for continuous variables were
assessed. Calculated odds ratios (ORs) reflect the odds of
any predictor being associated with a very large improvement
in the KCCQ-0S.

Results

The median (25th and 75th percentiles) patient follow-up be-
tween enrolment and post-angiotensin receptor neprilysin in-
hibitor KCCQ-12 was 61 (33-136) days. A total of 104/334
(31.1%) of patients achieved the primary endpoint. Table S1
and Table 1 present the characteristics of those who did
and did not experience a very large KCCQ-OS improvement,

Table 1 Patient predictors associated with very large health status benefit with angiotensin receptor neprilysin inhibitor

KCCQ-OS improvement KCCQ-0S > 20-point improvement

Patient characteristics®

Age (+5 year increase)

Female
White race

Total household income < $25 000
Systolic BP (+5 mmHg increase)
Number of HF hospitalizations within prior

(reference is ‘0’)
0
1
>2

Depression

Asthma/bronchitis/COPD
Chronic kidney disease

Diabetes

KCCQ-12 Overall Summary Score® lSper 5-point increase up to 60)

KCCQ-12 Overall Summary Score” (per 5-point increase above
60)

ACE-I/ARB in 2 weeks prior to ARNI

Loop diuretic at time of ARNI initiation

<20 points >20 points Univariable® OR Multivariable® OR
n =230 n =104 (@) (@)
63.5(13.1) 63.1(13.0) 0.99(0.91-1.08) —

31.7% (73) 34.6% (36) 1.13 (0.68-1.89) —

73.5% (169) 75.0% (78) 1.04 (0.55-1.99) —

38.3% (88) 31.7% (33) 0.78 (0.43-1.42) —

120.1 (17.5) 119.3 (16.0) 0.99 (0.92-1.07) —
59.1% (136) 51.0% (53) — —
25.7% (59) 26.9% (28) 1.12 (0.59-2.15) —

15.2% (35) 22.1% (23) 1.67 (0.95-2.93) —
32.2% (74) 28.8% (30) 0.79 (0.49-1.29) —
30.0% (69) 37.5% (39) 1.35 (0.81-2.25) —
19.1% (44) 24.0% (25) 1.26 (0.71-2.23) —
44.8% (103) 51.9% (54) 1.39 (0.83-2.34) —
58.5(16.2) 44.3 (18.1) 0.86 (0.79-0.93) 0.86 (0.79-0.93)
0.61 (0.45-0.82) 0.61 (0.45-0.82)
39.1% (90) 27.9% (29) 0.66 (0.42-1.05) —
73.9% (170) 83.7% (87) 1.68 (0.88-3.20) —

ACE-I/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; BP,
blood pressure; COPD, chronic obstructive pulmonary disease; GEE, generalized estimating equation; HF, heart failure; KCCQ-OS, Kansas
City Cardiomyopathy Questionnaire Overall Summary.

“Continuous variables are shown as mean (standard deviation). Categorical variables are shown as per cent (frequency). Values are from
the time of ARNI initiation.

*Univariable odds ratios with 95% confidence intervals are derived from logistic regression models, where each variable serves as the only
predictor. Models use GEEs to account for correlation among patients at each site.

‘Multivariable modelling used forward selection to identify important predictors. Significance level to enter and stay were both P = 0.05.
As KCCQ-0S was the only variable selected, the estimates are the same as the univariable.

‘KCCQ-0S was fit as a two-part piece-wise linear spline with the knot at 60, to accommodate a non-linear relationship with the outcome.
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as well as the univariate and multivariable-adjusted ORs of a
very large improvement, respectively. Following multivariable
adjustment, the only patient characteristic associated with
very large health status improvements was worse baseline
health status. The higher the score, the less likely patients
were to attain a very large benefit from sacubitril/valsartan
—with a non-linear relationship—such that those with a
KCCQ-12 score of 0-60 points had an OR = 0.86/5-point
higher score (Cl 0.79, 0.93) and those with a KCCQ-12 score
of 60-80 points had an OR = 0.61/5-point higher score
(0.45-0.82). No other patient characteristics were associated
with very large health status improvements (P > 0.05).

Conclusions

Although all patients may derive a survival or hospitalization
benefit from sacubitril/valsartan, we sought to identify pa-
tient characteristics associated with a very large, early health
status treatment response. We found that only poorer base-
line health status was associated with such improvement. In
fact, the worse the health status, the greater the observed
treatment benefit. This suggests that it is not possible to
readily identify patients who are more likely to derive a very
large health status benefit from sacubitril/valsartan and that
a trial of therapy—particularly in those with worse symp-
toms, function and quality of life—and assessing treatment
response is likely to be the best prospective strategy. Nota-
bly, there was no significant difference in health status out-
comes by heart failure aetiology (ischaemic vs. non-
ischaemic). Our study should be interpreted with the under-
standing that our model was developed to predict patient
characteristics associated with large health status improve-
ment and not meant to estimate causal treatment effects.
We also cannot exclude regression to the mean, as we only
studied patients initiated on sacubitril/valsartan, and we rec-
ognize that those with worse health status may be more
likely to demonstrate regression to the mean. Interestingly,
patients previously on ACE/ARB were less likely to experience
a very large health status benefit; while these findings were
not statistically significant, the mechanism remains unclear.
To that end, further studies in larger patient cohorts will be
needed to extend and validate our findings and to determine
whether patients’ health status improvements are sustained
over a period of prolonged clinical follow-up.

References

1. Yancy CW, Jessup M, Bozkurt B, Butler J,
Casey de Jr, Drazner MH, Fonarow GC,
Geraci SA, Horwich T, Januzzi JL,

Johnson MR, Kasper EK, Levy WC,
Masoudi FA, McBride P, McMurray J,
Mitchell JE, Peterson PN, Riegel B, Sam

Conflict of interest

Drs. Y. Khariton and M. Nassif are supported by the National
Heart, Lung, and Blood Institutes of Health Under Award
Number T32HL110837; the content is solely the responsibility
of the authors and does not necessarily represent the official
views of the National Institutes of Health. Dr. Khariton had full
access to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis.
Dr. John A. Spertus discloses grant funding from NIH, ACCF,
Bayer, Novartis, and Abbott Vascular. He serves on the Scien-
tific Advisory Board for United Healthcare and the Board of Di-
rectors for Blue Cross Blue Shield of Kansas City. He is a
consultant for Novartis, Amgen, AstraZeneca, Jansssen,
Merck, and Bayer. He has intellectual property rights for the
Kansas City Cardiomyopathy Questionnaire and an equity in-
terest in Health Outcomes Sciences. Dr. Laine Thomas reports
research funding from Novartis Pharmaceuticals Corporation.
Dr. Gregg C. Fonarow reports research support from the Na-
tional Institute of Health, consulting for Abbott, Amgen,
Bayer, Janssen, Medtronic, and Novartis and serving on the
Get With The Guidelines Steering Committee. Dr. Javed Butler
has received research support from the National Institutes of
Health and the European Union and serves as a consultant for
Amgen, Bayer, Boehringer Ingelheim, Cardiocell, CVRx, Gilead,
Janssen, Medtronic, Merck, Novartis, Relypsa, and ZS Pharma.
Dr. Nancy M. Albert reports consulting for Novartis and Bos-
ton Scientific and receiving honoraria from Novartis. Dr. Carol
I. Duffy is an employee of Novartis. All other authors have re-
ported no relationships to disclose relevant to the contents of
this manuscript.

Funding

CHAMP-HF and this study was funded by the Novartis Phar-
maceuticals Corporation.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Baseline patient characteristics.

F, Stevenson LW, Tang WH, Tsai EJ,
Wilkoff BL, American College of Cardiol-
ogy Foundation, American Heart

ESC Heart Failure 2021; 8: 710-713
DOI: 10.1002/ehf2.12981



Heterogeneity of health status treatment with ARNI

713

Association Task Force on Practice Guide-
lines. 2013 ACCF/AHA guideline for the
management of heart failure: a report of
the American College of Cardiology
Foundation/American Heart Association
Task Force on Practice Guidelines. J Am
Coll Cardiol 2013; 62: e147-e239.

. McMurray JJ, Packer M, Desai AS, Gong
J, Lefkowitz MP, Rizkala AR, Rouleau JL,
Shi VC, Solomon SD, Swedberg K, Zile
MR. Angiotensin-neprilysin inhibition
versus enalapril in heart failure. N Engl J
Med 2014; 371: 993-1004.

3. Khariton Y, Fonarow GC, Arnold SV,

Hellkamp A, Nassif ME, Sharma PP, But-
ler J, Thomas L, Duffy CI, DeVore AD, Al-
bert NM, Patterson JH, Williams FB,
McCague K, Spertus JA. Association be-
tween sacubitril/valsartan initiation and
health status outcomes in heart failure
with reduced ejection fraction. JACC
Heart Fail 2019; 7: 933-941.

. DeVore AD, Thomas L, Albert NM, Butler

J, Hernandez AF, Patterson JH, Spertus
JA, Williams FB, Turner SJ, Chan WW,
Duffy CI, McCague K, Mi X, Fonarow GC.

Change the management of patients with
heart failure: Rationale and design of the
CHAMP-HF registry. Am Heart J 2017;
189: 177-183.

. Spertus JA, Jones PG. Development and

validation of a short version of the Kansas
City Cardiomyopathy Questionnaire. Circ
Cardiovasc Qual Outcomes 2015; 8:
469-476.

ESC Heart Failure 2021; 8: 710-713
DOI: 10.1002/ehf2.12981




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




