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                        ORIGINAL ARTICLE    

 Responder to BNP-guided treatment in heart failure. 
The process of defi ning a responder   

 Results from the Use of PeptideS in Tailoring hEart failure Project or UPSTEP study  
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  1 Department of Medicine, Division of Cardiology, County Hospital Ryhov, J ö nk ö ping, Sweden,  2 Department of Cardiology 
and Department of Medical and Health Sciences, Link ö ping University, Link ö ping, Sweden,    3  Research unit Skellefte å  
Department of Medicine, Institution of Public Health and Clinical Medicine, Ume å  University Sweden                             

  Abstract 
  Objectives.  B-type natriuretic peptide (BNP) levels predict prognosis and outcome in heart failure (HF) patients. To evaluate 
the optimal cut-off level of BNP to predict death, need for hospitalization, and worsening HF, and also to determine the 
optimal time to apply the chosen cut-off value. 
  Design.  In a sub-study from the Use of PeptideS in Tailoring hEart failure Project or UPSTEP study where tailoring 
treatment of HF by BNP level was evaluated, we assessed the change in percentage between levels of BNP at study start 
versus a specifi c week (2, 6, 10, 16, 24, 36, or 48) during the follow-up period. 
  Results.  The optimum cut-off percentage levels were obtained using a Cox proportional regression analysis of death, 
hospitalization, and worsening HF. A decrease in BNP by less than 40% in week 16 compared with study start and/or 
a BNP    �    300 ng/L presented the highest hazard ratio (HR) for a non-responder to reach a combined endpoint (HR: 2.43; 
95% confi dence interval or CI: 1.61 – 3.65;  p     �    0.00003). 
 This defi nition gave a 78% risk reduction of cardiovascular (CV) mortality ( p     �    0.0005) and an 89% risk reduction of HF 
mortality ( p     �    0.004), and reduced risk of CV and HF hospitalization for the responders. 
  Conclusions.  Patients with a decrease in BNP of more than 40% compared with that at study start and/or a BNP level below 
300 ng/L at week 16 had a signifi cantly reduced risk of CV and HF mortality and hospitalization.  

  Key words:   BNP  ,   heart failure  ,   natriuretic peptides  ,   responder  ,   treatment   

    Introduction 

 Heart failure (HF) is a syndrome with high mortality 
and morbidity (1), reduced quality of life, and a 
concomitant increase in hospitalization (2). In the 
last decade there has been a decrease in mortality 
and morbidity due to improved pharmacological 
treatment (3). Apart from being a valuable tool in 
diagnosing HF, measuring B-type natriuretic peptide 
(BNP) at hospital admission has been shown to be a 
signifi cant predictor of in-hospital mortality for 
patients with acute decompensated HF (ADHF) (4). 
In these patients, a high hospital pre-discharge 
peptide concentration was a useful tool for risk 
stratifi cation of re-admission and mortality (5,6). 

In a retrospective analysis of the SURVIVE study 
(Levosimendan versus dobutamine in long-term 
survival), Cohen-Solal et   al. showed that patients 
with severe ADHF in whom BNP concentration 
reduced on treatment by at least 30% between base-
line and day 5 had an improved survival rate (7). This 
was also found in the Val-HeFT, a chronic HF trial. 
(8). However, it is not known if these fi ndings are 
applicable to HF patients in an outpatient setting. 

 Whether it is an advantage to use natriuretic 
peptides in guiding medical therapy is a matter of 
debate. In the literature, there are different studies 
addressing BNP-guided treatment, and all except 
two of these used different absolute natriuretic 
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   Defi ning a responder to heart failure treatment    317

peptide target levels and different treatment algo-
rithms (9 – 17). None of the studies evaluated the 
optimal BNP/NT-proBNP level or when to apply the 
obtained level in relation to the treatment effect 
regarding mortality and morbidity. 

 In the UPSTEP study a signifi cantly lower mor-
tality and morbidity could be demonstrated in 
patients with chronic HF who were classifi ed as 
responders compared with those classifi ed as non-
responders (15). The pre-specifi ed defi nition of a 
responder was a 30% decrease in BNP concentration 
in study week 48 compared with that in the study 
start. There is no consensus on when or how much 
reduction in BNP level is required to identify risk 
patients.  

 Aim 

 The aim of this study was to evaluate the optimal 
BNP level change as a result of HF treatment com-
bined with an absolute BNP level value for predicting 
death, need for hospitalization, or worsening of HF, 
and also to determine the optimal time to apply the 
chosen level combination.    

 Methods 

 The UPSTEP study was an investigator-initiated 
Scandinavian multicenter study on patients with HF 
in the New York Heart Association (NYHA) class 
II – IV. It had a prospective, randomized, open, blinded 
evaluation (PROBE) design that was described ear-
lier (15). The defi nition of HF used was symptoms/
signs of heart failure and an objective verifi cation of 
impaired systolic function as seen on echocardio-
graphic examination, as recommended by guide-
lines. 

 After an episode of worsening HF within the last 
month the patients were randomized into a BNP-
guided treatment group (n    �    147) and a control 
group (conventionally treated,  n     �    132). 

 Worsening HF was defi ned as requiring hospital-
ization and/or intravenous diuretic treatment, meto-
lazone, or increased daily dosages of diuretics and/or 
need of intravenous inotropic support. The patients 
had to have a verifi ed left ventricular ejection fraction 
(LVEF)  �    40%, assessed within the last six months. 
The study was conducted in 19 hospitals in Sweden 
and Norway. 

 In the BNP-guided group, the following treat-
ment algorithm was used to reduce elevated BNP 
levels to the goal ( �    150 ng/L in patients    �    75 years 
and    �    300 ng/L in patients    �    75 years); increase 
angiotensin receptor inhibitor (ACEI)/angiotensin 
receptor blocker (ARB) to the maximum tolerated 

or to the target dose according to guidelines; increase 
beta-blocker (BB) to the maximum tolerated or to 
the target dose according to guidelines; add miner-
alocorticoid receptor antagonist (MRA) in a low 
dose (spironolactone, 25 mg); add ARB and increase 
it to the target dose according to guidelines; increase 
ACEI/ARB up to twice the target dose; increase BB 
up to twice the target dose; and increase spironolac-
tone up to a dose of 50 mg. 

 The primary outcome variable was a composite 
of death due to any cause, need for hospitalization, 
and worsening HF. Worsening HF was defi ned as a 
need to increase diuretics orally or intravenously but 
no need for hospitalization. 

 The present study is based on the clinical and 
blood sample data from the UPSTEP study.  

 BNP analyses 

 Blood samples for BNP analysis were collected in 
ethylenediaminetetraacetic acid or EDTA-coated 
vials and analyzed on-site by means of the fl uores-
cence immunoassay technique (Triage, Biosite Inc., 
San Diego, CA, USA), as described in our previous 
publication on this study population (15). The 
technique of analysis has been previously described 
in detail (18,19).   

 Ethics 

 The study protocol of UPSTEP was approved by 
the Regional Ethical Review Board in Linkoping, 
Sweden. Every patient signed an informed consent 
before entering the trial.    

 Statistics 

 All descriptive data are presented as percentages or 
as mean and standard deviations (SDs). Continuous 
variables were analyzed with the Student ’ s unpaired 
two-sided  t -test, whereas the chi-squared test was 
used for discrete variables. Event-free survival was 
evaluated with Kaplan – Meier analyses. The prognos-
tic information was evaluated using the Cox propor-
tional hazards regression analysis. In the multivariate 
setting the following covariates that are known to 
infl uence cardiovascular risk were included in the 
model; age    �    75 years, male gender, diabetes melli-
tus, NYHA functional classes III and IV, hyperten-
sion, ischemic heart disease, previous and present 
smoking, and estimated glomerular fi ltration rate 
(eGFR)  �    60 ml/min/1.73 m ² . 

 To defi ne a  “ responder ”  we divided the BNP 
value at a specifi c week with the BNP value at study 
start. The factor was then subtracted from 1, and this 
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was the percentage change for the patient in that 
week. If the patient ’ s value was lower than the per-
centage value, the patient was defi ned as a  “ responder. ”  
We analyzed BNP values at weeks 6, 10, 16, 24, 
and 36. 

 We also added a lower limit for the BNP 
level ( �    150 ng/l,  �    200 ng/l,  �    250 ng/l, and    �    300 
ng/l). Patients below these values at follow-up were 
defi ned as responders. Groups with fewer than 2
5 patients were disregarded due to statistical 
insecurity. 

 If the patient had a missing value we used the last 
known value of BNP. To obtain the optimum cut-off 
percentage level of BNP we explored the hazard 
ratios (HRs) as obtained using a univariate Cox 
proportional regression analysis for the primary 
outcome variable from week 6 until week 36, and 
based on changes in BNP levels from a decrease of 
5% to 60%. In the analyses we compared the group 
above the cut-off percentage level of BNP to the 
group below the cut-off BNP level. Our primary 
outcome variable was a composite endpoint of both 
mortality and morbidity and we used time to fi rst 
event analysis. 

 We applied a modifi ed scoring system fi rst pre-
sented by Taylor et   al.; one point was added for every 
episode of worsening HF, each hospitalization added 
two points, and death due to any cause added four 
points (20). 

 A  p  value    �    0.05 was considered statistically 
signifi cant. All calculations were performed on com-
mercial statistical software packages (Statistica v10) 
(Statsoft Inc, Tulsa, OK, 74104 USA).   

 Results  

 Defi ning a cut-off level in size and time 

 The optimum cut-off level of BNP as evaluated 
through the univariate Cox proportional hazard 
regression analysis was based on the result that 
presented the highest HR for a non-responder by 
applying different levels of reduction of BNP level, 
as well as different times of evaluation. In Figure 1, 
we present the HR for different weeks, and with 
different cut-off levels of BNP from a decrease of 
20 – 60%. We also performed analyses including cut-
off levels of BNP including 35, 40, 45, and 50% at 
the specifi ed weeks of follow-up with regard to the 
primary outcome variable. 

 In the next step, we analyzed the percentage of 
BNP reduction and added a lower limit for BNP 
value ( �    150 ng/l,  �    200 ng/l,  �    250 ng/l, and  �    300 
ng/l). Finally, we combined a fi xed BNP value with 
the percentage change in BNP in a specifi c week 
compared with BNP at study start. 

 The optimum cut-off level of BNP as evaluated 
through the univariate Cox proportional hazard 
regression analysis was based on the result that the 
highest HR for a non-responder was obtained using 
a 40% decrease or less in BNP level as the cut-off 
level in week 16 with combination of BNP    �    300 ng/l 
of our primary outcome variable (HR: 2.43; 95% 
confi dence interval [CI]: 1.61 – 3.65;  p     �    0.00003). 
We chose BNP    �    300 ng/l for two reasons. Firstly, 
it gave the highest HR of the fi xed BNP values, 
and secondly patients older than 75 years had BNP 
300 ng/l as a goal in the treatment algorithm.   

 Applying the obtained responder defi nition  

 Baseline characteristics .  By applying the defi nition of 
a responder described above to the study population 
we found that 84 (60%) were responders and 56 
(40%) were non-responders. Baseline characteristics 
are shown in Table I. As can be seen, there was a 
difference in age between the groups. However, in 
a multivariate regression, age did not infl uence the 
independent variables. 

 We also evaluated a modifi ed model, where all 
patients younger than 60 years of age were excluded. 
This had no infl uence on the regression results. Our 
results were consistent also when excluding all 
patients who died prior to week 16 ( n     �    6). A Cox 
proportional regression analysis gave a HR of 0.45 
(95% CI: 0.30 – 0.69,  p     �    0.0002) for the responders 
analyzed for the primary outcome variable. Thus, 
patients alive in week 16, who had a BNP level reduc-
tion of more than 40% and/or a BNP    �    300 ng/l, 
were associated with a 55% lower risk of suffering a 
primary endpoint than non-responders. 
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  Figure 1.     HR for primary outcome variables in different weeks, 
and percentage changes in BNP. HR from a univariate Cox 
proportional regression analysis obtained for death due to any 
cause, need for hospitalization, or worsening of HF as a refl ection 
of percentage decrease in BNP at different weeks compared with 
BNP at study start.  
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   Defi ning a responder to heart failure treatment    319

 As shown in Table II there were no differences in 
medication, blood pressure, heart rate, and s-potas-
sium or BNP levels between responders and non-
responders at study start. However, in week 16 the 
responder group had a lower mean BNP value com-
pared with the non-responders (244 ng/L ( �    210) vs. 
784 ng/L ( �    752);  p     �    0.0001). As can be seen in 
Table II, changes in doses of ACEI, ARB, BB, and 
MRA could be seen when comparing doses at start, 
at week 16, and at study end. 

 Finally, we looked at the mean BNP value for 
responders and non-responders at study start, at differ-
ent weeks during the study, and at study end. As seen 
in Figure 2, the BNP values were signifi cant lower in 
the responder group during the study compared with 
those in the non-responders, except at study start.   

  Primary outcome variables  .  Our primary outcome 
variable was a composite of death due to any cause, 

need for hospitalization, and worsening HF. Figure 3 
illustrates the Kaplan – Meier analyses depicting time-
to-fi rst-event analyses for the primary outcome vari-
able, and shows a signifi cant event rate reduction for 
responders. 

 This could also be shown in the univariate 
Cox proportional regression analysis for primary 
outcome events, HR: 0.41 (95% CI: 0.27 – 0.62, 
 p     �    0.00003). 

 The differences between responders and non-
responders were also maintained in the multivariate 
Cox regression analysis, HR: 0.45; (95% CI: 0.30 –
 0.69;  p     �    0.0002) (Table III). When cardiovascular 
(CV) and HF mortality were analyzed, the same 
magnitude of reduction was found, as was also 
found for CV hospitalization, HF hospitalization, 
and worsening of HF. 

 When applying the previously discussed composite 
score derived from the point system to our population, 

  Table I. Baseline characteristics for responders versus non-responders in week 16 at a 40% decrease in 
BNP compared with those at study start or an absolute BNP value    �    300 ng/l.  

Characteristics
Responders 

 n     �    84
Non-responders 

 n     �    56  p  value

Age years (SD)
   �    60 years /  �    80 years
   �    75 years  n  (%)

69.3 ( �    10.4)
  16/13

  29 (35)

74.3 ( �    7.9)
  1/14
  29 (52)

0.003
  0.04

Gender male  n  (%) 66 (79) 37 (66) 0.10
Hypertension  n  (%) 37 (44) 33 (59) 0.08
Diabetes mellitus  n  (%) 22 (26) 15 (27) 0.94
Coronary artery disease n (%) 44 (52) 33 (59) 0.45
Physical examination

Heart rate beats/min (SD) 79 ( �    20) 72( �    15) 0.03
QRS duration ms (SD) 125.7 ( �    35.2) 127.9( �    40.2) 0.73
Systolic blood pressure mmHg 126 ( �    23) 125 ( �    21) 0.80
Diastolic blood pressure mmHg 75 ( �    14) 74 ( �    12) 0.65

NYHA functional classes
II n 29 18 0.77
III n 43 29 0.94
IV n 11 9 0.62

Medication
RAS  n  (%) 84 (100) 55 (99) 0.22
BB  n  (%) 79 (94) 51 (92) 0.50
MRA  n  (%) 48 (57) 29 (52) 0.53
Diuretics  n  (%) 69 (82) 48 (86) 0.40

Echocardiography (LVEF)
 �    30%  n  (%) 54 (64) 27 (48) 0.06
30 – 40%  n  (%) 30 (36) 29 (52) 0.06

Laboratory results
BNP ng/l mean (SD)
  median

795 ( �    680)
  583

805( �    688)
  634

0.93

Hb g/l mean (SD) 138 ( �    14.7) 135( �    14.3) 0.67
Creatinine  μ mol/l mean (SD) 100 ( �    27.8) 115( �    38.5) 0.009
Potassium mmol/l mean (SD)
  Sodium mmol/l mean (SD)
  BMI mean (SD)

4.3 ( �    0.49)
  140 ( �    3.1)

  26.7 ( �    4.8)

4.3( �    0.54)
  140( �    3.9)

  26.8( �    4.1)

0.73
  0.57
  0.89

   BB, Beta blocker; BNP, Brain natriuretic peptide; BMI, Body Mass Index; Hb, Hemoglobulin; LVEF, 
Left Ventricular Ejection Fraction; MRA, mineralcorticoid receptor antagonist; ms, milliseconds; NYHA, 
New York Heart Association functional class; RAS, Renin Angiotensin System Blockage; SD, standard 
deviation.   
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the mean point score in the responder group was 
signifi cantly lower in all parameters, and the total 
score was 3.03 for responders versus 6.45 for non-
responders,  p     �    0.0002.   

 Secondary outcome variables .  In the responder group, 
seven patients died from CV causes, compared with 
21 for non-responders ( p     �    0.0001). The correspond-
ing results for HF mortality were three patients in 
the responder group and 18 patients in the non-
responder group ( p     �    0.0001). Similar results were 

  Table II. Characteristics in medication, physical examinations, and laboratory results at study start, week 16, 
and study end for responders and non-responders.  

Group
Study start

   n     �    140  p  value * 
Week 16
   n     �    134  p  value * 

Study end
   n     �    109  p  value * 

SBP
  mmHg

Responder
  Non-responder

126 ( �    23)
  125 ( �    21)

0.80 121 ( �    21)
  119 ( �    20)

0.59 128 ( �    18)
  121 ( �    18)

0.08

DBP
  mmHg

Responder
  Non-responder

75 ( �    14)
  74 ( �    12)

0.65 70 ( �    12)
  71 ( �    11)

0.80 74 ( �    11)
  70 ( �    9)

0.07

HR
  bpm

Responder
  Non-responder

79 ( �    20)
  72 ( �    15)

0.03 66 ( �    13)
  68 ( �    13)

0.48 68 ( �    13)
  67 ( �    12)

0.67

ACEI
  mg/day

Responder
  Non-responder

16.9 ( �    6.6)
  17.5 ( �    6.8)

0.70 20.3 ( �    5.9)
  19.2 ( �    6.0)

0.38 22.0 ( �    8.6)
  20.2 ( �    8.7)

0.39

ARB
  mg/day

Responder
  Non-responder

15.8 ( �    9.0)
  17.0 ( �    11.9)

0.70 21.7 ( �    9.7)
  19.0 ( �    10.5)

0.25 25.9 ( �    8.9)
  22.1 ( �    10.2)

0.12

BB
  mg/day

Responder
  Non-responder

125.8 ( �    74.1)
  127.5 ( �    67.7)

0.90 151.5 ( �    82.9)
  146.7 ( �    69.2)

0.74 165.1 ( �    91.4)
  135.4 ( �    82.7)

0.11

MRA
  mg/day

Responder
  Non-responder

26.6 ( �    8.8)
  27.6 ( �    11.3)

0.66 25.2 ( �    9.9)
  24.7 ( �    9.2)

0.78 27.7 ( �    16.0)
  31.2 ( �    13.1)

0.39

Creatinine
   μ mol/l

Responder
  Non-responder

100 ( �    28.0)
  115 ( �    38.5)

0.01 118 ( �    41.4)
  114 ( �    40.8)

0.58 151 ( �    38.3)
  122 ( �    46.8)

0.43

Potassium
  mmol/l

Responder
  Non-responder

4.3 ( �    0.49)
  4.3 ( �    0.54)

0.73 4.5 ( �    0.7)
  4.4 ( �    0.5)

0.30 4.5 ( �    0.5)
  4.4 ( �    0.4)

0.29

BNP
  ng/l

Responder
  Non-responder

795 ( �    680)
  805 ( �    688)

0.93 244 ( �    210)
  784 ( �    752)

 �    0.0001 290 ( �    337)
  641 ( �    604)

0.0002

   ACEI, Angiotensin receptor inhibitor; ARB, Angiotensin receptor blocker; BB, Beta blocker; BNP, Brain 
Natriuretic Peptide; DBP, Diastolic blood pressure; HR, Heart rate; MRA, mineralcorticoid receptor antagonist; 
SBP, Systolic blood pressure; SD, standard deviation.   
 Data are shown as mean,  �    SD.   
 Doses are given for patients receiving the drug. ACEI are given in Enalapril equivalents (20 mg Enalapril    �    10 
mg Ramipril    �    20 mg Lisinopril    �    150 mg Captopril. ARB are given in Candersartan equivalents (32 mg 
Candersartan    �    320 mg Valsartan    �    100 mg Losartan    �    300 mg Irbersartan). BB are given in Metoprolol 
equivalents (200 mg Metoprolol    �    100 mg Atenolol    �    10 mg Bisoprolol    �    50 mg Carvedilol. MRA are given in 
spironolactone equivalents (25 mg Spironolactone    �    25 mg Eplerenone).   
  *  p -value is between groups at specifi ed time.   
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  Figure 2.     BNP value (mean) for responders and non-responders 
at study start, in different weeks during the study, and at study 
end.  P  value; study start (0.93), week 2 (0.007), week 6 (0.0001), 
week 10 ( �    0.0001), week 16 ( �    0.0001), week 24 ( �    0.0001), 
week 36 (0.0002), week 48 (0.0002), and study end (0.0002).  
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  Figure 3.     Kaplan – Meier curves showing primary outcome variable. 
Primary outcome variable (death from any cause, need for 
hospitalization, and worsening HF) for responders versus non-
responders.  
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seen for CV hospitalization — 73 events (responders) 
versus 107 events (non-responders),  p     �    0.003 — and 
also HF hospitalization — 36 events versus 75 events, 
 p     �    0.003. Regarding worsening HF, there were 
11 events (responders) versus 31 (non-responders), 
 p     �    0.002. 

 The responder group spent fewer days in hospital 
for CV reasons: 4.4 days (SD    �    10.8) versus 14.9 
days (SD    �    21.4) for non-responders,  p     �    0.0002. 
The responder group also had fewer days in hospital 
due to HF: 2.3 days (SD    �    9.2) versus, 9.4 days 
( �    SD17.7), for non-responders ( p     �    0.002). There 
were no signifi cant differences between the groups 
regarding non-CV hospitalization. 

 The total number of serious adverse events 
(SAEs) for responders was 113 events in 44 patients, 
and for non-responders it was 150 events in 48 
patients. For worsening of HF, classifi ed as an AE, 
there were 11 events in 9 responders and 31 AEs in 
17 non-responders.    

 Percentage model in comparison to the absolute 
reduction model 

 In the literature, the most used model for defi ning a 
responder is one that involves use of an absolute cut-
off level. Gaggin et   al. defi ned a responder as a patient 
who has achieved a NT-proBNP value of    �    1000 pg/
ml. We converted our BNP values into estimated NT-
proBNP values with a formula previously described 
by Sykes et   al. (BNP    	    4.94    �    71.7 – 221.2 (if 
female)    �    NT-proBNP in ng/l) (21). By applying this 
defi nition to our population we got 46 (33%) 
responders and 94 (67%) non-responders. The 
obtained mean value of NT-proBNP from this trans-
formation was 607 ng/l (SD    �    272) in the responder 
group versus 3568 ng/l (SD    �    3815),  p     �    0.0001 in 
the non-responder group. As we wanted to evaluate 
the  “ percentage model ”  used in the present model in 

comparison with the  “ absolute reduction model ”  — 
here represented by Januzzi and Gaggin (16,17) — we 
applied the two models in a multivariate setting, thus 
letting the two models compete with each other and 
with other well-known clinical variables, during 
different weeks of evaluation, and using different 
relative levels of BNP reduction (Table IV). The 
results show that the  “ percentage model ”  gives inde-
pendent and signifi cant prognostic information even 
in competition with an  “ absolute reduction model. ”     

 Discussion 

 In clinical practice, it is diffi cult to evaluate the HF 
patient using standard care instruments. Clinical 
judgment and signs correlate poorly with tests of 
cardiac function (22) but serial measurements with 
BNP may help physicians with their clinical decisions 
regarding HF treatment. 

 In spite of a multitude of publications on the use 
of BNP as a biomarker for HF, until now only limited 
efforts have been made to defi ne the most effi cient 
cut-off values of BNP and when to measure BNP 
level in order to characterize a  “ responder. ”  In the 
present study, the process of obtaining a defi nition 
of the  “ responder ”  is presented in terms of time 
and decrease in BNP level, in combination with an 
absolute BNP value, and to apply the acquired 
defi nition to the present study population. 

 The use of Cox proportional hazard regression 
analyses to obtain the measure of risk for a patient 
in reaching an endpoint is one way to analyze the 
effect of different cut-off values of the BNP concen-
tration. The advantage of the method is that it 
implements when a specifi c endpoint occurs during 
the follow-up time as a way to give statistical weight 
to the specifi c endpoint in the evaluation. The disad-
vantage is that the strata analyzed may be narrow, 
which is why the uncertainty of the obtained results 

  Table III. Multivariate Cox regression analysis of primary and secondary outcome variables.  

Primary Outcome event CV mortality HF mortality

HR 95% CI  p  value HR 95% CI  p  value HR 95% CI  p  value

Age    �    75 years 1.06 0.67 – 1.69 0.79 1.02 0.44 – 2.38 0.96 1.13 0.43 – 3.00 0.81
Male gender 0.69 0.41 – 1.15 0.15 0.86 0.32 – 2.32 0.77 0.97 0.30 – 3.08 0.96
Hypertension 0.78 0.51 – 1.21 0.27 0.58 0.24 – 1.40 0.23 0.44 0.14 – 1.33 0.14
IHD 1.28 0.80 – 2.04 0.31 1.32 0.56 – 3.11 0.52 1.23 0.45 – 3.37 0.69
Diabetes mellitus 1.19 0.71 – 2.01 0.50 1.62 0.62 – 4.23 0.33 1.49 0.47 – 4.71 0.49
eGFR    �    60 ml/min1.73 m 2 1.50 0.97 – 2.33 0.07 2.18 0.90 – 5.31 0.09 6.41 1.45 – 28.39 0.01
NYHA III-IV 1.99 1.24 – 3.21 0.005 7.34 1.69 – 31.7 0.008 11.2 1.45 – 85.77 0.02
Smokers previous/present 1.66 1.05 – 2.64 0.03 0.95 0.41 – 2.18 0.90 1.16 0.42 – 3.21 0.77
Responder    �    40%  &  BNP    �    300 ng/l 0.48 0.31 – 0.74 0.0008 0.25 0.10 – 0.60 0.002 0.13 0.04 – 0.44 0.001

   CI, confi dence interval upper and lower; CV, Cardiovascular; eGFR, estimated glomerular fi ltration rate (MDRD formula); HF, Heart 
failure; HR, Hazard Ratio; IHD, Ischemic heart disease; NYHA, New York Heart Association functional class.   
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is high when applied to a relatively small sample size. 
We used a compromise regarding the size of the 
strata analyzed, taking into consideration the sample 
size, and using strata that were as wide as possible to 
generate a study hypothesis. 

 Different percentage cut-off values and different 
absolute BNP levels were used in this study. As 
changes in percentage may be overrated in cases of 
low baseline levels, whereas absolute values may be 
overrated in cases of high levels, we fi nally combined 
a fi xed BNP value with the percentage change in 
BNP in a specifi c week compared with BNP at study 
start. In a multivariate Cox regression proportional 
hazard regression analysis including the clinical vari-
ables described above, the  “ percentage model ”  of 
BNP as described above was compared with an 
 “ absolute reduction ”  model as described by Januzzi 
et   al. and Gaggin et   al. (16,17). The two models were 
included in the multivariate analysis at the same time 
in order to evaluate the result based on the competi-
tion between the models. From the result it could be 
seen that the presented  “ percentage model ”  gave 
better prognostic information compared with the 
 “ absolute model ”  in our study population. 

 Using the concept of applying a relative change 
of natriuretic peptides when establishing a responder 
is not new in the literature. In an interesting study, 
Neuhold et   al. showed that the relative change in 
BNP levels did not add any prognostic information 
compared with an absolute level measured at a three-
month follow-up after an event of HF hospitalization 
(23). However, important differences between the 

Neuhold study and the present study could be noted; 
in the Neuhold study the primary endpoint was all-
cause mortality, whereas in the present study the 
primary endpoint was a composite one, also includ-
ing hospitalization and worsening HF. Neuhold also 
made just one measurement of the BNP level after 
three months, whereas in the present study the BNP 
levels were evaluated after 6, 10, 16, 24, and 36 
weeks. We believe that these differences may explain 
the different results. 

 However, most of the reports on biomarker-
guided therapy in patients with HF have used an 
absolute cut-off value and not a relative change in 
biomarker concentration. 

 As seen in Figure 1, the second highest HR for 
non-responders is at week 6, at 30%. This defi nition 
gives a HR of 0.50 (95% CI: 0.33 – 0.75,  p     �    0.001) 
for responders. With this defi nition we would have 
73 non-responders and 67 responders. This is a 
small but important difference compared with the 
defi nition we choose with a HR of 0.41 (95% CI: 
0.27 – 0.62,  p     �    0.00003), thus indicating that a 40% 
reduction at week 16 could be the most useful cut-off 
point in an HF population. 

 The mechanisms behind why certain patients will 
respond with a reduction in the biomarker, whereas 
others will not, are not addressed in this report. 

 Those who are shown to be non-responders should 
be regarded primarily as high-risk patients, and should 
be cared for as is already done with other cardiovas-
cular high-risk patients. However, it is important to 
exclude other reasons for non-response to treatment, 

  Table IV. Comparison between percentage model with a BNP cut point of 300 ng/l, against an absolute 
model with defi nitions used by Januzzi and Gaggin, with a NT-proBNP cut point of 1000 pg/ml applied 
in a multivariate Cox proportional regressions model.  

Time and % decrease and 
BNP cut point 300 ng/l

Percentage model Absolute model

Hazard ratio 95%CI  p  value Hazard ratio 95%CI  p  value

Week 6, 30% 1.67 1.02 – 2.73 0.04 1.16 0.63 – 2.12 0.64
Week 6, 40% 1.60 0.97 – 2.65 0.07 1.12 0.59 – 2.11 0.73
Week 6, 50% 1.47 0.86 – 2.51 0.16 1.13 0.58 – 2.20 0.71
Week 10, 30% 1.85 1.14 – 3.00 0.01 0.80 0.43 – 1.50 0.49
Week 10, 40% 2.13 1.28 – 3.55 0.004 0.72 0.38 – 1.37 0.31
Week 10, 50% 1.71 0.99 – 2.97 0.06 0.78 0.40 – 1.52 0.47
Week 16, 30% 2.08 1.27 – 3.42 0.004 0.99 0.55 – 1.78 0.96
Week 16, 40% 2.26 1.35 – 3.75 0.002 0.92 0.50 – 1.69 0.79
Week 16, 50% 1.74 1.01 – 2.99 0.005 1.03 0.54 – 1.94 0.94
Week 24, 30% 1.53 0.94 – 2.48 0.09 1.38 0.75 – 2.56 0.30
Week 24, 40% 1.30 0.80 – 2.11 0.30 1.52 0.82 – 2.80 0.18
Week 24, 50% 1.39 0.85 – 2.29 0.19 1.45 0.78 – 2.70 0.24
Week 36, 30% 1.63 1.22 – 4.11 0.02 0.70 0.38 – 1.32 0.27
Week 36, 40% 1.62 1.07 – 3.88 0.02 0.64 0.33 – 1.26 0.20
Week 36, 50% 1.56 0.87 – 2.34 0.27 0.66 0.34 – 1.31 0.23

   In the multivariate model, adjustments have been made for age  �    75 years, male gender, hypertension, 
ischemic heart disease, diabetes mellitus, eGFR  �    60 ml/min, NYHA class III or IV.   
 Comparison between week and percentage change included with an absolute BNP at 300 ng/l and an 
absolute cut point of NT-proBNP at 1000 ng/l suggested by Januzzi and Gaggin.   
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such as decreased compliance to medication, lifestyle 
infl uences, and need for device therapy. 

 The responder concept, we propose, gives new 
information on outpatients that supplements earlier 
fi ndings. Therefore, we suggest that a 40% decrease 
in BNP value at week 16 compared with the baseline 
BNP value or an absolute value    �    300 ng/l at week 
16 after an episode of worsening HF is at least as 
effective as an absolute reduction level of the biomarker, 
as previously recommended in the literature.  

 Study limitations 

 The limited size of the evaluated population was one 
major limitation to exploring the different strata of 
BNP level. Another limitation was the fact that this 
was an explorative sub-group analysis that was not 
pre-specifi ed. Thirdly, due to the small groups in each 
evaluation, the CIs regarding the HR were wide, hence 
the results need to be interpreted with caution. 

 Finally, the restricted age span of the study pop-
ulation was a limitation, making extrapolations of the 
results into other age groups diffi cult. However, as 
most patients with HF in the community are elderly, 
we argue that this study population was representa-
tive of actual HF patients in the community.    

 Conclusion 

 In this hypothesis-generating, explorative analysis of 
the UPSTEP study population, a novel concept of 
defi ning a responder to HF treatment based on a 
relative reduction of the BNP level combined with 
an absolute level of BNP is presented. 

 It could be demonstrated that using HR evalua-
tion, a 40% decrease in BNP concentration at week 
16 compared with that at study start and/or a BNP 
less than 300 ng/L obtained at week 16 best predicted 
long-term outcomes in CV and HF mortality and 
morbidity. 

 The obtained defi nition was also compared with 
one of the published models using an absolute 
cut-off level, and it could be demonstrated that a 
 “ percentage model ”  was at least not inferior to an 
absolute model.                 
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