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Congestive heart failure (CHF) as a common comorbidity in patients with lung cancer, especially those of old
age. The tumor combined with heart failure makes the reasons of dyspnea more complicated and effective
drugs to improve symptoms are urgently needed. Recombinant human B-type natriuretic peptide (rhBNP)
is a member of the natriuretic peptide family that exerts cardiovascular effects. The major goal of this study
was to study the effect of rhBNP on patients with decompensated heart failure coexisted with lung cancer.
Emergency decompensated HF patients with lung cancer admitted for dyspnea were randomly assigned
to openlabel therapy with standard treatment (control group) or standard treatment + rhBNP(rhBNP group)
for up to 7 days. Then we recorded the changes of symptoms, examined and followed up every 3 months
to evaluate the effect of rhBNP on decompensated heart failure patients with lung cancer. We found that
dyspnea, fatigue and edema of lower extremity were significantly improved in the rhBNP group compared to
the control group after 7 days of treatment. Survival rate was not significantly different in the mean 18.4 ± 8.6
months of follow-up. Results from our study suggested that rhBNP significantly improved symptoms in
emergency decompensated HF patients with lung cancer admitted for dyspnea in the short term, but did
not improve survival rate in the long term.

1. Introduction

Congestive heart failure (CHF) as a common comorbidity in
patients with lung cancer, especially those of old age. The tumor
combined with heart failure makes the treatment as well as the
patients’ conditions more complicated. Because of this severe
heart disease, a certain percentage of patients are unable to
undergo surgery, and even in those who are going to receive
chemotherapy and/or radiotherapy, it is an important risk factor
of treatment related morbidity. There are two situations of CHF
in patients with lung cancer: 1) it has existed upon the diag-
nosis of lung cancer (a comorbid illness); 2) onset occurred
during the anti-cancer treatment (a secondary disease). The
latter could be induced by chemotherapeutic drugs or by over-
whelming intravenous infusion. No matter which the situation
is, it compromises anti-cancer therapy and is associated with
short-term mortality. To improve the symptoms and prolong the
survival of patients with lung cancer, it is imperative to treat
CHF beforehand or simultaneously.
Aside from traditional medication for CHF such as diuretics,
vasodilators, and inotropic agents, recombinant human B-type
natriuretic peptide (rhBNP) is clinically used (Colucci et al.
2000; O’Connor et al. 2011; Scroggins et al. 2005). RhBNP
has shown multiple functions in vasodilation, diuresis, natriure-
sis, and suppression of the renin-angiotensin-aldosterone and
sympathetic nervous systems (Reichert and Ignaszewski 2008).
It has been reported that the infusion of nesiritide, an rhBNP

resulted in improvement in dyspnea and pulmonary capillary
wedge pressure (PCWP) (Young et al. 2002).
For patients with lung cancer comorbid with CHF, the most com-
mon reason being hospitalized to the cardiovascular department
is the acute onset of dyspnea. RhBNP is likely to rapidly alle-
viate dyspnea (Ezekowitz et al. 2012; Young et al. 2002). With
the control of dyspnea, a portion of patients could resume the
anti-cancer treatment. To evaluate the therapeutic role of rhBNP
in treating patients with lung cancer combined with CHF, and to
investigate the survival and prognosis of this specified popula-
tion, we studied 443 patients with lung cancer hospitalized into
our institution to treat CHF with NYHA class III∼IV, 48.5%
(215 patients) of which received rhBNP infusion.

2. Investigations and results

2.1. Patient baseline characteristics

The control group had a mean (± SD) age of 64.6(± 12.0)
years (median 67.5; range 28–87), 84(36.8%) were female and
the rhBNP group had a mean (± SD) age of 66.1 (± 12.3)
years (median 69.0; range 27–89), 91(42.3%) were female.
All baseline characteristics are displayed in Table 1, includ-
ing medication intake, symptoms and signs of heart failure,
NYHA functional class, heart rate, respiratory frequency, blood
pressure, chest radiograph findings, laboratory tests and ultra-
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Table 1: Baseline characteristics of acute HF patients with lung cancer treated by standard therapy (control group) and treated by
standard therapy + rhBNP(rhBNP group)

control group (N = 228) rhBNP group (N = 215) p-value

Age (y) 64.6 ± 12.0 66.1 ± 12.3 0.43
Gender 0.14
Female, N (%) 84(36.8) 91(42.3)
Male, N(%) 144(63.2) 124(57.7)
History
Heart failure duration (months) 32.1 ± 30.1 33.2 ± 20.7 0.65
Hypertension, N (%) 104(45.6) 94(43.7) 0.76
Diabetes mellitus, N (%) 26(11.4) 33(15.3) 0.28
Chronic kidney disease, N (%) 12(5.3) 14(6.5) 0.72
Medications
Digoxin, N (%) 120(52.6) 112(52.1) 0.99
ACE inhibitors, N (%) 210(92.1) 197(91.6) 0.99
Diuretics, N (%) 219 (96.1) 201 (93.5) 0.32
Aldosterone-inhibitors, N (%) 97(42.5) 84(39.1) 0.52
Beta-blockers, N (%) 76(33.3) 68(31.6) 0.78
Symptoms and signs of heart failure
Dyspnea at rest, N (%) 127(55.7) 112(52.1) 0.51
Dyspnea on exertion, N (%) 228(100) 215(100) 1.00
Jugular venous distension, N (%) 188(82.5) 164(76.3) 0.14
Lower extremity edema, N (%) 176(77.2) 170(79.1) 0.72
NYHA functional class 0.18
III 98(43.0) 78(36.3)
IV 130(57.0) 137(63.7)
Heart rate (beats/min) 109 ± 36 114 ± 28 0.10
Respirations (numbers/min) 21 ± 6 22 ± 8 0.16
Blood pressure (mmHg)
Systolic 130 ± 44 136 ± 38 0.12
Diastolic 86 ± 39 90 ± 47 0.33
Chest radiograph findings
Pulmonary congestion, N (%) 198(86.8) 185(86.0) 0.92
Cardiothoracic ratio > 0.5, N (%) 210(92.1) 202(94.0) 0.57
Laboratory
Creatinine (mg/dL) 1.38 ± 0.41 1.41 ± 0.35 0.41
NT-proBNP (ng/L) 3946 ± 2897 4397 ± 3345 0.13
High sensitivity-CRP (mg/L) 98 ± 180 120 ± 110 0.12
CK-MB (U/L) 15.7 ± 9.4 16.7 ± 5.9 0.18
Troponin I (ng/ml) 0.16 ± 0.07 0.15 ± 0.09 0.19
Oxygen saturation (arterial) (%) 90.1 ± 11.7 89.2 ± 5.6 0.37
Ultrasonic cardiogram (UCG)
LVEDD (mm) 67.7 ± 15.2 70 ± 17.2 0.14
LAD (mm) 48 ± 9.8 50 ± 17 0.13
LVPW (mm) 11.5 ± 2.5 11.0 ± 2.8 0.43
Left ventricular ejection fraction (%) 25 ± 9 26 ± 8 0.22

Values expressed as N (%) or mean ± SD. No statistically significant differences were found between the control group characteristics and rhBNP group characteristics at baseline. NYHA = The New York Heart
Association,LVEDD = left ventricular end-diastolic dimension,LAD = left atrial dimension,LVPW = left ventricular posterior wall.

sonic cardiogram (UCG). All baseline covariates were balanced
between the two groups and all absolute standardized differ-
ences were below 11% and most were below 5%, suggesting
acceptable covariate balance and bias reduction.
Lung cancer baseline data for survival duration, histologi-
cal classification, international union against cancer (UICC)
lung cancer stage and methods of treatment (radiotherapy,
chemotherapy and /or surgery) are displayed in Table 2.

2.2. Assessment of symptoms

In the trial, clinical status and symptoms of congestive heart fail-
ure (dyspnea, fatigue, dizziness and edema of lower extremity)
were assessed at base line and at seven days after the treatment.
General clinical status and symptoms were also evaluated after
24 h and at the end of therapy (lasting up to 7 days). General

clinical status was rated independently by both the patient and
the investigator on a three-category scale (improved, no change,
or worse) that has been used previously in trials of long-term
therapy for congestive heart failure.

2.3. Hemodynamic, laboratory and arterial oxygen
saturation assessment

At base line, repeated measurements of the pulmonary-capillary
wedge pressure and of the cardiac index were required before
administration of the study-drug. Systolic and diastolic blood
pressure, respiratory frequency and heart rate were recorded
every six hours in the first seven days of the trial. Plasma levels
of creatinine, NT-proBNP, high sensitivity-CRP, troponin I and
CK-MB were assessed at base line and 7 days after the start of the
study-drug infusion. Arterial oxygen saturation was assessed at
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Table 2: Lung cancer baseline data of acute HF patients with lung cancer

Lung cancer data control group (N = 228) rhBNP group (N = 215) p-value

Lung cancer duration (months) 22.4 ± 18.5 24.4 ± 22.7 0.31
Histological classification
Adenocarcinoma, N (%) 92 (40.4) 88(40.9) 0.90
Squamous cell cancer, N (%) 98(43.0) 95(44.2) 0.80
Large cell lung cancer, N (%) 6 (2.6) 5 (2.3) 0.84
Small cell lung cancer, N (%) 32(14.0) 27(12.6) 0.65
UICC* lung cancer stage
Small cell lung cancer 32(14.0) 27(12.6) 0.65
Limited stage, N (%) 8 (3.5) 6(2.8) 0.67
Extensive stage, N (%) 20(8.8) 18 (8.4) 0.88
Recurrent stage, N (%) 4(1.7) 3(1.4) 0.76
Non-small cell lung cancer 196(86.0) 188(87.4) 0.65
I, N (%) 21(9.2) 17(7.9) 0.62
II, N (%) 71(31.1) 64(29.8) 0.75
III, N (%) 91(39.9) 86(40.0) 0.99
IV, N (%) 13(5.7) 21(9.8) 0.11

Radiotherapy, N (%) 211(92.5) 198(92.1) 0.86
Chemotherapy, N (%) 199 (87.3) 187(87.0) 0.92
Surgery, N (%) 114(50.0) 109(50.7) 0.88

*UICC = International Union Against Cancer(Union Internationale Contre le Cancer)

base line and every 3 months to reach study end points described
in the experimental section.

2.4. Changes of patients at 7 days

2.4.1. Improvement and worsening of the symptoms

Dyspnea, fatigue, dizziness, edema of lower extremity of the
patients are were displayed in Table 3 excluding patients with-
out symptom change after 7 days of treatment. Dyspnea, fatigue
and edema of lower extremity were improved significantly in
the rhBNP group than the control group. Respiratory frequency,
systolic blood pressure, pulmonary capillary wedge pressure and
troponin I of rhBNP group were decreased significantly and car-
diac index, urine volume per 24 h and Creatinine were increased
significantly compared to the control group.

2.4.2. Ultrasonic cardiogram changes

Figure 1 illustrates ultrasonic cardiogram changes—left ven-
tricular end-diastolic dimension (LVEDD), left ventricular
end-diastolic dimension (LAD), and left ventricular posterior
wall (LVPW) were not significantly different between control
group and rhBNP group, not only at the beginning of treatment
but also 7 days later. But LVEF (left ventricular ejection frac-
tion) of rhBNP group was significantly improved than control
group 7 days later (p value < 0.01).

2.5. Changes of patients’ long-time follow-up

2.5.1. Arterial oxygen saturation(%)

Mean and standard deviation of arterial oxygen saturation (%)
were exhibited in the follow-up linear chart (Fig. 2). At 6, 9, 12,
27 months, arterial oxygen saturation(%) of the rhBNP group
was higher than that of the control group.

2.5.2. Survival curves

The trends of survival rates were exhibited (Fig. 3). The mean
living time of rhBNP group was longer than that of control

Fig. 1: LVEDD, LAD and LVPW were not significantly different between standard
therapy group (control group) and standard + LrhBNP group (rhBNP group)
both at the beginning of treatment and at 7 days. LVEF and
standard + LrhBNP group (rhBNP group) at 7 days significantly improved
than standard therapy group (control group) at 7 days. p < 0.01. LVEDD, left
ventricular end-diastolic dimension; LAD, left atrial dimension; LVPW, left
ventricular posterior wall; LVEF, left ventricular ejection fraction.

Fig. 2: Mean and standard deviation linear chart of arterial oxygen saturation (%) of
followed up survival patients at admission time and 3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33 months. P value also be calculated and presented at every matched
time point.p value < 0.05 was marked by “*”. Group 1: control group; Group
2: rhBNP group.
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Table 3: Changes in baseline values of patients treated and not treated by rhBNP at 7 days

Variable control group (N = 228) rhBNP group (N = 215) p-value

Dyspnea
Improvement, N (%) 157 180 < 0.01
Worsening, N (%) 26 9 0.005
Fatigue
Improvement, N (%) 137 178 < 0.01
Worsening, N (%) 21 7 0.01
Dizziness
Improvement, N (%) 197 190 0.53
Worsening, N (%) 16 5 0.02
Edema of lower extremity
Improvement, N (%) 183 200 < 0.01
Worsening, N (%) 3 2 0.7
Respiratory frequency (numbers/min) −2.1 ± 5.2 −3.8 ± 4.2 0.0002
Hemodynamic variables
Heart rate (beats/min) −16.1 ± 26.1 −20.3 ± 28.7 0.11
Blood pressure (mmHg)
Systolic + 10.2 ± 16.5 −1.1 ± 20.4 < 0.01
Diastolic + 3.2 ± 16.9 −2.2 ± 12.3 0.48
Pulmonary capillary wedge pressure (mmHg) −4.8 ± 6.9 −7.2 ± 8.1 0.0009
Cardiac index (liters/min/m2) + 0.2 ± 0.61 + 0.5 ± 0.74 < 0.01
Urine volume (ml/24h) + 445 ± 632 + 800 ± 915 < 0.01
Creatinine (mg/dL) + 0.02 ± 0.03 + 0.03 ± 0.04 0.003
NT-proBNP (ng/L) −1160 ± 1291 −1398 ± 1697 0.099
High sensitivity-CRP (mg/L) −16 ± 34 −19 ± 44 0.42
Troponin I (ng/mL) −0.12 ± 0.09 −0.23 ± 0.11 < 0.01
CK-MB (u/L) 0 ± 7.2 0 ± 9.4 1

*Improvement- worsening values are number(%) of the group.Improvement denote an improvement of symptom than the beginning,and worsening denote a worsening of symptom than the beginning.
**Plus-minus values are means ± SD. Plus signs denote an increase, and minus signs a decrease. ***P values are for the comparison between the two groups and were calculated with the omnibus F test.

group in the mean 18.4 ± 8.6 months of follow-up, although
the statistics analysis result was not significant (p value= 0.07).

2.6. Adverse cardiovascular events in rhBNP group and
control group

Adverse cardiovascular events are displayed in Table 4. Symp-
tomatic and asymptomatic hypotension onset rates in the rhBNP
group were higher than those in the control group. The signifi-
cance (p value) was 0.024 and 0.004 for Fisher’s exact test.

3. Discussion

Dyspnea is difficult to be alleviated in heart failure patients
with lung cancer for which is caused by complicated eti-

Fig. 3: Survival curves of two groups: 1. control group; 2. rhBNP group.
Comparison between control group and rhBNP group curves, p = 0.07.

ological factors including pneumonedema, bronchiospasm,
tracheal occlusion, etc (Attar et al. 2000; Burjonroppa
et al. 2007; Dudgeon and Lertzman 1998). The whole dis-
ease procedure is accompanied by the activation of the
renin–angiotensin–aldosterone system (RAAS) and the increas-
ing of pulmonary capillary wedge pressure (PCWP) (Bründler
et al. 1985; Braunwald and Bristow 2000; Solin et al. 1999).
RAAS aggravates heart function and makes pulmonary vascu-
lar contract, then exacerbates dyspnea. In recent trials nesiritide
has been shown to reduce the activation of RAAS (Liu et al.
2012). Pharmacological doses of rhBNP have also been shown
to have an acute pulmonary vasodilator effect in unresponsive
pulmonary hypertension (Bhat and Costea 2003). Intravenous
infusion of human BNP (0.01 ug/kg/min) blunts the acute
pulmonary vasoconstrictor response to hypoxia and reduces
pulmonary artery pressure (PAP) in patients with severe pul-

Table 4: Adverse cardiovascular events after 7 days treatment

Event control group (N = 228) rhBNP group (N = 215) p-value*

Hypotension
Symptomatic 4 13 0.024
Asymptomatic 5 18 0.004
Atrial fibrillation 6 5 1.0
Atrial tachycardia 7 6 1.0
Ventricular extrasystole 6 5 1.0
Ventricular tachycardia
Nonsustained 3 5 0.49
Sustained 4 7 0.37
Cardiac arrest 1 1 1.0
Bradycardia 4 6 0.53

*P values are for the comparisons between the two groups and were calculated with Fisher’s exact
test.
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monary hypertension (Michaels et al. 2005; Zakir et al. 2005).
These preliminary studies demonstrate that rhBNP is capable
of reducing elevated PAP in some forms of heart and pul-
monary disease. Meanwhile rhBNP exerts antifibrotic as well
as antihypertrophic effects on the heart and plays an important
role in mitigating maladaptive cardiac hypertrophic responses
(Burger and Burger 2005). So we conclude that the anti-
RAAS effect of rhBNP and its vasorelaxant properties make
the combination—rhBNP + traditional heart failure therapeu-
tic drugs (rhBNP) more effective than traditional therapeutic
drugs alone (Wilop et al. 2009). It has been further supported
by our result that the patients’ arterial oxygen saturations (%)
of rhBNP group were higher than those of control group at 6, 9
and 12 months. But during a longer follow-up period of more
than one year, there were no significant differences between the
rhBNP group and the control group except at 27 months. Pos-
sible explanation may be statistical bias because of too small
sample surviving at 27 months.
Hypotension was the main adverse cardiovascular event of
rhBNP due to diuresis and vasodilatation which both can
decrease blood pressure.
Although the rhBNP group showed a trend of improving sur-
vival compared with the control group, there was no statistically
significant difference of survival rate between the two groups.
In conclusion, acute decompensated heart failure patients with
lung cancer benefit from rhBNP application with an improve-
ment in patient symptoms, an increase in LVEF, and an
improvement in arterial oxygen saturations (%) in one year.

4. Experimental

4.1. Patient selection, randomization and study-drug administration

Patients with acute decompensated CHF and lung cancer were recruited
from 7 August 2008 to 7 May 2011. We randomly assigned 443 consec-
utive lung cancer patients with CHF to receive therapy. All participants
received standard therapies, including morphine, diuretics, and other vasoac-
tive medications, as determined by the investigator with the 2008 ESC
Guidelines (Dickstein et al. 2008). In the control group, participants received
standard therapies. In the rhBNP group, rhBNP was administered as an intra-
venous bolus of 2 �g/kg followed by a continuous infusion at a rate of 0.01
ug/kg/min for up to 7 days besides standard therapies. The changes of symp-
toms and examinations were recorded and followed up every 3 months to
evaluate the effect of rhBNP according to symptoms, hemodynamic mea-
sures and survival rate.

4.2. Study end points and study limitations
In the mean 18.4 ± 8.6 months of the comparative trial, primary end points
were the changes of dyspnea, fatigue, dizziness and edema of lower extrem-
ity. The secondary end points were all-cause death, arterial oxygen saturation
assessment and complications. The shortest follow-up time was 1.05 months,
and the longest follow-up time was 35 months. During the median follow-
up of 21.0 months (25/75th percentiles: 12.0/24.0 months), the clinical
symptoms, and hemodynamic measurements were recorded and analyzed.
We acknowledge that the main limitation of this study is that the findings
are subject to confounding variables including different reasons of dyspnea,
baseline coexisting conditions that we cannot control. Additionally, the study
is limited by its relatively small sample size, and relatively short follow-up
period possibly affected the validity of the results.

4.3. Statistical analysis
Data are presented as means ± SD. In the trial, the effect of the treatment
assignment on hemodynamic variables was analyzed by one-way analysis
of variance. In the trial, overall comparisons between rhBNP group and
control group were performed with the omnibus F test. Repeated measure-
ments were made on the same participants (at baseline and after treatment)
in rhBNP group and control group. Outcomes with respect to general clin-
ical status, symptoms of congestive heart failure, and levels of creatinine,
NT-proBNP, high sensitivity-CRP, troponin I and creatine kinase-MB(CK-
MB) were analyzed by nonparametric methods. All reported P values are
two-sided, and P values of less than 0.05 were considered to indicate sta-
tistical significance, and P-values < 0.001 were considered statistically very
significant.

This work was supported by the 2011 research funding of the First Affiliated
Hospital of Harbin Medical University.
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