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Aim: Identification of patient with increased risk of cardiotoxicity would allow not only prevention and early diagnosis of chemo-
therapy related cardiotoxicity but also administration of optimal dose and duration of chemotherapy. Materials and methods: Fifty-
two women with HER2+ breast cancer treated with trastuzumab were included in this study. Patients were prospectively followed 
with routine cardiac evaluation. Before and after administration of trastuzumab blood samples for NT-proBNP were also taken. 
Results: The median age was 48.5 year (range: 26–74). Hypertension and obesity were two most common co-morbidities. The me-
dian duration application of trastuzumab was 52 weeks. During median 14.5 (3–33) months follow-up cardiac adverse events 
occurred in 5 (9.6%) patients and 2 out of 5 was grade III–IV heart failure. Both patients had preserved left ventricular ejection 
fraction and no symptom of heart failure before trastuzumab but older than 65 years old and had diabetes mellitus and obesity. High 
level of NT-proBNP (> 300 ng/ml) was observed in both patients and heart failure recovery was not observed. There was statisti-
cally significant difference regarding body mass index (p = 0.004) and diabetes mellitus (p = 0.002) between patients with and 
without cardiotoxicity. Conclusion: Although, cardiac biomarkers still cannot replace routine cardiac monitoring, natriuretic 
peptides may provide additional tool for detection of patients with high risk of cardiotoxicity and early detection of cardiotoxicity.
Key Words: breast cancer, trastuzumab, heart failure, left ventricular dysfunction, natriuretic peptides.

Breast cancer (BC) is most common cancer and 
second leading cause of cancer death among women 
in developed countries [1]. BC is heterogeneous disease 
with different genetic and clinicopathologic features. 
Almost one-fourth of the patients show overexpression 
of human epidermal growth factor receptor 2 (HER2) [2, 
3]. Treatment targeting HER2, such as trastuzumab, has 
dramatically changed clinical course of those patients 
[4, 5]. Although, the exact mechanism is still unclear, 
trastuzumab is associated with cardiotoxicity in subset 
of patients [4–9].  According to recent Cochrane meta-
analysis, trastuzumab significantly increases the frequen-
cy of left ventricular ejection fraction decline and the risk 
of symptomatic heart failure (HF) [10, 11]. American 
College of Cardio logy Foundation/American Heart Asso-
ciation (ACCF/AHA) guidelines classify patients receiving 
cardiotoxins as stage A HF, and recommend aggressive 
control and treatment of modifiable risk factors [12]. For 
that reason, optimal cardiac management is crucial for 
both prevention and early diagnosis of chemotherapy 
related cardiotoxicity. In addition, because the optimal 
survival benefit of adjuvant trastuzumab achieved with 

one-year treatment, it is also important for optimal dose 
and duration of chemotherapy [13–15].

Clinical trials usually include selected patients who 
are usually under 65 and without serious co-morbidi-
ties. Nonetheless, the median age of patients with 
BC is over the 60, and 40% of patients are over 65, and 
20% over 75 [1, 10, 11, 16]. Older women has higher 
risk of cardiotoxicity. Therefore, clinical trials may not 
represent real world. In additionally, median survival 
of patients with BC has been improved. The estimated 
5 year overall survival is also reached to 80–85% for 
patients who were diagnosed between 1999–2005 [1, 
17]. Finally, number of cancer survivors has been 
increased and late toxicities become more important 
for those patients.

HF is a complex clinical syndrome. According 
to underlying cause, while half of patients present with 
HF with reduced ejection fraction (HFrEF), second 
half have HF with preserved ejection fraction (HF-
pEF). The diagnosis of HFpEF is more challenging. 
HFpEF are usually observed in obese older women 
with a history of hypertension, diabetes mellitus 
(DM), and hyperlipidemia [12, 18]. There is no single 
test for the diag nosis of HF but ejection fraction (EF) 
is consi dered important in classification of patients 
with HF and response to treatments. Also clinical tri-
als usually selected patients based on EF. However, 
measurement of EF is dependent operator, imaging 
technique, and method of analysis. B type natriuretic 
peptides (BNP) are secreted by ventricular cardio-
myocytes in response to increased ventricular stretch. 
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After release of propeptide (proBNP), it converts 
in to biologically inert amino terminal (NT-proBNP) 
and biologically active BNP [19]. The role of BNP and 
NT-proBNP has been well defined in diagnosis of both 
HFrEF and HFpEF [12, 20, 21]. EF alone may not pre-
dict cardioto xicity of chemotherapy for all patients and 
the optimal monitoring and treatment algorithm for 
trastuzumab related cardiotoxicity remain to be es-
tablished. The purpose of this study was to evaluate 
the role of serum biomarker in early diagnosis or pre-
diction of trastuzumab related cardiotoxicity.

MATERIALS AND METHODS

Patients. All patients with HER2-positive BC who 
were treated with trastuzumab either single-agent 
or combined with chemotherapy agents were included 
in this study. Demographic and clinical data of patients 
were reported on case record forms designed for data 
collection for this study. Patient characteristics con-
sidered relevant for cardiotoxicity were age, Eastern 
Cooperative Oncology Group (ECOG) performance 
status, prior anthracycline therapy, prior radiotherapy, 
hypertension, DM, hyperlipidemia, obesity, and renal 
failure. This study was approved by the Institutional 
Review Board of Ankara University School of Medicine 
and was conducted according to Helsinki Declaration 
and good clinical practice.

Biochemical measurements. All blood samples 
were collected after 5 min supine rest and 30 min 
before and 30 min after trastuzumab administration. 
Samples were immediately centrifuged and separated 
sera were stored at −80 °C at the hospital laboratory 
until assayed. Before assay performed all samples 
were anonymized. NT-proBNP was measured using 
the commercially available electrochemiluminescence 
immuno-assay (Roche Cobas e601, Roche Diagnos-
tics GmbH, D-68298 Mannheim, Germany). The staff 
that performed assay was masked to the patient’s di-
agnosis and cardiac status.

Cardiac tests. Routine cardiac evaluation of all 
patients was performed before trastuzumab treatment 
and follow-up echocardiography or Multiple-Gated Ac-
quisition scanning (MUGA) scan were performed every 
3 months during treatment and also in case of HF related 
symptoms. A cardiac event was defined as the deve-
lopment of symptomatic HF or more than 10% decline 
of left ventricular ejection fraction (LVEF). Grading of all 
toxicities was done according to National Cancer Insti-
tute Common Terminology Criteria for Adverse Events 
(CTCAE, version 4.0, published May 28, 2009).

Statistical analysis. Statistical analysis was 
carried out using the computer program Statistical 
 Package for the Social Sciences 11.5 for Windows 
(SPSS, Inc, Chicago, IL, USA). Frequency (percent) 
or median (minimum-maximum) was given as de-
scriptive statistics. Chi-square test was used to deter-
mine differences in proportions. p Value of less than 
0.05 was considered as statistically significant.

RESULTS

The median age of patients was 48.5 year 
(range: 26–74). Hypertension and obesity were two 
most common co-morbidities. Patients’ basal and 
pre-trastuzumab characteristics were summarized 
at Table 1 and 2.

Table 1. Patients’ basal characteristics
Parameters n (%)

Age, year
Median, range 48.5 (26.0–74.0)
Menopausal status, n (%)

Pre- 26 (50.0)
Peri- 4 (7.7)
Post- 22 (42.3)

Hypertension 11 (21.2)
DM 8 (15.4)
Coronary arterial disease (CAD) 1 (1.9)
Hyperlipidemia 6 (11.5)
Smoking 5 (9.6)
Body mass index (BMI), kg/m2

Median, range 28 (18.0–41.1)
< 25 9 (17.3)
25–30 25 (48.1)
> 30 18 (34.6)

Creatinin, mg/ml 0.77 (0.36–1.0)
Glucose, mg/ml 95 (77.0–202.0)
Triglyceride, mg/ml 113.5 (44.0–256.0)
High-density lipoprotein, mg/ml 50.5 (34.0–75.0)
Uric acid, mg/ml 3.6 (2.4–6.2)

Table 2. Pretrastuzumab patients’ BC features

Features Number patients
n = 52 %

ECOG performance status
0 45 86.5
1 7 13.5

Laterality
Right 20 38.5
Left 32 61.5

Stage
Metastatic 14 26.9
Non-metastatic 38 73.1

Estrogen receptors
Positive 35 67.3
Negative 17 32.7

Progesterone receptors
Positive 40 76.9
Negative 12 23.1

HER2
İmmunohistochemistry (+3) 51 98.0
FISH/CISH 1 2.0

Pre-trastuzumab anthracycline#

No 13 25.0
Yes 39 75.0

Radiotherapy (n = 25)
Right breast 9 36.0
Left breast 16 64.0

Hormonal treatment (n = 46)
Tamoxifen 34 73.9
Aromatase inhibitor 12 26.1

#Total anthracycline dose, median (mg/m2): doxorubicin — 240, epirubicin — 
300. Time from last anthracycline administration to trastuzumab, median 
(range), month: 1 (1–110). Trastuzumab therapy duration, median (range), 
week: 52 (9–120).

The median duration of trastuzumab application 
was 52 weeks. None of patients was given concur-
rently anthracycline and trastuzumab. During median 
14.5 (3–33) months follow-up cardiac adverse events 
occurred in 5 (9.6%) patients. Grade III–IV HF ob-
served in 2 (3.8%) patients. Although both patients had 
normal EF and no symptom of HF before trastuzumab, 
high level of NT-proBNP was observed for both before 
and post trastuzumab. Asymptomatic LVEF decrease 
was observed in 3 (5.6%) patients. After discontinu-
ation of trastuzumab cardiac recovery was observed 
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in 3 patients with asymptomatic EF decrease. However, 
in 2 patients with symptomatic HF recovery was not ob-
served and both patients was older than 65 years-old 
and had DM and obesity (Table 3 and 4). Overall, there 
was statistically significant difference regarding BMI 
(p = 0.004) and DM (p = 0.002) between patients who 
have manifested and not manifested cardiac toxicity.

Table 3. Cardiac characteristics of patients

Cardiac characteristics Median (range)
Pretrastuzumab Posttrastuzumab

Heart rate, per minute 78 (56—104) 76 (62–108)
EF, % 65 (55—75) 62 (40—77)
NT-proBNP level, pg/ml 50 (5—694) 49 (5—829)
CK-MB level, ng/ml 1.33 (0.49—2.82) 1.35 (0.09—3.12)

DISCUSSION

The data from this study show that, a higher level 
of NT-proBNP is associated with cardiotoxicity even 
in patients with preserved baseline LVEF. Older patients 
with high BMI and with history of DM have higher risk 
trastuzumab related cardiotoxicity. Although HF is usu-
ally reversible after discontinuation of trastuzumab and 
appropriate treatment of HF, patients with NT-proBNP 
higher than 300 pg/ml were unlikely recovered from HF.

Cancer and CAD are two leading causes of death. 
These two diseases combined accounted for ap-
proximately half of deaths in the developed countries. 
While overall CAD mortality has shown a downward 
trend, the incidence and prevalence of HF has still 
exhi bited an upward trend [22]. In the last 2 decades, 
new classes of treatment provided improvement 
in survival and have been approved for the treatment 
of various type of cancer. On the other hand, new type 
of toxicities has been also witnessed. While these 
toxicities were mostly associated with morbidity and 
affect quality of life, treatment related mortality was 
also reported [23]. In addition, these toxicities lead 
to treatment interruptions and discontinuation that 
results in inferior treatment outcome.

Cardiotoxicity is well known anthracyclines related 
toxicity and usually dose dependent, predictable, and 
irreversible. Although, it may occur during relatively 
new treatment such as trastuzumab, bevacizumab, 
and tyrosine kinase inhibitors [24–26]. The cardio-
toxicity of these drugs usually dose independent 
and reversible. Trastuzumab is a monoclonal anti-

body against HER2 receptor, which over expressed 
in 20–25% of BC. Although the exact mechanism 
is not clear yet, trastuzumab related cardiotoxicity has 
been well established in randomized clinical trials and 
meta-analysis. Age, obesity, history of heart disease 
and use of anthracyclines are known risk factors for 
trastuzumab related cardiotoxicity. Although lifetime 
risk of BC is increased with age, in our population 
we see BC at earlier age than US women. Almost half 
of patients with BC are under 50 in our country [27]. 
Likewise, median age was 48.5 years old in present 
study. However, both groups of patients with irrever-
sible HF were older than 65 years old.

In early study, Slamon et al. [5] showed the survival 
advantage of adding trastuzumab to chemotherapy 
in patients with advanced BC. However, in this study 
also carditoxicity was frequently observed. The fre-
quency of New York Heart Association (NYHA) class 
III–IV cardiac dysfunction was 27 and 13% in patients 
who were treated with anthracycline, cyclophospha-
mide plus trastuzumab and paclitaxel plus trastu-
zumab, respectively. After these results, baseline and 
follow-up cardiac monitoring were added subsequent 
trial. Despite strict inclusion criteria, carditoxicity is still 
occurred in clinical trials. According to recently pub-
lished Cochrane review, in patient with early BC, who 
has high chance of cure, trastuzumab increased risk 
of HF 5 fold and LVEF decline 2 fold [11]. Randomized 
controlled trials have generally excluded older patients 
with major comorbidities. Therefore, frequency of car-
diotoxicity is expected to be more common in the real 
world. Recently, Bowles et al. [6] reported population 
based retrospective cohort study of 12 500 women with 
BC. At median 4.4 years follow up time, the risk of HF/
cardiomyopathy was 4 to 7 fold higher in patients with 
trastuzumab alone or anthracycline plus trastuzumab. 
In addition, the risk of HF has been continued to increase 
during follow — up. In another population based study 
from Italian Cardio-Oncologic Network, trastuzumab 
cardiotoxicity rate was 27% and also treatment inter-
ruption rate was higher than clinical trials [28].

Due to, patients on chemotherapy were consi-
dered as stage A HF, patient with risk of developing 
HF, preventive intervention, early detection and treat-
ment of chemotherapy-induced cardiotoxicities are 

Table 4. Characteristics’ of 5 patients with cardiotoxicity

Clinical characteristics Patient
1a 2a 3a 4b 5b

Pretrastuzumab age, years 66 72 48 52 44
Menopausal status Post- Post- Post- Pre- Pre-
Hypertension No Yes No No No
DM Yes Yes Yes Yes No
BMI, kg/m2 30.92 31.39 31.08 30.22 25.31
Total anthracycline dose, mg/m2 600 (E) No 60 (A) 240 (A) 180 (A)
Radiotherapy No No No Yes No
Chemotherapy# 6EC5TH 6TCH7H A6TH14H 4AC4TH13H 3AC3TH5H
Creatinin, mg/dl 1.0 0.97 0.8 0.55 0.73
Pretrastuzumab, EF, % 55.0 60.0 62.5 55.0 60.0
Pretrastuzumab, NT-proBNP level, pg/ml 370 694 41 49 72
Posttrastuzumab, EF, % 35 40 48 49 52
Posttrastuzumab, NT-proBNP level, pg/ml 426 829 43 44 104
Cardiac status after discontinuation of trastuzumab Symptomatic HF Symptomatic HF Recover after 

2 months EF: 65%
Recover after 

4 months EF: 55%
Recover after 

3 months EF: 60%
aMetastatic disease. bAdjuvant treatment. #Chemotherapy was administered every 3 weeks. A — adriamycine; C — cyclophosphamide; E — epirubicine; 
H — trastuzumab; T — docetaxel.
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needed for reducing severe, irreversible, late onset 
cardiotoxicity and optimal treatment of cancer. In daily 
clinical practice calculation of EF, by echocardiogra-
phy or MUGA scan, is most widely used method [29]. 
 However, because of EF does not usually decrease 
in early stage HF, EF has some limitations for early 
detection or prediction of late onset left ventricular 
dysfunction. In addition, half of patients with HF have 
HFpEF despite lower risk of death than patient with 
HFrEF, those patients mortality rate is still high [30–32]. 
As well as, echocardiography is mostly operator de-
pendent and MUGA scan causes radiation exposure. 
Therefore, non-invasive predictive and prognostic 
tests of HF for patients on chemotherapy are needed. 
The role of serum biomarker such a troponin, natriure-
tic peptides has been well established by meta-
analysis and both BNP and NT-proBNP are endorsed 
in current guidelines plus clinical evaluation [20, 
33–36]. The normal level of BNP/NT-proBNP are very 
low and increased myocardial wall stress lead to eleva-
tion of serum level [21, 34, 37]. In contrast to the echo-
cardiography and MUGA scan, HFpEF and diastolic 
HF may cause elevated BNP/NT-proBNP. However, 
not only CAD but advancing age and renal dysfunc-
tion might cause higher levels, while lower levels may 
be detected in patients with obesity and overt HF [21, 
37]. Although, adjusted cutoff values are proposed for 
renal dysfunction and obesity, <30–50 pg/ml of BNP 
and <300 pg/ml of NT-proBNP have high accuracy 
for excluding HF. In additionally, the prognostic value 
of natriuretic peptides has also been reported and 
higher values were associated with worse progno-
sis [21]. Likewise, patient without history of HF and 
with elevated natriuretic peptides levels are at higher 
risk for cardiovascular events [38]. In two recent meta-
analysis Felker et al. and Porapakkham et al. reported 
that biomarker guided treatment of HF was associated 
with 31% and 24% reduction in all causes of morta lity 
compared to routine daily practice in patients with 
HF [33, 39]. Therefore, not only for diagnosis but also 
for optimizing treatment and reduction in mortality, 
natriuretic peptides may have additional value.

This study has several limitations: our cohort 
has smaller sample size and possibly fewer events, 
so the analyses were primarily exploratory, so, no de-
finitive conclusions cannot be drawn. However, it sup-
ports of the potential clinical application of NT-proBNP 
as a predictive marker to consider cardiac manage-
ment of patients treated with trastuzumab.

In conclusion, although, cardiac biomarkers still 
cannot replace routine cardiac monitoring, natriuretic 
peptides may provide additional tool for detection 
of patients with high risk of cardiotoxicity and early 
detection of cardiotoxicity.

ACKNOWLEDGEMENTS

The authors would like to thank all patients for 
participation of this study.

DISCLOSURE

None of the authors had a conflict of interest.

REFERENCES

1. DeSantis C, Ma J, Bryan L, et al. Breast cancer statistics. 

2013 CA Cancer J Clin 2014; 64: 52–62.

2. Carey LA, Perou CM, Livasy CA, et al. Race, breast 

cancer subtypes, and survival in the Carolina Breast Cancer 

Study. JAMA 2006; 295: 2492–502.

3. Sorlie T, Perou CM, Tibshirani R, et al. Gene expres-

sion patterns of breast carcinomas distinguish tumor subclasses 

with clinical implications. Proc Natl Acad Sci USA 2001; 

98: 10869–74.

4. Slamon D, Eiermann W, Robert N, et al. Adjuvant 

trastuzumab in HER2-positive breast cancer. N Engl J Med 

2011; 365: 1273–83.

5. Slamon DJ, Leyland-Jones B, Shak S, et al. Use of che-

motherapy plus a monoclonal antibody against HER2 for 

metastatic breast cancer that overexpresses HER2. N Engl 

J Med 2001; 344: 783–92.

6. Bowles EJ, Wellman R, Feigelson HS, et al. Risk of heart 

failure in breast cancer patients after anthracycline and trastu-

zumab treatment: a retrospective cohort study. J Natl Cancer 

Inst 2012; 104: 1293–305.

7. Chen T, Xu T, Li Y, et al. Risk of cardiac dysfunction 

with trastuzumab in breast cancer patients: a meta-analysis. 

Cancer Treat Rev 2011; 37: 312–20.

8. Lenihan DJ, Cardinale DM. Late cardiac effects of can-

cer treatment. J Clin Oncol 2012; 30: 3657–64.

9. Perez EA, Romond EH, Suman VJ, et al. Four-year 

follow-up of trastuzumab plus adjuvant chemotherapy for 

operable human epidermal growth factor receptor 2-positive 

breast cancer: joint analysis of data from NCCTG N9831 and 

NSABP B-31. J Clin Oncol 2011; 29: 3366–73.

10. Balduzzi S, Mantarro S, Guarneri V, et al. Trastuzu-

mab-containing regimens for metastatic breast cancer. Co-

chrane Database Syst Rev 2014; 6: CD006242.

11. Moja L, Tagliabue L, Balduzzi S, et al. Trastuzumab 

containing regimens for early breast cancer. Cochrane Data-

base Syst Rev 2012; 4: CD006243.

12. Writing Committee M, Yancy CW, Jessup M, et al. 
2013 ACCF/AHA guideline for the management of heart 

failure: a report of the American College of Cardiology Foun-

dation/American Heart Association Task Force on practice 

guidelines. Circulation 2013; 128: e240–327.

13. Goldhirsch A, Gelber RD, Piccart-Gebhart MJ, et al. 
2 years versus 1 year of adjuvant trastuzumab for HER2-

positive breast cancer (HERA): an open-label, randomised 

controlled trial. Lancet 2013; 382: 1021–8.

14. Tai CJ, Pan CK, Chen CS, et al. Adjuvant trastuzumab 

for 6 months is effective in patients with HER2-positive stage 

II or III breast cancer. Asian Pac J Cancer Prev 2013; 14: 1981–4.

15. Icli F, Altundag K, Akbulut H, et al. Nine weeks ver-

sus 1 year adjuvant trastuzumab in patients with early breast 

cancer: an observational study by the Turkish Oncology Group 

(TOG). Breast Cancer 2013. [Epub ahead of print].

16. Bonifazi M, Franchi M, Rossi M, et al. Trastuzumab-

related cardiotoxicity in early breast cancer: a cohort study. 

Oncologist 2013; 18: 795–801.

17. Siegel R, DeSantis C, Virgo K, et al. Cancer treat-

ment and survivorship statistics, 2012. CA Cancer J Clin 2012; 

62: 220–41.

18. Sharma K, Kass DA. Heart failure with preserved 

ejection fraction: mechanisms, clinical features, and therapies. 

Circ Res 2014; 115: 79–96.

19. Daniels LB, Maisel AS. Natriuretic peptides. J Am Coll 

Cardiol 2007; 50: 2357–68.

20. Ewald B, Ewald D, Thakkinstian A, et al. Meta-analysis 

of B type natriuretic peptide and N-terminal pro B natriuretic 



Experimental Oncology 37, 53–57, 2015 (March) 57

peptide in the diagnosis of clinical heart failure and population 

screening for left ventricular systolic dysfunction. Intern Med 

J 2008; 38: 101–13.

21. Kim HN, Januzzi JL Jr. Natriuretic peptide testing 

in heart failure. Circulation 2011; 123: 2015–9.

22. Minino AM, Murphy SL, Xu J, et al. Deaths: final data 

for 2008. Natl Vital Stat Rep 2011; 59: 1–126.

23. Niraula S, Seruga B, Ocana A, et al. The price we pay 

for progress: a meta-analysis of harms of newly approved an-

ticancer drugs. J Clin Oncol 2012; 30: 3012–9.

24. Choueiri TK, Mayer EL, Je Y, et al. Congestive heart 

failure risk in patients with breast cancer treated with bevaci-

zumab. J Clin Oncol 2011; 29: 632–8.

25. Ewer MS, Lippman SM. Type II chemotherapy-related 

cardiac dysfunction: time to recognize a new entity. J Clin 

Oncol 2005; 23: 2900–2.

26. Telli ML, Hunt SA, Carlson RW, et al. Trastuzumab-

related cardiotoxicity: calling into question the concept of re-

versibility. J Clin Oncol 2007; 25: 3525–33.

27. Turkey Cancer Statistics. M Gültekin, G. Boztaş, 
eds. Ocak, 2014. (http://kanser.gov.tr/Dosya/ca_istatistik/ 

2009kanseraporu.pdf) (in Turkish).

28. Tarantini L, Cioffi G, Gori S, et al. Trastuzumab ad-

juvant chemotherapy and cardiotoxicity in real-world women 

with breast cancer. J Card Fail 2012; 18: 113–9.

29. Oreto L, Todaro MC, Umland MM, et al. Use of echo-

cardiography to evaluate the cardiac effects of therapies used 

in cancer treatment: what do we know? J Am Soc Echocardiogr 

2012; 25: 1141–52.

30. Bhatia RS, Tu JV, Lee DS, et al. Outcome of heart 

failure with preserved ejection fraction in a population-based 

study. N Engl J Med 2006; 355: 260–9.

31. Meta-analysis Global Group in Chronic Heart Failure 

(MAGGIC). The survival of patients with heart failure with 

preserved or reduced left ventricular ejection fraction: an indi-

vidual patient data meta-analysis. Eur Heart J 2012; 33: 1750–7.

32. Somaratne JB, Berry C, McMurray JJ, et al. The prog-

nostic significance of heart failure with preserved left ven-

tricular ejection fraction: a literature-based meta-analysis. Eur 

J Heart Fail 2009; 11: 855–62.

33. Felker GM, Hasselblad V, Hernandez AF, et al. 
Biomarker-guided therapy in chronic heart failure: a meta-

analysis of randomized controlled trials. Am Heart J 2009; 

158: 422–30.

34. Januzzi JL Jr, Camargo CA, Anwaruddin S, et al. 
The  N-terminal Pro-BNP investigation of dyspnea in the emer-

gency department (PRIDE) study. Am J Cardiol 2005; 95: 948–54.

35. Kelder JC, Cowie MR, McDonagh TA, et al. Quanti-

fying the added value of BNP in suspected heart failure 

in general practice: an individual patient data meta-analysis. 

Heart 2011; 97: 959–63.

36. Lam LL, Cameron PA, Schneider HG, et al. Meta-

analysis: effect of B-type natriuretic peptide testing on clinical 

outcomes in patients with acute dyspnea in the emergency 

setting. Ann Intern Med 2010; 153: 728–35.

37. Doust JA, Glasziou PP, Pietrzak E, et al. A systematic 

review of the diagnostic accuracy of natriuretic peptides for 

heart failure. Arch Intern Med 2004; 164: 1978–84.

38. Daniels LB, Clopton P, Jiang K, et al. Prognosis 

of stage A or B heart failure patients with elevated B-type 

natriuretic peptide levels. J Card Fail 2010; 16: 93–8.

39. Porapakkham P, Porapakkham P, Zimmet H, et al. 
 B-type natriuretic peptide-guided heart failure therapy: A me-

ta-analysis. Arch Intern Med 2010; 170: 507–14.

 Copyright © Experimental Oncology, 2015 


