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ABSTRACT

Objective We undertook a subgroup analysis of the
On-TIME 2 (Ongoing Tirofiban In Myocardial infarction
Evaluation 2), a placebo-controlled, double-blind,
randomised trial, in order to evaluate the association
between N-terminal pro-B-type natriuretic peptide
(NT-proBNP) levels and long-term (5years) mortality

and to investigate the effect of prehospital tirofiban
administration on mortality in relation to NT-proBNP
levels.

Methods A total of 984 patients with ST elevation
myocardial infarction (STEMI) undergoing primary
percutaneous coronary intervention (PCl) were
randomised to either in ambulance tirofiban or placebo.
NT-proBNP levels were evaluated on admission before
angiography (baseline) and 18-96 hours thereafter (post
PCl).

Results There were 918 (93.3%) patients with NT-
proBNP values available at baseline and 865 (87.9%)
post PCl. Patients with baseline NT-proBNP values above
the median (137 pg/mL) had higher 30-day (5.1% vs
0.2%, p<0.001), 1-year (7.0% vs 0.7%, p<0.001) and
5-year (20.3% vs 4.9%, p<0.001) mortality as compared
with patients with values below the median. Using
multivariate Cox analysis, NT-proBNP above the median
was an independent predictor for 5-year mortality (HR
2.73,95% Cl 1.47 to 5.06; p=0.002). Patients with
values above the median who received early tirofiban
treatment had significant lower mortality compared

with patients treated with placebo at 30days (2.7% vs
7.5%, p=0.021) and 1year (4.5% vs 9.4%, p=0.043).
At Syears, a lower but non-significant mortality rate

was maintained in the treatment group (18% vs 22.4%,
p=0.265).

Conclusions In patients with STEMI, baseline NT-
proBNP level independently predicts long-term mortality.
In patients with baseline NT-proBNP levels above the
median, early prehospital treatment with tirofiban
significantly reduced 30-day and 1-year mortality,
suggesting that high-risk patients may derive particular
benefit, This finding should be confirmed in other studies.
Trial registration number ISRCTN06195297.

INTRODUCTION
Urgent restoration of perfusion to the myocar-
dium supplied by the infarct-related artery is the

primary therapeutic objective in ST elevation
myocardial infarction (STEMI), as it improves
survival.' Primary percutaneous coronary inter-
vention (PCI) combined with effective antiplatelet
therapy is the preferred treatment strategy in
STEML.? In order to increase the rates of mechan-
ical reperfusion and so reduce ischaemic compli-
cations, large interest has focused on adjunctive
administration of pharmacological therapy and its
timing of administration.

Glycoprotein IIb/IIla inhibitors (GPIs) are the
most powerful class of antiplatelet therapies, and
their adjunctive effects have been shown in several
randomised trials.? In addition, early GPI adminis-
tration in patients undergoing primary angioplasty
for STEMI has been associated with significantly
higher rates of preprocedural epicardial recanali-
sation and ST-segment resolution.”™ However, the
benefit of these drugs is less certain in patients at
lower risk for ischaemic events or those presenting
later” ' and large randomised trials, conducted
to explore the benefits from adjunctive GPIs in
addition to clopidogrel administration, showed
conflicting results.® '™ Among patients with
STEMI undergoing primary PCI, the greatest
benefit in mortality reduction from GPI usage has
been shown in patients with higher risk profiles.'*
Therefore, identification of additional subgroups
of patients who may have particular benefit from
GPI administration is of paramount importance to
further improve outcomes.

The N-terminal pro-B-type natriuretic peptide
(NT-proBNP), an established biomarker, has been
shown to be liberated from myocardium following
acute myocardial infarction (MD)" and elevated
levels have been associated with poor outcome in
patients with acute coronary syndrome, '’

The On-TIME 2 (Ongoing Tirofiban In Myocar-
dial infarction Evaluation 2) trial randomised
patients undergoing primary PCI to prehospital
tirofiban administration versus placebo to inves-
tigate the effect of pretreatment on the extent of
residual ST-segment deviation 1hour after primary
PCI compared with placebo. The results of the study
showing that early initiation of tirofiban improved
ST-segment resolution compared with placebo have
been previously published.®
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We undertook a subgroup analysis of the On-TIME 2 trial
with long-term follow-up in order to investigate (1) the potential
association between N'T-proBNP levels and long-term mortality;
(2) the effect of early tirofiban administration on mortality in
relation to NT-proBNP levels in patient with STEMI undergoing
primary PCL

METHODS

Study design

The On-TIME 2 trial (ISRCTN06195297) was an international,
multicentre, prospective, placebo-controlled, double-blind,
randomised trial. The rationale and design of the study have been
previously described.* Tn brief, the study population consisted
of patients with STEMI who were candidates for primary PCI
treatment. Eligible patients were men and women, 21-85 years
of age, with symptoms of acute MI for >30min but <24 hour,
and ST-segment elevation of >1mV in two adjacent ECG leads.
Exclusion criteria were known severe renal dysfunction, ther-
apy-resistant cardiogenic shock, persistent severe hypertension
and an increased risk of bleeding. Also excluded were patients
with a left bundle branch block and patients with a life expec-
tancy of <1year. Written informed consent was obtained by an
intensive care nurse in the ambulance or, in a minority of the
patients, by a physician in the referral centre. The study protocol
was approved by all local ethics committees involved.

Randomisation and treatment

Patients were randomly assigned to prehospital treatment with
high-dose bolus tirofiban (25 meg/kg bolus and 0.15 meg/kg/min
maintenance infusion for 18 hours) or placebo. In the ambulance
or referring centre, all patients also received a bolus of 5000
IU of unfractionated heparin intravenously together with aspirin
500 mg intravenously and a 600 mg loading dose of clopidogrel
orally. Before PCI, additional unfractionated heparin (2500 IU)
was only given if the activated clotting time was less than 200s.
Coronary angiography and PCI were performed according to
each institution’s guidelines and standards. Additional treatment
with thrombus aspiration was left at the discretion of the treating
cardiologist.

Blood samples for NT-proBNP measurement

Blood samples were taken on admission before angiography
(baseline) and 18-96 hours thereafter (post PCI). NT-proBNP
was measured by a sandwich immunoassay on a fully automated
analyser (NT-proBNP ELECSYS 2010; Roche Diagnostics,
Mannheim, Germany). The NT-proBNP levels were assessed
both as continuous values and dichotomised with median value
as cut-off.

Mortality outcome

In order to investigate (1) the association between NT-proBNP
levels and short-term and long-term mortality and (2) the effect
of early tirofiban on mortality in relation to NT-proBNP levels,
the mortality endpoints of this exploratory study were set at 30
days, 1year and 3 years. Death was defined as all-cause mortality.

Bleeding outcome

As previously described,® bleeding was assessed using the
thrombolysis in myocardial infarction (TIMI) criteria.”® Major
bleeding was defined as clinical overt signs of haemorrhage
associated with a decrease in haemoglobin of >5g/dL (or when
haemoglobin assessment is not available, a decrease in haemato-
crit of >159%). For patients undergoing coronary artery bypass

Table 1 Baseline characteristics of the patients receiving placebo
versus tirofiban

Variable Placebo (n=454)  Tirofiban (n=464) p Value
Age (years), mean=SD 62.0+11.8 61.5+11.7 0.504
Male gender 340/454 (74.9%) 355/464 (76.5%) 0.567
Current smoking 2231449 (49.7%) 208/463 (44.9%) 0.152
Diabetes mellitus 51/454 (11.2%) 55/463 (11.9%) 0.760
Body mass index (kg.'mz), 26.7+4.0 26.8+3.4 0.506
mean=SD

Hypertension 1521454 (33.5%) 156/464 (33.6%) 0.964
Hypercholesterolaemia 1121453 (24.7%) 132/463 (28.5%) 0.195
Killip >I 241453 (5.3%) 171463 (3.7%) 0.234
Prior myocardial infarction  34/453 (7.5%) 43/463 (9.3%) 0.331
Prior CABG 9/454 (2.0%) 8/464 (1.7%) 0.772
Prior PCI 36/454 (7.9%) 47/464 (10.1%) 0.245
Anterior infarct location 168/407 (41.3%) 1731407 (42.5%) 0.722
Time to intervention* 167 (128-261) 165 (125-235) 0.371
Heart rate >100 26/450 (5.8%) 247461 (5.2%) 0.705
Systolic blood 371450 (8.2%) 281459 (6.1%) 0.214
pressure <100

*From onset of symptoms to intervention in minutes, median (25th-75th IQRs).
CABG, coronary artery bypass graft; PCl, percutaneous coronary intervention.

graft surgery, the rate of surgical re-exploration for bleeding
and the postoperative volume of blood loss were also evaluated.
Follow-up information was derived from visits to the outpatient
clinic or from telephone contact at the 30-day follow-up.

Statistical analysis

Continuous data were expressed as mean=SD or median with
IQR. Categorical data were expressed as percentages. Categor-
ical variables were analysed with the % test or Fisher’s exact
test, and continuous variables with the Mann-Whitney U test
(two sided). Values of p<0.05 were considered statistically
significant. We performed Cox multivariate regression anal-
yses on mortality with NT-proBNP below or above the median
as the predictor of main interest and baseline characteristics
(age, gender, smoking, body mass index (BMI), diabetes,
hypertension, hypercholesterolaemia, prior MI, prior PCI,
admission heart rate, systolic blood pressure, anterior infarct
location, ischaemic time, post-PCI TIMI flow (less than 3 vs
3) and Killip class (I vs II, III or IV) as confounders). Kaplan-
Meier (KM) survival analysis was performed with the use of
the log-rank test. All analyses were performed according to the
intention-to-treat principle. Statistical analysis was performed
with PASW Statistics V.18 (SPSS Inc, Chicago, Illinois).

RESULTS

Study population

The On-TIME 2 trial recruited a total of 984 patients who were
randomised to either placebo or tirofiban treatment. The base-
line clinical characteristics for patient receiving placebo or tiro-
fiban were comparable and are reported in table 1. There were
918 (93.3%) patients with samples available for NT-proBNP at
admission (baseline) and 865 (87.9%) post PCIL.

There was no significant difference in NT-proBNP levels
between patients randomised to tirofiban or to placebo as a
continuous variable (626+SD 1850 vs 646+SD 2054 pg/mL,
p=0.11, in tirofiban vs placebo group, respectively) nor as a
binary variable dichotomised according to the median value
(137, IQR 60-360 pg/mL) (48.9% vs 51.1%, p=0.51, in tiro-
fiban vs placebo group, respectively).




Table 2 Baseline characteristics of patients with a baseline NT-

proBNP level < median versus > median

history of PCI, Killip class > 1, had a higher baseline heart rate
and a longer time to intervention as compared with patient
with baseline NT-proBNP levels below the median; who

NT-proBNP level  NT-proBNP level conversely had a lower BMI and were less frequently smokers.
Variable < median > median p Value
Age (years) mean+SD 57.3+£9.9 66.3+11.8 <0.001
Male gender 384/459 (83.7%)  311/459 (67.8%) <0.001 Baseline NT-proBNP and mortality
Current smoking 246/456 (53.9%) 185456 (40.6%) <0.001 Patients with baseline NT-proBNP level above the median
Diabetes mellitus 421458 (9.2%) 641450 (13.9%) 0.024 presented higher 30-day (5.1% vs 0.2%, p<0.001), 1-year
Body mass index (kg/m?)  27.2+38 26.443.6 0.009 (7.0% vs 0.7%, p<0.001) and 5-year (20.3% vs 4.9%,
TG p<0.001) mortality compared with patients with basal
Hypertension 113/459 (24.6%) 195/459 (42.5%) <0.001 NT—pL’OBNP value below the median. KM curves are ShOWl’l
Hypercholesterolaemia ~ 111/457 (24.3%)  133/459 (29.0%) 0.109 in figure 1. .
Killip > 10/458 (2.2%) 311458 (6.8%) <0.001 Additionally, NT-proBNP values post PCI were also strongly
Prior myocardial infarction  25/458 (5.5%) 52/458 (11.4%) 0.001 related to mortality: patients with NT-proBNP levels above the
Prior CABG 61459 (1.3%) 11459 (2.4%) 0221 median post PCI had a significant higher mortality at 30days
FENE 311459 (6.8%) 521459 (11.3%) HGE (3.0% vs 0.2%, p=0.001), 1 year (4.8% vs 0.9%, p=0.001) and
Anterior infarct locati 1641209 ;10:"/ 1771405 4'3 7:/ 0'297 Syears (15.5% vs 7.3%, p=<0.001); patients with NT-proBNP
.ntETIOI’.II"I arct c?cat:nn (40.1%) (43.7%) ' levels above the median at admission had an HR for 5-year
Time to intervention 152(122; 223} 193 (136; 232) <0.001 mortality of 4.28 (95% CI 2.47 to 7.41; p<0.001), and following
Hean~rate >100 15/456 (3.3%) 350455 (7.7%) 0.004 multivariate Cox regression analysis, an HR of 2.73 (95% CI
Systolic blood 0.919 1.47 to 5.06; p=0.002).
pressure <100 32/453 (7.1%) 33/456 (7.2%)
Randomisation to tirofiban  237/459 (51.6%)  227/459 (49.5%) 0.509

*From onset of symptoms to intervention in minutes, median (25th—75th 1QRs).
NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCl, percutaneous coronary

intervention.

Baseline clinical characteristics of patients according to base-

line NT-proBNP level below or above the median are shown
in table 2. Several characteristics were significantly different
in the two patient cohorts. Patients with baseline NT-proBNP
level above the median were older, more frequently female,
presented higher rate of diabetes, hypertension, history of MI,

Effect of early administration of tirofiban on NT-proBNP
levels, bleeding and mortality in relation to NT-proBNP level
NT-proBNP

Interestingly in patients treated with prehospital tirofiban
as compared with placebo, the NT-proBNP levels after PCI
tended to be lower when considered as a continuous variable
(1732£2866vs 2114+5019; p=0.080) and were significantly
lower when considered as a binary variable dichotomised with
median value as cut-off (194/426, 45.5% vs 238/439, 54.2%;
p=0.011) (table 3).

Survival (%)

40

10 group Time-Point KM Est (95% CI)
NTproBNP level = median 1825 81.2 77.6-84.9%)
NTproBNP level £ median 1825 955 (935-97.4%)
Logrank P-value: <.0001
01y T T T T T T T T T T
o 180 360 540 720 900 1080 1260 1440 1620 1800
Time (days)
Patients-at-Risk
NTproBNP level > median- 459 428 426 415 408 400 395 385 382 375 287
NTproBNP level < median- 459 456 454 445 a4 a4 438 437 434 433 341

Figure 1

Kaplan-Meier survival curves according to admission NT-proBNP levels above or below the median. The p value, calculated with the use of

the log-rank test, is given for the comparison between the two groups at 5years. NT-proBNP, N-terminal pro-B-type natriuretic peptide.




Table 3 NT-proBNP levels in placebo versus tirofiban groups

NT-proBNP levels expressed as a continuous variable

NT-proBNP levels dichotomised according to the median value

Placebo Tirofiban Placebo Tirofiban

Mean+SD Mean+SD p Value N/Total (%) N/Total (%) p Value
Admission 646+2054 626+1850 0.108 232/454 (51.1) 227/464 (48.9) 0.509
After PC 2114+2866 17325019 0.080 238/439 (54.2) 194/426 (45.5) 0.011

NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCl, percutaneous coronary intervention.

Bleeding

Patients with NT-proBNP levels above the median at admis-
sion who received early tirofiban treatment had a similar rate
of 30days major bleeding compared with patients treated with
placebo (5.8% vs 3.1%, p=0.158, for trofiban vs placebo
group, respectively) and of 30 days minor bleeding (7.6% vs
4.4%, p=0.151).

Mortality

Patients with NT-proBNP above the median at admission who
received early tirofiban treatment had a significantly lower
mortality at 30days (2.7% vs 7.5%, p=0.021) and at 1year
(4.5% vs 9.4%, p=0.043) compared with patients treated with
placebo (figure 2). This lower mortality rate in the treatment
group was indeed maintained as far as 5years, although at this
point was associated with a non-significant difference (18% vs
22.4%, p=0.265). KM curves are shown in figure 2.

DISCUSSION

In this post hoc subgroup analysis of the On-TIME 2 trial,
we have shown in a group of patients with STEMI only that
NT-proBNP level above the median is an independent predictor
of long-term (5-year) mortality outcome. Moreover, we have

shown that in patients with baseline NT-proBNP levels above the
median, early prehospital treatment with tirofiban significantly
reduces 30-day and 1-year mortality compared with placebo.
Furthermore, we have shown that tirofiban, compared with
placebo, reduces NT-proBNP levels post PCI. These findings are
clinically relevant and novel; however, they should be consid-
ered as hypothesis generating.

We have previously reported the long-term clinical outcomes
benefit of a GPI-facilitated PCI strategy”’; however, in this current
analysis we provide further insight, showing that a high-risk
subset of patients, as identified by higher levels of NT-proBNP
upon presentation (figure 1), represents a subgroup who derives
particular benefit from early GPI treatment in terms of significant
mortality reduction up to 1year (figure 2). This lower mortality
rate was maintained up to §years, although at this point with
a non-significant difference probably because other factors may
influence very long-term outcomes.

Previously, a significant relationship between the benefits
in mortality reduction from the use of GPIs and patient’s risk
profile has been suggested,' and the identification of patients
who may incrementally benefit from GPI administration is
important in the ongoing search for a more tailored and opti-
mised therapy for patients with STEMI. Therefore, our findings

100 random Time-Point KM Est (95% Cl)
= = s Placebo 1825  79.1 (73.9-84.5%)
— Tirofiban 1825  83.3 (78.5-88.4%)
B Logrank P-value: 0.2170
90
80 -
704
60 100 o
=
a3
= B
S s0-
e
35
w
40 -
random Time-Point KM Est (95% CI)
85
= Placebo 30 925 (89.2-96.0%)
30 Tirofiban 30 973 (35.3-995%)
Logrank P-value: 0.0205
— Phcebo 365 906 (B68-945%)
Tirofiban 365 955 (928-98 3%)
20 Logrank P-vakue: 0.0420
s T T T T T T T
0 60 120 180 240 300 360
10 Time (days)
0- T T T T T T T T T T T
0 180 360 540 720 800 1080 1260 1440 1620 1800
Time (days)
Patients-at-Risk
Placebo- 232 210 210 206 203 200 196 192 190 186 141
Tirofiban- 227 218 216 209 206 200 199 193 192 189 146

Figure 2 Kaplan-Meier survival curves among patients with admission NT-proBNP level above the median, according to treatment group. The
p values, calculated with the use of the log-rank test, are given for the comparison between the two treatment groups at 30 days, 1year and 5years.
The inset shows the same data on a magnified scale. NT-proBNP, N-terminal pro-B-type natriuretic peptide.



may help to further refine the identification of patients likely
to derive the greatest benefit from prehospital GPI administra-
tion. Importantly, the mortality reduction was without a signif-
icant increase in either major or minor bleeding complications.
However, it should be noted that patients receiving tirofiban
had a numerically higher rate of both 30-day major and minor
bleeding compared with placebo. Therefore, tirofiban should be
always used with caution in patients at high bleeding risk.

It is widely believed that the predominant process underlying
increased NT-proBNP concentrations is impairment of cardiac
function, leading to increased left ventricular wall stretch with
resultant synthesis and secretion of NT-proBNP** Ischaemic
injury due to coronary artery occlusion may first cause diastolic
dysfunction, followed by elevation in filling pressures and asso-
ciated left ventricular wall stretch resulting in the early elevation
of serum NT-proBNP levels. However, elevated NT-proBNP
concentrations may also result directly from cardiac ischaemia,
even in the absence of left ventricular dysfunction.”® Previous
studies highlighted that, in patients with STEMI, NT-proBNP,
drawn within 24 hours of the onset of chest pain, is more accu-
rate in predicting mortality than the TIMI risk score.”® Indeed,
our group recently revealed that baseline NT-proBNP values
predict 30-day mortality in patients with STEMI, treated with
primary PCI independently and even more strongly than the
Zwolle risk score alone.”” However, in patients with STEMI the
prognostic value of NT-proBNP on long-term, 5-year mortality
outcomes to date has never been reported.

NT-proBNP measured before primary PCI has been previ-
ously shown to be the strongest, independent predictor of
suboptimal microvascular reperfusion.” Mechanisms behind
the actual association between NT-proBNP and suboptimal
reperfusion remain speculative™; however, biomarker elevation
may be the expression of profound myocardial ischaemia and
extensive microvascular damage leading to relevant ventricular
dysfunction, alternatively one could argue that primary micro-
vascular dysfunction, by itself, may influence left ventricular wall
stretch and so BNP values in the setting of acute MI. Regardless
of the mechanism, patients at risk of suboptimal microvascular
reperfusion after PCI may have particular benefit from adjunc-
tive measures, such as early GPI administration. In fact, it has
been shown that an antithrombotic therapy, which is already
active and effective at the time of PCI, plays a crucial role in the
prevention of microvascular damage and restoration of myocar-
dial tissue reperfusion.’

Interesting, in this study, NT-proBNP level at baseline (before
angiography) was not different with respect of the treatment
strategy initiated in the ambulance. However, early tirofiban
administration significantly reduced the number of patients with
an NT-proBNP above the median after PCIL This suggests that
the time course of NT-proBNP level may be positively influenced
by early tirofiban administration and could potentially be depen-
dent on the effectiveness of microvascular reperfusion after PCI,
an outcome in which early tirofiban administration has a proven
role.® This may be relevant considering that in patients with heart
failure a change in NT-proBNP has been recently associated with
a change in the subsequent risk of cardiovascular mortality and
heart failure hospitalisation.”

Finally, measurement of NT-proBNP has become easy to
perform and fast; its early measurement in the ambulance
setting, aimed at stratifying patients and guiding early anti-
platelet therapy, could represent a possible new strategy to be
tested in further studies. Further prospective evaluation of high-
risk subgroups identified by elevated NT-proBNP during the
acute STEMI phase is warranted.

LIMITATIONS

This is a post hoc analysis of a randomised trial, therefore, our
conclusions should be considered as exploratory. NT-proBNP
levels were drawn at variable periods after onset of symptoms,
therefore it has to be noted that some patients with the highest
values of NT-proBNP at admission may include a subgroup of
patients with a long ischaemia time in which the benefit of early
GPI treatment remains uncertain.’’ Despite the fact that the
prognostic value of NT-proBNP above the median was indepen-
dent from ischaemia time, further studies are warranted to eval-
uate the efficacy of early tirofiban administration in subgroup
presenting with longischaemia time and high level of NT-proBNP.
Moreover, this study was performed with clopidogrel, which is
not the contemporary guideline-recommended oral therapy for
primary PCIL. Therefore, the results cannot be directly translated
to patients treated with novel P2Y12 inhibitor. Finally, baseline
NT-proBNP measurements were made at admission (before
angiography) when tirofiban was already started; although the
time between tirofiban administration and first NT-proBNP
measurement was very short, we cannot exclude a small effect of
the drug on the baseline values of NT-proBNP.

CONCLUSIONS

In patients with STEMI, NT-proBNP level above the median on
admission independently predicts long-term (5-year) mortality.
Patients with NT-proBNP levels above the median who were
treated with prehospital treatment with tirofiban, as compared
with placebo, had significantly reduced 30-day and 1-year
mortality rates. Early tirofiban administration may be partic-
ularly effective in reducing mortality in high-risk patients, as
identified by higher admission levels of NT-proBNP. This finding
should be confirmed in other studies.

Key messages

What is already known on this subject?

Large randomised trials, conducted to explore the benefits from
adjunctive glycoprotein llb/Illa inhibitor (GPI) administration

in patients with ST elevation myocardial infarction (STEMI),
showed conflicting results. The identification of patients who
may particularly benefit from GPI administration is important in
the ongoing search for a more tailored and optimised therapy for
patients with STEMI.

What might this study add?

We have shown that a high-risk subset of patients, as
identified by higher levels of N-terminal pro-B-type natriuretic
peptide (NT-proBNP) upon presentation, may derive particular
benefit from early GPI treatment in terms of reduced short-term
and long-term mortality, without a significant increase in either
major or minor bleeding complications.

How might this impact on clinical practice?

Our findings may help further refine the identification of
patients likely to derive the greatest benefit from prehospital
GPI administration. Early NT-proBNP measurement aimed at
stratifying patients and guiding early antiplatelet therapy could
represent a possible new strategy to be tested in further studies.
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