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BACKGROUND: NT-proBNP (N-terminal pro brain natriuretic peptide) levels 
are included in the multiparametric risk assessment approach for pulmonary 
arterial hypertension (PAH) outlined in PAH guidelines. However, data supporting 
the use of NT-proBNP risk thresholds in assessing prognosis in PAH are limited. 
The GRIPHON trial (Prostacyclin [PGI2] Receptor Agonist In Pulmonary Arterial 
Hypertension) provides an opportunity to assess the prognostic value of NT-
proBNP thresholds in a controlled clinical trial and to evaluate the response to 
selexipag according to these thresholds.

METHODS: The event-driven GRIPHON trial randomly assigned patients to 
selexipag or placebo. NT-proBNP was measured at regular intervals in GRIPHON. 
Here, patients were categorized post hoc into low, medium, and high NT-proBNP 
subgroups according to 2 independent sets of thresholds: (1) baseline tertiles: 
<271 ng/L; 271 to 1165 ng/L; >1165 ng/L; and (2) 2015 European Society of 
Cardiology/European Respiratory Society  guidelines cutoffs: <300 ng/L; 300 to 
1400 ng/L; >1400 ng/L. Hazard ratios (selexipag versus placebo) with 95% CIs 
were calculated for the primary end point (composite morbidity/mortality events) 
by NT-proBNP category at baseline using Cox proportional-hazards models, and 
at any time during the exposure period using a time-dependent Cox model.

RESULTS: With both thresholds, baseline and follow-up NT-proBNP categories 
were highly prognostic for future morbidity/mortality events during the study 
(P<0.0001). In the time-dependent analysis, the risk of experiencing a morbidity/
mortality event was 92% and 83% lower in selexipag-treated patients with a 
low and medium NT-proBNP level, and 90% and 56% lower in placebo-treated 
patients with a low and medium NT-proBNP level, in comparison with patients 
with a high NT-proBNP level. Selexipag reduced the risk of morbidity/mortality 
events across all 3 NT-proBNP categories in both the baseline and time-dependent 
analyses, with a more pronounced treatment benefit of selexipag seen in the 
medium and low NT-proBNP subgroups (interaction P values 0.20 and 0.007 in 
the baseline and time-dependent analyses).

CONCLUSIONS: These analyses further establish the prognostic relevance of NT-
proBNP levels in PAH and provide first evidence for the association of NT-proBNP 
level and treatment response. Using 2 similar sets of thresholds, these analyses 
support the relevance of the low, medium, and high NT-proBNP categories as part 
of the multiparametric risk assessment approach outlined in the European Society 
of Cardiology/European Respiratory Society guidelines for the management of 
PAH patients.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. Unique 
identifier: NCT01106014.
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Multiparameter risk assessment has an essential 
role in determining prognosis and guiding treat-
ment decisions for patients with pulmonary 

arterial hypertension (PAH). NT-proBNP (N-terminal pro 
brain natriuretic peptide) is an integral component of risk 
assessment in PAH and is included in both the risk score 
developed from the REVEAL registry (Registry to Evalu-
ate Early And Long-term PAH Disease Management)1–3 
and the risk stratification approach outlined in the 2015 
European Society of Cardiology/European Respiratory 
Society (ESC/ERS) guidelines.3–5 NT-proBNP is secreted 
by cardiomyocytes in response to ventricular stretch and 
is an established noninvasive marker of right ventricular 
dysfunction.6 In pulmonary hypertension, including PAH, 
plasma NT-proBNP levels correlate with functional capac-
ity, right ventricular function, and echocardiographic and 
hemodynamic variables7–9 and have been shown to be 
an independent predictor of survival in a number of small 
observational studies.1,9–15 Recent data from the RE-
VEAL registry indicate that a baseline NT-proBNP level of  

≤340 ng/L strongly predicted improved survival up to 5 
years in patients with PAH.16 The ESC/ERS guidelines rec-
ommend that NT-proBNP levels are categorized as low 
(<5%), intermediate (5%–10%), or high (>10%) risk 
of 1-year mortality by using thresholds of 300 ng/L and 
1400 ng/L. However, the data supporting these thresh-
olds are limited, because they were selected based on 
data from only a few observational studies in PAH1,9 and 
expert consensus. To date these thresholds have not 
been validated in a clinical trial setting or in a population 
that included prevalent patients. Furthermore, there are 
no data investigating the association of NT-proBNP cat-
egory with response to treatment in PAH.

Selexipag is an oral, selective IP prostacyclin receptor 
agonist approved for the long-term treatment of PAH 
in adult patients with World Health Organization func-
tional class (WHO FC) II to III. In the phase III GRIPHON 
study (Prostacyclin [PGI2] Receptor Agonist In Pulmonary 
Arterial Hypertension), the largest PAH randomized, 
controlled trial to date, selexipag reduced the risk of the 
primary composite outcome of morbidity/mortality by 
40% (P<0.001) in comparison with placebo in a largely  
pretreated population.17 Change in NT-proBNP was 
 included as an exploratory end point in GRIPHON, which 
showed that the median NT-proBNP level at 26 weeks 
decreased in the selexipag group and increased in the 
placebo group (median treatment effect of –123 ng/L  
[P<0.001] for selexipag versus placebo).17

The objective of these analyses was to evaluate the 
prognostic and predictive value of low, medium, and 
high NT-proBNP categories in the large GRIPHON popu-
lation of patients with PAH to validate their use in a 
multiparameter risk assessment approach in PAH.

METHODS
The data sharing policy of the Sponsor is available at https://
www.janssen.com/clinical-trials/transparency. As noted on 
this site, requests for access to the study data can be submit-
ted through Yale Open Data Access (YODA) Project site at 
http://yoda.yale.edu.18.

Study Population
GRIPHON (NCT01106014) was a global, double-blind, ran-
domized, placebo-controlled event-driven phase III study that 
assessed the safety and efficacy of selexipag in patients with 
PAH and has previously been described in detail.17 Patients 
(18–75 years old) with a diagnosis of idiopathic PAH, heri-
table PAH, or PAH associated with connective tissue disease, 
repaired congenital systemic-to-pulmonary shunts, HIV infec-
tion, drug use, or toxin exposure were eligible. The diagnosis 
of PAH had to be confirmed by right heart catheterization at 
any time before screening with a pulmonary vascular resis-
tance ≥400 dyn·sec·cm−5, and patients were required to have 
a 6-minute walk distance (6MWD) of 50 to 450 m at screen-
ing. Eligible patients were permitted to take stable PAH back-
ground therapy including an endothelin receptor antagonist, 
a phosphodiesterase type-5 inhibitor, or both.

Clinical Perspective

What Is New?
• These post hoc analyses from the GRIPHON study 

(Prostacyclin [PGI2] Receptor Agonist In Pulmonary 
Arterial Hypertension) provide the first assessment 
of response to pulmonary arterial hypertension ther-
apy in patients categorized according to NT-proBNP 
(N-terminal pro brain natriuretic peptide) levels.

• Although a positive treatment response was seen 
across all 3 NT-proBNP categories, some analyses 
suggested a more pronounced treatment response 
for patients with levels of NT-proBNP in the low and 
medium ranges.

• Our findings also highlight the prognostic value of 
NT-proBNP levels.

What Are the Clinical Implications?
• NT-proBNP levels are highly prognostic of pulmo-

nary arterial hypertension progression, and patients 
with persistently high NT-proBNP have the highest 
risk of disease progression.

• This indicates that having NT-proBNP in the low 
range, by improving to or maintaining low NT-
proBNP levels, is a clinically relevant treatment goal 
for patients with pulmonary arterial hypertension.

• Although selexipag was beneficial in all NT-proBNP 
categories, the treatment effect may be greater in 
the low and medium categories (versus high), sug-
gesting that earlier selexipag treatment may be of 
greater benefit.

• Treatment escalation should be considered for 
patients with persistently high NT-proBNP or who 
experience deterioration to the high NT-proBNP 
subgroup while receiving selexipag.
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Study Design and Outcomes
The GRIPHON trial was conducted in accordance with the 
amended Declaration of Helsinki and the protocol was 
reviewed by local institutional review boards with written 
informed consent obtained from all patients. Patients were 
randomly assigned 1:1 to receive selexipag or placebo twice 
daily, and study drug was titrated to the highest tolerated 
dose or the maximum dose of 1600 µg twice daily. Double-
blind treatment continued until a patient experienced a pri-
mary end point event, or until premature discontinuation of 
double-blind treatment (eg, because of an adverse event [AE]) 
or until the end of the study. End of treatment was defined as 
7 days after the last intake of selexipag or placebo. GRIPHON 
used a composite primary end point of time from randomiza-
tion to first morbidity/mortality event up to end of treatment. 
Morbidity events were defined as disease progression, or 
worsening of PAH that resulted in hospitalization, initiation of 
parenteral prostanoid therapy or long-term oxygen therapy, 
or need for lung transplantation or balloon atrial septostomy. 
Disease progression was defined as a decrease from base-
line of at least 15% in 6MWD, and worsening in WHO FC 
(for patients in WHO FC II or III at baseline) or the need for 
additional PAH therapy (for patients in WHO FC III or IV at 
baseline). All primary end point events were adjudicated by a 
blinded independent critical event committee.

NT-proBNP Measurement
Plasma concentrations of NT-proBNP were determined at a 
central laboratory using a validated electrochemilumines-
cence immunoassay (Roche Elecsys proBNP II) at baseline, 
weeks 4, 8, 16, and 26, and at 6-month intervals thereafter.

NT-proBNP Subgroups
For each NT-proBNP assessment time point, patients were cat-
egorized into low, medium, and high NT-proBNP subgroups 
according to 2 sets of thresholds: (1) thresholds defined as 
the tertiles of the baseline distribution of NT-proBNP values 
in GRIPHON (low: <271 ng/L, medium: 271−1165 ng/L, high: 
>1165 ng/L) and (2) the thresholds outlined in the ESC/ERS 
guidelines4,5 (low: <300ng/L, medium: 300−1400 ng/L, high: 
>1400 ng/L). The main analyses were based on baseline ter-
tile thresholds, and results from the guidelines thresholds are 
included in the online-only Data Supplement. Patients were 
also categorized by change in NT-proBNP category over time 
as follows: stable low (low NT-proBNP at baseline and at week 
26), stable medium (medium NT-proBNP at baseline and at 
week 26), stable high (high NT-proBNP at baseline and at 
week 26), improved (high at baseline and medium or low at 
week 26, or medium at baseline and low at week 26), and 
deteriorated (low at baseline and medium or high at week 26, 
or medium at baseline and high at week 26).

Statistical Analyses
Post hoc analyses on the primary end point (composite morbid-
ity/mortality events) were performed in patient subgroups deter-
mined by NT-proBNP category and by the change in NT-proBNP 
category from baseline to week 26. The analysis by NT-proBNP 
category at baseline included all randomly assigned patients 
with an NT-proBNP level measured at baseline. For the analysis 

by change in NT-proBNP category that follows patients for the 
occurrence of a primary end point from the week 26 time point, 
the landmark methodology19 was used. This analysis included 
data from patients who were still receiving double-blind treat-
ment at week 26 (ie, excluding patients who had a primary 
end point or had prematurely discontinued treatment before 
the week 26 time point) and for whom NT-proBNP levels were 
available at baseline and week 26. The association between 
NT-proBNP category at baseline, or change in NT-proBNP cat-
egory, and the risk of a primary end point was assessed using 
Kaplan-Meier estimates by treatment arm and subgroup, and 
using Cox proportional-hazards models to calculate hazard ratios 
(HRs) with 95% CIs. A time-dependent Cox proportional model 
was used to evaluate the association of the NT-proBNP category 
at any time during the study and the primary end point. This 
model evaluates the risk of an event for the low, medium, and 
high NT-proBNP categories at any time during the study.

Sensitivity analyses were performed that adjusted for the 
following prognostic baseline covariates: treatment, back-
ground PAH therapy, WHO FC, sex, race, age group (<65 years 
versus ≥65 years), PAH classification, geographical region, cre-
atinine, and 6MWD. Consistency of treatment effects across 
subgroups were assessed using interaction tests.

A subpopulation treatment effect pattern plot analysis20 
was performed to descriptively explore whether the hazard 
ratio (ie, treatment effect) of selexipag versus placebo on the 
primary end point changed as a function of NT-proBNP level at 
baseline. Patients were ranked according to their NT-proBNP 
level at baseline (from lowest to highest) and divided into 
multiple overlapping subpopulations. A Cox model was fit-
ted separately to each subpopulation to obtain a hazard ratio 
for selexipag versus placebo. The hazard ratios were plotted 
against the median values for NT-proBNP level at baseline for 
each of the subpopulations.

RESULTS
Patient Characteristics
In the 1142 GRIPHON patients with an NT-proBNP value 
at baseline, median NT-proBNP levels at baseline were 
546.5 ng/L in the selexipag group and 562.5 ng/L in 
the placebo group. Using NT-proBNP tertiles defined 
at baseline, 381, 380, and 381 patients were classified 
in the low, medium, and high NT-proBNP subgroups, 
respectively (Figure I in the online-only Data Supple-
ment). Baseline characteristics by NT-proBNP subgroup 
are shown in Table  1. Patients in the low NT-proBNP 
subgroup tended to be younger, to have higher 6MWD, 
were less likely to be in WHO FC III/IV, and were less 
likely to be on combination therapy in comparison with 
patients in the high NT-proBNP group (Table 1).

For the 867 patients with an NT-proBNP value at 
baseline and at week 26, the number and percentage 
of patients with NT-proBNP levels classified as stable 
low, stable medium, stable high, improved, or deterio-
rated are shown in Figure  1. An improvement in NT-
proBNP category was observed more frequently for the 
selexipag-treated patients than for the placebo-treated 
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patients (17.4% versus 8.3%). Conversely, fewer selex-
ipag-treated patients experienced a deterioration in NT-
proBNP category than placebo-treated patients (9.3% 
versus 15.8%). Similar results were obtained using sub-
groups defined according to the guidelines thresholds 
(Figure II in the online-only Data Supplement).

NT-proBNP Category and Long-Term 
Outcome
When placebo-treated patients were categorized based 
on their NT-proBNP level at baseline, the percentages of 
patients who experienced a morbidity/mortality event 

Table 1. Baseline Characteristics for Patients Grouped According to NT-proBNP (N-Terminal Pro Brain Natriuretic Peptide) Level

Characteristic

NT-proBNP Category at Baseline

Low Medium High

Placebo 
(n=186)

Selexipag 
(n=195)

Placebo 
(n=184)

Selexipag 
(n=196)

Placebo 
(n=204)

Selexipag
(n=177)

Female sex 156 (83.9) 163 (83.6) 139 (75.5) 156 (79.6) 164 (80.4) 133 (75.1)

Age, y 45.6±14.82 45.8±15.11 49.1±15.88 50.0±14.43 49.0±15.61 49.0±15.73

Age distribution

    <65 y 161 (86.6) 176 (90.3) 148 (80.4) 155 (79.1) 158 (77.5) 139 (78.5)

    65–74 y 25 (13.4) 16 (8.2) 33 (17.9) 40 (20.4) 44 (21.6) 34 (19.2)

    ≥75 y 0 3 (1.5) 3 (1.6) 1 (0.5) 2 (1.0) 4 (2.3)

Geographic region

    Asia 36 (19.4) 46 (23.6) 38 (20.7) 28 (14.3) 39 (19.1) 41 (23.2)

    Eastern Europe 45 (24.2) 48 (24.6) 45 (24.5) 50 (25.5) 61 (29.9) 48 (27.1)

    Latin America 20 (10.8) 14 (7.2) 19 (10.3) 23 (11.7) 17 (8.3) 16 (9.0)

    North America 44 (23.7) 33 (16.9) 30 (16.3) 35 (17.9) 22 (10.8) 26 (14.7)

    Western Europe/Australia 41 (22.0) 54 (27.7) 52 (28.3) 60 (30.6) 65 (31.9) 46 (26.0)

BMI distribution

    <25 kg/m2 80 (43.0) 82 (42.1) 81 (44.0) 86 (44.1) 105 (51.5) 98 (55.4)

    25–30 kg/m2 52 (28.0) 45 (23.1) 50 (27.2) 54 (27.7) 58 (28.4) 40 (22.6)

    >30 kg/m2 54 (29.0) 68 (34.9) 53 (28.8) 55 (28.2) 41 (20.1) 39 (22.0)

Years since diagnosis 2.7±3.85 2.3±3.90 2.6±4.52 2.7±3.61 2.1±2.77 2.1±2.85

6MWD, m 365.2±80.78 376.6±68.42 360.3±66.20 362.7±71.46 319.6±92.35 336.0±82.88

WHO FC

    I 3 (1.6) 4 (2.1) 1 (0.5) 0 0 0

    II 110 (59.1) 109 (55.9) 88 (47.8) 91 (46.4) 53 (26.0) 72 (40.7)

    III 72 (38.7) 82 (42.1) 92 (50.0) 102 (52.0) 147 (72.1) 105 (59.3)

    IV 1 (0.5) 0 3 (1.6) 3 (1.5) 4 (2.0) 0

PAH classification

    Idiopathic 103 (55.4) 100 (51.3) 116 (63.0) 109 (55.6) 115 (56.4) 100 (56.5)

    CTD 53 (28.5) 56 (28.7) 41 (22.3) 49 (25.0) 69 (33.8) 60 (33.9)

    CHD 17 (9.1) 28 (14.4) 17 (9.2) 22 (11.2) 15 (7.4) 9 (5.1)

    Heritable 6 (3.2) 6 (3.1) 4 (2.2) 4 (2.0) 3 (1.5) 3 (1.7)

    Drug or toxin induced 3 (1.6) 4 (2.1) 5 (2.7) 8 (4.1) 2 (1.0) 5 (2.8)

    HIV infection 4 (2.2) 1 (0.5) 1 (0.5) 4 (2.0) 0 0

Use of PAH therapy

    None 42 (22.6) 43 (22.1) 41 (22.3) 43 (21.9) 36 (17.6) 25 (14.1)

    ERA 35 (18.8) 38 (19.5) 18 (9.8) 25 (12.8) 22 (10.8) 29 (16.4)

    PDE-5i 54 (29.0) 64 (32.8) 65 (35.3) 57 (29.1) 66 (32.4) 66 (37.3)

    ERA and PDE-5i 55 (29.6) 50 (25.6) 60 (32.6) 71 (36.2) 80 (39.2) 57 (32.2)

Values are shown as n (%) or mean±SD. Low, medium, and high NT-proBNP cutoffs were determined according to baseline NT-proBNP tertiles 
(low: <271 ng/L; medium: 271–1165 ng/L; high: >1165 ng/L). BMI indicates body mass index; CHD, congenital heart disease; CTD, connective 
tissue disease; ERA, endothelin receptor antagonist; HIV, human immunodeficiency virus; 6MWD, 6-minute walk distance; PAH, pulmonary arterial 
hypertension; PDE-5i, phosphodiesterase type-5 inhibitor; and WHO FC, World Health Organization functional class.
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increased from 21.5% to 43.5% to 57.8% in the low, 
medium, and high NT-proBNP subgroups, respectively 
(Table 2). A similar pattern was observed for selexipag-
treated patients (Figure 2, Table 2). NT-proBNP category 
at baseline was highly prognostic for the occurrence of 
morbidity/mortality events (P<0.0001), both with and 
without adjustment for baseline covariates (P<0.0001). 
Similar results were observed in the subgroups defined 
using the thresholds in the ESC/ERS guidelines (Figure III 
in the online-only Data Supplement).

Differences in the risk of a morbidity/mortality event 
between NT-proBNP categories determined at baseline 
were also assessed using a time-dependent Cox  model 
(Table  3). Selexipag-treated patients with a low or 

 medium NT-proBNP level had a 92% and 83% reduced 
risk of experiencing a morbidity/mortality event in 
comparison with patients with a high NT-proBNP level, 
 irrespective of when NT-proBNP was assessed  (Table 3). 
Similar, albeit less pronounced, differences in risk were 
observed for placebo-treated patients.  Consistent 
results were observed after adjusting for baseline 
 covariates (Table  3). Sensitivity analyses restricted to  
36 months follow-up provided comparable results. 
 Similar results were observed using the thresholds in 
the ESC/ERS guidelines (data not shown).

The incidence of morbidity/mortality events for pla-
cebo- and selexipag-treated patients in the stable low, 
stable medium, stable high, improved, and deteriorated 
NT-proBNP subgroups are shown in Figure 3. Irrespec-
tive of treatment, the risk of morbidity/mortality was 
lowest for patients with a stable low or improved NT-
proBNP level. The highest risk was observed for patients 
receiving selexipag with a stable high NT-proBNP.

NT-proBNP Category and Response to 
Treatment
In the overall GRIPHON population, the hazard ratio 
for the primary morbidity/mortality end point was 0.60 
(99% CI, 0.46–0.78) for selexipag versus placebo.17 
Hazard ratios for the primary end point indicated a ben-
efit from selexipag in all baseline NT-proBNP subgroups: 
low subgroup HR 0.57 (95% CI, 0.34–0.94), medium 
subgroup 0.48 (95% CI, 0.33–0.70), and high sub-
group 0.73 (95% CI, 0.55–0.96; Figure 4A). Although 
the point estimates of the HRs were greater in the low 
and medium NT-proBNP subgroups, the interaction test 
showed no evidence for heterogeneity in the treatment 
effect of selexipag between the low, medium, and 
high NT-proBNP subgroups (nonsignificant interaction  

Figure 1. Shift table for change in NT-proBNP (N-terminal pro brain 
natriuretic peptide) category from baseline to week 26.  
Values are shown as n (%). Low, medium, and high NT-proBNP cutoffs 
were determined according to baseline NT-proBNP tertiles (low: <271 ng/L; 
medium: 271–1165 ng/L; high: >1165 ng/L). Analyses were performed only 
in patients who were still in the double-blind treatment at week 26 and who 
had an NT-proBNP value at baseline and week 26; 289 patients randomly 
assigned at baseline were excluded from these analyses for the following 
reasons (categories are not mutually exclusive): primary end point event before 
week 26 (n=147), premature discontinuation of double-blind treatment be-
fore week 26 (n=121), missing NT-proBNP value at baseline (n=14) or at week 
26 (n=239). BL indicates baseline.

Figure 2. Time from randomization to first 
morbidity or mortality event in subgroups 
defined by NT-proBNP (N-terminal pro brain 
natriuretic peptide) level at baseline.  
Low, medium, and high NT-proBNP cutoffs were 
determined according to baseline NT-proBNP 
tertiles (low: <271 ng/L; medium: 271–1165 
ng/L; high: >1165 ng/L).
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P value 0.20). Similar results were obtained in sensitivity 
analyses, which adjusted for baseline covariates (Table I 
in the online-only Data Supplement) and in subgroups 
defined according to the ESC/ERS guidelines thresholds 
(Table I in the online-only Data Supplement and Figure 
III in the online-only Data Supplement).

To further explore the relationship between NT-proB-
NP levels at baseline and the treatment effect of selexi-
pag on the primary end point of morbidity/mortality, 
a subpopulation treatment effect pattern plot analysis 
was performed (Figure 5). Results of this analysis sug-
gest that the treatment effect of selexipag versus pla-
cebo may be greater in magnitude in subpopulations 
with NT-proBNP levels in the middle and low range.

The treatment effect of selexipag by NT-proBNP cat-
egory at any time during the study was assessed using 
a time-dependent Cox model analysis. The HRs for the 
primary end point favored selexipag in all NT-proBNP 
subgroups: low subgroup HR 0.64 (95% CI, 0.31–1.33), 
medium subgroup 0.31 (95% CI, 0.18–0.52), and high 
subgroup 0.79 (95% CI, 0.61–1.03). A significant inter-
action P value was seen, suggesting a greater treatment 
effect for the medium and low NT-proBNP subgroups 
in comparison with the high NT-proBNP subgroup (in-
teraction P value 0.007; Figure 4B). Similar HRs were 
observed using the thresholds in the ESC/ERS guidelines 
(data not shown).

Safety
Overall, 11.3%, 15.7%, and 16.4% of selexipag-
treated patients and 6.5%, 6.0%, and 8.8% of pla-
cebo-treated patients in the low, medium, and high 
NT-proBNP subgroups, respectively, discontinued treat-
ment prematurely because of an AE. The most frequent 
AE associated with therapies targeting the prostacyclin 
pathway was headache, which affected 33.1%, 32.8%, 
and 29.2% of the selexipag-treated patients (placebo-
corrected) in the low, medium, and high-NT-proBNP 
subgroups, respectively (Table II in the online-only Data 
Supplement). Irrespective of treatment, patients in the 
medium and high NT-proBNP subgroups experienced 
more serious AEs than patients in the low NT-proBNP 
subgroup (Table II in the online-only Data Supplement). 

This result was driven by serious AEs related to the un-
derlying disease (eg, PAH and right ventricular failure). 
In all 3 NT-proBNP subgroups, the frequency of a seri-
ous AE of PAH was higher in the placebo group than in 
the selexipag group (low: 10.8% versus 5.6%; medi-
um: 19.1% versus 13.2%; high: 34.3% versus 24.9%).

DISCUSSION
The GRIPHON trial included the largest number of pa-
tients with PAH evaluated to date in a randomized, con-
trolled trial, of which >98% patients had an NT-proBNP 
value measured at baseline. This provided an opportu-
nity to assess the prognostic and predictive value of NT-
proBNP thresholds in a large population using both the 
ESC/ERS guidelines thresholds and newly derived base-
line tertiles thresholds. In this GRIPHON post hoc analy-
sis, NT-proBNP category was highly prognostic for long-
term outcomes using both NT-proBNP baseline tertiles 
and the ESC/ERS guidelines thresholds. These analyses 
also suggest that NT-proBNP category during follow-up 
can be used to predict long-term treatment response.

The ESC/ERS guidelines recommend the use of NT-
proBNP as part of a multiparametric assessment for 
prognosis and as treatment goals for patients with 
PAH, and provide thresholds to define low (<300 ng/L), 
intermediate (300–1400 ng/L), and high risk (>1400 
ng/L) levels of NT-proBNP.5 Although recent registry 
analyses have demonstrated that these thresholds have 
strong prognostic relevance in patients with incident 
PAH,21,22 data supporting the specific thresholds cur-
rently recommended and data in prevalent patients are 
more limited. Four studies in PAH or PAH plus chronic 
thromboembolic pulmonary hypertension used receiv-
er operating characteristic curve analysis to identify 
threshold values to predict survival in treatment na-
ïve patients.9,10,13,14 Cutoff values of 705 ng/L (n=95, 

Table 2. Proportion of Patients With Morbidity/Mortality Events 
by NT-proBNP (N-Terminal Pro Brain Natriuretic Peptide) Category at 
Baseline

NT-proBNP at baseline

Low Medium High

Selexipag 24/195 (12.3) 44/196 (22.4) 84/177 (47.5)

Placebo 40/186 (21.5) 80/184 (43.5) 118/204 (57.8)

Values shown as n/N (%). Low, medium, and high NT-proBNP cutoffs were 
determined according to baseline NT-proBNP tertiles (low: <271 ng/L; medium: 
271–1165 ng/L; high: >1165 ng/L). n indicates number of events; and N, 
number of patients in the subgroup.

Table 3. Risk of Morbidity/Mortality Adjusted by Time-Dependent   
NT-proBNP (N-Terminal Pro Brain Natriuretic Peptide) Category

Group
NT-proBNP 
Category

Unadjusted Risk 
HR (95% CI)

Adjusted Risk 
HR (95% CI)*

Selexipag High (reference) – –

 Medium† 0.17 (0.11–0.28) 0.20 (0.12–0.33)

 Low† 0.08 (0.04–0.14) 0.09 (0.05–0.17)

Placebo High (reference) – –

 Medium† 0.44 (0.32–0.60) 0.53 (0.38–0.73)

 Low† 0.10 (0.06–0.16) 0.12 (0.07–0.20)

Low, medium and high NT-proBNP cutoffs were determined according to 
baseline NT-proBNP tertiles (low: <271 ng/L; medium: 271–1165 ng/L; high: 
>1165 ng/L). HR indicates hazard ratio; PAH, pulmonary arterial hypertension; 
and WHO, World Health Organization.

*Adjusted for PAH therapy, WHO functional class, sex, age (categorized 
as <65 years vs ≥65 years), race, classification, geographical region, baseline 
6-minute walk distance, and baseline creatinine level.

†Hazard ratios presented here represent the risk of morbidity/mortality of 
patients with medium vs high and low vs high NT-proBNP levels.
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 Zelniker et al14), 1256 ng/L (n=161, Mauritz et al13),  
1400 ng/L (n=55, Fijalkowska et al9), and 1800 ng/L 
(n=109, Nickel et al10) were identified. Although gener-
ally in the range of the high-risk cutoff used in the current  

guidelines (>1400 ng/L),5 considerable variability was 
seen. In addition, the lowest-risk tier in the current 
guidelines, an NT-proBNP level <300 ng/L,5 was not ini-
tially identified in PAH receiver operating characteristic 

A

B

Figure 3. Time from week 26 to first morbidity or mortality event based on change in NT-proBNP (N-terminal pro brain natriuretic peptide) category 
from baseline to week 26 for placebo and selexipag patients. 
Data shown for (A) patients receiving placebo and (B) patients receiving selexipag. Low, medium, and high NT-proBNP cutoffs determined according to baseline NT-
proBNP tertiles (low: <271 ng/L; medium: 271–1165 ng/L; high: >1165 ng/L). Subgroups are defined as: stable low (low NT-proBNP at baseline and at week 26), stable 
medium (medium NT-proBNP at baseline and at week 26), stable high (high NT-proBNP at baseline and at week 26), improved (high at baseline and medium or low at 
week 26, or medium at baseline and low at week 26), and deteriorated (low at baseline and medium or high at week 26, or medium at baseline and high at week 26).
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curve analysis (although it is used in excluding acute 
heart failure in other settings23). Limitations of the cur-
rent thresholds therefore include the small samples siz-
es, the lack of separate validation cohorts, the inclusion 
of only treatment-naïve patients, the variability in the 
thresholds identified in receiver operating characteristic 
analyses9,10,13,14 and the lack of studies specifically de-
signed to identify cutoffs for 3 tiers of risk.

Given these limitations, both baseline tertile values, 
and the NT-proBNP threshold values from the 2015 
ESC/ERS guidelines were analyzed in the current study. 

Our results support the relevance of using low, medi-
um, and high NT-proBNP categories in PAH risk assess-
ment. The differences in cutoff values used in the ESC/
ERS guidelines and the baseline NT-proBNP tertiles (300 
ng/L versus 271 ng/L for the low/medium threshold, 
and 1165 ng/L versus 1400 ng/L for the medium/high 
threshold) also suggest that these thresholds should be 
considered as guidance to clinicians and not as absolute 
boundaries between risk categories.

Our analyses by change in NT-proBNP category 
provide evidence that highlights the importance of 

A

B

Figure 4. Treatment effect of selexipag on time from randomization to first morbidity or mortality event.  
A, Treatment effect in subgroups defined by NT-proBNP (N-terminal pro brain natriuretic peptide) level at baseline. B, Treatment effect by time-dependent NT-
proBNP category. Low, medium, and high NT-proBNP cutoffs were determined according to baseline NT-proBNP tertiles (low: <271 ng/L; medium: 271–1165 ng/L; 
high: >1165 ng/L). HR indicates hazard ratio; and N/A, not available.

Figure 5. Subpopulation treatment effect pattern plot showing the treatment effect of selexipag vs placebo on morbidity/mortality (hazard ratio 
plus 95% CIs and 95% confidence bands) by NT-proBNP (N-terminal pro brain natriuretic peptide) level at baseline.  
The black line indicates the hazard ratio of each subpopulation, the dark blue dashed line indicates the 95% CI for each individual subpopulation. The light blue 
dashed line shows the 95% confidence bands, which define the confidence interval of the best-fit line and indicate with 95% certainty the bounds within which 
the true curve will fall. Vertical lines indicate the 300 ng/L and 1400 ng/L NT-proBNP thresholds. HR indicates hazard ratio.
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maintaining patients in the low NT-proBNP category 
or improving their NT-proBNP category as potential 
treatment goals.

This study also presents the first data showing an as-
sociation between NT-proBNP category and response to 
long-term treatment in PAH. Selexipag reduced the risk of 
morbidity/mortality across all baseline NT-proBNP catego-
ries. The treatment effect appeared numerically higher 
in the low and medium subgroups, but the interaction 
P value was not statistically significant. In the time-de-
pendent analysis, a benefit was also observed in all sub-
groups regardless of when the NT-proBNP categorization 
was performed. However, more pronounced treatment 
effects were seen in the low and medium NT-proBNP sub-
groups, and the interaction P value in this case was sta-
tistically significant. These results combined with the poor 
long-term outcomes and higher discontinuation rates for 
patients with NT-proBNP in the persistently high range 
suggest that treatment escalation should be considered 
for individual patients who remain in or experience dete-
rioration to the high NT-proBNP subgroup while receiving 
selexipag. These findings also support close monitoring 
of patients at any time during follow-up to ensure that 
changes in treatment are made at the appropriate time.

The results presented here provide an in-depth 
analysis of NT-proBNP threshold values in the context 
of a randomized, controlled trial and further support 
the use of the NT-proBNP categories outlined in the 
ESC/ERS guidelines in the assessment and follow-up 
of patients with PAH. It is not surprising that patients 
with high NT-proBNP at baseline also tended to be in 
a higher WHO FC and have low 6MWD values. How-
ever, it is interesting to note that 32.8% of patients in 
the high NT-proBNP subgroup were also in WHO FC II, 
demonstrating that a single parameter cannot provide 
sufficient information to fully assess risk in patients with 
PAH, and multiple parameters should be considered 
when determining prognosis and making treatment 
decisions. Using such a multiparametric approach to 
risk assessment is recommended in the ESC/ERS guide-
lines4,5 and supported by several analyses of PAH regis-
try data, which have highlighted the strong prognostic 
relevance of WHO FC, 6MWD, and NT-proBNP levels at 
baseline and follow-up.21,22,24

Selexipag was generally well-tolerated, irrespective 
of NT-proBNP category at baseline. The rates of discon-
tinuations and number of serious AEs related to PAH 
were higher in patients in the medium and high NT-
proBNP subgroups than in those in the low NT-proBNP 
subgroup. These results are not unexpected given that 
NT-proBNP is a marker for ventricular dysfunction and 
patients with high NT-proBNP are likely to have more 
advanced disease.

These analyses are subject to a number of limita-
tions. Although GRIPHON provided a large data set 
appropriate for the analysis of NT-proBNP levels, analy-

ses presented here are post hoc and exploratory in na-
ture. The landmark analysis used to assess the effect of 
change in NT-proBNP category uses a single time point 
at week 26 and therefore excludes patients who are 
no longer receiving double-blind treatment at week 26. 
Because these analyses do not provide an overall effect 
of change in NT-proBNP category throughout the study, 
analyses using a time-dependent covariate model were 
performed to address these limitations. Finally, the NT-
proBNP baseline tertile thresholds used in this study 
were derived from and applied to the same patient 
population.

Conclusions
The GRIPHON trial provided an opportunity to evalu-
ate the prognostic and predictive value of NT-proBNP 
in patients with PAH in detail in the context of an ran-
domized, controlled trial. In our analyses, NT-proBNP 
category at baseline and at any time during follow-up, 
irrespective of whether the categories were based on 
the ESC/ERS guidelines thresholds or baseline tertiles, 
was shown to be highly prognostic for long-term out-
comes and can be used to predict response to selexipag 
treatment. In addition, we show that change in NT-
proBNP category has some prognostic value. The data 
presented in this study therefore support the inclusion 
of NT-proBNP categories as part of the multiparametric 
risk assessment of patients with PAH at baseline and 
follow-up, as outlined in the ESC/ERS guidelines.
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