Utility of B-type natriuretic peptides in the assessment of
patients with systemic sclerosis-associated pulmonary
hypertension in the PHAROS registry

L. Chung'?, R.M. Fairchild!, D.E. Furst®, S. Li', F. Alkassab*, M.B. Bolster?,

M.E. Csuka®, C.T. Derk’, R.T. Domsic®, A. Fischer’, T.M. Frech'’, M. Gomberg-Maitland'!,
J K. Gordon'?, M. Hinchcliff"?, V. Hsu'¢, L.K. Hummers', D. Khanna'®, T.A. Medsger Jr.8,
J.A. Molitor'7, I.R. Preston'®, E. Schiopu'®, L. Shapiro'®, F. Hant?, R. Silver®,

R. Simms?!, J. Varga'®, V.D. Steen*?, R.T. Zamanian'*

Affiliations: see page S112.

Lorinda Chung*, MD, MS;

Robert M. Fairchild*, MD, PhD;

Daniel E. Furst, MD; Shufeng Li, MS;
Firas Alkassab, MD; Marcy B. Bolster, MD;
M .E. Csuka, MD; Chris T. Derk, MD, MS;
Robyn T. Domsic, MD, MPH;

Aryeh Fischer, MD, Tracy M. Frech, MD;
Mardi Gomberg-Maitland, MD;

Jessica K. Gordon, MD, MSc;

Monique Hinchcliff, MD, MS;

Vivien Hsu, MD; Laura K. Hummers, MD,
MPH; Dinesh Khanna, MD, MS;

Thomas A. Medsger Jr., MD;

Jerry A. Molitor, MD, PhD;

loana R. Preston, MD; Elena Schiopu, MD;
Lee Shapiro, MD; Faye Hant, DO, MSCR;
Richard Silver, MD; Robert Simms, MD;
John Varga, MD; Virginia D. Steen, MD;
Roham T. Zamanian, MD

*These authors contributed equally.

Please address correspondence to:
Dr Lorinda Chung,

3801 Miranda Ave.,

VA Palo Alto Health Care System,
Palo Alto, CA 94304, USA.
E-mail: shauwei@ stanford.edu

Received on March 1, 2016; accepted in
revised form on September 28, 2016.

Clin Exp Rheumatol 2017; 35 (Suppl. 106):
S106-S113.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2016.

Key words: systemic sclerosis,
pulmonary hypertension, BNP,
NT-proBNP

Funding: The PHAROS Registry

was initially funded by Actelion, the
Scleroderma Foundation and the Sibley
Foundation, with ongoing funding by
Gilead. However, the sponsors did not
participate in the writing, study design,
collection, analysis or interpretation of
the data.

Competing interests: see page S112.

S-106

ABSTRACT

Objective. 7o assess the utility of B-type
natriuretic peptide (BNP) and N-termi-
nal pro-BNP (NT-proBNP) in detecting
and monitoring pulmonary hyperten-
sion (PH) in systemic sclerosis (SSc).
Methods. PHAROS is a multicenter
prospective cohort of SSc patients at
high risk for developing pulmonary
arterial hypertension (SSc-AR-PAH)
or with a definitive diagnosis of SSc-
PH. We evaluated 1) the sensitivity and
specificity of BNP=64 and NT-proB-
NP=210 pg/mL for the detection of
SSc-PAH and/or SSc-PH in the SSc-AR-
PAH population; 2) baseline and longi-
tudinal BNP and NT-proBNP levels as
predictors of progression to SSc-PAH
and/or SSc-PH; 3) baseline BNP=180,
NT-proBNP=553 pg/mL, and longitudi-
nal changes in BNP and NT-proBNP as
predictors of mortality in SSc-PH diag-
nosed patients.

Results. /72 SSc-PH and 157 SSc-AR-
PAH patients had natriuretic peptide
levels available. Median BNP and NT-
proBNP were significantly higher in
the SSc-PH versus SSc-AR-PAH group.
The sensitivity and specificity for SSc-
PAH detection using baseline BNP=64
pg/mL was 71% and 59%; and for NT-
proBNP=210 pg/mL, 73% and 78%.
NT-proBNP showed stronger correla-
tions with haemodynamic indicators of
right ventricular dysfunction than BNP.
Baseline creatinine, RVSP > 40 mmHg,
and FVC%:DL.,% ratio =1.8 were as-
sociated with progression from SSc-AR-
PAH to SSc-PH but no association with
individual or combined baseline BNP
and NT-proBNP levels was observed.
Baseline and follow-up BNP or NT-
proBNP levels were not predictive of
death, however, a composite BNP/NT-

proBNP group predicted mortality (HR
3.81(2.08-6.99), p<.0001).
Conclusion. NT-proBNP may be more
useful than BNP in the detection and
monitoring of PAH in SSc patients, but
additional studies are necessary.

Introduction

Systemic sclerosis (SSc) is an autoim-
mune connective tissue disease charac-
terised by vascular damage and fibrosis
that can affect multiple organ systems.
Scleroderma-associated pulmonary hy-
pertension (SSc-PH) — a frequently en-
countered life threatening complication
of SSc — can be the result of SSc-asso-
ciated pulmonary arterial hypertension
(SSc-PAH, WHO Group I PH), left-sid-
ed systolic or diastolic heart dysfunc-
tion (WHO Group II PH), interstitial
lung disease (WHO Group III PH), or
a combination of these conditions (1).
Right heart catheterisation (RHC) con-
firmed PAH affects 3.7-12% of SSc
patients (2-5). SSc-PAH is associated
with higher mortality rates than idio-
pathic pulmonary arterial hypertension
(IPAH) as well as non-SSc connective
tissue disease-associated PAH (CTD-
PAH) (5-8). Approximately 35-40% of
SSc patients have clinically significant
SSc associated interstitial lung disease
(SSc-ILD) as diagnosed by imaging
studies and/or pulmonary function tests
(PFTs) with up to half of these patients
having associated PH (5, 9). These pa-
tients have even worse survival rates
than their SSc-PAH counterparts (39%
versus 64% at 3 years, respectively)
(10). Together, SSc-ILD and SSc-PAH
account for 33% of all SSc-associated
deaths (11-13).

Early diagnosis and treatment of PAH
has been associated with improved sur-
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vival in studies including patients with
SSc-PAH (14, 15). Natriuretic peptides
may be promising serum biomarkers to
aid in the early detection and manage-
ment of this disease (8). Recently, SSc-
PAH patients have been shown to have
higher natriuretic peptide levels than
both IPAH and non-SSc CTD-PAH
patients, correlating with their poorer
survival rates (7). Brain natriuretic
peptide (BNP) is released by ventricu-
lar myocytes in response to ventricular
wall stress and antagonises the renin-
angiotensin-aldosterone system lead-
ing to diuresis and decreased blood
pressure (16). The related N-terminal
peptide, NT-proBNP, formed after en-
zymatic cleavage in the blood from the
pro-hormone of BNP, has been inves-
tigated as an alternative to BNP given
its more favourable laboratory assay
characteristics including enhanced sta-
bility and longer circulating half-life.
As with BNP, NT-proBNP correlates
with haemodynamic parameters, such
as mean pulmonary artery pressure
(mPAP) and pulmonary vascular resist-
ance (PVR), exercise capacity assessed
by six-minute walk test (6 MWT) (17),
and estimated right-sided pressures on
transthoracic echocardiography (TTE)
in SSc-PAH patients (18).

Herein, we report the results of the first
US, multicenter study evaluating the
utility of both BNP and NT-proBNP
as diagnostic and prognostic indicators
for SSc-PAH and SSc-PH using the
Pulmonary Hypertension Assessment
and Recognition of Outcomes in Scle-
roderma (PHAROS) registry. More
specifically, we sought to assess the
utility of serum BNP and NT-proBNP
levels 1) as predictors of progression
to SSc-PAH and/or SSc-PH in an “at-
risk” for PAH population (SSc-AR-
PAH); and 2) as predictors of survival
in the SSc-PH population.

Patients and methods

PHAROS is a longitudinal prospective
registry involving 22 US Scleroderma
Centers. Participating centers obtained
institutional review board approval and
all patients provided written informed
consent prior to enrollment. The base-
line characteristics and study design for
PHAROS are described elsewhere (19).
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The PHAROS registry enrolls SSc
patients who are: 1) at high risk for
developing pulmonary hypertension
(SSc-AR-PAH) or 2) have definite PH
(SSc-PH) diagnosed by RHC within
6 months of enrolment. SSc-AR-PAH
patients must fulfill one of the follow-
ing three criteria: 1) a right ventricular
systolic pressure (RVSP) on TTE =40
mmHg (calculated from maximum ve-
locity of the tricuspid regurgitant jet
plus the right atrium pressure); 2) a
diffusion capacity of carbon monox-
ide (DLCO)<55% with a forced vital
capacity (FVC)>70% predicted; OR 3)
an %FVC/%DLCO ratio>1.8. All SSc
patients at each participating center
were to undergo at least annual TTE
and PFTs to screen for SSc-PH at the
time of registry enrolment. RHC was
obtained in SSc-AR-PAH patients as
clinically indicated and determined by
the treating physician (31). Patients
with SSc-PH had a mPAP =25 mmHg
at rest on RHC performed within the
6 months prior to enrolment into the
registry. A pulmonary capillary wedge
pressure <15 mmHg was used to differ-
entiate SSc-PAH (WHO Group I PAH)
from WHO Group II (PH related to
left heart disease). Those with moder-
ate or severe ILD on chest imaging and
FVC <60% predicted were included in
WHO Group IIT (PH related to hypox-
emia). SSc-AR-PAH patients were re-
categorised as SSc-PH based on RHC
over the course of the study.

The following clinical information is
collected at baseline and on annual
follow-up: demographics, medica-
tions, physical examination findings,
New York Heart Association func-
tional class (NYHA FC) assessment,
serum autoantibodies (baseline only),
BNP/NT-proBNP levels if available,
serum creatinine, PFT results, TTE
results, findings on HRCT, 6 minute
walk distance (6MWD), haemodynam-
ics on RHC if performed, and date and
cause(s) of death. BNP or NT-proBNP
levels were collected at baseline and
annually if indicated as part of standard
of care, with only one of the two serum
biomarkers available at the majority of
participating sites. Only patients who
had baseline levels of BNP and/or NT-
proBNP within 3 months before or af-

ter the date of enrolment were included
in this analysis.

Statistical analysis

BNP and NT-proBNP levels were log-
transformed as their distributions were
highly skewed. Baseline characteristics
and baseline natriuretic peptide levels
were compared between various groups
using Student’s #-test or Wilcoxon rank
sum test for continuous variables and
chi-square or Fisher’s exact test for
categorical variables. Pearson’s corre-
lation coefficient (rho) was calculated
to assess correlations between BNP or
NT-proBNP and relevant variables. A
rho <0.4 was considered poor correla-
tion, between 0.4-0.7 moderate, and
>(.7 excellent.

Several authors have reported various
serum natriuretic peptide level cut-offs
for SSc-PH screening, prediction of pro-
gression of disease, as well as survival.
Thakkar et al. previously reported an
NT-proBNP cut-off of =210 pg/mL as
predictive of development of SSc-PAH
in a prospective study screening a simi-
lar “at-risk” population (20). Cavagna
et al. identified BNP =64 pg/mL as a
marker for SSc-PAH (21). In contrast,
Williams et al. found an NT-proBNP
cutoff of =533 pg/mL was predictive
of mortality in SSc-PAH patients (22).
No similar studies for BNP have been
reported in patients with SSc-PAH, but
Nagaya et al found BNP =180 pg/mL to
be predictive of death in IPAH patients
(23). We applied univariate analyses us-
ing Cox proportional regression models
to evaluate: 1) the risk of progression
to SSc-PAH or SSc-PH in the SSc-AR-
PAH population with baseline BNP=64,
NT-proBNP=>210 pg/mL, and other var-
iables as predictors; and 2) the risk of
mortality in the SSc-PH population with
baseline BNP=180 or NT-proBNP=553
pg/mL as predictors. We also compared
the changes in BNP and NT-proBNP
levels in the SSc-PH patients who died
during follow-up with those who sur-
vived using Wilcoxon rank sum test.

Results

Baseline characteristics

At the time of this analysis 389 patients
were enrolled in PHAROS, and 329 had
baseline natriuretic peptide levels avail-
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Table I. Baseline characteristics of the PHAROS registry.

Clinical Feature All patients SSc-AR-PAH SSc-PAH SSc-PH SSc-AR-PAH  SSc-AR-PAH
vs. PAH vs. PH
(n=329) (n=157) (n=114) (n=172) p-value
Age, mean + SD years (n) 58.0+11.0 (316) 57.6+10.4 (154) 60.8+10.0 (111) 58.4+11.5(162) 0.014 0.500
Women, n (%) 264 (83.5) 132 (85.7) 95 (85.6) 132 (81.5) 0.9765 0.310
Race, n (%) n=315 n=154 n=110 n=161 0.319 0.920
White 228 (72) 107 (69) 89 (81) 121 (75)
African American 52 (17) 29 (19) 10 (9) 23 (14)
Other 35 (11) 18 (12) 11 (10) 17 (11)
Diffuse SSc, n (%) 102 (31.5) 51 (33.1) 24 (214) 51 (30.0) 0.037 0.546
Time from 1* symptom mean + SD years (n)
Raynaud’s phenomenon 13.0+10.6 (302) 12.6+10.4 (145) 15.3+11.8 (107) 13.3+10.9 (157) 0.062 0.521
Non-Raynaud’s phenomenon 10.6+10.2 (307) 10.8+11.7 (144) 11.4+£9.7 (107) 10.4+8.7 (163) 0.534 0.859
Autoantibodies, n (%) 0.001 0.041
Anticentromere 84 (26.9) 37 (24.7) 40 (37.0) 47 (29.0)
Anti-Scl-70 54 (17.3) 33 (22.0) 8 (74) 21 (13.0)
Anti-Ul RNP 16 (5.3) 8 (53 4 (3.7 8 (4.9)
Mixed or other 73 (234) 41 (27.3) 18 (16.7) 32 (19.8)
Negative 15 (4.8) 8 (5.3) 3(2.8) 7 (43)
CCB use, n (%) 119 (36.2) 55 (35.0) 40 (35.1) 64 (37.2) 0.992 0.681
Creatinine, mg/dL + SD (n) 1.0£0.76 (321) 0.99+0.77 (151) 1.10+0.89 (111) 1.03+0.76 (170) 0.014 0.079
NYHA functional class, n (%) <.001 <.001
I 85 (29.9) 65 (504) 16 (15.7) 20 (12.9)
1T 101 (35.6) 46 (35.7) 37 (36.3) 55 (35.5)
1 91 (32.0) 18 (14.0) 45 (44.1) 73 (47.1)
v 7 (2.5) 0 (0) 4 (39) 7 (4.5)
6MWD, mean + SD meters (n) 358+133 (224) 406x113 (91) 326+131 (90) 326+137 (133) <.001 <.001
Pulmonary Function Tests, mean = SD (n)
FVC% predicted 76.0+£22.5 (285) 83.0+18.5 (135) 76.7+24.9 (96) 69.7+24.0 (150) 0.047 <.001
DL,% predicted 44.9+19.5 (275) 52.0+19.4 (134) 40.9+17.8 (90) 38.1+17.0 (141) <.001 <.001
FVC%:DL,% ratio 2.0+0.8 (274) 1.8+0.7 (133) 2.2+1.0 (90) 2.1+0.9 (141) <.001 <.001
Transthoracic echocardiogram
RVSP, mean+SD mmHg (n) 49.4+21.3 (267) 38.8+13.0 (127) 63.2+23.5(92) 58.9+22.9 (140) <.001 <.001
Pericardial effusion, n (%) 68 (24.2) 15 (11.2) 39 (40.6) 53 (36.05) <.001 <.001
Right-heart catheterisation, mean + SD (n)
mPAP, mmHg 34.7£13.0 (175) 19.2+3.7 (34) 40.0£11.4 (91) 38.4+11.6 (141) <.001 <.001
PVR, WU 480+420 (170) 261+460 (32) 597+429 (90) 531+395 (138) <.001 <.001
PCWP, mmHg 11.1£5.7 (174) 8.8+4.0 (33) 9.6+3.4 (91) 11.6+£5.9 (141) 0431 0.030
Cardiac output, L/min 4.9+1.6 (170) 5.1%1.1 (33) 4.7+1.6 (90) 4.9+1.7 (137) 0.167 0.310

*PHAROS: Pulmonary Hypertension Assessment and Recognition of Outcomes in Scleroderma; SSc-AR-PAH: Scleroderma patient’s at risk for pulmo-
nary arterial hypertension; SSc-PAH: Scleroderma associated pulmonary arterial hypertension; SSc-PH: Scleroderma associated pulmonary hypertension;
CCB: calcium-channel blocker; NYHA: New York Heart Association functional class; 6MWD: six minute walk distance; FVC: forced vital capacity; DL:
diffusion capacity for carbon monoxide; RVSP: right ventricular systolic pressure (calculated); mPAP: mean pulmonary artery pressure; PVR: pulmonary
vascular resistance; WU: Wood units; PCWP: pulmonary capillary wedge pressure,

able. Within this group 157 (48%) were
classified as SSc-AR-PAH and 172
(52%) as SSc-PH (114 SSc-PAH, 31
WHO Group II, 27 WHO Group III).
Baseline natriuretic peptide levels were
drawn a mean of -0.25+1.13 months from
the date of enrolment. 59% had BNP col-
lected (72 SSc-AR-PAH and 122 SSc-
PH patients) and 41% had NT-proBNP
collected (85 SSc-AR-PAH and 51 SSc-
PH patients); only one patient had both
serum levels available at baseline.

Baseline characteristics of the patients
included in this analysis are shown in
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Table 1. The majority of patients were
female (84%), Caucasian (72%), and
had limited cutaneous disease (69%).
As expected, the SSc-PAH and SSc-
PH group had poorer functional sta-
tus, shorter 6MWD, lower FVC and
DLCO, and higher RVSP on TTE than
the SSc-AR-PAH group. In addition, of
the 175 patients with RHC data availa-
ble, the SSc-PAH and SSc-PH patients
had higher mPAP and PVR compared
with the SSc-AR-PAH group.

Median BNP and NT-proBNP levels
were significantly higher for those

with SSc-PH (135 (9-5534) and 503
(14-9999) pg/mL, respectively) com-
pared to the SSc-AR-PAH group (43.5
(3-2560) and 82.0 (4-1223) pg/mL,
respectively). WHO group II SSc-PH
patients had the highest BNP levels,
while SSc-PAH patients had the high-
est NT-proBNP levels (Table II).

Correlation between natriuretic
peptides and haemodynamics in
definite PH patients

In the SSc-PH group, baseline NT-pro-
BNP levels were moderately correlated

Clinical and Experimental Rheumatology 2017
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Table II. Baseline BNP and NT-proBNP levels by pulmonary hypertension sub-type.

SSc-PH sub-type SSc-AR-PAH SSc-PAH SSc-PH SSc -PH *Pairwise comparison (p-value)
WHO Group I WHO Group II WHO Group IIT
0 1 2 3 Ovs.1-3 1vs.2 1vs.3 2vs.3
BNP median 43.5 138.0 326.5 39.0 <001 0.034 0.045 0.001
(range, n) (3 -2560,72) (9 - 5534, 80) (20- 3860, 22) (16.0- 1818, 20)
NT-proBNP median 82.0 679.5 4545 123.0 <001 0073 0016 0.460
(range, n) (4.0 -1223,85) (20 -9999, 34) (14 - 2770, 10) (20 -970,7)

*Comparison performed on log transformed data and adjusted for creatinine level; SSc-PH: systemic sclerosis associated pulmonary hypertension (all sub-
types); SSc-AR-PAH: Scleroderma patients at risk for pulmonary arterial hypertension; SSc-PAH: SSc associated pulmonary arterial hypertension; WHO
Group II: pulmonary hypertension due to left heart disease; WHO Group III: pulmonary hypertension due to hypoxia-ILD.

with mPAP and PVR (p<0.01), while
BNP levels had significant but weak
correlations with these parameters (Ta-
ble III). In addition, NT-pro-BNP had
a moderate negative correlation with
cardiac output (p<0.001). Likewise,
in the SSc-PAH group, NT-pro-BNP
had stronger correlations with haemo-
dynamic indices than BNP and both
natriuretic peptides had significant
but weak negative correlations with
6MWD.

Predictive value of natriuretic
peptides in SSc-AR-PAH patients

Of 157 SSc-AR-PAH patients at enrol-
ment, 26 patients developed SSc-PH
(16 with SSc-PAH) by RHC during a
mean follow-up time of 3.5+1.7 years.
Median baseline BNP and NT-proBNP
levels were not significantly different
in patients who developed SSc-PAH
and/or SSc-PH compared to those who
did not (Table IV).

We assessed whether the development
of SSc-PAH and/or SSc-PH was associ-
ated with individual baseline BNP=64
pg/mL, NT-proBNP=210 pg/mL, com-
bined natriuretic peptides, or other
baseline variables including DLCO,
RVSP, FVC/DLCO ratio, creatinine,
and anti-centromere antibody status,
by Cox regression analyses. We found
RVSP=40 mmHg and FVC/DLCO=1.8
were significant predictors of develop-
ing SSc-PH, with creatinine showing a
trend towards significance; for progres-
sion to SSc-PAH, RVSP=40 mmHg and
creatinine were significant predictors of
progression. We did not find elevated
baseline BNP or NT-proBNP to be as-
sociated with an increased risk for de-
velopment of SSc-PAH and/or SSc-PH.
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Similarly, when combining BNP and
NT-proBNP into a composite group,
no significant association was observed
(Table V).

Longitudinal natriuretic peptide levels
were available for 61 SSc-PAH patients
(38 BNP, 23 NT-proBNP) and 85 SSc-
PH patients (54 BNP, 31 NT-proBNP)
over a mean follow-up time of 2.6+1.5
years. Longitudinal changes in BNP or
NT-proBNP were not significantly dif-
ferent between those who developed
SSc-PH and/or SSc-PAH subgroup ver-
sus those that did not (Table VI).

We also determined the sensitivity and
specificity of baseline BNP=64 pg/mL
and NT-pro-BNP=210 pg/mL for the
detection of PAH. While the sensitivi-
ties were quite similar between NT-pro-
BNP and BNP (73% vs. 71%, p=0.8),
there was a significant difference in the
specificities (78% vs. 59%, p=0.002).

Mortality risk associated

with natriuretic peptide levels

in definite PH patients

Forty-four patients died over the fol-
low-up period, including 14 SSc-AR-
PAH and 30 SSc-PH (15 SSc-PAH)
patients. We assessed whether baseline
BNP=180 pg/mL or NT-proBNP=553
pg/mL were associated with an in-
creased risk for death in the SSc-PH
group and/or SSc-PAH subgroup. We
did not find that the individual natriu-
retic peptides were predictive of death,
however, a composite group of both
BNP=180 pg/mL and/or NT-proB-
NP=553 pg/mL patients did reveal
a significant association with death
(44 events, HR is 3.81 (2.08-6.99),
p<.0001). In the SSc-PAH cohort, a
significant association between PVR

and risk of death was observed (HR
2.8, 95% CI 1.1-7.0, p=0.03) and in
the SSc-PH cohort, a significant asso-
ciation was seen between male gender
(HR 2.4,95% CI 1.0-5.5, p=0.05) and
increased mortality. The median chang-
es in longitudinal BNP and NT-proBNP
levels in patients who died versus those
who survived were not significantly dif-
ferent (Table VI).

Discussion

We evaluated serum BNP and NT-
proBNP as diagnostic and prognostic
markers of PAH and PH in SSc patients
enrolled in PHAROS. We showed that
median baseline levels of both BNP and
NT-proBNP were significantly different
between the SSc-AR-PAH and SSc-PH
patients. Group II PH patients had the
highest BNP levels, while group I PAH
patients had the highest NT-proBNP
levels. The sensitivity and specificity
for SSc-PAH detection using baseline
BNP=64 pg/mL was 71% and 59%; and
for NT-proBNP=210 pg/mL, 73% and
78%. A composite group of both pep-
tides showed a significant association
with mortality, but individual natriu-
retic peptide levels did not demonstrate
an association with mortality or pro-
gression to SSc-PH/PAH. The results of
our study reaffirmed the correlation be-
tween serum natriuretic peptide levels
and haemodynamic parameters associ-
ated with progressive right ventricular
dysfunction in SSc-PAH (18, 21). In
our study, NT-pro-BNP showed strong-
er correlations with haemodynamic in-
dicators of right ventricular dysfunction
than BNP.

To date the only comparative study of
BNP and NT-proBNP for SSc-PAH
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Table III. Correlations between BNP and NT-proBNP and markers of pulmonary hypertension severity.

SSc-PAH SSc-PH
BNP NT-proBNP BNP NT-proBNP
r p r p r p r P
BNP, median pg/mL 138.0 1 - 135 1 -
(range, n)* (9-5534, 80) (9-5534,122)
NT-proBNP, median 679.5 - 1 503 - 1
pg/mL (range, n)* (20-9999, 34) (14 -9999, 51)
mPAP, mean+ 40.0£11.5 (91) 0.32 0.01 0.52 0.005 38.4+11.6 (141) 0.45 <0.001 0.49 <.001
SD mmHg (n)
PVR, mean + SD 597+429 (90) 0.37 0.002 0.53 0.004 531+395 (138) 0.37 <.001 0.52 <.001
WU (n)
Cardiac output, 4.7+1.6 (90) -0.25 0.052 -0.63 <.001 4.9+1.7 (137) -0.29 0.005 -0.57 <.001
mean + SD L/min (n)
6MWD, 326+131 (90) -0.37 0.003 -0.16 0.40 326+137 (133) -0.38 <.001 -0.35 0.022
mean + SD meters (n)
NYHA functional 2.4+0.8(102) 1.22 0.23 1.49 0.11 2.4+0.8 (155) 1.28 0.07 1.33 0.12
class mean = SD (n) (0.88-1.69)" (0.91-2.44)7 (0.98-1.65)" (0.93-1.89)"

*BNP and NT-proBNP were log transformed prior to logistic regression analysis; r: correlation coefficient; SSc-PAH: Scleroderma associated pulmonary
arterial hypertension; SSc-PH: Scleroderma associated pulmonary hypertension; 6MWD: six minute walk distance); mPAP: mean pulmonary artery pres-
sure; PVR: pulmonary vascular resistance; WU: Wood units; NYHA: New York Heart Association functional class; ‘odds ratios of being NYHA functional
classes 3-4 (vs. 1-2) by log natriuretic levels utilising logistic regression analysis.

screening is a single center cross-sec-
tional study by Cavagna et al. on 135
SSc patients performed in Italy. This
study showed sensitivities and specifi-
cities of 60% and 87% for BNP (=64
pg/mL), and 45% and 90% for NT-
proBNP (=239 .4 pg/mL) (21). A longi-
tudinal investigation of these markers
was not undertaken, nor was left heart
disease or ILD associated SSc-PH in-
cluded in that analysis.

Early work that suggested natriuretic
peptides may be of utility in PH was
performed by Nagaya ef al. who dem-
onstrated that serum BNP: 1) correlates
with haemodynamic parameters of
right ventricular dysfunction in IPAH
(24), 2) predicts mortality in IPAH
when an individual’s BNP is greater
than the median level at diagnosis (150
pg/mL) and 3-month follow-up (180
pg/mL), and 3) predicts responsiveness
to treatment in IPAH (23).

Several authors have used BNP or NT-
proBNP as markers or predictors of
SSc-PAH and found varying levels of
sensitivity and specificity, depending
on the cut-off points used. The large
international DETECT study incorpo-
rated NT-proBNP alongside PFTs, ad-
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ditional laboratory markers, and TTE,
with a sensitivity of 85% and specifici-
ty of 72% for SSc-PAH screening (25).
A prospective study by Thakkar et al.
used a two-step sequential screening
algorithm for SSc-PAH consisting of
NT-proBNP measurement (cut-off of
209.8 pg/mL) in combination with
PFTs (DLCO <70% and/or FVC/
DLCO =1.8) to decide on further TTE
screening with a sensitivity of 94%
and specificity of 55% for SSc-PAH
from a cohort of SSc patients deemed
to be at-risk for PAH (20). Allanore et
al. found NT-proBNP predicted SSc-
PAH development in SSc patients at

29-months with 75% sensitivity and
97% specificity using a set of age-
and sex-adjusted NT-proBNP cut-offs
(18). Williams et al. found NT-proB-
NP levels =395 pg/mL have a sensi-
tivity of 56% and specificity of 95%
for diagnosing SSc-PAH. This study
also found that increased baseline and
longitudinal NT-proBNP levels were
associated with decreased survival in
SSc-PAH patients (22).

Our study did not find that baseline
BNP or NT-proBNP levels, as indi-
vidual subgroups or when combined
in a composite group, predicted the de-
velopment of SSc-PAH or SSc-PH in

Table IV. Association between baseline BNP and NT-proBNP levels and progression to
SSc-PAH or SSc-PH in the SSc-AR-PAH group.

Remained Developed P Developed P
SSc-AR-PAH SSc-PAH SSc-PH
BNP, median 445 60.0 0.17* 50.0 0.20*
pg/mL (range, n) (3-2560,64) (15-4761,10) (0.157) (8-4761,16)  (0.35%)
NT-proBNP, median pg/mL 74.0 144.0 0.29* 105.5 0.41%*
(range, n) (4.0-1223,77) (58-234,6) (0.16") (33-234,10) (0.26")

*t-test and | parametric test both performed on log transformed data; SSc-AR-PAH: Scleroderma
patients at risk for pulmonary arterial hypertension; SSc-PAH: Scleroderma associated pulmonary arte-
rial hypertension; SSc-PH: Scleroderma associated pulmonary hypertension.
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Table V. Predictors of progression to SSc-PAH and/or SSc-PH from SSc-AR-PAH using

a high-risk population after 3.51+1.70
years of follow-up. Previous work has
shown that serum NT-proBNP levels
fall by nearly half after several days of
treatment with calcium channel block-
ers (CCBs) (28). In our cohort, 36%
were taking CCBs at the time baseline
BNP/NT-proBNP levels were obtained.
However, stratification of our analyses
by CCB use did not alter our results.
We found baseline creatinine to be sig-
nificantly associated with the develop-
ment of SSc-PAH and trended to signif-
icance for the development of SSc-PH.
Previous SSc cohort studies revealed
conflicting results regarding the as-
sociation between baseline creatinine
levels and development of PAH. One
study showed creatinine levels to be an
independent predictor of SSc-PAH (21)
while another study showed no associ-
ation (28). However, in a longitudinal
study of 101 SSc patients without evi-
dence of PAH at baseline, no significant
difference in baseline creatinine levels
were seen between patients who devel-
oped SSc-PAH vs those who did not at
a mean follow-up of 28 months (18).
In the general IPAH population, creati-
nine has been associated with mortality
(29) however, in previously published
work on the PHAROS cohort, baseline
creatinine was not shown to predict
mortality in SSc-PAH patients (30).
We also did not find that baseline or
longitudinal changes in BNP or NT-
proBNP groups predicted mortality in
SSc-PAH or SSc-PH patients. How-
ever, when combined into a single
composite group using each peptide’s
respective cutoffs, elevated natriuretic
peptide levels were associated with al-
most a 4-fold increased risk of death.
The low number of events (progression
to PAH (17%, n=16) and death (13%,
n=15)) in the PHAROS cohort, along
with missing follow-up BNP and/or
NT-proBNP levels for nearly half of
these patients, may have prevented
trends in individual natriuretic peptides
from reaching statistical significance in
our univariate analyses, and underpow-
ered our multivariate analyses.

Our study has several limitations. PHA-
ROS is an observational cohort and
natriuretic peptide levels were obtained
only if deemed indicated as standard
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Cox regression analysis.

SSc-PAH (9 events)

SSc-PH (13 events)

HR (95% CI) P HR (95% CI) P
Univariate analysis
BNP =64 pg/mL 0.6 (0.1-5.7) 0.64 04 (0.1-3.7) 043
NT-proBNP =210 pg/mL 1.6 (0.2-14.3) 0.68 0.9 (0.1-7.2) 091
BNP =64 pg/mL and/or NT- 097 (0.2-4.7) 0.97 0.7 (0.1-3.0) 0.58
proBNP =210 pg/mL
RVSP =40 mmHg 13.1 (1.6-109.6)  0.02 9.0 (1.9-42.0) 0.005
DL, < 55% predicted 14 (0.3-7.5) 0.66 23 (05-11.0) 0.29
FVC%:DL,% ratio =1.8 46 (09-240) 0.07 74 (1.6-347) 001
Creatinine 14 (1.07-194) 0.02 1.3 (099-1.8) 0.06
Anticentromere antibody positive 1.1 (0.2-5.7) 091 1.8 (0.5-6.6) 0.37

*HR: Hazard Ratio; SSc-AR-PAH: Scleroderma patient’s at risk for pulmonary arterial hypertension;
SSc-PAH: Scleroderma associated pulmonary arterial hypertension; SSc-PH: Scleroderma associated
pulmonary hypertension; CCB: calcium-channel blocker; FVC: forced vital capacity; DL: diffusion
capacity for carbon monoxide; RVSP: right ventricular systolic pressure (calculated),

Table VI. Comparison of change in BNP and NT-proBNP for progression to SSc-PH and

between living and deceased patients.

Remained Developed P
SSc-AR-PAH SSc-PH
change in BNP, median pg/mL 15 36 0.25
(range, n) (-84 -1610, 48) (-20 - 1136, 12)
change in NT-proBNP, median pg/mL 18 421 0.10
(range, n) (-430 — 1904, 40) (-5-1901, 19)
Follow-up in years Mean (std, n) 3.5(1.8,134) 24 (1.4,12) 0.04
Living Deceased p
change in BNP, median pg/mL 0 =78 0.29
(range, n) (-1537 - 586, 42) (-727 - 8799, 12)
change in NT-proBNP, median pg/mL 70 138 0.38
(range, n) (-8611 —5374,22)  (-2296 — 5723, 19)
Follow-up in years Mean (std, n) 272 (1.61,61) 2.17 (1.03, 18) 0.38

*Changes in BNP and NT-proBNP by death status were calculated for SSc-PH patients where longitu-
dinal data was available; 6 patients had both BNP and NT-proBNP available for this analysis.

of care. Therefore, baseline values for
14% of the cohort were missing and
both BNP and NT-proBNP levels were
typically not drawn from the same in-
dividual patients. In addition, BNP and
NT-proBNP serum levels were often
not drawn at the time of the RHC with
a mean time of 1.8 months between
these time-points. Patients enrolled in
the PHAROS registry likely received
more aggressive screening and treat-
ment than the general SSc population
possibly resulting in lead-time bias and
decreased generalisability (30).

In conclusion, our study confirmed
that BNP and NT-proBNP are useful in
monitoring disease severity in patients

with SSc-PAH and SSc-PH. NT-pro-
BNP had stronger correlations with
haemodynamic parameters than BNPin
both the SSc-PAH and SSc-PH popula-
tions. Although both tests showed good
sensitivity, NT-pro-BNP demonstrated
superior specificity compared to BNP.
Combining BNP and NT-proBNP into
a composite group revealed an associa-
tion with mortality but not progression
to SSc-PH or SSc-PAH. Individually,
neither natriuretic peptide predicted
progression from SSc-AR-PAH to SSc-
PAH or SSc-PH, or predicted mortality
in SSc-PH patients. Further large pro-
spective studies in which serial BNP
and NT-proBNP levels are obtained
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simultaneously will be necessary to
better compare the utility of these two
natriuretic peptides in clinical practice.
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