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BACKGROUND: The prognostic role of BNP (B-type natriuretic peptide) in patients with cardiac sarcoidosis without evident heart
failure is unknown.

METHODS AND RESULTS: This is a post hoc analysis of ILLUMINATE-CS (lllustration of the Management and Prognosis of
Japanese Patients With Cardiac Sarcoidosis), a multicenter, retrospective, and observational study that evaluated the clinical
characteristics and prognosis of cardiac sarcoidosis. We analyzed patients with cardiac sarcoidosis without evident heart
failure at the time of diagnosis. The association between baseline BNP levels and prognosis was investigated. The primary
end point was the combined end point of all-cause death, heart failure hospitalization, and fatal ventricular arrhythmia. In
total, 238 patients (61.0+11.1 years, 37% men) were analyzed, and 61 primary end points were observed during a median
follow-up period of 3.0 (interquartile range, 1.7-5.8) years. Patients with high BNP (BNP above the median value of BNP)
were older and had a lower renal function and left ventricular ejection fraction than those with low BNP values. Kaplan—Meier
curve analysis indicated that high BNP levels were significantly associated with a high incidence of primary end points (log-
rank P=0.004), and this association was retained even in multivariable Cox regression (hazard ratio, 2.06 [95% Cl, 1.19-3.55];
P=0.010). Log-transformed BNP as a continuous variable was associated with the primary end point (hazard ratio, 2.12 [95%
Cl, 1.31-8.43]; P=0.002).

CONCLUSIONS: High baseline BNP level was an independent predictor of future adverse events in patients with cardiac
sarcoidosis without heart failure at the time of diagnosis.
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of unknown cause.! Sarcoid granulomas resulting nificantly on the involvement of the heart. The involve-
from inflammation can occur in multiple organs, in- ment of the heart, known as cardiac sarcoidosis (CS),
cluding the heart, and it has been well demonstrated  causes heart failure, ventricular arrhythmias, and even

Sarcoidosis is a multisystemic inflammatory disease  that the prognosis of patients with sarcoidosis relies sig-
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CLINICAL PERSPECTIVE

What Is New?

* In patients with cardiac sarcoidosis without
heart failure, high BNP (B-type natriuretic
peptide) at the time of diagnosis was significantly
associated with the primary outcome (the
combination of all-cause death, heart failure
hospitalization, and fatal ventricular arrhythmia).

e High BNP levels (>101.3pg/mL), steroid therapy
after diagnosis, and the manifestations of ventricular
tachycardia/ventricular fibrillation were independ-
ent prognostic factors of the primary outcome.

e Furthermore, BNP as a continuous variable
was independently associated with the primary
outcome.

What Are the Clinical Implications?

¢ |n patients with cardiac sarcoidosis, clinicians should
assess BNP level at the time of diagnosis even in
those without a history or signs of heart failure.

e When the BNP level is elevated at the time of di-
agnosis, close examination for heart failure and
careful follow-up are required.

Nonstandard Abbreviations and Acronyms

CS cardiac sarcoidosis
LASSO least absolute shrinkage and selection
operator

sudden cardiac death.? Therefore, the risk stratification
of patients with CS is important. However, few studies
have evaluated the prognostic factors in patients with
CS, and few prognostic biomarkers have been estab-
lished in this population.

BNP (B-type natriuretic peptide) is a cardiac hor-
mone that is stimulated mainly by ventricular load, and
BNP level reflects the degree of ventricular burden.®
BNP can be easily measured and is useful for screen-
ing and diagnosing heart failure, and its value in terms
of diagnosis and prognosis in patients with heart failure
has been well established.*®

BNP has been reported to be useful for identifying
the involvement of cardiac lesions in patients with sar-
coidosis.”® However, the prognostic value of BNP in
patients with CS, especially those with no history or
symptoms of heart failure, has not been clarified, al-
though BNP has been clearly shown to be a predictor
of adverse cardiac events in patients without heart fail-
ure in the general population.>'® Therefore, we hypothe-
sized that increased BNP level at the time of diagnosis is
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associated with poor prognosis even in patients with CS
without heart failure.

METHODS

The data underlying this study are available on reason-
able request to the corresponding author.

Study Design
This study was performed as a secondary analysis of
the ILLUMINATE-CS (lllustration of the Management
and Prognosis of Japanese Patients With Cardiac
Sarcoidosis), which was a multicenter retrospective regis-
try to investigate the clinical characteristics and outcomes
of patients with CS." Patients with CS, first diagnosed
between 2001 and 2017 at 33 hospitals, were enrolled in
the registry. Patients who refused enrollment after being
notified that they were included in the registry were ex-
cluded. The diagnosis of CS was based on either the
Japanese Circulation Society criteria proposed in 2016 or
the Heart Rhythm Society 2014 consensus statement.'13
This study was conducted in accordance with
the Declaration of Helsinki and the Japanese Ethical
Guidelines for Medical and Health Research Involving
Human Subjects. The study protocol was approved
by the ethics committee of each participating hospital,
and informed consent was waived because of the ret-
rospective nature of the study.

Data Collection of Clinical Variables

Clinical information, such as demographic data, medical
histories, medications, blood samples including BNP,
and findings on cardiovascular imaging, were obtained
during the initial diagnostic process for CS. Presenting
manifestations (documented during the diagnosis of
CS) were determined, and heart failure was diagnosed
on the basis of the Framingham criteria.'* Further, a pre-
vious diagnosis of heart failure was defined as a history
of heart failure before the diagnosis of CS. Patients who
had no heart failure at the time of diagnosis of CS or no
history of heart failure before the diagnosis of CS were
regarded as those “without heart failure.”

Outcomes and Follow-Up

The primary outcome of the current study was the
combined outcome of all-cause death, heart failure
hospitalization, and fatal ventricular arrhythmia event.
All the outcomes were retrospectively obtained from
the medical records by a board-certified cardiologist.
Fatal ventricular arrhythmia event was regarded as a
composite of sudden cardiac death and either docu-
mented ventricular fibrillation (VF), sustained ventricular
tachycardia (VT) lasting for >30seconds, or appropri-
ate implantable cardioverter defibrillator therapy. The
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causes of death, including sudden cardiac death and
hospitalization for heart failure, were in accordance with
the definitions recently proposed by the Heart Failure
Collaboratory and Academic Research Consortium."®

Statistical Analysis

Categorical variables were reported as numbers and
percentages. Normally distributed continuous vari-
ables were presented as the mean+SD, while those
that were nonnormally distributed were shown as the
median and interquartile range. Student’s t test or the
Mann-Whitney U test for continuous variables and chi-
square or Fisher’s exact tests for categorical variables
were used for comparison between the groups, as
appropriate. When needed, the variables were trans-
formed for further analysis.

Kaplan—Meier curves with log-rank analysis were
used to compare the cumulative incidence of the pri-
mary end point between the groups. Cox regression
analysis was used to assess for potential variables as-
sociated with the primary outcome. Accordingly, the
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proportional hazards assumption of Cox regression
was checked by analysis of the scaled Schoenfeld
residuals. Further, we used a backward stepwise ap-
proach using the P value criterion (P<0.05) to build the
optimal model because well-established prognostic
factors for patients with CS without heart failure have
not been elucidated. In addition, we performed least
absolute shrinkage and selection operator (LASSO)-
Cox regression as a sensitivity analysis. For variable
selection, we first performed multiple imputation to
take into account missing data on the derivation co-
hort and created 20 imputed data sets without missing
data using a chained-equations procedure. Further,
we conducted a LASSO logistic regression sepa-
rately for each of the aforementioned data sets.'® We
used the covariates that were selected in at least half
of the imputed data sets (ie, >10 data sets)."” For the
LASSO regression, the shrinkage parameter (lambda)
was chosen as 1 standard error of the minimum mean
squared prediction error according to the 10-fold cross
validation. All variables collected as baseline charac-
teristics were evaluated in LASSO logistic regression

Table 1. Baseline Characteristics of the Study
Low BNP High BNP
n=119 n=119 P value

BNP, pg/mL 40.3 (23.3-63.6) 201.8 (144.5-454.5) -
Age, y 57.7£10.9 64.4+10.3 <0.001
Male sex, n (%) 48 (40.39) 39 (32.8) 0.282
LVEF, % 56 (48-64) 46 (38-59) <0.001
Medical history

Atrial fibrillation, n (%) 4 (3.4) 12 (10.2) 0.067

Diabetes, n (%) 30 (25.2) 25(21.2) 0.539

Hypertension, n (%) 32 (26.9) 47 (39.5) 0.054
Pacemaker implantation, n (%) 27 (22.9) 33 (28.2) 0.372
ICD/CRT-D implantation, n (%) 9(7.6) 14 (12.2) 0.277
Gallium-67 accumulation, n (%) 23 (33.3) 32 (45.1) 0.170
PET accumulation, n (%) 74 (93.7) 71(97.3) 0.445
LGE on CMR, n (%) 69 (87.3) 66 (95.7) 0.088
Manifestation at diagnosis

Atrioventricular block, n (%) 47 (39.5) 62 (52.1) 0.068

Basal thinning of the IVS, n (%) 7 (5.9) 3(2.5) 0.333

Wall motion abnormality, n (%) 54 (45.4) 60 (50.4) 0.517

VT/VF, n (%) 21 (17.6) 24 (20.2) 0.741
eGFR, mL/min per 1.73m? 94.4 (82.2-102.4) 84.2 (67.8-95.7) <0.001
Creatinine, mg/dL 0.74 (0.63-0.91) 0.80 (0.68-0.99) 0.030
ACEIi/ARB at baseline, n (%) 43 (36.1) 61 (51.7) 0.019
Beta blocker at baseline, n (%) 31 (26.1) 45 (38.5) 0.051
Steroid use after diagnosis, n (%) 105 (88.2) 109 (91.6) 0.519

Continuous variables are presented as mean + SD or median (interquartile range). ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin
Il receptor blocker; BNP, B-type natriuretic peptide; CMR, cardiac magnetic resonance; CRT-D, cardiac resynchronization therapy defibrillator; eGFR, estimated
glomerular filtration rate; ICD, implantable cardioverter-defibrillator; IVS, interventricular septum; LGE, late gadolinium enhancement; LVEF, left ventricular
ejection fraction; PET, positron emission tomography; VF, ventricular fibrillation; and VT, ventricular tachycardia.
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as potential prognostic factors, and the model iden-
tified those rendering the most parsimonious risk
prediction with the highest prognostic prediction per-
formance. Finally, multivariable Cox regression analysis
including variables selected by LASSO regression was
performed.

All the statistical analyses were performed using the
R software version 3.6.2 (R Foundation for Statistical
Computing, Vienna, Austria; ISBN 3-900051-07-0,
URL http://www.r-project.org). Statistical significance
was set at P<0.05.

RESULTS

Among the 512 patients who were registered with
ILLUMINATE-CS, 145 had heart failure and 139 had
missing data on BNP or the history of heart failure.
Among the 238 patients who were analyzed (aged
61.0+11.1 years), 36.6% were male patients.

The patients were divided into 2 groups according
to the median BNP (101.3pg/mL). Table 1 shows the
baseline characteristics of the patients. Patients with
high BNP levels were older and had a lower estimated
glomerular filtration rate and a lower left ventricular
gjection fraction (LVEF).

During a median follow-up period of 3.0 (interquar-
tile range, 1.7-5.8) years, 61 primary outcomes were
observed, including 18 hospitalizations for heart failure,
42 documented fatal ventricular arrhythmia events,
and 20 all-cause deaths. The Kaplan—-Meier curves
showed that patients with high BNP levels were sig-
nificantly associated with a high incidence of primary
outcomes (log-rank P=0.004) (Figure 1). In the univari-
ate Cox regression analysis, variables with a P value of
<0.1 were age and history of atrial fibrillation and VT/VF,
no use of steroids after diagnosis, LVEF, estimated glo-
merular filtration rate, log-transformed BNP (log BNP)
levels, and the manifestations of VT/VF (Table 2). After
the backward stepwise approach, steroid therapy after
diagnosis, log BNP level, and a history of VT/VF were
the final optimal models (steroid use: hazard ratio, 0.49
[95% ClI, 0.25-0.98]; P=0.044; log BNP: hazard ratio,
212 [95% Cl, 1.31-3.43]; P=0.002; and a history of VT/
VF: hazard ratio, 2.94 [95% ClI, 1.65-5.25]; P<0.001)
(Table 2). Similarly, patients with high BNP levels were
independently associated with a higher incidence of
the primary outcome than those with low BNP levels
after the backward stepwise approach (hazard ratio,
2.06 [95% ClI, 1.19-3.55]; P=0.010).

The sensitivity analysis performed by LASSO-Cox
regression analysis showed that log BNP (20/20 data
sets), history of VT/VF (20/20 data sets), estimated
glomerular filtration rate (20/20 data sets), and ste-
roid therapy after diagnosis (16/20 data sets) were se-
lected in more than half of the 20 imputed data sets.
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Accordingly, they were included in the multivariable
Cox regression model, which confirmed that log BNP
was independently associated with the primary out-
come (Table 3).

A total of 22 patients were diagnosed histologically
from myocardial tissue, and 150 were diagnosed his-
tologically from myocardial tissue or extracardiac tis-
sue. The histological evidence did not influence the
prognostic impact of BNP for the primary end point
(Figure 2).

DISCUSSION

The novel findings of the present study were that the
BNP level at the time of diagnosis was associated with
subsequent worse clinical outcomes and that steroid
therapy was significantly associated with a lower in-
cidence of adverse events in patients with CS without
heart failure.

Although BNP is widely known as one of the most
powerful prognostic markers in patients with heart fail-
ure,8'8-21 its prognostic value in patients with CS has
not been well elucidated. A retrospective study of 49
patients with CS demonstrated that BNP level was a
predictor of new-onset heart failure after adjustment
for LVEF.22 Although this finding suggests the useful-
ness of BNP for predicting prognosis and is in line with
our study results, the reliability of the results of previous
studies is limited by the small number of events (only
7 cases of new-onset heart failure were observed).
Another study investigating 83 patients with CS be-
fore being treated with steroid therapy revealed that
a high BNP level was associated with a composite of
adverse events (advanced atrioventricular block, VT/
VF, heart failure hospitalization, and all-cause death)

1.00
% 075
©
Y
o
= 0.50 ~
T High BNP (n=119)
c
g 0.25
w = Log-rank P=0.004
0.00
0 3 6 9 12
Time
Number at risk (Y)
119 62 26 9 4
High BNP 119 57 31 14 4
Figure 1. Kaplan-Meier curves for the primary outcomes

according to the BNP levels.

Patients were divided into 2 groups according to the median
value of BNP (101.3pg/mL) at the time of diagnosis of cardiac
sarcoidosis. BNP indicates B-type natriuretic peptide.


http://www.r-project.org

Miyakuni et al

on univariate analysis, but the association was not
retained after adjustment for age, estimated glomer-
ular filtration rate, and LVEF.2® However, as this study
observed only 19 adverse events that occurred during
follow-up, these previous studies might be underpow-
ered to evaluate the prognostic value of BNP. Although
there are several other studies that have mentioned the
association between BNP and prognosis in CS,2426
none have been able to examine whether BNP is as-
sociated with adverse events in patients with CS inde-
pendent of other covariates associated with the BNP
level and prognosis of CS, mostly because of the lim-
ited sample size and events. ILLUMINATE-CS is one of
the largest cohorts of CS, and this is the first study to
clearly show that BNP is an independent prognostic
factor in patients with CS, even after excluding those
with heart failure at the time of diagnosis and the pop-
ulation in which the prognostic value of BNP has been
established.

Although the prognostic value of BNP in patients
with CS is unclear, previous studies have reported that
BNP or NT-proBNP (N-terminal pro-B-type natriuretic
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peptide) are significantly associated with mortality or
cardiovascular diseases in a population without heart
failure.>'°© The pathophysiological background of this
association is yet to be clarified; however, there are
some possible hypotheses. First, increased natriuretic
peptides may reflect subclinical cardiac impairment,
including diastolic dysfunction. BNP is secreted in re-
sponse to increased left ventricular end-diastolic pres-
sure, and several studies have described its usefulness
for screening for early diastolic dysfunction.?”? Indeed,
ventricular diastolic dysfunction was reported to be
common in patients with sarcoidosis, even without car-
diac diseases.?® Second, BNP may be an indicator of
silent myocardial ischemia. Myocardial ischemia, even
without left ventricular dysfunction, was reported to
augment the cardiac BNP gene and subsequently ele-
vate the plasma BNP level.®° A previous study involving
patients with asymptomatic type 2 diabetes without
clinical cardiac dysfunction showed that increased
BNP could predict a positive exercise tolerance test.®’
Third, BNP may be an indicator of CS activity. A meta-
analysis showed that immunosuppressant therapy

Table 2. Cox Proportional Hazard Analysis for the Primary Outcome

Unadjusted model Adjusted Model*
HR 95% ClI P value HR 95% ClI P value

Log-transformed BNP 219 1.38-3.47 <0.001 212 1.31-3.43 0.002
Age, y 1.03 1.01-1.05 0.016
Male sex 1.33 0.79-2.22 0.280
LVEF, per 10% 0.81 0.68-0.96 0.015
Medical history

Atrial fibrillation 2.01 0.91-4.44 0.084

Diabetes 0.61 0.32-1.18 0.145

Hypertension 1.21 0.71-2.05 0.487
Pacemaker implantation 0.87 0.49-1.55 0.633
ICD/CRT-D implantation 1.61 0.76-3.41 0.211
Gallium-67 accumulation 1.40 0.74-2.65 0.306
PET accumulation 0.46 0.14-1.51 0.200
LGE on CMR 1.62 0.49-5.40 0.433
Manifestation at diagnosis

Atrioventricular block 0.76 0.46-1.27 0.291

Basal thinning of the IVS 1.38 0.82-2.31 0.221

Wall motion abnormality 1.15 0.69-1.91 0.585

VT/VF 3.28 1.91-5.63 <0.001 2.94 1.65-5.25 <0.001
eGFR, per 10mL/min per 1.73m? 0.84 0.76-0.94 0.002
Creatinine, mg/dL 1.38 1.07-1.70 0.011
ACEI/ARB at baseline 1.62 0.92-2.52 0.101
Beta blocker at baseline 1.35 0.80-2.29 0.267
Steroid use after diagnosis 0.43 0.26-0.84 0.012 0.49 0.25-0.98 0.044

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin

ventricular fibrillation; and VT, ventricular tachycardia.

*Adjusted model was determined using backward stepwise approach.

Il receptor blocker; BNP, B-type natriuretic peptide; CMR, cardiac magnetic
resonance; CRT-D, cardiac resynchronization therapy defibrillator; eGFR, estimated glomerular filtration rate; HR, hazard ratio; ICD, implantable cardioverter-
defibrillator; IVS, interventricular septum; LGE, late gadolinium enhancement; LVEF, left ventricular ejection fraction; PET, positron emission tomography; VF,
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Table 3. Multivariable Cox Regression for Primary End
Point With Variables Selected With LASSO Regression

Multivariable Cox

regression
HR 95% ClI P value
Log-transformed BNP 1.81 1.11-2.96 0.018

eGFR, per 10mL/min per 1.73m? 0.88 | 0.78-0.99 | 0.038
1.40-4.69 | 0.002

0.31-1.37 0.254

VT/VF as a manifestation at diagnosis | 2.56

Steroid use after diagnosis 0.65

BNP indicates B-type natriuretic peptide; Cl, confidence interval; eGFR,
estimated glomerular filtration rate; HR, hazard ratio; LASSO, least absolute
shrinkage and selection operator; VF, ventricular fibrillation; and VT,
ventricular tachycardia.

might improve atrioventricular nodal conduction.®? In
addition, improvement of CS activity by immunosup-
pressant therapy was associated with lower arrhyth-
mia burden.®*34 Thus, BNP, which is associated with
poor outcomes, including fatal ventricular arrhythmia
events in the current analysis, might be related to the
CS activity. It is possible that BNP is a useful tool for
guiding immune-modulating therapies. However, as
this hypothesis is not supported by sufficient evidence,
further studies are needed. Finally, in our study, pa-
tients in the high-BNP group were older than those
in the low-BNP group. Since the elderly patients are
not as symptomatic as the young patients, even if they
have heart failure,®® heart failure may be overlooked in
some elderly patients with increased BNP. Therefore,
the clinical implications of our study are that in pa-
tients with CS, (1) the BNP level should be evaluated
at the time of diagnosis even in those without heart
failure;and (2) if the BNP level is high at the time of diag-
nosis, a close examination for heart failure and careful
follow-up are needed.

In our study, treatment with steroids was inde-
pendently associated with a lower incidence of pri-
mary end points in patients with CS without heart
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failure. This finding is particularly interesting because
no report has shown that steroid use improves clini-
cal outcomes in patients with CS. Although there has
been no consensus on the timing of steroid therapy for
patients with CS, several studies have suggested that
early steroid initiation leads to favorable clinical out-
comes in patients with CS. In a retrospective study of
75 patients treated with steroids for CS, patients with
an initial LVEF of >60% had a better survival rate than
those with an initial LVEF of <50%.3% Another study
of patients with CS reported that steroid therapy was
associated with improved left ventricular function and
remodeling in patients with an initial LVEF of >30%, but
not in those with progression of left ventricular impair-
ment (LVEF <30%).3” Considering these findings, the
positive effect of steroids might be mitigated in the late
stage of CS, and early initiation of steroids might be
more effective. However, further research is required
to clarify this hypothesis.

The present study has several limitations. First,
some patients with CS were diagnosed on the basis
of the guidelines of the Japanese Circulation Society.'?
Thus, patients diagnosed by a combination of clinical
findings of other organ sarcoidosis or multiple car-
diac presentations, such as imaging findings, were
included. These results should be taken with caution,
as histological proof was not performed in all the pa-
tients. Second, there are no established protocols
regarding how to initiate, taper, or maintain steroid
treatment. Third, because of the retrospective nature
of this study, there was potential for sampling bias and
incomplete data. For instance, we did not obtain data
for active myocarditis examinations. Fourth, we ana-
lyzed BNP levels measured at the time of diagnosis
and did not have data on protocolized BNP measure-
ment; therefore, we could not analyze the association
between serial changes in BNP levels and prognosis.
Fifth, we did not obtain information for pulmonary ar-
terial hypertension, although BNP was reported to be

Hazard ratio [95% Cl] P forinteraction

[ ]

0.858
— . 2.07[1.26-3.40]
— = 2.97[1.61-5.47]
0.109
IS 1.26[0.56-2.83]

Histological diagnosis from (+) (n=22)
myocardial tissue (-) (n=216)
Histological diagnosis from  (+) (n=150)
myocardial tissue
or extra cardiac tissue (-) (n=88) —
0.1

Unadjusted Hazard ratio

2.32[0.27-19.60]

5 10 20

Figure 2. Cox proportional hazard analysis of log-transformed BNP for the primary end point according to histological

diagnosis.

There was no significant interaction between the prognostic impact of log-transformed BNP and histological evidence. BNP indicates

B-type natriuretic peptide.
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a prognostic marker in such populations.®® Finally, we
could not exclude patients with heart failure at the time
of diagnosis, although almost all study patients (97.9%)
underwent echocardiography. Further prospective
studies with larger sample sizes and longer follow-up
periods are necessary to determine the association
between BNP levels and prognosis.

CONCLUSIONS

Among patients with CS without heart failure at the
time of diagnosis, higher BNP levels were associated
with poorer long-term clinical outcomes. The results
of this study clearly suggest that BNP is a biomarker
recommended to be measured in patients with CS in
terms of risk stratification.
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