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Abstract

Objective: Pulmonary hypertension (PH) and ischemic digital lesions (DL) are two scleroderma 

vascular outcomes that in cross-sectional studies are associated with abnormalities in biomarkers 

of angiogenesis. The clinical usefulness of these biomarkers is unknown in part due to lack of data 

on longitudinal measurement.

Methods: We conducted a prospective cohort study of 300 patients with systemic sclerosis (SSc) 

who were followed for at least a five-year period, who at enrollment lacked evidence of PH and/or 

active DL. Levels of hepatocyte growth factor (HGF), soluble Flt-1, soluble endoglin, endostatin, 

and platelet-derived growth factor (PlGF) were obtained at multiple time points and assessed for 

their ability to predict the development of PH/DL.

Results: 46 patients (15%) developed PH and 69 (23%) developed a DL. In time-to-event 

analyses, three biomarkers measured at cohort entry were found to significantly associate with the 

development of PH: HGF (HR 1.99, 95%CI 1.24–3.17, p=0.004), sFlt1 (HR 3.04, 95%CI 1.29–

7.14, p=0.011), and PlGF (HR 2.74, 95%CI 1.32–5.69, p=0.007). As time approaching PH 

diagnosis decreased, there was no corresponding increase in any biomarker level. Upon converting 

each continuous vascular biomarker into a binary variable, a dose-response relationship was 

observed for the number of elevated biomarkers at cohort entry and risk of developing PH: With 

each additional elevated biomarker at cohort entry, there was a 78% increase in hazard of 

developing PH (HR 1.78, 95% CI 1.2–2.6, p=0.004).

Conclusion: These data suggest that molecules involved in angiogenesis reflect vascular 

perturbation and elevations at first encounter can risk-stratify patients.
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INTRODUCTION

Two major vascular complications in SSc patients associated with substantial morbidity and 

mortality are ischemic digital lesions (DL) and pulmonary hypertension (PH)[1–7]. 

Unfortunately, the recognition of both conditions often becomes clinically evident only after 

advanced vascular injury has occurred. Identifying biomarkers that predict who is at elevated 

risk to develop PH or DL might allow the opportunity to intervene during the pre-clinical 

period, or at the very least, identify subjects who need closer monitoring for their 

development. Several groups, including our own, have studied plasma vascular biomarkers 

in SSc [8–13], focusing on their ability to predict PH and DL. While promising, the majority 

of this prior work utilizes cross-sectional data, with biomarker measurements occurring ≤2 

time points. Thus, there still exists uncertainty on the trajectory of vascular biomarker 

measurements over time, and whether they can serve as useful laboratory tests to help guide 

clinical-decision making. In an effort to provide evidence to answer this question, we 

describe our experience with a 300 SSc patient prospective cohort with serial plasma 

vascular biomarker measurement.

MATERIALS AND METHODS

We conducted a prospective cohort study of 300 prevalent SSc patients as previously 

described [14]. The Johns Hopkins University Institutional Review Board approved of this 

study (NA_00001412). Briefly, prevalent SSc patients lacking evidence of PH (defined by an 

estimated right ventricular pressure (RVSP) of <40 mmHg by transthoracic 

echocardiography) and without current active ischemic digital lesions were recruited during 

routine outpatient visits. Patients were subsequently followed prospectively with clinical 

assessments and plasma samples collected at 6–12 month intervals. At each visit the patient 

was examined for signs and symptoms of development of PH and DL, and history of interval 

DL was determined at visits and by chart review. Our center’s algorithm for screening for 

PH includes obtaining routine yearly pulmonary function testing and echocardiogram 

(ECHO). Patients were referred for right heart catheterization (RHC) at the discretion of the 

treating rheumatologist. Our center’s protocol to refer for RHC is based on the following 

guidelines: A decline in the diffusing capacity of the lungs for carbon monoxide (DLCO) out 

of proportion to decline in forced vital capacity (FVC) or total lung capacity (TLC), ECHO 

with estimated right ventricular systolic pressure (RVSP) ≥ 40 mmHg OR increase in RVSP 

> 10 mmHg from prior study, echocardiogram evidence of right ventricular abnormalities 

(enlargement, dilatation), dyspnea on exertion not explained by other causes, or clinical 

signs suggestive of PH (lower extremity edema, increased jugular venous pressure). 

Autoantibody data were obtained via the Euroline SSc profile (IgG) (EUROIMMUN, 

Lübeck, Germany) with a positive result defined as moderately positive (++) or higher per 

manufacturer. Hepatocyte growth factor (HGF), soluble endoglin (sEng), endostatin, 

platelet-derived growth factor (PlGF), and soluble fms-like tyrosine kinase 1 (sFlt1) were 

assayed via Mesoscale Discovery Platform (Rockville, Maryland). The five biomarkers in 

our study were selected for both scientific and practical reasons; prior research has 

suggested all five to be alluring candidates in SSc [8–13], but also the ability to multiplex 

several of these markers simultaneously played a role in their selection. Each biomarker was 
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run in duplicate from the first two clinic visits for all five biomarkers. For the two 

biomarkers with strongest association with PH and/or DL, sFlt1 and PlGF, additional time 

points were analyzed leading up to the development of PH. These additional time points 

were performed in patients who developed PH as well as matched patients (1:1 for age 

decile, sex, and race) who did not develop PH.

The primary outcomes were (1) any form of PH defined as a mean pulmonary artery 

pressure (mPAP)≥21 mm Hg obtained by RHC as recently recommended by the 6th World 

Symposium on Pulmonary Hypertension [15] and (2) digital ischemic lesions (DL) defined 

as new onset of severe vascular compromise of fingers as evidenced by development of 

ischemic digital ulcerations (a lesion on the distal fingertip with loss of surface epithelium), 

gangrene (the presence of demarcated ischemic territory on a digit which is dark, cool, and 

painful; the area is clearly demarcated from viable flesh) or digital loss from a scleroderma 

related vascular event. The clinical importance of so-called “borderline PH” (mPAP 21–24) 

has been recently described in various populations including SSc and has been the basis of 

lowering the hemodynamic threshold for PH diagnosis and classification [16–18]. Secondary 

outcomes included PH subsets defined by recent hemodynamic classification of pulmonary 

hypertension [15]: pre-capillary PH (mPAP≥21mmHg, pulmonary arterial wedge pressure 

(PAWP) ≤15mmHg, and PVR≥3 Woods units); isolated post-capillary PH (mPAP≥21mmHg 

and a PAWP>15mmHg); and combined pre-and post-capillary PH (mPAP≥21mmHg and a 

PAWP>15mmHg and PVR≥3 Woods units). In addition, we also sought to subgroup PH 

patients based on the presence of ILD, defined as radiographic evidence of fibrosis on high 

resolution CT and a FVC<70% predicted performed within one year (± 6 months) from the 

RHC date that diagnosed PH. Sensitivity analyses using the previous definition of PH 

defined as mPAP≥25mmHg were also conducted.

Statistical Analysis

Statistical analysis was performed using Stata software Version 14 (College Station, TX). 

Standard curves for each vascular biomarker were obtained for each plate run and samples 

were run in duplicate. Samples with a coefficient of variation (CV) ≥25% were excluded 

from the analysis. For each of the five candidate vascular biomarkers, log transformations 

were performed given a rightward skew of each distribution. A total of 10 variables (5 

biomarkers x 2 time points) were analyzed as four transformations: log(biomarker) at 

baseline, log(biomarker) at visit 2, the difference between biomarker measurement 2 – 

biomarker measurement 1, as well as the ratio of biomarker measurement 2/biomarker 

measurement 1. Spearman correlation was performed to understand the relationship between 

continuous variables, and student’s t-test was performed for comparisons between groups. 

Trajectories of biomarker measurements were assessed by the slope of the line obtained 

from the formula y=mx+b, where m=the slope of the line for each biomarker. Time-to-event 

analyses were performed using Cox Proportional Hazards models. Entry into the cohort 

served as time 0, and patients were censored based on the following: death, withdrawal from 

study, or administratively on January 1 2017, whichever came first. Receiver operating 

characteristic (ROC) curves were generated using logistic regression models to determine 

the ability of various models to distinguish patients who developed PH during cohort follow-

up versus those who did not. Determination of optimal cut-point for each biomarker was 
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performed using the Liu method [19], based on maximizing the product of sensitivity and 

specificity.

RESULTS

Participants

Patient characteristics for the overall cohort (N=300) can be found in Table 1. The majority 

of patients in the cohort were Caucasian women whose age at cohort entry was 52 ± 12. 

Twenty-seven (27%) of patients were centromere positive, 23% RNA polymerase III 

positive, and 23% topoisomerase positive (Scl70). Fifty-eight (58%) of patients had limited 

cutaneous disease. Patients on average had a diagnosis of SSc 10 ± 8 years from 1st non-RP 

symptom at study entry. Approximately half of patients were on calcium channel blockers at 

cohort entry (47%). Other common medications patients were receiving include ACE 

inhibitors/angiotensin-receptor blockers (ARB) (29%), aspirin (26%), and statins (18%). 

Common vascular comorbidities in the cohort included hypertension (56%), coronary artery 

disease (CAD) (11%), diabetes (8%), cerebrovascular disease (7%), and peripheral artery 

disease (PAD) (6%).

A total of 46 patients (15%) were diagnosed with PH throughout the study, and 69 (23%) 

developed a DL. The average time from enrollment into the cohort until the development of 

the outcome was 3.0 ± 2.4 years for PH and 3.5 ± 2.4 years for DL. During the first 5 years 

of study, 45 patients died (15%) and 41 were lost to follow-up (14%). Sixteen of the 45 

patients who died had developed PH. Those lost to follow-up contributed an average of 1.6 ± 

0.9 years (0–3.8).

Vascular Biomarkers and Relationship with Demographics, Disease Characteristics, and 
Co-morbidities

After excluding samples with CV≥25%, the following numbers of patients were available 

for analysis: PlGF at time point 1, designated “PlGF1” (N=291), PlGF2 (N=275); sFlt1 

(N=291), sFlt2 (N=276); HGF1 (N=274), HGF2 (N=249); endostatin1 (N=276), endostatin2 

(N=276); endoglin1 (N=286), and endoglin2 (N=274). To understand the relationship 

between baseline biomarker levels and demographic/disease characteristics, correlation 

studies and t-tests were performed. There was no substantial correlation between any 

biomarker and disease duration, age at enrollment, or age at diagnosis (r < 0.2 for all). 

Furthermore, there was no significant difference in biomarker level based on patient 

comorbidities (PAD, history of stroke, CAD, diabetes, hypertension, or erectile dysfunction). 

However, mild positive correlation was found between PlGF and sFlt1 (r=0.33, p<0.001) and 

PlGF and HGF (r=0.38, p<0.001). With regards to SSc disease characteristics, patients with 

RNApol3 autoantibodies had a significantly higher level of PlGF at baseline (11.8 vs 10.0, 

p=0.0026), whereas patients with CENP or Scl70 had significantly lower values (9.4 vs 10.9, 

p=0.0068 for CENP and 9.7 vs 10.9, p=0.03 for Scl70). Similarly, PlGF levels were 

significantly elevated in patients with diffuse cutaneous skin (11.8 vs 9.6, p<0.0001). No 

significant differences between autoantibody subgroups or cutaneous type were detected for 

other vascular biomarkers. Lastly, no biomarker was significantly associated with 
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medication use at cohort entry, including aspirin, ACE inhibitor (ACEi)/Angiotensin 

receptor blocker (ARB), statins, or calcium channel blockers (CCB).

Baseline Biomarkers Predicting Vascular Outcomes

We first sought to determine the value of baseline biomarker levels for predicting clinical 

outcomes of interest. All five biomarkers were analyzed in time-to-event analyses for the 

outcomes PH and DL (Table 2). The median time from when the 1st biomarker was 

measured to the development of PH was 3.5 years (IQR 1.6–4.5). Three biomarkers 

measured at cohort entry were found to significantly associate with the development of PH: 

HGF (HR 1.99, 95% CI 1.24–3.17, p=0.004), sFlt1 (HR 3.04, 95% CI 1.29–7.14, p=0.011), 

and PlGF (HR 2.74, 95% CI 1.32–5.69, p=0.007). We also sought to measure the association 

between biomarkers and different classifications of PH (Supp Table 1): For patients with 

PH-ILD (defined as mPAP>20, FVC<70% and fibrosis on HRCT, n=16): No biomarker was 

significantly associated, although there was a trend for sFlt1 (HR 4.6, CI 0.99–21.2, p=0.05). 

For patients with pre-capillary PH (mPAP>20, PAWP≤15, PVR≥3 without ILD, n=14): 

baseline HGF and PlGF were statistically associated with PH (HR 2.89 95% CI 1.28–6.5, 

p=0.01, HR 7.59 95%CI 1.9–30.1, p=0.004, respectively). HRs of similar magnitude were 

observed upon conducting sensitivity analyses defining PH as mPAP ≥ 25 mmHg 

(Supplemental Table 3). Next, subgroup analyses were performed examining different SSc 

populations (limited versus diffuse cutaneous subsets, autoantibody subsets). The 

association between vascular biomarkers was strongest in SSc patients with limited 

cutaneous disease (Supplemental Table 4). Of the 46 patients with PH, 20 were in patients 

with limited cutaneous disease. Of these 20, 9 were in Subgroup1B (mPAP>20, PCWP≤15, 

and PVR≥3) and 2 were in Subgroup1A (mPAP>20 + FVC<70% + fibrosis on HRCT within 

6 months from RHC). The other 9 had a mPAP>20 and PVR ranging from 1–3. No clear 

associations were observed in patients with anti-centromere, Scl70, or RNApol3 antibodies.

No biomarker measured at cohort entry was significantly associated with DL. However, 

three measurements at timepoint 2 (obtained 2.8 ± 2.5 years prior to DL) were significant: 

endoglin (HR 1.74 95%CI 1.06–2.86, p=0.028), sFlt1 (HR 1.83 95%CI 1.12–2.99, p=0.015), 

and PlGF (HR 1.78, 95%CI 1.12–2.83, p=0.014). Given the recently described value of the 

ratio of sFlt1/PlGF in pre-eclampsia [20], another condition centered on vasculopathy, we 

also studied this ratio for its ability to associate with and predict vascular outcomes. No 

significant association was observed between sFlt1/PlGF and DL or PH.

Lastly, we transformed the first two biomarker measurements into two additional variables: 

the difference between biomarker measurement 2 – biomarker measurement 1, as well as the 

ratio of biomarker measurement 2/biomarker measurement 1. No significant differences 

were observed upon analyzing these transformed variables in any analysis.

Longitudinal Assessment of Select Vascular Biomarkers

Given the significant associations of PlGF and sFlt1 measured at the 1st visit with PH, we 

wanted to determine the trend of these two individual biomarkers over time leading up to the 

diagnosis of PH. Regarding HGF, given the high number of samples that had a CV≥25%, we 

elected not to include this biomarker for these additional analyses.
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Patients who developed PH had persistently high levels of PlGF and sFlt1 throughout 

follow-up compared to those who did not develop PH (cumulative mean of 11.8 ± 3.9 vs 

10.0 ± 8.6, p=0.01 for PlGF and 111 ± 54 vs 96.9 ± 75, p=0.02 for sFlt1). However, as time 

approaching the diagnosis of PH decreased, there was no observed change in either 

biomarker level - the average slope of each biomarker leading up to the diagnosis of PH was 

0.97 units PlGF/year and −0.88 units sFlt1/year. Similar results were observed upon 

conducting sensitivity analyses defining PH as mPAP ≥ 25 mmHg (data available from 

corresponding author).

Patients who developed DL over the cohort period also had persistently high levels of PlGF 

throughout follow-up compared to those who did not develop DL (11.3 ± 4.5 vs 9.8 ± 4.1, 

p<0.001). There was no significant difference for sFlt1 (99 ± 34 vs 96 ± 40, p=0.345) 

between those who did and did not develop DL. Upon examining patients who ever had a 

history of DL (from time of first non-Raynaud’s symptom onwards) compared to those who 

never had a DL, PlGF was slightly higher (10.3 ± 4.1 vs 9.5 ± 4.5, p=0.024), as was sFlt1 

(98 ± 36 vs 91 ± 43, p=0.026).

Model Formation to Predict PH

At cohort entry, we calculated the optimal cut-point for both PlGF and sFlt1 to predict PH 

using the Liu method [19], which is the cut-point maximizing the product of sensitivity and 

specificity. For PlGF, the optimal cut-point was 9.89 pg/mL with a corresponding sensitivity, 

specificity, and AUC of 82%, 56%, and 0.69, respectively. For sFlt1, the optimal cut-point 

was 93.8 pg/mL corresponding to 71% specificity, 51% sensitivity, and an AUC of 0.61. 

Using the same Liu method, the optimal cut-point was calculated for the remaining 3 

biomarkers at cohort entry, and this cut-point was used to convert each biomarker into a 

binary variable of “0” (below the cut-point) or “1” (above). This transformation allowed us 

to assess whether there was a relationship between the number of vascular biomarkers that 

were elevated at baseline and the likelihood of developing PH (Table 3). For example, with 0 

biomarkers elevated above the cut-point upon cohort entry, only 2/25 patients (8%) 

developed PH during follow-up. Conversely, with all 5 biomarkers elevated upon cohort 

entry, 12/29 patients (42%) developed PH (Table 3). With each additional elevated 

biomarker at cohort entry, there was a 78% increase in the hazard of developing PH (HR 

1.78 95% CI 1.2–2.6, p=0.004). Similar trends were observed upon conducting sensitivity 

analyses defining PH as mPAP ≥ 25 mmHg (Supplemental Table 2). For DL, there was no 

clear dose-responsive relationship between the number of elevated biomarkers at cohort 

entry and the incidence of DL over follow-up or DL ever from SSc symptom onset 

(Supplemental Table 5).

We next sought to investigate the added benefit of incorporating baseline levels of different 

biomarkers for predicting the development of PH in multivariable analyses. We analyzed 

several clinical variables measured at cohort entry that have been consistently reported to 

associate with/predict PH (including % predicted DLCO, % predicted FVC, and NT-proBNP 

level [21–25]) into a logistic regression model for PH. Subsequently, we assessed the impact 

of including either PlGF or sFlt1 at baseline by comparing the area under the curve (AUC) 

for each model (Table 5). Of note, in our cohort the baseline median NT-proBNP level did 
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not differ significantly between patients who developed PH compared to those who did not; 

however, clinically there was an apparent higher value in the PH group (881 pg/mL vs 377 

pg/mL, p=0.18).

Using only the clinical variables of baseline %DLCO, %FVC, and NT-proBNP level, the 

AUC for predicting PH was 0.72, which did not appreciably increase with the addition of 

sFlt1 (AUC 0.72), PlGF (AUC 0.75), or both (AUC 0.77). Upon incorporating the number of 

biomarkers that were elevated at baseline, the AUC increased from 0.72 (clinical variables 

only) to 0.81.

Of interest, of the 46 patients who developed PH over cohort follow-up, 42 had a measurable 

DLCO at baseline. Of these 42, 10 (24%) at cohort entry had a DLCO >70%. Of these 10 

patients, all had at least 2 biomarkers elevated at cohort entry, and 80% had ≥3. Similarly, 

12/46 (26%) patients had a NT-proBNP <155 pg/mL at cohort entry (upper limit of normal 

for healthy controls per Mesoscale Discovery package insert). Of these 12 patients, all had at 

least 2 biomarkers elevated at cohort entry, and 75% had ≥3.

DISCUSSION

The goal of this study was to gain insight into how specific vascular biomarkers known to be 

involved in angiogenesis or vascular disease might be clinically useful to stratify risk for 

vascular complications in SSc patients. In this prevalent SSc cohort, we found that several 

biomarkers were significantly associated with the development of PH – HGF, sFlt1, and 

PlGF. Furthermore, we demonstrate that these biomarkers are elevated years before the 

diagnosis of PH. Importantly, these biomarkers can be elevated before patients experience a 

decrease in DLCO or rise in NT-proBNP.

Based on our data, one may state that the clinical utility for serially monitoring these 

biomarkers appears low; there is no consistent trend of increasing biomarker levels over time 

as patients approach a diagnosis of PH/DL. However, serial testing may have value in 

patients with early disease to first detect elevations in biomarkers. Once elevated, the utility 

of serially monitoring appears low, but the elevated biomarkers may serve to risk stratify SSc 

patients and inform PH monitoring strategies. Currently, most SSc providers longitudinally 

monitor several biomarkers for the development of PH (e.g. NT-proBNP, RVSP on ECHO, 

or DLCO on PFT, etc) with the goal of detecting an abnormality that may reflect the 

development of early PH. In our study, a quarter of patients have elevations in vascular 

biomarkers prior to a decrease in DLCO <70%, perhaps providing a more sensitive test to 

screen for early vascular dysfunction. Once vascular biomarkers are observed to be elevated, 

the frequency of other screening tests (e.g. NT-proBNP, DLCO) may be increased in a more 

cost-effective approach.

A major observation from this study is a dose-response effect of the number of vascular 

biomarkers elevated at cohort entry and the subsequent risk of developing PH. Interestingly, 

this dose-response relationship is not seen for DL. This finding provides insight into the 

vascular dysfunction that characterizes SSc patients with PH. Intuitively our data make 

sense, in that a higher number of elevated biomarkers relating to vascular dysfunction would 
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correspond to a higher risk of PH. The fact that the same relationship is not seen with DL is 

perhaps consistent with epidemiologic studies demonstrating a lack of association between 

DL and PH [26–28]. Clearly there is a generalized vasculopathy in SSc patients, but perhaps 

more than one mechanism exists as to organ-specific manifestations (scleroderma renal 

crisis, PH, and DL). In the case of DL, these mechanisms may include microclotting, 

trauma, or paroxysmal exposure to cold.

The five biomarkers in our study were selected for both scientific and practical reasons. 

However, we acknowledge there are several other putative vascular biomarkers that may 

have relevance in risk-stratifying SSc patients for vascular outcomes. Much of our 

understanding of these molecules stems from their pathogenic role in preeclampsia [20], and 

to a lesser extent, retinal vascular disease [29] and cancer [30]. Whereas PlGF and HGF are 

proangiogenic molecules, sFlt1, endostatin and sEng have anti-angiogenic properties. All of 

them have been shown to be impacted by hypoxemia in animal or in vitro models [29, 31–

34]. The observation that all five molecules are elevated in patients who go on to develop PH 

suggests defects in vascular homeostasis, possibly a feedback loop where proangiogenic 

molecules beget antiangiogenic beget proangiogenic, and so on. In support of our data, both 

pro- and anti-angiogenic molecules have been found to be elevated in SSc patients in 

multiple studies [8–13].

While it is notable that no biomarker met statistical significance in the PH-ILD group 

(Subgroup 1A in Supplemental Table 1), several HRs were above 2, indicating a subgroup of 

PH-ILD patients have elevations in these biomarkers. This suggests a subgroup of PH-ILD 

may have PH due to both ILD as well as innate scleroderma pulmonary vascular disease. 

These data may explain the varied outcome of treating PH-ILD patients with vasoactive 

medications [35–37], wherein a subgroup of this population may respond to therapy. Further 

study is warranted to determine whether subgroups as defined by elevated vascular 

biomarkers respond better to PAH therapies.

While these biomarkers hold promise in the risk stratification of SSc patients, many more 

vascular molecules exist which may have similar or greater value. Questions remain 

regarding at what point do these biomarkers first become elevated in SSc patients; whether 

they are elevated at SSc diagnosis, symptom onset, or even years before (as is the case for 

autoantibodies) would offer further insight into preclinical vascular abnormalities. There are 

a number of limitations in this study. Our center does not use a strict protocol for referring 

patients for RHC; rather, this is done based on the physicians’ clinical judgment. 

Furthermore, part of our exclusion for PH at cohort entry required a RVSP on ECHO <40, 

which by itself may have initially missed some patients with PH. Together these factors may 

have resulted in a misclassification of PH. Notably, our cohort was not an inception cohort 

but a prevalence cohort; the average disease duration for patients upon entry was 10 ± 8 

years. This was intentional to maximize the number of PH cases diagnosed over the cohort 

period. However, as a result of this design we may have missed patients who developed PH 

early in their disease course, which may have different predictors of PH. Lastly, it is possible 

DL events were missed in between clinic visits. However, given most patients with DL have 

recurrent lesions, thus increasing the likelihood of recording the event, we were less likely to 

have misclassified patients.
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These data suggest that molecules involved in angiogenesis reflect vascular perturbation in 

scleroderma in a dose-responsive relationship with PH, and elevations at first encounter may 

be used to risk-stratify patients and aid in clinical phenotyping. Measures of specific 

biomarkers of angiogenesis may also help to identify a population of PH-ILD that may be 

more responsive to conventional PAH therapies.
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Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Baseline Characteristics of Cohort at Study Entry.

Demographics N=300 (%)

Female sex 260 (87)

Race 238 Caucasian (79)

43 African American (14)

19 Other (7)

Disease Characteristics

Classification of SSc 280 (93) ACR, 20 (7) CREST

Type 175 (58) Limited

124 (41) Diffuse

Antibody 66 (23) RNApol3

81 (27) CENP

66 (23) Scl70

Age at entry into cohort 52±12

Time from RP to cohort entry (year ± SD) 12±11

Time from 1st non-RP symptom to cohort entry (year ± SD) 10±8

Treatment at Cohort Entry

 Vasoactive medications

  calcium channel blockers 143 (47)

  phophodiesterase inhibitors 5 (2)

  prostacyclin (for digital ischemia) 1 (0.3)

 Disease Modifying agents

  corticosteroids 55 (18)

  mycophenolate 37 (12)

  methotrexate 30 (10)

  cyclophosphamide 6 (2)

  intravenous immunoglobulin (IVIG) 2 (1)

 Other

  aspirin 78 (26)

  statin 54 (18)

  ACE inhibitor/ARB 87 (29)

Comorbidity

Peripheral artery disease 16 (6)

Coronary artery disease 28 (11)

Cerebrovascular disease 18 (7)

Hypertension 140 (56)

Erectile Dysfunction 9 (5)

Diabetes 23 (8)
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Demographics N=300 (%)

Outcome During Study Follow-up

  Digital Lesions 69 (23)

  Pulmonary hypertension (All) mPAP>20 46 (15)

  A. Subgroup accounting for ILD:

Subgroup 1: Patients with PH-ILD (Group 3), defined as mPAP>20 AND FVC<70% and ILD on HRCT 16 (5)

Subgroup 2: Pre-capillary PH (mPAP>20, PAWP</=15, PVR>/=3) without ILD 14 (5)

Subgroup 3: Isolated post-cap PH (mPAP>20, PAWP>15, PVR< 3) without ILD 3 (1)

Subgroup 4: Combined pre and post PH (mPAP>20, PAWP>15 PVR>/=3) without ILD 2 (1)

  B: Subgroup independent of ILD Status:

Subgroup 1: Pre-capillary PH (mPAP>20, PAWP</=15, PVR>/=3) independent of ILD 26 (8)

Subgroup 2: Isolated post-cap PH (mPAP>20, PAWP>15, PVR< 3) independent of ILD 4 (2)

Subgroup 3: Combined pre and post PH (mPAP>20, PAWP>15 PVR>/=3) independent of ILD 3 (1)

Scleroderma = SSc, RP = Raynaud’s Phenomenon, ACR = American College of Rheumatology 1980 or 2013 Criteria, CREST = 3 out of 5 of the 
following criteria: calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly, telangiectasias, PH = pulmonary hypertension, 
mPAP=mean pulmonary arterial pressure, ILD=interstitial lung disease, PAWP=pulmonary artery wedge pressure, PVR=pulmonary vascular 
resistance, FVC=forced vital capacity, RNApol3 = RNA polymerase 3, Scl-70 = topoisomerase, CENP = centromere, ARB=angiotensin receptor 
blocker, Peripheral artery disease = history of ankle-brachial index <0.9, history of claudication, amputation/ulceration due to peripheral 
macrovascular disease. Coronary artery disease = history of angina, abnormal exercise test, history of myocardial infarction or coronary 
revascularization; cerebrovascular disease = prior transient ischemic attack or thrombotic/embolic stroke.
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Table 2:

Univariable Cox proportional hazard models for 5 vascular biomarkers for the outcomes of PH and DL. Each 

biomarker was log-transformed; (1) indicates baseline visit (2) indicates second visit during cohort follow-up.

Variable
Univariable HR for PH 

(all, n=46) 95% CI p-value Variable
Univariable HR for DL 

(n=69) 95% CI p-value

log_endoglin 1 1.42 0.75–2.66 0.270 log_endoglin 1 1.62 0.98–2.67 0.058

log_endoglin 2 1.42 0.75–2.69 0.277 log_endoglin 2 1.74 1.06–2.86 0.028

log_endostatin 1 1.83 0.85–3.92 0.118 log_endostatin 1 0.68 0.38–1.20 0.186

log_endostatin 2 2.13 0.97–4.66 0.058 log_endostatin 2 0.80 0.45–1.41 0.445

log_hgf 1 1.99 1.24–3.17 0.004 log_hgf 1 0.98 0.65–1.46 0.935

log_hgf 2 1.33 0.86–2.05 0.188 log_hgf 2 1.01 0.70–1.44 0.964

log_sflt1 (1) 3.04 1.29–7.14 0.011 log_sflt1 (1) 1.68 0.87–3.21 0.116

log_sflt1 (2) 1.46 0.77–2.76 0.236 log_sflt1 (2) 1.83 1.12–2.99 0.015

log_plgf 1 2.74 1.32–5.69 0.007 log_plgf 1 1.36 0.77–2.40 0.277

log_plgf 2 1.57 0.87–2.84 0.134 log_plgf 2 1.78 1.12–2.83 0.014

HGF=hepatocyte growth factor, sFlt1=soluble Flt-1, PlGF=platelet derived growth factor. All=46 patients with PH, 69 with DL out of cohort of 
300.
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Table 3.

Incidence of PH stratified by number of elevated vascular biomarkers measured at cohort entry. Increased 

number of elevated biomarkers associates with higher incidence of PH during follow-up (HR 1.78). With each 

increased in the number of biomarkers elevated at cohort entry, the risk of PH increases by 78%.

Number of Biomarkers at Baseline > Optimal Cutoff

PH Defined as mPAP≥21

No (%) Yes (%) Total

0 23 (92) 2 (8) 25

1 59 (97) 2 (3) 61

2 73 (90) 8 (10) 81

3 53 (80) 13 (20) 66

4 29 (76) 9 (24) 38

5 17 (58) 12 (42) 29

Total 254 46 300
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Table 4.

Different clinical and laboratory variables and their relationship with the development of PH in logistic 

regression models. While both sFlt1 and PlGF are statistically associated with the development of PH, the 

addition of either sFlt1 or PLGF does not appreciably increase the area under the curve (AUC) for predicting 

PH. Upon incorporating the number of biomarkers that were elevated at baseline, the AUC increased from 

0.72 (clinical variables only) to 0.81.

Variable at Cohort Entry OR (95% CI) p-value AUC

Univariable Analysis

DLCO 0.96 (0.95–0.97) <0.0001 0.72

FVC 0.96 (0.95–0.97) <0.0001 0.68

BNP Level 1.1 (1.0–1.2) 0.041 0.57

sFlt1 2.5 (1.6–3.7) <0.0001 0.61

PLGF 3.23 (2.2–4.7) <0.0001 0.65

Multivariable

DLCO, FVC, BNP N/A N/A 0.72

DLCO, FVC, BNP + sFlt1 1.8 (1.2–2.9) 0.009 0.72

DLCO, FVC, BNP + PLGF 2.7 (1.8–4.0) <0.0001 0.75

DLCO, FVC, BNP + sFlt1 + PLGF N/A N/A 0.77

DLCO, FVC, BNP + # Elevated Biomarkers 1.8 (1.4–2.4) <0.0001 0.81
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