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Abstract 

Background: Systemic sclerosis-associated pulmonary arterial hypertension (SSc-PAH) is characterized by pulmonary arterial remodeling resulting 
in right ventricular failure and death if untreated. Despite therapeutic advances, there is survival variability within the SSc-PAH population. The aim of 
this study was to delineate high-risk subgroups of SSc-PAH using readily available clinical parameters.

Methods: We analyzed data from the PHAROS database, a prospective observational registry of incident SSc-PAH patients. Latent class modeling was 
performed based on trends in 6MWD over time. We compared survival between the clusters regarding baseline clinical parameters and changes in these 
parameters over time.

Results: We identiϐied four unique groups within 103 patients meeting our inclusion criteria, based on trajectories of 6MWD. Patients in Cluster 4 
exhibited a decline in 6MWD over time and had the worst prognosis with a median survival of 3 years. Patients in Cluster 3, with the lowest baseline 
6MWD, were associated with lower median survival (5 years) when compared to Clusters 1 and 2 (> 9 and 7 years, respectively), despite an improvement 
in 6MWD over time. There were no meaningful changes in SF-36 and WHO functional class between the clusters, but BNP trended higher over time in the 
higher-risk clusters. 

Conclusion: We identiϐied high-risk subsets of SSc-PAH characterized by signiϐicantly worse survival. Incident SSc-PAH patients with a decline in 
6MWD over time or low baseline 6MWD had worse survival when compared to SSc-PAH patients who demonstrated relatively stable or mild reduction 
in 6MWD over time.
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screening for PH among SSc patients using trans-thoracic 
echocardiography (TTE) to enable early disease identiϐication 
[6]. While the use of targeted vasodilator therapies over the 
past two decades has led to improvements in the quality of life 
and mortality in idiopathic PAH (IPAH) patients, these trends 
have not uniformly translated to the SSc-PAH population 
[7-10]. The Pulmonary Hypertension Assessment and 
Recognition of Outcomes in Scleroderma (PHAROS) registry 
is a multicenter, prospective registry of patients in the 
United States with incident (diagnosed within 6 months) SSc-

Introduction
Pulmonary arterial hypertension (PAH) is a leading cause 

of morbidity and mortality among systemic sclerosis (SSc) 
patients [1-3]. Systemic sclerosis-associated pulmonary 
arterial hypertension (SSc-PAH) accounts for a signiϐicant 
percentage of PAH as a whole, representing 15% - 30% of all 
PAH cases in North America and Europe [4,5].

Given the high prevalence and an adverse long-term 
prognosis for SSc-PAH, current guidelines suggest annual 
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Statistical analysis

Latent class modeling allows for the detection of 
subgroups within a population that exhibit similar tendencies 
[20]. 6MWD is a widely used clinical measurement to assess 
disease functional status and predict prognosis, and changes 
in 6MWD are commonly used as surrogate endpoints in PAH 
clinical trials [21,22]. After identifying patients meeting our 
inclusion criteria we performed a latent class model analysis 
to identify unique subsets within the cohort, based on similar 
trajectories in 6MWD over time. First, 6MWD values for 
each patient were plotted over the study period (Figure 2). 
Next, using linear regression to model predicted slopes for 
aggregated patients, unsupervised cluster analysis identiϐied 
four unique latent clusters of incident SSc-PAH patients 
(including uncertainties in the model ϐit). Multiple numbers 
of clusters were modeled, with four eventually chosen based 
on optimal model ϐit and numbers of patients per cluster. 
Descriptive statistics of demographic, baseline clinical, 
echocardiographic, and hemodynamic variables of the study 
cohort were performed using means and standard deviations 
for parametrically distributed data and medians and inter-
quartile ranges for non-parametric variables. Continuously 
distributed variables were compared using one-way ANOVA 
and categorically distributed variables were compared 
using chi-square tests between the clusters. A comparison 
of survival distributions between the four clusters was 
performed using Kaplan-Meier with log-rank testing. In a 
subset of patients with available repeat RHC data (N = 55), we 

associated pulmonary hypertension [11]. Prospective data 
from this registry demonstrated short-term survival rates 
for SSc-PAH patients that were comparable with those of the 
idiopathic PAH patients [12]. Despite these improvements in 
the short-term survival data for SSc-PAH patients, their long-
term survival continues to be worse when compared to IPAH 
patients [13,14]. Given these poor outcomes, it is important 
to identify SSc-PAH patients who are at high risk for bad 
outcomes early in the disease course. There have been several 
risk stratiϐication tools developed for PAH patients, including 
the REVEAL 2.0 (Registry to Evaluate Early and Long-Term 
PAH Disease Management) risk calculator and the 2015 ESC/
ERS risk stratiϐication guidelines. These tools stratify patients 
with PAH into low, intermediate, and high risks depending on 
their one-year mortality [15,16]. While the REVEAL prognostic 
equation has recently been shown to have good concordance 
when used to predict mortality in an incident SSc-PAH cohort, 
the model discrimination and calibration were not as accurate 
in predicting the actual observed survival in the highest-risk 
cohorts [17].

Our aim was to identify and characterize high-risk 
endotypes of SSc-PAH using longitudinal analysis of 
functional status, assessed by changes in 6-minute walk 
distance (6MWD). An unsupervised cluster analysis approach 
was utilized to group patients based on similar trajectories of 
6MWD over time. We then compared mortality between the 
groups to determine distinct survival phenotypes.

Methods
Study population and inclusion criteria

The Pulmonary Hypertension Assessment and Recognition 
of Outcomes in Scleroderma (PHAROS) study is a United 
States-based prospective, multi-center, observational registry 
of systemic sclerosis patients at risk for or diagnosed with 
incident PAH [11]. The aim of our study was to identify high-
risk SSc-PAH phenotypes among PHAROS patients with 
incident PAH based on 6MWD, as it is a readily available 
clinical measure. Incident PAH was deϐined as a diagnosis of 
PAH by right heart catheterization (RHC) within 6 months of 
study enrollment. The diagnosis of PAH was determined by the 
enrolling investigator based on PHAROS enrollment criteria: 
mPAP ≥ 25 mmHg and PCWP ≤ 15 mmHg, without signiϐicant 
interstitial lung disease as determined by FVC (Forced Vital 
Capacity) ≥ 65% predicted and absent or mild ILD (Interstitial 
lung disease) on HRCT [11,18] An mPAP cutoff of 25 mmHg was 
used to diagnose PAH based on the prevalent hemodynamic 
deϐinitions at the time of PHAROS registry creation [19]. For 
this analysis, we only included SSc-PAH patients with at least 
two recorded values for the following clinical parameters to 
ensure adequate longitudinal data: 6MWD, B-type natriuretic 
peptide (BNP), quality of life as measured by the 36-item 
Short Form survey (SF-36), and World Health Organization 
functional class (WHO FC). Complete details regarding patient 
selection are displayed in Figure 1. 
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Figure 1: Consort Diagram.
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analyzed the “between-cluster” differences in the trends of 
these invasive hemodynamic parameters. We used a p - value 
< 0.05 to determine signiϐicance. All statistical analyses were 
performed using SAS version 9.4 (Cary, NC).

Results
Patient demographics and cluster characteristics at 
baseline

We identiϐied 103 patients with incident physician-
determined SSc-PAH with at least two recorded values for 
the four different clinical parameters: 6MWD, BNP, SF-36, 
and WHO FC in the PHAROS database. As detailed above, 
using latent class modeling for trends in 6MWD over time, 

we were able to identify four distinct latent clusters of SSc-
PAH patients (cluster 1 (N = 38); cluster 2 (N = 44); cluster 
3 (N = 11) & cluster 4 (N = 10)). Spaghetti plots displaying 
the change in 6MWD over time for each cluster are displayed 
in Figure 2. Cluster 4 (mean age 68.4 (SD = 10.7) years) was 
older than clusters 1, 2 & 3 (mean age 58.2 (SD = 9.2), 60.4 
(SD = 7.8), 59.9 (SD = 10.8) years respectively, Table 1). The 
median duration of SSc prior to the diagnosis of PAH for the 
entire cohort was 7.0 years without signiϐicant between-
cluster differences. A majority of the patients were WHO FC 
II or III (40% and 39%, respectively) at diagnosis, with only 
6% of patients initially presenting with WHO FC IV symptoms 
(Table 1). There were no signiϐicant differences between the 
clusters regarding WHO FC at baseline. SF-36 results were also 
not signiϐicantly different between the groups at baseline. The 
mean baseline 6MWD for the entire cohort was 350 meters 
(SD = 129). Cluster 3 had a lower baseline 6MWD (235.7m (SD 
= 153.5)) when compared to the other clusters, and Cluster 
4 had the highest baseline 6MWD (386.1m (SD = 120)). 
Additional baseline characteristics can be found in Table 1.
There were no other signiϐicant differences between the 
clusters with regard to other baseline demographic or clinical 
variables. Importantly, the baseline functional disability 
index as determined by the Scleroderma Health Assessment 
Questionnaire (SHAQ), was similar between the clusters 
[23]. There were also no discernible differences with regard 
to treatment history (PDE5 inhibitor or endothelin receptor 
antagonist use) between the four clusters. A comparison of 
demographic data between included and excluded patients 
can be found in the Supplemental Appendix.

Baseline hemodynamics

Baseline hemodynamic data as assessed by both 
transthoracic echocardiogram (TTE) and RHC are detailed in 
Table 2. There were no signiϐicant between-cluster differences 
with regard to the baseline right-ventricular systolic pressure 
(RVSP), LV ejection fraction (EF), pulmonary capillary wedge 
pressure (PCWP), cardiac output (CO), pulmonary vascular 
resistance (PVR), or systolic pulmonary arterial pressure 
(sPAP). Mean pulmonary arterial pressure (mPAP) was the 
only baseline hemodynamic parameter that was signiϐicantly 
different between the clusters, with patients in cluster 4 
exhibiting the lowest mean baseline mPAP (32 mmHg (SD = 
11)) when compared to clusters 1,2 and 3 (39 mmHg (SD = 
12), 34 mmHg (SD = 9), and 42 mmHg (SD = 12) respectively, 
p = 0.048) (Table 2).

Longitudinal changes in clinical and hemodynamic 
variables

We then compared average yearly changes for 6MWD, 
SF-36, and BNP as well as the non-invasive and invasive 
hemodynamic parameters between the four clusters (Table 3).
Each patient cluster was characterized by unique trends 
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Figure 2: Cluster analysis.
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Table 1: Baseline characteristics for PHAROS SSc-PAH clusters.
Variable Total N = 103 Cluster 1 N = 38 Cluster 2 N = 44 Cluster 3 N = 11 Cluster 4 N = 10 p - value

Age 60.1(10.2) 58.2(9.24) 59.9(10.79) 60.4(7.75) 68.4(10.7) 0.045

Gender
Male 12 3 3 3 3

0.06
Female 91 35 41 8 7

Ethnicity

White 81 27 37 8 9

0.88

Hispanic 6 2 1 2 1
Black 10 5 4 1 0

Native American 1 1 0 0 0
Asian/Paciϐic Islander 2 1 1 0 0

Other 2 1 1 0 0
SF-36 29.5(9.22) 28.6(8.55) 30.6(10.2) 28.8(8.96) 28.9(8.21) 0.77

6MWD 350.4(129.2) 336.8(131.5) 382.6(106.5) 235.7(153.5) 386.1(120) 0.004
SHAQ Disability Index 1.0(0.72) 1.1(0.81) 0.92(0.72) 1.1(0.60) 0.93(0.46) 0.77

BNP 127(57, 380) 124(47, 245.5) 127(80,532.5) 154(65, 1335) 84(17, 136) 0.67‡

Creatinine 1.03(0.65) 0.97(0.29) 1.12(0.93) 0.92(0.25) 0.95(0.36) 0.67

WHO Functional Class (%)

1 15.5 13.1 20.5 9.1 10

0.61†
2 39.8 42.1 36.4 27.3 60
3 38.8 34.2 40.9 54.6 30
4 5.8 10.5 2.27 9.1 0

PFT
FVC (%) 82.1(15.4) 83.4(13.9) 82.7(16.3) 77.8(20.2) 80.1(14.8) 0.47

FEV1/FVC 81.2(12.8) 81.5(16.0) 79(8.3) 87.9(12.8) 83.7(11.2) 0.19
DLCO 43.1(14.4) 42.5(14.6) 43.2(14.4) 47.4(15.6) 40.8(12.7) 0.73

Abnormal CT Chest (%) 83 76 89 89 78 0.45
SSc disease duration (years) 7.0(8.3) 7.7(9.2) 7.9(8.6) 5.1(5.6) 2.6(3.0) 0.25

ERA ever (%) 57 63 57 45 50 0.71
PDEi ever (%) 83 82 82 91 80 0.89

Baseline demographics and clinical measures across clusters and in total. Continuous measures are presented as a mean (standard deviation) and tested using an ANOVA model 
unless otherwise stated. Categorical measures are presented as N (%) and tested using a chi-square test unless otherwise stated. Baseline FVC values are not available for 4 patients. 
Baseline DLCO values are not available for 9 patients. Abnormal CT chest was deϐined by the presence of ϐibrosis, honeycombing, or ground-glass opacities on the radiologist read. 
6MWD: 6-Minute Walk Distance; BNP: Brain Natriuretic Peptide; DLCO: Diffusing Capacity for Carbon Monoxide; ERA: Endothelin Receptor Antagonist; FEV1: Forced Expiratory 
Volume in 1 Second; FVC: Forced Vital Capacity; PDEi: Phosphodiesterase Inhibitor; PFT: Pulmonary Function Test; SF-36: Short Form (36) Health Survey; SSc: Systemic Sclerosis; 
WHO: World Health Organization; ‡: measure presented as a median (25th, 75th) and tested using a Kruskal-Wallis test.

Table 2: Baseline hemodynamics for PHAROS SSc-PAH clusters.
Variable Total N = 103 Cluster 1 N = 38 Cluster 2 N = 44 Cluster 3 N = 11 Cluster 4 N = 10 p - value

TTE
RVSP (mmHg) 58(20) 55(22) 55(15) 68(21) 67(25) 0.09

EF 60(7) 60(8) 60(6) 59(5) 61(11) 0.94

RHC

sPAP (mmHg) 57(19) 61(20) 54(16) 67(23) 49(15) 0.06
mPAP(mmHg 36(11) 39(12) 34(9) 42(12) 32(11) 0.048

PCWP(mmHg) 10(3) 10(3) 9(3) 10(3) 8(5) 0.24
CO(L/min) 5.2(1.6) 5.0(1.6) 5.5(1.5) 5.1(2.0) 4.5(1.7) 0.27
PVR(WU) 4.1(3.1, 8.1) 4.5(3.1, 9.1) 4.0(3.2, 6.7) 6.4(2.7, 12.3) 4.0(3.4, 11.0) 0.79‡

Baseline hemodynamic measures across clusters and in total. Continuous measures are presented as a mean (standard deviation) and tested using an ANOVA model unless otherwise 
stated. Categorical measures are presented as N (%) and tested using a chi-square test unless otherwise stated. CO: Cardiac Output; Echo: Trans-Thoracic Echocardiogram; EF: 
Ejection Fraction; mPAP: mean Pulmonary Artery Pressure; PCWP: Pulmonary Capillary Wedge Pressure; PVR: Pulmonary Vascular Resistance; RHC: Right Heart Catheterization; 
RVSP: Right-Ventricular Systolic Pressure; TTE: Trans-Thoracic Echocardiogram; WU: Wood Units; † = measure was tested using a Fisher’s exact test. ‡ = measure presented as a 
median (25th, 75th) and tested using a Kruskal-Wallis test.

Table 3: Changes in clinical and hemodynamic variables over time between PHAROS SSc-PAH clusters.
Variable Total N = 103 Cluster 1 N = 38 Cluster 2 N = 44 Cluster 3 N = 11 Cluster 4 N = 10 p - value

6MWD -8.6(39.3) 8.8(9.6) -21.9(12.9) 60.76(12.3) -91.75(21.7) < 0.001
SF-36 -0.66(4.9) -0.25(2.5) -1.87(5.4) 1.51(5.7) 0.73(7.2) 0.11
BNP 21(470.1) -11(334.4) -29.9(530.58) 191.5(402.62) 532.3(518.8) 0.21

TTE
RVSP(mmHg) -0.4(19.8) 2.57(10.4) -2.21(10.3) -4.15(7.3) 0.09(55.41) 0.70

EF 1.64(5.1) 1.13(2.4) 1.73(5.6) 0.92(3.5) 3.87(10.1) 0.58

RHC

sPAP(mmHg) 3.01(13.1) 1.13(10.1) 2.59(11.7) -4.88(10.7) 25.15(19.1) 0.002
mPAP(mmHg) 2.00(8.4) 0.82(6.3) 1.37(6.6) -2.46(4.5) 18.82(14.5) < 0.001
PCWP(mmHg) 1.72(3.6) 1.06(3.0) 1.86(3.3) 0.09(2.52) 6.95(6.1) 0.01

CO(L/min) -0.23(1.0) -0.16(1.3) -0.26(0.7) -0.42(0.7) -0.24(1.1) 0.95
PVR(WU) 0.38(2.23) 0.51(1.81) 0.16(2.02) -0.77(2.42) 2.61(4.18) 0.11

Longitudinal average yearly changes across clusters and in total. Repeat TTE (N = 95) and RHC (N = 55) data only available in a subset of patients. Measures are presented as mean 
differences in value from the baseline. All measures are continuous and presented as mean (standard deviation) and tested using an ANOVA model. 6MWD: 6-Minute Walk Distance; 
BNP: Brain Natriuretic Peptide; CO: Cardiac Output; EF: Ejection Fraction; mPAP: mean Pulmonary Artery Pressure; PCWP: Pulmonary Capillary Wedge Pressure; PVR: Pulmonary 
Vascular Resistance; RHC: Right Heart Catheterization; RVSP: Right Ventricular Systolic Pressure; SF-36 = 36-item Short form Survey; sPAP: systolic Pulmonary Artery Pressure; 
TTE: Trans-Thoracic Echocardiogram.
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in 6MWD so the 6MWD trends, as expected, were different 
between groups. Patients in Cluster 1 had a stable 6MWD, 
while patients in Cluster 2 had a mild reduction in 6MWD. 
Cluster 3 exhibited an improvement in 6MWD over time. 
SSc-PAH patients in cluster 4 exhibited the greatest decline 
in 6MWD compared to the other clusters (-91.75 meters, 
p < 0.001) (Figure 2, Table 3). Clusters 1 & 2 exhibited a mild, 
favorable trend in BNP (decreasing over time) when compared 
to clusters 3 & 4 which trended worse (increasing over time), 
but the between-cluster differences in BNP variation were not 
statistically signiϐicant (p = 0.21). There were no signiϐicant 
differences between clusters with regard to WHO FC or SF-36 
trends over time (Table 3).

In the smaller subset of incident SSc-PAH patients with 
available repeat invasive hemodynamic data (Cluster 1: 
N = 22/38, Cluster 2: N = 23/44, Cluster 3: N = 6/11, Cluster 
4: N = 4/10), patients in cluster 4 exhibited worsening PAH 
hemodynamics, as evidenced by an increase in sPAP (25.2 
mmHg (SD = 19.1), p  = 0.002) and mPAP (18.8 mmHg (SD 
= 14.5), p < 0.001) when compared to the other clusters. 
PCWP also increased over time in Cluster 4 patients (6.95 
mmHg (SD = 6.1), p  = 0.011). We did not note any signiϐicant 
between-cluster differences in the changes over time for other 
hemodynamic parameters, including CO & PVR. We also did 
not note any signiϐicant changes in EF or RVSP for the subset 
of patients with available repeat TTE data (N = 95 patients).

Survival analysis

The Kaplan-Meier analysis comparing all-cause mortality 
between clusters is displayed in Figure 3. Patients in Cluster 1
(N = 38) carried the best prognosis, with a median survival of 
> 9 years from diagnosis. Cluster 2 (N = 44) had the second-
best prognosis with a median survival of 7 years. Cluster 3 
(N = 11) had the second-worst prognosis with a median 
survival of 5 years. Patients in Cluster 4 (N = 10) exhibited 
the worst prognosis with a median survival of just 3 years, 
representing the disease phenotype with the worst prognosis 
(Log-rank test p  = 0.01) (Figure 3.).

Discussion
Pulmonary arterial hypertension remains a leading cause 

of mortality in patients with systemic sclerosis. Despite 
advances in therapy for idiopathic PAH, SSc-PAH remains an 
aggressive disease with a heterogeneous treatment response 
to pulmonary arterial vasodilators. Clinical experience 
among many PH centers shows that while some patients 
demonstrate relative stability or a very slow progression from 
the time of diagnosis, a subset of SSc-PAH patients appears to 
display a rapidly progressive disease course with worsening 
hemodynamics. Using the change in 6MWD over time, our 
latent class analysis identiϐied four distinct “endotypes” of 
SSc-PAH patients with distinct prognostic signatures. From 
our analysis, cluster 1 patients with a stable 6MWD over 
time exhibited the best prognosis, whereas cluster 4 patients, 
despite having the best baseline 6MWD value, exhibited a 
precipitous decline in their 6MWD value over time and carried 
the worst all-cause mortality with a very short median survival 
time (Figure 3). Furthermore, patients in Cluster 3 with the 
lowest baseline 6MWD also had a survival disadvantage when 
compared to clusters 1 and 2, despite an improvement in walk 
distance and a decline in pulmonary artery pressures over 
time. 

While Cluster 4 was older when compared to the 
other clusters, none of the other demographic, clinical, or 
hemodynamic parameters sufϐiciently differentiated this 
cluster from the others. Baseline 6MWD has previously been 
noted to be an important prognostic factor in PAH, and indeed 
patients with the lowest baseline 6MWD in Cluster 3 exhibited 
a poor prognosis [21,24,25]. However, baseline 6MWD was 
in fact paradoxically the highest in Cluster 4. The only non-
invasive clinical parameter that seemed to distinguish cluster 
4 from the other clusters was the signiϐicant decline over 
time in the 6MWD. 6MWD is a reliable prognostic indicator 
in patients with PAH but change in 6MWD over time has 
previously had an unclear prognostic signiϐicance [21,22,26]. 
In a study by Fritz, et al. change in 6MWD from baseline to 12 
months did not predict survival in a cohort of PAH patients 
(both IPAH and CTD-PAH) [27]. In contrast, Groepenhoff, et 
al. in a single institution, prospective study of IPAH patients 
showed that while baseline 6MWD was no different between 
survivors and non-survivors, an increase in 6MWD from 
baseline was signiϐicantly associated with survival [28]. In our 
cohort, cluster 3 with a poor baseline 6MWD demonstrated 
a survival disadvantage (compared to clusters 1 & 2) despite 
a signiϐicant improvement in 6MWD over time, suggesting 
that the observations by Groepenhoff, et al. may not apply to 
incident SSc-PAH patients. Our ϐindings regarding the poor 
predictive prowess of the baseline 6MWD alone in incident 
SSc-PAH patients seem consistent with those from Mullin, 
et al. where a low 6MWD at baseline did not have as strong 
of an association with poor one-year survival in the SSc-
PAH population, as was noted in the original REVEAL model 

1

2 3 

4 

Median Survival:  
Cluster 1: >9yrs 
Cluster 2: 7yrs 
Cluster 3: 5yrs 
Cluster 4: 3yrs Log-rank p = 0.01 

Figure 3: Kaplan-Meier Survival.
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development cohort [17]. Taken together, the ϐindings from 
our analysis suggest that a decline in 6MWD over time and 
a low baseline 6MWD both confer a survival disadvantage in 
incident SSc-PAH patients. 

In our study, baseline hemodynamics did not differentiate 
a high-risk SSc-PAH patient phenotype. Further, cluster 
4, which had the worst prognosis, had a lower baseline 
mPAP than the other clusters (31.7 mmHg). In a smaller 
subset of patients with available repeat RHC data, Cluster 4 
demonstrated worse hemodynamics, suggesting that a rapid 
progression of pulmonary vascular disease could still be the 
mechanistic etiology that explains the survival disadvantage 
in this cluster. Interestingly, Cluster 4 also had a signiϐicant 
increase in PCWP from baseline, albeit without signiϐicant 
changes in CO or EF. Patients with SSc-PAH often have co-
existing LV dysfunction, especially with advanced age, which 
may make it difϐicult for SSc-PAH patients to tolerate some 
of these medications, especially ERAs (endothelin receptor 
antagonists). We speculate that in the highest-risk cluster, 
the signiϐicant increase in PCWP from the baseline value with 
therapy could potentially indicate the presence of comorbid 
LV pathologies, as is common in SSc patients [29,30]. Another 
possible explanation for this observation could be that in this 
cluster, worsening RV dysfunction and pressure overloading 
could have led to interventricular septal ϐlattening and bowing 
into the left ventricular lumen resulting in elevated LV ϐilling 
pressures [31]. Since repeating invasive hemodynamic testing 
may not always be possible or convenient, trending 6MWD 
over time may serve as a useful surrogate in the identiϐication 
of these high-risk patients who might potentially beneϐit from 
an aggressive up-titration in therapies or even early referral 
to lung transplantation.

It should be noted that the diagnosis of WHO Group 1 PAH 
in our study was physician-determined, based on enrollment 
criteria in the PHAROS registry [11,32]. These criteria did 
not include a PVR cutoff based on contemporary guidelines, 
and thus there were several patients included with a baseline 
PVR < 3 WU, which would not meet current WSPH criteria for 
PAH but would meet the most updated ESC/ERS deϐinition 
[19,33]. Importantly, all patients were managed as PAH by 
the enrolling physicians, providing some external validity and 
real-world practicality to our study results. Patients with SSc-
PAH often present with co-existing PH phenotypes (PH due 
to ILD & PH due to LV dysfunction) and it can be difϐicult to 
distinguish the predominant driver of RV dysfunction [29]. 

Given that this was an observational cohort study 
dependent on multi-center database enrollment, it was limited 
by the availability of follow-up data. While we included 103 
patients in our analysis, a repeat TTE was only available for 
95 patients, and repeat RHC was available for 55 patients. 
We also observed that there was a noteworthy difference in 
follow-up time between the clusters, particularly in Cluster 4, 
which had limited 6MWD data after one year. While a simple 

explanation for this could be the short survival time for this 
cohort, it could also be due to patients’ worsening functional 
status and their inability to perform repeat exercise testing.

Conclusion
SSc-PAH remains a complex disease with many 

phenotypes, and our analysis displays unique endotypes that 
appear to have distinct prognostic signatures. A signiϐicant 
decline in 6MWD over time seems to confer a survival 
disadvantage in SSc-PAH. A low baseline 6MWD, independent 
of improvements in functional or hemodynamic measures 
over time, also appears to be associated with decreased 
survival. Our ϐindings will need to be validated in larger SSc-
PAH cohorts from around the world, particularly delineating 
the differences between isolated and mixed PH subgroups. 
Identifying and understanding high-risk groups in this unique 
disease is important in developing disease-speciϐic guidelines 
and more precise therapeutic options. 
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