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We have read with great interest the case report by David Langleben and colleagues, which describes the
ineffectiveness of sotatercept in a patient with heritable pulmonary arterial hypertension (HPAH) who carried a
missense mutation in the GDF?2 gene (BMP9, ¢.1276 T>C, p. [Cys 426 Arg]) [1]. Although caution is required when
drawing general conclusions from findings in a single patient, the reported case study may add novel insights to our
understanding of the complex interplay between genetic mutations and targeted therapies in PAH. Currently, more than
50 cases of GDF2 mutations have been reported in PAH patients [1-12], with studies suggesting that GDF2 mutations
account for approximately 1% of all adult PAH cases [13]. BMP9, encoded by GDF?2 and acting via the heteromeric
receptor ALK1/BMPR?2 is a key agonist of the BMP signaling pathway and crucial for maintaining vascular integrity
[14]. In the reported case, the mutation was classified as a variant of uncertain significance (VUS), and its exact
pathological consequences remain unclear. Previous studies indicate, however, that GDF2 mutations can lead to either
loss of function or the production of aberrant proteins, thereby disrupting normal vascular homeostasis [5].

In the specific case reported by Langleben and colleagues, several potential causes for the ineffectiveness of
sotatercept may be considered:

1. Advanced Pulmonary Vascular Remodeling

In the respective patient, PAH was initially diagnosed in 1998 at the age of 41. As a result, the patient had
experienced disease progression for more than two decades in spite of aggressive treatment with intravenous
epoprostenol (since 1998), PDE-5 inhibitors (since 2009), and selexipag (since 2018). By the time sotatercept treatment
was initiated in 2022, the patient’s pulmonary vascular resistance (PVR) had already exceeded 4 Wood units (WU),
indicating extensive and likely irreversible pulmonary vascular remodeling. It seems fair to consider that any additional
therapeutic intervention, including sotatercept, may no longer be effective in reversing the disease course at this
advanced stage. The findings of the initial phase 3 trial of sotatercept in PAH patients, however, showed an improvement
in exercise capacity in patients with an even higher mean PVR of >9 WU and a long PAH history of 9.2 &+ 7.3 years
(mean + SD), and thus, argue against such an explanation [15]. PAH patients have significantly elevated plasma levels
of'activin A (583.7+46.5 pg/mL) and activin B (121.9 £ 6.7 pg/mL) compared to healthy controls, and the demonstrated
effectiveness of sotatercept in the initial multicenter trials suggests that sotatercept is able to target such levels [16].
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Furthermore, the initial phase 3 trial also indicated that sotatercept, when added to stable background therapy—
whether dual or triple therapy—can further enhance treatment efficacy and improve patient outcomes. This suggests
that sotatercept may provide additional therapeutic benefits even in patients receiving optimized PAH therapy.

2. Distinct Signaling Pathways

Sotatercept aims to balance homeostatic BMP9/BMPR2 signaling against disease-promoting activin/TGFR-f
signaling. This strategy may be effective in conditions where activin ligand levels are elevated, as sotatercept can
counteract their pathological effects. However, in cases where BMPR?2 signaling is insufficient or absent, the drug may
be ineffective, as its mechanism of action relies on the presence of an—at least partially—functional BMP9/BMPR2
axis. While this provides a logical explanation, it remains unclear why sotatercept is not similarly ineffective in patients
with BMPR2 mutations.

3. Potential Complex Effects of GDF2 Mutations

GDF2 mutations not only reduce BMP9 protein levels and impair BMP signaling but may also lead to the
production of aberrant BMP9 proteins with unknown effects. At present, our understanding of how BMP9 mutations
drive PAH is still rudimentary. The dual nature of BMP9 signaling—which is essential for vascular development at low
concentrations but may have adverse effects at high concentrations—adds further complexity. As such, in addition to
the well-taken argument by Langleben and colleagues that sotatercept binding of activins may be insufficient to
overcome the reduced BMPR?2 signaling in case of a BMP9 mutation [ 1], BMP9 mutations may drive lung vascular remodelings
by mechanisms largely independent of activin receptor signaling that are hence not sensitive to sotatercept treatment.

Additional complexity arises from the heterogeneous manifestations of GDF2 mutations. GDF2 variants have been
implicated in both PAH and hereditary hemorrhagic telangiectasia (HHT). Recent studies have indicated that
approximately 90% of GDF?2 variant carriers develop PAH, while only 10% display HHT-related manifestations [17].
This phenotypic divergence may be attributed to variant-specific functional impacts, with certain variants selectively
disrupting BMP9-mediated pulmonary vascular homeostasis, whereas others primarily perturb HHT-associated
pathways. Analogously, different GDF2 variants may also variably affect the response to sotatercept, highlighting an
important direction for future research for precision medicine. Alternatively, PAH may precede HHT or vice versa.
Given the paucity of data on non-BMPR?2 variants, multicenter collaborative efforts are imperative to delineate the
frequency, clinical trajectories, and genotype-phenotype correlations of GDF2 variants, ultimately refining risk
stratification and individual therapeutic strategies for this molecularly distinct PAH subset.
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