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Abstract: Pulmonary arterial hypertension (PAH) is a common and severe vascular complication in patients with connective
tissue diseases (CTDs), and it also represents a leading cause of adverse outcomes and mortality in this population. Over the past
decades, the continuous emergence of effective therapeutic approaches targeting the key signaling pathways of PAH has
significantly alleviated patients’ symptoms and improved their quality of life. As a crucial subtype of PAH, patients with
connective tissue disease-associated pulmonary arterial hypertension (CTD-PAH) have also gained substantial benefits from
these advances. Targeted therapy serves as the core treatment modality, and in recent years, numerous breakthroughs have been
achieved in the field of CTD-PAH targeted therapy. This article systematically reviews the latest research progress of both

traditional and emerging targeted therapies for CTD-PAH.
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1. Introduction

Pulmonary hypertension (PH) refers to a category of
hemodynamic  disorders characterized by elevated
intravascular pressure in the pulmonary circulation.
According to the latest joint guidelines released by the
European Society of Cardiology (ESC) and the European
Respiratory Society (ERS) in 2022, CTD-PAH is classified
into Group 1 (i.e., the PAH group) of the PH classification
system [1]. Its core pathological features include pulmonary
vascular remodeling, involving medial hypertrophy of small
pulmonary arteries, intimal fibrosis, plexiform lesions, and
occlusion of micro-pulmonary arteries. Progressive elevation
of pulmonary arterial pressure and vascular resistance
eventually leads to right heart failure and death[2, 3] . PAH is
the second-largest subtype in the PAH group following
idiopathic  pulmonary arterial hypertension (IPAH),
accounting for approximately 10%-30% of all PAH cases
globally [4] and around 13%-14% in the Chinese
population[5] . It is a major contributor to mortality and poor
prognosis in CTD patients. The pathogenesis of CTD-PAH
has not been fully elucidated, but existing studies suggest that
it is closely associated with chronic inflammatory responses
mediated by immune dysregulation. Inflammation is regarded
as the initial trigger, which can induce endothelial cell (EC)
dysfunction, abnormal proliferation of smooth muscle cells
(SMCs) and fibroblasts, thereby leading to pulmonary
vascular remodeling. This process ultimately results in
increased pulmonary vascular resistance (PVR) and the onset
of PAH[6-8] . At present, targeted therapies for PAH mainly
focus on three core signaling pathways, including drugs
targeting the nitric oxide (NO) pathway (phosphodiesterase 5
inhibitors, soluble guanylate cyclase stimulators), endothelin
receptor antagonists (ERAs), and the prostacyclin pathway
(prostacyclin analogues, IP receptor agonists)[9] . Although
the application of targeted drugs has significantly improved
the prognosis and delayed disease progression in CTD-PAH
patients, the high mortality rate and irreversible disease
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progression  still to clinical
treatment[10] .

In recent years, a growing body of research has indicated
that CTD-PAH-specific therapies developed based on the
genetic and molecular mechanisms underlying small vessel
injury and obstructive vascular remodeling may yield better
prognostic  outcomes and even reverse vascular
remodeling[11]. Therefore, this review systematically
summarizes the latest research advances in both classic and

emerging targeted drugs for CTD-PAH.

pose severe challenges

2. Conventional Targeted Therapy

2.1. Prostacyclin Analogues

The prostacyclin pathway is one of the core pathways for
PAH targeted therapy. Its key therapeutic mechanism for
CTD-PAH is to exert synergistic effects such as vasodilation,
anti-proliferation, and anti-inflammation by regulating
critical signaling molecules[12]. Under physiological
conditions, prostacyclin (PGlz) specifically binds to IP
receptors on the surface of pulmonary vascular smooth
muscle cells, activates adenylate cyclase (AC), and promotes
the conversion of adenosine triphosphate (ATP) to cyclic
adenosine monophosphate (cCAMP). As a second messenger,
cAMP inhibits the contraction and abnormal proliferation of
pulmonary vascular smooth muscle cells, while suppressing
platelet aggregation, thus maintaining the normal
vasodilatory function and structural stability of pulmonary
vessels[12]. In the pathological state of CTD-PAH, immune-
inflammatory damage caused by CTD itself severely impairs
pulmonary vascular endothelial function, leading to reduced
synthesis and release of PGl.. This attenuation of protective
effects further exacerbates pulmonary vascular remodeling,
elevation of pulmonary arterial pressure, and increased right
ventricular load. Therefore, exogenous supplementation of
PGl analogues or direct activation of IP receptors via targeted
drugs acting on the prostacyclin pathway can restore local
cAMP levels in pulmonary vessels, reverse abnormal



vasoconstriction and proliferation, exert anti-inflammatory
and anti-thrombotic effects, and ultimately reduce pulmonary
arterial pressure and PVR, improving cardiac function and
long-term prognosis in CTD-PAH patients[13, 14]. For PAH
patients with WHO functional class II-IV, prostacyclin
analogues or prostacyclin receptor agonists are
recommended[15], among which prostacyclin analogues
remain the cornerstone of first-line therapy for high-risk PAH
patients. Currently, approved prostacyclin pathway-related
drugs for PAH treatment include epoprostenol, iloprost,
treprostinil, beraprost, and selexipag. Adverse reactions of
these drugs are mostly associated with non-selective
vasodilation, with headache, facial flushing, jaw pain, and
diarrhea being the most common. Parenteral administration of
prostacyclin analogues is the main treatment method for PAH,
but relevant research on their application and prognosis in
CTD-PAH is relatively limited. Recently, a single-center
retrospective study in Australia (n=39) showed that CTD-
PAH patients accounted for 46.2% of the cohort
(predominantly females with WHO functional class I1I-1V),
with a mean duration of epoprostenol treatment of 2.9 years.
The 1-year, 3-year, and S-year survival rates after treatment
reached 90.0%, 75.8%, and 68.2%, respectively, which were
significantly higher than those of the control group.
Meanwhile, the WHO functional class of patients was
significantly improved, and the 6-minute walk distance
(6MWD) increased by an average of 160.4 meters compared
with the baseline at the 3rd year of treatment, indicating that
epoprostenol can significantly improve the prognosis of
severe CTD-PAH patients[16]. It is worth noting that the
incremental benefit may be limited in patients receiving
intensive background therapy. A European multicenter
retrospective study involving 91 CTD-PAH patients showed
that after pretreatment with >1 PAH targeted drug (84%
receiving dual/triple combination therapy and 16% receiving
monotherapy), additional use of parenteral prostacyclins
(epoprostenol or treprostinil) could improve functional
indicators such as 6 MWD and brain natriuretic peptide (BNP)
in the short term, but the long-term survival rate remained
unsatisfactory (5-year survival rate of approximately 55%),
suggesting that the additional benefit of parenteral
prostacyclin analogues is limited[17]. In addition to directly
improving PAH-related symptoms, prostacyclins can also
delay vascular complications of CTD through their anti-
inflammatory effects, bringing additional benefits to CTD-
PAH patients. A prospective cohort study including 134
systemic sclerosis (SSc) patients demonstrated that long-term
use of inhaled iloprost could delay the progression of SSc and
significantly postpone the onset of major vascular
complications including PAH (such as digital ulcers and
scleroderma renal crisis) [18]. However, this study adopted a
retrospective design, and the sample size of patients with
major vascular complications was small (only 12 cases), so
the conclusions need to be further verified by large-scale
prospective studies.

Prostacyclin Receptor Agonists

Selexipag is a selective prostacyclin receptor agonist with
a chemical structure different from prostacyclin, administered
orally. A subgroup analysis of the global multicenter
GRIPHON study (n=334) showed that regardless of
background targeted therapy, selexipag reduced the risk of the
primary composite endpoint of morbidity and mortality by 41%
in CTD-PAH patients [19]. A recent real-world study
(EXPOSURE study, n=178) further indicated that early
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initiation of full-dose selexipag in combination with other
drugs during the low/medium-risk stage of the disease may
lead to better clinical outcomes[20]. Subsequently, a real-
world simulated randomized trial by Burger et al. based on
the US Komodo insurance database (including CTD-PAH
patients, n=718) showed that in PAH patients receiving
combined ERA and PDES5i therapy, early addition of oral
selexipag within 6 months reduced the risk of all-cause
hospitalization, PAH-related hospitalization, and disease
progression. This risk reduction was more significant when
selexipag was added within 3 months. In contrast, delayed
addition of oral selexipag for 12 months or the presence of
obvious treatment gaps may result in poor outcomes in PAH
patients. These findings suggest that early initiation of
treatment after PAH diagnosis in CTD patients can improve
long-term prognosis[21]. In addition, a phase II clinical trial
of the novel oral prostacyclin receptor agonist ralinepag has
confirmed its safety and tolerability, which can continuously
improve 6MWD in patients (median improvement of 41.0
meters compared with baseline) and reduce PVR, with
manageable adverse reactions compared with other
prostacyclin pathway-related drugs[22, 23]. Currently, phase
III clinical trials of this drug are underway overseas, which is
expected to provide better therapeutic effects and options for
CTD-PAH patients in the future.

2.2. Phosphodiesterase S Inhibitors and
Soluble Guanylate Cyclase Stimulators

Dysfunction of the nitric oxide pathway is
inducement of pulmonary arterial hypertension.
normal circumstances, endogenous NO binds to soluble
guanylate cyclase (sGC) in pulmonary vascular smooth
muscle cells, activating sGC to catalyze the conversion of
guanosine triphosphate (GTP) to cyclic guanosine
monophosphate (cGMP). As a second messenger, cGMP
relaxes vascular smooth muscle, inhibits pulmonary vascular
remodeling, and maintains pulmonary circulatory
homeostasis. In the pathological state of PAH, reduced NO
production by vascular endothelial cells or decreased sGC
activity leads to a decline in cGMP levels, exacerbating
pulmonary vasoconstriction and remodeling and increasing
PVR[24]. Phosphodiesterase 5 (PDEY) is a key enzyme that
degrades ¢cGMP in pulmonary vessels. PDES5 inhibitors
enhance the effects of the nitric oxide pathway by slowing
down ¢cGMP degradation and increasing endogenous cGMP
levels. In contrast, sGC stimulators directly stimulate sGC to
promote cGMP production independent of endogenous
NO[25].

Phosphodiesterase 5 Inhibitors

In recent years, multiple clinical studies have confirmed
that phosphodiesterase 5 inhibitors (PDESi) can improve
various hemodynamic and clinical parameters in CTD-PAH
patients [26], and have long been recommended as first-line
therapy for CTD-PAH in guidelines at home and abroad.
Commonly used PDES5i include sildenafil (short-acting),
tadalafil (long-acting), and vardenafil. A growing body of
evidence indicates the presence of inflammatory cells and
immune cells in the lungs of PAH patients, especially in those
with CTD-PAH[27, 28].Clinically, these drugs are mainly
used to relax vascular smooth muscle and inhibit pulmonary
vascular remodeling in the treatment of CTD-PAH. A recent
study by Cassandra et al. suggested that PDES inhibitors may
have therapeutic potential beyond vasodilation and are
expected to be repositioned as adjuvant therapies for

a key
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inflammation-driven diseases, especially those characterized
by vascular endothelial dysfunction and chronic low-grade
inflammation[29]. This dual effect of “vasodilation + anti-
inflammation” may be more consistent with the pathological
characteristics of PAH secondary to CTD. However, large-
scale prospective clinical studies are currently lacking to
confirm this hypothesis. In addition, a study by Jin et al. using
a CTD-PAH rat model showed that vitamin D deficiency
exacerbates pulmonary vascular remodeling and right
ventricular hypertrophy in CTD-PAH rats by upregulating the
Jagged1/Notch3/Hesl pathway[30]. Meanwhile, a study by
Adao et al. demonstrated that restoring optimal vitamin D
(VitD) levels in VitD-deficient rat models can improve
pulmonary endothelial function, enhance the vasodilatory
response to PDESi, and improve therapeutic efficacy and
exercise capacity[31]. These findings suggest that vitamin D
supplementation may serve as an important adjuvant strategy
to optimize the efficacy of PDE5i.

Although soluble guanylate cyclase stimulators and PDESi
act on the same pathway, their mechanisms of action are
different. sGC stimulators have a dual mechanism: they can
both enhance the response of sGC to endogenous NO and
directly activate sGC independent of NO. Currently, the main
guanylate cyclase stimulator recommended for CTD-PAH
treatment is riociguat, which may be an alternative option for
CTD-PAH patients with poor response to PDES5i therapy. The
REPLACE study randomly assigned PAH patients to the
riociguat group (n=113) and the PDES5i group (n=113), with
CTD-PAH accounting for 22% and 17% of each group,
respectively. The results showed that for medium-risk PAH
patients with WHO functional class III and 6MWD of 165—
440 m after PDESi treatment, switching from PDESi to
riociguat significantly increased the 24-week clinical
improvement rate compared with continued PDES5i treatment
(41% vs 20%), reduced the risk of clinical worsening (1% vs
9%), and decreased hospitalization and mortality events[32].
The limitation is that the sample size of CTD-PAH patients
included in this study was small, and the specificity of the
conclusions needs further verification. Currently, guanylate
cyclase stimulators are mainly administered orally, which
may cause systemic side effects, thereby limiting their use or
dose escalation and leading to reduced therapeutic efficacy or
poor medication compliance. Recently, Humbert et al. [33]
evaluated the efficacy and safety of inhaled soluble guanylate
cyclase stimulator (MK-5475) in the INSIGNIA-PAH study
(n=168), with CTD-PAH accounting for 18.5% of the cohort.
The results showed that in PAH patients receiving stable
background therapy (including PDESi), inhaled MK-5475
reduced PVR with good tolerance and no systemic side effects
such as  hypotension,  exhibiting  lung-selective
pharmacodynamic effects. This finding re-examines the
traditional view of contraindicating combined use with PDES5i
[34], providing a new option for CTD-PAH treatment,
especially suitable for patients requiring intensive
combination therapy (e.g., adding drugs on the basis of PDES5i)
but concerned about systemic side effects.

2.3. Endothelin Receptor Antagonists

Endothelin-1 (ET-1) binds to endothelin A receptors (ETA)
and endothelin B receptors (ETB) on pulmonary arterial
smooth muscle cells, promoting vasoconstriction and cell
proliferation. ETB receptors are mainly expressed on
pulmonary vascular endothelial cells; their activation
mediates vasodilation by promoting the production of
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prostacyclin and nitric oxide, while accelerating the clearance
of ET-1 to maintain pulmonary vascular homeostasis[35].
Currently, endothelin receptor antagonists used clinically for
CTD-PAH treatment mainly include selective ETA receptor
antagonist ambrisentan, as well as dual ETA/ETB receptor
antagonists bosentan and macitentan. A subgroup analysis of
the previous ARIES-E clinical trial evaluated the efficacy and
safety of ambrisentan in CTD-PAH[36]. Subsequently, a
study by Li et al. involving 71 Chinese CTD-PAH patients
showed that during 24 weeks of treatment, ambrisentan
significantly improved exercise capacity in most patients
without clinical worsening events, and the adverse events
observed in the CTD-PAH subgroup were consistent with the
known safety profile of ambrisentan in the overall Chinese
PAH population[37]. However, some studies suggest that the
efficacy of endothelin receptor antagonists in the treatment of
CTD-PAH may be inferior to that in other types of PAH, with
more severe adverse reactions. A meta-analysis by Kuang et
al. including 659 PAH patients treated with bosentan (CTD-
PAH accounting for 8%) showed that the improvement in
6MWD was not statistically significant (p=0.656), only 27.5%
of patients had improved WHO functional class, and
subgroup analysis indicated that the incidence of
hepatotoxicity in CTD-PAH patients was approximately 2 to
4 times higher than that in other groups[38]. This high risk of
hepatotoxicity is not only related to endothelin receptor
antagonists themselves and combined use with other targeted
drugs[39], but also may be associated with the high
prevalence of autoimmune hepatitis in CTD, as well as liver
function damage caused by CTD itself and CTD treatment
drugs [40]. These findings suggest that liver function
assessment should be completed and regular monitoring
should be performed before making decisions on endothelin
receptor antagonist therapy for CTD-PAH patients.
Macitentan is an oral dual endothelin receptor antagonist. In
the SERAPHIN study, Pulido et al. observed that the drug
improved exercise tolerance and reduced the incidence of the
composite endpoint of clinical worsening in PAH patients.
Subgroup analysis of CTD-PAH patients (n=224) showed that
patients were likely to obtain clinical benefits from this drug
treatment[41]. Compared with the placebo group, macitentan
reduced the risk of morbidity and mortality by 45% in all
patients. Subsequently, Souza et al. further evaluated the
long-term safety, tolerability, and survival rate of macitentan
in PAH patients in its open-label extension study
(SERAPHIN OL, n=550) with a follow-up period of up to 9
years, providing important long-term therapeutic evidence for
clinical practice [42]. This study included 550 patients, with
CTD-PAH accounting for 31.8%, which has important
clinical reference value for the long-term treatment of CTD-
PAH. Recently, an analysis by Channick et al. [43] based on
the combined OPUS/OrPHeUS dataset involving 1192
American CTD-PAH patients showed that macitentan is
widely used in the clinical treatment of CTD-PAH and its
subgroups (including combination therapy), and its safety and
tolerability in CTD-PAH patients are comparable to those in
idiopathic/heritable pulmonary arterial hypertension (I/HPAH)
patients, providing important evidence for the individualized
treatment of CTD-PAH.

3. Emerging Targeted Drugs

Dysregulation of the bone morphogenetic protein
(BMP)/transforming growth factor-p (TGF-B) signaling
pathway is a core mechanism underlying the development of



PAH, mainly manifested as imbalanced branch signaling. In
PAH patients, BMP signaling function is impaired, leading to
significantly decreased expression of Smad1/5/8 proteins that
mediate anti-proliferative effects, while the expression of
Smad2/3 proteins that promote proliferation is abnormally
upregulated. This imbalance ultimately drives the abnormal
proliferation of small pulmonary arterial smooth muscle cells
and induces pulmonary vascular remodeling[44]. Sotatercept
is an activin receptor type IIA (ActRIIA)-Fc fusion protein
that can neutralize abnormally elevated activin-like ligands in
PAH, regulate Smad2/3 signaling, and exert anti-proliferative,
pro-apoptotic, and anti-inflammatory effects[44]. Approved
for PAH treatment in 2024, sotatercept includes CTD-PAH in
its indication scope, providing a new option for CTD-PAH
treatment. Multiple studies have been published before and
after its approval. The STELLAR trial is a randomized,
double-blind trial designed to compare the efficacy of adding
sotatercept versus placebo on the basis of dual or triple PAH-
specific therapy (sotatercept group n=163, placebo group
n=160; CTD-PAH patients accounting for 17.8%). The results
showed that compared with the placebo group, patients in the
sotatercept group had significantly improved exercise
tolerance, and the risk of clinical worsening or death was
reduced by 84%. The most common adverse events were
bleeding events (21.5%, mostly non-severe epistaxis and
gingival bleeding), telangiectasia (10.4%), thrombocytopenia
(6.1%), increased hemoglobin levels (5.5%), and elevated
blood pressure (3.7%) [45]. Based on the STELLAR trial,
McLaughlin et al. used a population health model to evaluate
the potential long-term clinical impact of sotatercept and
found that adding sotatercept to background therapy
(monotherapy, dual, or triple PAH targeted therapy) can
prolong the life expectancy of PAH patients by approximately
3 times, while reducing the use of intravenous prostacyclins,
the number of PAH-related hospitalizations, and the need for
lung/cardiopulmonary transplantation [46]. In addition, the
interim analysis of the SOTERIA study supports a favorable
long-term benefit-risk ratio of sotatercept in PAH patients,
with controllable safety and durable efficacy. This study
included 426 PAH patients, with CTD-PAH accounting for
17.6% [47].

The approval of sotatercept represents a milestone
breakthrough in PAH treatment. Its mechanism of reversing
pulmonary vascular remodeling has rewritten the traditional
treatment paradigm, and it has achieved good clinical efficacy
in current applications. However, due to limited sample size
and study duration, its long-term safety and prognostic impact
on CTD-PAH patients still need further verification, and there
are no large-scale cohort studies specifically targeting CTD-
PAH, requiring more clinical evidence to support its use.

4. Other Targeted Therapeutic Agents

In addition to the aforementioned drugs, promising targeted
therapeutic agents for CTD-PAH currently under
investigation include tyrosine kinase receptor antagonists
acting on platelet-derived growth factor receptors (PDGFR)
and the immune-targeted drug rituximab.

4.1. Tyrosine Kinase Receptor Antagonists

Receptor tyrosine kinases (RTKs) are core components of
the platelet-derived growth factor (PDGF) pathway, which
plays a key role in regulating cell proliferation. Tyrosine
kinase receptor inhibitors can exert therapeutic effects on
PAH by inhibiting this pathway. Drugs currently under
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research for PAH treatment include imatinib [48]and
seralutinib[49]. A previous multicenter, randomized, double-
blind, placebo-controlled phase II trial by Ghofrani et al. [50]
and the phase III IMPRES study (n=202) [51]initially
demonstrated the potential of imatinib to improve PVR and
6MWD in PAH patients, but the effects were modest.
Recently, an open-label, single-arm, Bayesian continuous
reassessment model (CRM)-driven phase II clinical trial by
Rothman et al. [52] involving 17 PAH patients showed that
oral imatinib at a dose of 200 mg/d as an add-on therapy was
well-tolerated, significantly improved hemodynamics with
durable efficacy, but did not significantly change 6MWD.
Seralutinib is an inhaled tyrosine kinase receptor inhibitor
specifically developed for PAH[53]. A study involving 86
PAH patients (WHO functional class II or III) evaluated the
efficacy of inhaled seralutinib. These patients were randomly
assigned to receive seralutinib or placebo in a 1:1 ratio while
continuing their original PAH treatment[54]. The results
showed that the drug was well-tolerated, significantly reduced
PVR in patients, but only improved 6MWD by 6.5 meters.
The TORREY open-label extension (OLE) study further
verified the long-term safety and efficacy of inhaled
seralutinib in PAH patients [55]. The above studies initially
demonstrated the potential value of tyrosine kinase receptor
antagonists in PAH treatment, but they generally suffer from
small sample sizes. Even contradictorily, a case report showed
that a female adult developed PAH after treatment with this
class of drugs[56]. Research on their use in CTD-PAH
treatment is even rarer; CTD-PAH patients were only
included in small numbers in studies such as the IMPRES
study [51] and TORREY study[55] along with other PAH
patients, lacking sufficient statistical power. In summary, the
efficacy and adverse reactions of this class of drugs remain
unclear, and more targeted clinical studies are needed for
verification in the future.

4.2. Rituximab

Rituximab is a CD20-targeted monoclonal antibody that
depletes B cells, commonly used in the treatment of tumors
and autoimmune diseases. It is well-known that B cell
immunity plays an important role in the pathogenesis of CTD
(such as SSc and SLE), and PAH itself is associated with
autoimmune dysregulation. A multicenter, double-blind,
randomized, placebo-controlled phase II study by Zamanian
et al. [57] included 57 SSc-PAH patients receiving
background PAH treatment. The results showed that the
primary endpoint of change in 6MWD at 24 weeks did not
reach statistical significance, but a pre-specified secondary
endpoint analysis indicated that rituximab significantly
improved exercise tolerance in patients (mean improvement
of 25.1 meters after placebo adjustment, p=0.03). A
systematic review by Amany Touil et al. [58] (n=7) evaluated
the efficacy and safety of rituximab in the treatment of CTD-
PAH. This review included 6 studies on rituximab treatment
for CTD-PAH (including 2 prospective studies), with female
patients accounting for the majority (85.9%). The average
number of rituximab infusions was 4.2, and the mean follow-
up duration was 18.3 months. The results showed that both
clinical and auxiliary examination indicators of patients were
improved with good tolerability, suggesting that rituximab
has potential efficacy and safety in the treatment of CTD-PAH.
However, relevant research is currently limited and lacks
convincing evidence, warranting further investigations in the
future.



5. Combination Therapy and Risk
Stratification-based Treatment

The internationally recognized PAH treatment strategy
emphasizes early combination therapy based on risk
stratification. For low-risk and medium-risk PAH patients,
initial dual therapy, i.e., combination of endothelin receptor
antagonist (ERA) and phosphodiesterase 5 inhibitor (PDES5i),
is recommended. For high-risk patients, it is recommended to
add parenterally or subcutaneously administered prostacyclin
analogues to the above dual therapy regimen to form “triple
therapy” [1]. A large body of clinical trial evidence has shown
that standardized initial combination therapy can significantly
reduce mortality risk and improve long-term prognosis. The
combination therapy and risk stratification-based treatment
strategies for CTD-PAH are basically consistent with those
for I/HPAH according to the 2022 ESC/ERS guidelines [1],
and will not be repeated in this review. It is worth noting that
unlike traditional targeted therapies that expand narrowed
blood vessels to reduce pulmonary arterial pressure, the
emerging targeted drug sotatercept has the core advantage of
reversing vascular remodeling. It is expected to rewrite the
pattern of combination therapy for CTD-PAH in the future,
and its combination regimens need to be explored in more
clinical studies.

6. Outlook and Conclusion

CTD-PAH is characterized by immune dysregulation-
mediated pulmonary vascular remodeling with extremely
poor prognosis. In recent years, its treatment has evolved
from the traditional three major vasodilatory pathways to a
diversified model of “immune regulation + vascular repair”.
The approval of sotatercept marks the entry into a new stage
of reversing vascular remodeling, and drugs such as rituximab
have also shown potential efficacy. However, most emerging
therapies lack sufficient clinical evidence, and there is a

paucity of large-scale studies specifically targeting CTD-PAH.

Issues such as precise stratification remain to be addressed. In
the future, relying on technological innovation and
multidisciplinary collaboration, advancing early screening
and combination therapy is expected to achieve precise
intervention and improve the prognosis of patients.
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