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Abstract
Pulmonary hypertension (PH), which includes pulmonary arterial hypertension (PAH) and chronic thromboembolic pulmonary
hypertension (CTEPH), is a progressive condition with significant morbidity and mortality due to right heart failure if left
untreated. Riociguat is a soluble guanylate cyclase (sGC) stimulator and is the only treatment approved for both PAH and CTEPH.
The objectives of this review are to describe the epidemiology and pathophysiology of PAH and CTEPH; synthesize the phar-
macology, efficacy, safety, and utilization of riociguat; and discuss the role of the pharmacist in managing patients with these
conditions. Data presented in this review is supported by peer reviewed literature, using PubMed and key words including
pulmonary hypertension, pulmonary arterial hypertension, chronic thromboembolic pulmonary hypertension, and riociguat. The
review draws on key studies and review articles that discuss the pathophysiology of PAH and CTEPH, as well as articles discussing
the safety and efficacy of riociguat. The overall goal in the treatment of PAH and CTEPH is to improve long-term survival.
Treatment planning depends on the type of PH, treatment goals, comorbidities, and risk profiles. Pharmacists serve a valuable role
as part of the multidisciplinary team in the care of patients with PH, many of whom may have comorbidities that contribute to
high costs and resource utilization. Riociguat is a first-in-class medication and the only approved treatment for both PAH and
CTEPH. In clinical trials, riociguat has demonstrated favorable efficacy and tolerability. Riociguat is a valuable addition to the
armamentarium of options for treating patients with PH.
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Introduction

Pulmonary hypertension (PH) is a progressive condition of mul-

tifactorial etiology.1 PH is associated with markedly decreased

exercise capacity and reduced quality of life.2 Despite the avail-

ability of treatments, the natural history and prognosis are vari-

able and patients with PH may progress to right heart failure and

death.1,3 Five groups have been defined for clinical classification

that categorize PH based on the underlying cause of elevated

pulmonary pressures.4,5 Pulmonary arterial hypertension (PAH)

represents Group 1 and includes the following subgroups: idio-

pathic, heritable, drug- and toxin-induced, persistent PH of the

newborn, and associated PAH.5 Most recently, 2 additional sub-

groups have been added to Group 1 to account for differences in

treatment considerations—PAH long-term responders to cal-

cium channel blockers and PAH with overt features of venous

involvement.4 PH due to pulmonary artery obstruction repre-

sents Group 4 and includes chronic thromboembolic pulmonary

hypertension (CTEPH).

This article reviews the epidemiology and pathophysiology of

these 2 groups—PAHandCTEPH—aswell as thepharmacology,

pharmacokinetics, dosing, and clinical efficacy and safety of

riociguat; the utilization of riociguat in treating patients with

PH; and the role of the pharmacist in the appropriate and safe

use of therapies for PAH and CTEPH.

Pathophysiology and Epidemiology

The complex pathophysiology of PAH (Group 1 PH) is char-

acterized by the remodeling of small pulmonary arteries via

proliferation of smooth muscle and endothelial cells.6

This leads to a reduction in the size of the pulmonary artery

lumen and reactivity of the vascular bed, an increase in
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pulmonary vascular resistance (PVR), and elevated pressure in

the pulmonary circulation.3 Treatments approved for PAH target

key pathways of endothelial dysfunction involving endothelin-1,

nitric oxide, and prostacyclin.6,7

PAH is rare, with prevalence estimates in the range of 10.6

to 52 per million people.8-10 PAH predominantly affects

women (female: male ratio of 4:1).11 PH is a common compli-

cation of connective tissue diseases (CTDs), with prevalence as

high as 12% in patients with systemic sclerosis (SSc).12 Sur-

vival rates have improved considerably compared with the

National Institutes of Health registry cohort for patients with

a diagnosis of PAH in the 1980s.1,13 The median survival has

been estimated to be 85% at 1 year and 58% at 5 years.1 In fact,

30% of SSc-related deaths are due to PAH, which remains the

leading cause of morbidity and mortality in this population.12

Although overall mortality rates in patients with PAH have

improved, the morbidity and mortality associated with the con-

dition remain unacceptably high.

Although the exact pathogenesis is uncertain, CTEPH

(Group 4 PH) primarily occurs after an acute pulmonary embo-

lism (PE) and is thought to be the result of single or recurrent

PE arising from venous thrombosis.6,14,15 CTEPH may also be

caused by in situ thrombosis in the lung as a result of primary

arteriopathy and endothelial dysfunction, similar to PAH. Ulti-

mately, CTEPH results from mechanical obstruction of the

pulmonary arteries. This obstruction is caused by the presence

of organized fibrotic thrombi tightly attached to the medial

layer of the elastic pulmonary arteries, replacing the normal

intima.16 The consequences of this occlusion include restricted

blood flow and increased PVR.6,17 Progressive pulmonary vas-

cular remodeling (eg, thrombi organization, fibrous stenosis,

microvascular changes) obstructs pulmonary arteries, leading

to PH and right heart failure.3,14

The epidemiology of CTEPH is not well established, but the

incidence of CTEPH after symptomatic acute PE is reported to

range from 0.4% to 6.2%; however, the true incidence of

CTEPH may be higher, because the disease is often underdiag-

nosed due to variable rates of prior acute PE and non-specific

symptoms.18-21 The prognosis is especially poor in patients with

untreated CTEPH, with 3-year mortality rates approaching

90%.22

Clinical Management and Treatment
Guidelines

The overall goal in the treatment of PH (including PAH and

CTEPH) is to improve risk status and long-term outcomes.23,24

Additional goals of therapy may include improvements in exer-

cise tolerance, delay in clinical worsening, and factors related

to quality of life. Management considerations include type of

PH, treatment goals, presence and type of comorbidities, risk

profiles, and patient preference for treatment.24,25

PAH

Historically, individual indicators of prognosis, such as World

Health Organization Functional Class (WHO FC) (Table 1),

have been used to guide decisions about appropriate therapy;

however, additional considerations now include a risk-based

approach, with the development of multiple risk stratification

strategies.24 The current European Society of Cardiology/Eur-

opean Respiratory Society (ESC/ERS) guidelines recommend

that treatment decisions should be guided by a comprehensive,

multiparameter risk assessment.5 These guidelines provide a

summary of risk determinants based on prognostic relevance,

which includes clinical signs of right heart failure, progression

of symptoms, syncope, 6-minute walking distance (6MWD),

cardiopulmonary exercise testing, biomarkers, imaging, and

hemodynamics.5 According to this assessment, the patient can

be classified as having low, intermediate, or high risk for esti-

mated 1-year mortality of <5%, 5% to 10%, or >10%, respec-

tively.5 This approach is supported by recently published

recommendations from the 6th World Symposium on

Pulmonary Hypertension (WSPH).26

Treatment goals for patients with PAH include attaining

low-risk status to achieve improvements in exercise capacity,

quality of life, and right ventricular (RV) function, as well as

lowering mortality risk.5 Multiparameter goals of treatment

have been proposed based on a set of prognostic indicators

(ie, improvement in FC [I or II]; normal/near-normal RV size

and function; hemodynamic parameters showing normalization

of RV function; 6MWD >380 to 440 m; cardiopulmonary exer-

cise testing, including peak oxygen consumption >15 mL/min/

kg and ventilatory equivalent for CO2 [EqCO2] <45 L/min; and

normal brain natriuretic peptide [BNP] levels).23

The 2015 ESC/ERS guidelines offer recommendations for

pharmacologic management of PAH based on WHO FC.5 Oral

monotherapies for patients with WHO FC II symptoms with an

endothelin receptor antagonist (ERA) (ie, bosentan, ambrisen-

tan, or macitentan), a phosphodiesterase-5 inhibitor (PDE-5i;

ie, sildenafil or tadalafil), a soluble guanylate cyclase (sGC)

stimulator (ie, riociguat), or a selective IP receptor agonist (ie,

selexipag) all receive Class I recommendations. For patients

with WHO FC III symptoms, additional Class I

Table 1. WHO FC.

WHO FC Description

I No limitation of physical activity; ordinary physical activity

does not cause undue dyspnea or fatigue, chest pain, or
near syncope

II Slight limitation of physical activity, but no symptoms at rest;
ordinary physical activity causes undue dyspnea or fatigue,

chest pain, or near syncope

III Marked limitation of physical activity, but no symptoms at rest;
less than ordinary physical activity causes undue dyspnea or

fatigue, chest pain, or near syncope
IV Inability to perform any physical activity without discomfort;

symptoms may be present at rest; signs of right-sided heart
failure present

Abbreviation: WHO FC, World Health Organization Functional Class.
Source: Galiè N, et al (2015).24
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recommendations include prostacyclin analogues (ie, IV epo-

prostenol, inhaled iloprost, or inhaled or SC treprostinil).5 In

addition to recommendations for monotherapy, the guidelines

include recommendations for both up-front and sequential

combination therapies. Up-front combination therapy with

ambrisentan and tadalafil received a Class I recommendation

in patients with WHO FC II or III symptoms. Several sequen-

tial combination therapies for WHO FC II and III received

Class I recommendations, including macitentan added to silde-

nafil, riociguat added to bosentan, and selexipag added to an

ERA and/or to a PDE-5i. Sildenafil added to epoprostenol also

has a Class I recommendation for WHO FC III patients only.5

The 6th WSPH, held in Nice, France, in 2018, updated

recommendations for patients with PAH, including medical

therapy.27 A treatment algorithm provided an overview of ini-

tial strategies based on the severity of PAH, assessed by a

multiparametric risk stratification approach. The task force

recommends that after confirmation of the diagnosis of PAH,

the initial approach and initial monotherapy for treatment-naı̈ve

patients should follow the 2015 ESC/ERS PH guidelines.26

Based on these guidelines, further treatment escalation is

required if low-risk status is not achieved in scheduled

follow-up assessments.26

The 2018 American College of Chest Physicians (CHEST)

guidelines and expert panel report on pharmacotherapy also

provide recommendations on pharmacologic therapy for

PAH.28 These guidelines suggest that management should be

based on WHO FC and previous exposure to PAH-targeted

therapies, with additional consideration for prognosis. In addi-

tion, patients should be evaluated at a PH center before therapy

is initiated. A new recommendation from the expert panel sug-

gests that treatment-naı̈ve patients with WHO FC II or III

symptoms should be started on first-line oral combination ther-

apy with ambrisentan and tadalafil. For those unwilling or

unable to tolerate combination therapy, up-front oral monother-

apy is recommended as an alternative with an ERA (ie, bosen-

tan, ambrisentan, or macitentan), a PDE-5i (ie, sildenafil or

tadalafil), or an sGC stimulator (ie, riociguat).28 Initiation of

a parenteral prostanoid is suggested for patients with WHO FC

III symptoms, evidence of rapid progression, and markers of

poor prognosis.28 Referral to an expert center for management

is also recommended. For patients with WHO FC IV symp-

toms, initiation of therapy with a parenteral prostanoid is rec-

ommended; intravenous epoprostenol is generally regarded as

the therapy of choice.28 The second new recommendation

states that patients with stable or symptomatic PAH on back-

ground therapy with ambrisentan should have tadalafil added.28

CTEPH

CTEPH is the only potentially curable form of PH, through

pulmonary endarterectomy (PEA) surgery.5,29 For patients with

CTEPHwho are eligible for PEA, the goal of treatment is to cure

the disease. For this reason, all patients with CTEPH should be

evaluated for surgery, and PEA should be offered to those who

are eligible.5,21 These are both class 1 recommendations

according to the 2015 ESC/ERS guidelines.5 Unfortunately, with

up to 50% of CTEPH patients ineligible for surgery because of

comorbidities or inaccessible distal location of pulmonary vas-

cular obstructions, a substantial need for medical therapy

remains.30,31 According to the ESC/ERS guidelines, riociguat

has a class 1 recommendation for use in symptomatic patients

with persistent/recurrent CTEPH after PEA, or for patients with

inoperable CTEPH as determined by a specialist team that

includes at least 1 experienced PEA surgeon.5

For patients who are ineligible for PEA, balloon pulmonary

angioplasty (BPA) has emerged as an alternative; however, BPA

should be reserved for use at expert centers.21 A large UK

national cohort study reported that 51% of patients had mean

pulmonary artery pressure (mPAP) �25 mmHg 3 months to 6

months following PEA.32 In patients who are not candidates or

who have persistent or recurrent PH symptoms following PEA,

targeted medical therapy—with or without BPA—is recom-

mended.5,29 Additionally, all patients should be treated with life-

long anticoagulation therapy, regardless of surgical candidacy.

Role of Riociguat in Therapy

Riociguat was approved by the FDA in October 2013 as the

first medication from the novel class of sGC stimulators and is

the only treatment approved for both PAH and CTEPH. As an

sGC stimulator with a dual mode of action, riociguat acts in

synergy with endogenous nitric oxide and directly stimulates

sGC independently of nitric oxide availability. This increased

production of cyclic guanosine monophosphate (cGMP) results

in vasorelaxation and antiproliferative and antifibrotic

effects33,34 (Figure 1).

Clinical Trials

PATENT-1/-2. In a 12-week, multicenter, double-blind,

placebo-controlled Phase 3 trial (PATENT-1), patients with

symptomatic PAH (n ¼ 443) were randomized in a 2:4:1 ratio

to receive placebo, riociguat titrated up to 2.5 mg 3 times daily

(TID), or riociguat titrated up to 1.5 mg TID, respectively.35

Patients who were treatment-naı̈ve and those on background

therapy with an ERA or non-intravenous prostanoids were

eligible for inclusion. Notably, patients receiving a PDE-5i

were ineligible.35 The primary outcome was the change from

baseline to week 12 in 6MWD. Secondary endpoints included

PVR, N-terminal pro-brain natriuretic peptide (NT-proBNP)

levels, WHO FC, and time to clinical worsening.35 There were

no significant differences in baseline characteristics between

the 2.5 mg group and the placebo group. Most patients were

WHO FC II and III (42% and 53%, respectively). At 12 weeks,

the 2.5 mg group showed a mean increase in 6MWD of 30 m as

compared with a reduction of 6 m in the placebo group

(P < 0.001). Improvements in 6MWD were observed both in

treatment-naı̈ve patients and in those on background ERA

(n ¼ 167) or prostanoid (n ¼ 24).36 Riociguat significantly

improved PVR, NT-proBNP levels, WHO FC, and time to

clinical worsening. The most common serious adverse event

Kenny et al 3



Kenny et al 439

recommendations include prostacyclin analogues (ie, IV epo-

prostenol, inhaled iloprost, or inhaled or SC treprostinil).5 In

addition to recommendations for monotherapy, the guidelines

include recommendations for both up-front and sequential

combination therapies. Up-front combination therapy with

ambrisentan and tadalafil received a Class I recommendation

in patients with WHO FC II or III symptoms. Several sequen-

tial combination therapies for WHO FC II and III received

Class I recommendations, including macitentan added to silde-

nafil, riociguat added to bosentan, and selexipag added to an

ERA and/or to a PDE-5i. Sildenafil added to epoprostenol also

has a Class I recommendation for WHO FC III patients only.5

The 6th WSPH, held in Nice, France, in 2018, updated

recommendations for patients with PAH, including medical

therapy.27 A treatment algorithm provided an overview of ini-

tial strategies based on the severity of PAH, assessed by a

multiparametric risk stratification approach. The task force

recommends that after confirmation of the diagnosis of PAH,

the initial approach and initial monotherapy for treatment-naı̈ve

patients should follow the 2015 ESC/ERS PH guidelines.26

Based on these guidelines, further treatment escalation is

required if low-risk status is not achieved in scheduled

follow-up assessments.26

The 2018 American College of Chest Physicians (CHEST)

guidelines and expert panel report on pharmacotherapy also

provide recommendations on pharmacologic therapy for

PAH.28 These guidelines suggest that management should be

based on WHO FC and previous exposure to PAH-targeted

therapies, with additional consideration for prognosis. In addi-

tion, patients should be evaluated at a PH center before therapy

is initiated. A new recommendation from the expert panel sug-

gests that treatment-naı̈ve patients with WHO FC II or III

symptoms should be started on first-line oral combination ther-

apy with ambrisentan and tadalafil. For those unwilling or

unable to tolerate combination therapy, up-front oral monother-

apy is recommended as an alternative with an ERA (ie, bosen-

tan, ambrisentan, or macitentan), a PDE-5i (ie, sildenafil or

tadalafil), or an sGC stimulator (ie, riociguat).28 Initiation of

a parenteral prostanoid is suggested for patients with WHO FC

III symptoms, evidence of rapid progression, and markers of

poor prognosis.28 Referral to an expert center for management

is also recommended. For patients with WHO FC IV symp-

toms, initiation of therapy with a parenteral prostanoid is rec-

ommended; intravenous epoprostenol is generally regarded as

the therapy of choice.28 The second new recommendation

states that patients with stable or symptomatic PAH on back-

ground therapy with ambrisentan should have tadalafil added.28

CTEPH

CTEPH is the only potentially curable form of PH, through

pulmonary endarterectomy (PEA) surgery.5,29 For patients with

CTEPHwho are eligible for PEA, the goal of treatment is to cure

the disease. For this reason, all patients with CTEPH should be

evaluated for surgery, and PEA should be offered to those who

are eligible.5,21 These are both class 1 recommendations

according to the 2015 ESC/ERS guidelines.5 Unfortunately, with

up to 50% of CTEPH patients ineligible for surgery because of

comorbidities or inaccessible distal location of pulmonary vas-

cular obstructions, a substantial need for medical therapy

remains.30,31 According to the ESC/ERS guidelines, riociguat

has a class 1 recommendation for use in symptomatic patients

with persistent/recurrent CTEPH after PEA, or for patients with

inoperable CTEPH as determined by a specialist team that

includes at least 1 experienced PEA surgeon.5

For patients who are ineligible for PEA, balloon pulmonary

angioplasty (BPA) has emerged as an alternative; however, BPA

should be reserved for use at expert centers.21 A large UK

national cohort study reported that 51% of patients had mean

pulmonary artery pressure (mPAP) �25 mmHg 3 months to 6

months following PEA.32 In patients who are not candidates or

who have persistent or recurrent PH symptoms following PEA,

targeted medical therapy—with or without BPA—is recom-

mended.5,29 Additionally, all patients should be treated with life-

long anticoagulation therapy, regardless of surgical candidacy.

Role of Riociguat in Therapy

Riociguat was approved by the FDA in October 2013 as the

first medication from the novel class of sGC stimulators and is

the only treatment approved for both PAH and CTEPH. As an

sGC stimulator with a dual mode of action, riociguat acts in

synergy with endogenous nitric oxide and directly stimulates

sGC independently of nitric oxide availability. This increased

production of cyclic guanosine monophosphate (cGMP) results

in vasorelaxation and antiproliferative and antifibrotic

effects33,34 (Figure 1).

Clinical Trials

PATENT-1/-2. In a 12-week, multicenter, double-blind,

placebo-controlled Phase 3 trial (PATENT-1), patients with

symptomatic PAH (n ¼ 443) were randomized in a 2:4:1 ratio

to receive placebo, riociguat titrated up to 2.5 mg 3 times daily

(TID), or riociguat titrated up to 1.5 mg TID, respectively.35

Patients who were treatment-naı̈ve and those on background

therapy with an ERA or non-intravenous prostanoids were

eligible for inclusion. Notably, patients receiving a PDE-5i

were ineligible.35 The primary outcome was the change from

baseline to week 12 in 6MWD. Secondary endpoints included

PVR, N-terminal pro-brain natriuretic peptide (NT-proBNP)

levels, WHO FC, and time to clinical worsening.35 There were

no significant differences in baseline characteristics between

the 2.5 mg group and the placebo group. Most patients were

WHO FC II and III (42% and 53%, respectively). At 12 weeks,

the 2.5 mg group showed a mean increase in 6MWD of 30 m as

compared with a reduction of 6 m in the placebo group

(P < 0.001). Improvements in 6MWD were observed both in

treatment-naı̈ve patients and in those on background ERA

(n ¼ 167) or prostanoid (n ¼ 24).36 Riociguat significantly

improved PVR, NT-proBNP levels, WHO FC, and time to

clinical worsening. The most common serious adverse event
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in the 2.5 mg-maximum group and in the placebo group was

syncope (1% and 4%, respectively).35 An open-label extension

study (PATENT-2) included 396 patients who had completed

PATENT-1. Improvements in 6MWD, WHO FC, and

NT-proBNP concentrations were maintained after 2 years of

treatment.37

Given the relatively high prevalence of PAH in CTD, a

subgroup from the PATENT studies was analyzed. Patients

with PAH-CTD demonstrated improvements in 6MWD that

were maintained at 2 years.38,39 At 2 years, WHO FC had

improved in 36%, stabilized in 59%, and worsened in 6% of

the PAH-CTD population treated with riociguat.39

RESPITE. As outlined in the 2015 ESC/ERS guidelines, PDE-5i

is a first-line option for PAH FC II-III; however, a proportion of

patients fail to reach treatment goals. The objective of the

RESPITE trial was to investigate the possible benefit of switch-

ing patients from PDE-5i to riociguat. Results of the 24-week,

Phase 3b, prospective, open-label, single-arm trial demon-

strated potential benefit of riociguat as a second-line agent after

PDE-5i treatment failure in patients with PAH.40 Patients with

symptomatic PAH who had an insufficient response to treat-

ment with tadalafil or sildenafil were included. Patients could

continue background therapy with ERAs. Exploratory outcome

measures included 6MWD,WHO FC, and NT-proBNP, as well

as hemodynamic parameters, such as PVR and cardiac index.40

Of the 61 patients enrolled, 51 completed the trial. Clinical

improvement in all outcome measures was observed in patients

with PAH who switched from PDE-5i treatment to riociguat.40

A post-hoc analysis of RESPITE showed that switching to

riociguat improved RV function in patients who had insuffi-

cient PDE-5i response.41 Further study of this strategy may be

warranted before it is routinely used in clinical practice. Two

drug-related serious adverse events (SAEs) were reported from

this study—RV failure and asthenia.40 No SAEs occurred dur-

ing the PDE-5i treatment-free period, and only 2 patients

reported SAEs during the first 2 weeks of riociguat treatment.40

CHEST-1/-2. In a 16-week, multicenter, double-blind,

placebo-controlled Phase 3 study, patients (n¼ 261) with inop-

erable CTEPH or persistent/recurrent CTEPH after PEA were

randomized 2:1 to receive riociguat titrated up to 2.5 mg TID or

placebo. Patients who had received treatment with an ERA, a

prostacyclin analogue, a PDE-5i, or nitric oxide donors within

3 months of enrollment were excluded.42 The primary outcome

was change in 6MWD. Secondary outcomes included changes

in cardiopulmonary hemodynamics, NT-proBNP, WHO FC,

and time to clinical worsening. By week 16, riociguat signifi-

cantly improved the primary endpoint of 6MWD, as well as the

key secondary endpoints of PVR, NT-proBNP, and WHO

FC.42 The riociguat group showed a mean increase in 6MWD

of 39 m, compared to a reduction of 6 m in the placebo group

(P < 0.001). Improvements in WHO FC were consistent across

predefined subgroups.43 RV failure was the most common seri-

ous adverse event, occurring in 3% of patients in each group,

followed by syncope (in 2% of the riociguat group and 3% of the

Figure 1. Riociguat mechanism of action.33,34 Riociguat has a dual mode of action and sensitizes, soluble guanylate cyclase (sGC) to endogenous
nitric oxide (NO) in the presence of NO (left) and acts independently of NO to directly stimulate SGC via a different binding site (right).
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placebo group).42 An open-label extension study (CHEST-2)

included 237 patients who had completed CHEST-1. The prob-

ability of survivalwas 97% at 1 year and 94% at 2 years.43Results

of the CHEST-1/-2 studies showed that riociguat was well toler-

ated in patients with inoperable or persistent CTEPH.43

Ongoing Clinical Trials

Riociguat is also being explored in the settings of PEA and

BPA, which are options for selected patients with inoperable

CTEPH or as rescue therapy after surgery. Sequential therapy

with riociguat and BPA has been investigated in patients with

inoperable CTEPH and has shown benefit in a prospective

cohort study.44 A PEA bridging therapy study is currently

under way to evaluate riociguat in patients with operable

CTEPH before PEA.45 The primary endpoint is the 90-day

change from baseline in PVR pre-PEA. Key secondary end-

points include change from baseline in PVR to 6 months post

PEA, all-cause death between randomization and 6 months post

PEA, intraoperative circulatory arrest time, and frequency of

intraoperative surgery-related complications.45

Pharmacotherapy Considerations
for Riociguat

Pharmacokinetics

Riociguat is absorbed orally, and its bioavailability is not

affected by food. Absolute bioavailability is approximately

94%, and peak plasma concentrations occur within 1.5 hours

after oral administration.43 Riociguat is a substrate of

P-glycoprotein (P-gp) and a breast cancer resistance protein and

is mainly cleared through metabolism by several cytochrome

P450 (CYP) enzymes (eg, CYP1A1, CYP3A4/5, CYP2J2).

However, formation of the major active metabolite, M1, is cat-

alyzed byCYP1A1.43 Riociguat is eliminated in the urine (40%)

and feces (53%), primarily as metabolites. The terminal elim-

ination half-life is about 12 hours in patients with PAH and

7 hours in healthy subjects.43

Dosing Considerations

The starting dose of riociguat is 1 mg orally TID.43 For

patients who are at risk for hypotension and those taking

strong CYP3A4 and P-gp/BCRP inhibitors, a lower starting

dose of 0.5 mg TID may be considered.43 Riociguat is avail-

able in 5 tablet sizes: 0.5 mg, 1 mg, 1.5 mg, 2 mg, and 2.5

mg.43 The dose is increased no more than once every 2

weeks by a minimum of 0.5 mg TID, as tolerated, to a

maximum dose of 2.5 mg TID.43 Dose increases may occur

only if systolic blood pressure remains greater than 95

mmHg, with no symptoms of hypotension. Doses should be

taken approximately 6 to 8 hours apart.43 The dose should be

decreased by 0.5 mg TID for symptomatic hypotension.43 For

patients who smoke, plasma concentrations are reduced by

50% to 60% compared with non-smokers; a maximum dose

above 2.5 mg TID may be necessary. The safety and efficacy

of dosing above 2.5 mg TID have not been established. If

smoking cessation is successful, a dose reduction may be

required.43 In the case of treatment interruption of 3 or more

days, re-titration is required.43 For patients with swallowing

difficulties and those receiving medications via gastric feed-

ing tubes, tablets may be crushed and mixed with water or

soft foods for administration.43

Drug-Drug Interactions

Drug-drug interactions associated with riociguat include

increased risk of hypotension with concomitant administration

of nitrates, nitric oxide donors, and PDE-5i. Concurrent use

with any drug in these classes is contraindicated. When transi-

tioning from a PDE-5i, sildenafil and tadalafil should be dis-

continued for a minimum of 24 hours and 48 hours,

respectively, before riociguat is initiated. Additional important

drug-drug interactions are summarized in Table 2.43

Special Populations

Riociguat carries a boxed warning against use in pregnancy

owing to embryofetal toxicity.43 Negative pregnancy tests are

required before initiation, monthly during treatment, and

1 month after treatment discontinuation in females of repro-

ductive potential (FRP). Riociguat is contraindicated in preg-

nant women and in patients with PH associated with idiopathic

interstitial pneumonias (PH-IIP). Nursing mothers should be

advised not to breastfeed during treatment with riociguat. Rio-

ciguat is not recommended in patients with renal impairment

who have creatinine clearance <15 mL/min (calculated using

the Cockcroft Gault formula)46 or are on dialysis, nor in

patients with severe (Child Pugh C) hepatic impairment.43

Risk Evaluation and Mitigation Strategy Program

Because of the risk of embryofetal toxicity, specific require-

ments have been established to demonstrate compliance with

the riociguat risk evaluation and mitigation strategy (REMS)

program (Table 3).43 Riociguat is available only to females

through this program. All females, regardless of their reproduc-

tive potential, must be enrolled in the REMS program; prescri-

bers and certified pharmacies must also be enrolled in the

program. FRP must be able to comply with pregnancy testing

and contraception requirements of the program. FRP include

girls who have entered puberty and all females who have a

uterus and have not passed through menopause. Reliable

contraception must be used during treatment and for 1 month

following discontinuation.43 Males are not required to enroll in

the REMS program.

The Role of the Pharmacist

Pharmacists are well positioned to ensure appropriate use of

therapies for PAH and CTEPH.47 It is essential for pharmacists

to understand the management of these conditions, which

requires knowledge of the drugs in each class, their roles, and
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considerations for use, such as adverse effects, drug-drug

interactions, and administration issues. These topics are highly

relevant for patient education and engagement to help promote

treatment adherence and improve outcomes.

Most pharmacotherapies used to treat PH are classified as

specialty medications and are accessible only through specialty

pharmacies. Specialty medicines are often associated with

higher costs, sensitive requirements for administration, and

intensive clinical monitoring.47 In many cases, important con-

siderations for medication access may include determination of

medical necessity, financial assessment for affordability, prior

authorization, and REMS program enrollment (for physicians,

pharmacies, and female patients). From an inpatient

perspective, pharmacists play a key role in formulary manage-

ment and assurance of medication safety. Formulary decisions

must be made based on frequency of admission of patients on

PH medications and cost considerations in selecting dosage

forms and strengths for each medication. Pharmacists are

involved in creating and maintaining the use of electronic order

sets that are designed to provide clinical decision support to

ensure the safe ordering and administration of these therapies.

These order set features may include requirements for input of

safety information to comply with REMS program require-

ments, automated calculations, and dosing limits. Pharmacists

are also involved in therapy transitions in cases where alternate

routes of administration are required or for management of

Table 2. Drug Interactions.

Drug class Interaction

Nitrates Coadministration of riociguat with nitrates or nitric oxide donors in any form is contraindicated because of hypotension

PDE Inhibitors Coadministration of riociguat with specific PDE-5i (eg, sildenafil, tadalafil, vardenafil) and nonspecific PDE inhibitors
(eg, dipyridamole, theophylline) is contraindicated because of hypotension

Do not administer within 24 hours of sildenafil
Do not administer 24 hours before or within 48 hours after tadalafil

Strong CYP and P-gp/BCRP

Inhibitors

Concomitant use of riociguat with strong CYP inhibitors and P-gp/BCRP inhibitors, such as azole antimycotics

(eg, ketoconazole, itraconazole) or HIV protease inhibitors (eg, ritonavir), increases riociguat exposure and may
result in hypotension

Consider a starting dose of 0.5 mg TID when initiating riociguat and monitor for signs and symptoms of hypotension
A dose reduction should be considered in patients who may not tolerate the hypotensive effect of riociguat

Strong CYP3A Inducers Strong inducers of CYP3A (eg, rifampin, phenytoin, carbamazepine, phenobarbital, St. John’s wort) may significantly
reduce riociguat exposure

Data are not available to guide dosing of riociguat when strong CYP3A inducers are coadministered
Antacids Antacids, such as aluminum hydroxide/magnesium hydroxide, decrease riociguat absorption and should not be taken

within 1 hour of riociguat administration

Source: Adempas [package insert]. Whippany, NJ: Bayer HealthCare Pharmaceuticals Inc; 2018.43

Table 3. Summary of Riociguat Rems Program Requirements.

Requirement

Female of
reproductive
potential Pre-pubertal

Post-menopausal or other
medical reasons for permanent

irreversible infertility

Prescriber enrolls female patients into the riociguat (Adempas) REMS

program

X X X

Counseling with the Adempas REMS Guide for Females Who Can Get

Pregnant

X

Counseling with the Riociguat (Adempas) Medication Guide, including the risk

of teratogenicity

X X

Prescriber must order and review pregnancy tests before starting

treatment, monthly during treatment, and for 1 month after stopping
treatment

X

Prescriber must verify reproductive status annually by completing the
“Riociguat (Adempas) REMS Change in Reproductive Potential Status

and Pre-pubertal Annual Verification Form” for females who are at least
8 years of age

X

Prescriber must complete the “Riociguat (Adempas) REMS Change in
Reproductive Potential Status and Pre-pubertal Annual Verification

Form” upon becoming aware of any changes or misclassification in
reproductive status

X X X

Abbreviation: REMS, risk evaluation and mitigation strategy.
Source: Adempas [package insert]. Whippany, NJ: Bayer HealthCare Pharmaceuticals Inc; 2018.43
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adverse effects, dosing regimen simplification, escalation of

therapy, or minimization of medication costs.

Discussion

PAH and CTEPH are progressive conditions that, if left

untreated, result in progressive right heart failure and death.

The importance of multidisciplinary care is highlighted in cur-

rent treatment guidelines, which recommend early referral to

expert centers to provide timely and accurate diagnosis, as well

as prompt initiation of therapy.5 A multidisciplinary team con-

sisting of physicians, pharmacists, advanced practice providers,

nurses, and psychologists with social work support operates

collaboratively to provide emergency care, diagnostics, and

intensive therapy. Key functions of expert centers include

assessing underlying causes of PH, managing PAH-specific

therapies, and working collectively with other healthcare pro-

viders to optimize patient outcomes.48

Pharmacists serve a valuable role as part of the multidisci-

plinary team in the care of patients with PH, many of whom

may have comorbidities that contribute to high costs and

resource utilization.48 To help meet the complex needs of this

population, pharmacists ensure appropriate and safe use of

therapies, manage formulary decision-making, and provide

clinical decision support. In light of limited data supporting a

single, first-line approach to treatment of PH, familiarity with

the data supporting available recommended therapies and their

use can help ensure optimal care based on clinical guidelines

and other evidence-based protocols. Pharmacists are uniquely

positioned to communicate evidence both to the multidisciplin-

ary healthcare team and to patients as part of a shared

decision-making process for therapy management.

Riociguat is a first-in-class medication that is the only

approved treatment for both PAH and CTEPH. In clinical trials,

riociguat has demonstrated favorable efficacy and is well tol-

erated. Riociguat is a valuable addition to the armamentarium

of options for treating patients with PH.
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