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Abstract

Introduction Epoprostenol, a synthetic prostaglandin I2 (PGI,) analog, has been the mainstay of treatment for severe pulmo-
nary arterial hypertension (PAH) for the last two decades. Treprostinil, another synthetic prostaglandin analog, and selexipag,
an oral selective Inositol Phosphate (IP) prostacyclin receptor agonist, have also been approved for treatment of PAH. Pros-
tacyclin and its analogs cause a variety of side effects in patients with PAH; however, thyroid dysfunction is rarely reported.
Methods After treating an index case of thyroid dysfunction occurring after initiation of epoprostenol, we reviewed our
databases of PAH patients treated with epoprostenol, treprostinil or selexipag to identify the occurrence of this association.
Results We identified six cases of thyroid dysfunction in our cohort: five after initiation of an intravenous prostacyclin (epo-
prostenol) and one after initiation of an oral prostacyclin receptor agonist (selexipag). Four of the patients presented with
hyperthyroidism and two with a large autoimmune goiter. Graves® disease was seen in three patients, Hashimoto’s disease
in two patients and thyrotoxicosis in one patient.

Conclusion Therapy with medications targeting the prostacyclin pathway is a potential risk factor for the development of
symptomatic thyroid disease.

Keywords Pulmonary hypertension - Hyperthyroidism - Prostanoids - Epoprostenol - Selexipag

Introduction

Pulmonary Arterial Hypertension (PAH) has been defined
as a mean pulmonary arterial pressure (mPAP) of >25 mm
of Hg at rest, a mean pulmonary-capillary wedge pres-
sure or left ventricular end-diastolic pressure of <15 mm
Hg, and a pulmonary vascular resistance (PVR) >3 Wood
Units; however, the recent World Pulmonary Hypertension
Symposium (WPHS) has suggested changing the diagnos-
tic mPAP to>20 mm Hg [1]. Although there is no cure
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for PAH, treatment regimens during recent decades have
improved symptoms, exercise tolerance, and survival. Many
co-morbid entities have been associated with an increased
risk of development of PAH. In this regard, observational
studies and case series have reported an increased incidence
of thyroid disease in patients at diagnosis of PAH [2-7]; as
such, screening for thyroid abnormalities is recommended in
these patients. Of equal importance, because of the physio-
logical effects, thyroid dysfunction has been associated with
poorer outcome in patients with pulmonary hypertension
(PH) [2, 8-11].

Therapies for PAH have fallen into four major classes:
endothelin receptor antagonists (ERA), phosphodiester-
ase type 5 inhibitors (PDES5i), soluble guanylate cyclase
stimulators, and prostacyclin analogs [12, 13]. In regard
to therapies that affect the prostacyclin pathway, epopros-
tenol, a synthetic form of prostaglandin I, or prostacyclin,
and treprostinil, a prostaglandin analog similar to epopros-
tenol, have been shown to improve symptoms and functional
class, increase exercise tolerance, and improve pulmonary
hemodynamics; however, only epoprostenol has been shown
to improve survival [14-20]. Recently, following a positive
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pivotal clinical trial, selexipag, an oral non-prostanoid IP
receptor agonist, has also been approved for treatment of
PAH [21].

Interestingly, one of the less common side effects associ-
ated with treatment of PAH with epoprostenol is thyroid
dysfunction, especially hyperthyroidism [22, 23]. Reports
of thyroid dysfunction with treprostinil or selexipag are even
less common [21, 24]. For example, in the GRIPHON trial
of selexipag, hyperthyroidism occurred in 8 patients in the
treated cohort (~ 1%) and in no patient in the placebo group
[21]. However, any occurrence of this side effect can have
significant clinical import in these patients and can often be
overlooked because of the complex underlying pathophysiol-
ogy of PAH. In this report, we describe our experience with
thyroid abnormalities in six patients who were treated with
epoprostenol, treprostinil, or selexipag for PAH.

Materials and Methods

After an index case was observed, we reviewed databases at
Boston Medical Center and Houston Methodist Hospital for
PAH patients who were treated with epoprostenol (Flolan,
GSK or Veletri, Actelion Pharmaceuticals), treprostinil
(Remodulin, United Therapeutics), or selexipag (Uptravi,
Actelion Pharmaceuticals). For this analysis, PAH was diag-
nosed in all cases by the previous hemodynamic criteria, not
the more recently suggested WPHS criteria. We identified
a total of six cases of thyroid dysfunction occurring after
initiation of these therapies. Institutional Review Board
(IRB) approval was obtained prior to comprehensive chart
review. Then, a review of the literature and corporate data
were undertaken to define the epidemiology and to attempt
to understand the mechanism of this association.

Results

We observed thyroid dysfunction in five patients after ini-
tiation of epoprostenol and in one patient after initiation of
selexipag. We did not identify thyroid abnormalities in any
patient after the initiation of systemic treprostinil in this
cohort. In each of the cases, the patient had normal thyroid
function prior to the initiation of the drug. The characteris-
tics of these patients are summarized in Table 1.

Epoprostenol Cases

Case 1: A 37-year-old Caucasian female with PAH associ-
ated with limited systemic sclerosis treated with epopros-
tenol was diagnosed with hyperthyroidism during an inpa-
tient admission for suspected tunnel line infection; the entry
site cellulitis was treated with IV antibiotics and resolved; all
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blood cultures were negative. She reported a recent weight
loss of 20 Ib. and worsening diarrhea for several weeks.
Physical exam revealed tachycardia at 120 beats per minute,
positive lid lag, and a firm micronodular and mobile thyroid
without cervical adenopathy. Laboratory testing confirmed
hyperthyroidism: TSH <0.01 pIU/mL (ref 0.4—4.0), a total
T3> 400 ng/dL (ref 83—160), and free T4 of 2.09 ng/dL (ref
0.6-1.8). Anti-Thyroid Peroxidase Antibody (Anti-TPO Ab)
was 1.5 IU/mL (ref < 5.0), but Thyroid-Stimulating Immuno-
globulin activity (TSI) was 208% (ref < 140%). Ultrasound
(US) of the thyroid demonstrated a diffusely enlarged gland
with minimal hypo-echogenicity and overall hypervascular-
ity consistent with Graves’ disease. She had been treated
with epoprostenol for approximately 48 months prior to the
onset of symptoms. She was treated with methimazole and
had resolution of symptoms and normalization of thyroid
function tests within 8 weeks. Epoprostenol was continued.

Case 2: A 33-year-old Caucasian male with Idiopathic
PAH (IPAH) treated with epoprostenol presented to emer-
gency department with a chief complaint of difficulty breath-
ing and rapid enlargement of his neck. On examination, he
was in mild respiratory distress and was tachycardic to 120
beats per minute. He had a plethoric facies but no peripheral
signs of hyperthyroidism, such as lid lag or exophthalmos.
He had a markedly enlarged lobular thyroid and bilateral
cervical lymphadenopathy. A computed tomography (CT)
scan of the neck showed a diffusely enlarged thyroid gland
with cervical adenopathy. Thyroid function tests confirmed
hyperthyroidism: TSH < 0.02uIU/mL (ref 0.4-4.0), Free
T4: 4.48 ng/dL (ref 0.6—1.8), total T3: 301 ng/dL (ref.
83-160) thyroid-stimulating immunoglobulin activity: 334%
(ref < 140%), and anti-TPO Abs: < 1.0 IU/mL (ref <5.0). The
patient was treated with methimazole and a beta-blocker
and thyroid function tests normalized. However, the patient
eventually required a total thyroidectomy because of con-
tinued compressive symptoms, particularly dysphagia and
orthopnea, from the enlarged gland. Histopathological anal-
ysis of the thyroid confirmed hyperplastic thyroid follicles
with fibrosis consistent with Graves’ disease. He had been
treated with epoprostenol for approximately 18 months prior
to the onset of symptoms and was continued on this therapy.

Case 3: A 66-year-old Caucasian female with IPAH
treated with epoprostenol was diagnosed with hyperthy-
roidism during admission for worsening dyspnea; she also
complained of a recent 20 1b. weight loss, heartburn, and
tremors. Physical examination did not reveal a goiter,
tremors, proptosis, or lid lag. However, thyroid func-
tion tests confirmed hyperthyroidism: TSH < 0.01 puIU/
mL (ref. 0.4-4.0), Free T4: 2.83 ng/dL. (ref. 0.6—1.8),
total T3: 282 ng/dL (ref. 83-160), thyroid-stimulating
immunoglobulin activity 496% (ref. < 140%), and positive
anti-TPO Abs of 774 TU/mL (ref. <5.0). Thyroid US dem-
onstrated a diffusely heterogeneous gland with a single
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sub-centimeter nodule, but normal size and vascularity.
A radio-iodine uptake scan showed an elevated thyroid
uptake of 32.9% at 4 h (ref. 5-15%) with no hyperac-
tive nodules to suggest a hyper-functioning adenoma.
She had been treated with epoprostenol for approximately
10 months prior to onset of symptoms. She was treated
with methimazole and a beta-blocker and thyroid function
tests normalized. The patient eventually underwent bilat-
eral lung transplantation because of the severity of the
IPAH; epoprostenol was discontinued at that time. Methi-
mazole and the beta-blocker were continued for 3 years
post-transplant, but eventually discontinued. Since then,
she has had normal thyroid function testing for greater
than one year.

Case 4: A 31-year-old African-American female with
IPAH treated with epoprostenol noticed gradual onset
of neck swelling; she had no signs or symptoms of thy-
roid dysfunction except for the progressively enlarging
goiter. Thyroid function tests, were within normal lim-
its: TSH of 3.22 pIU/mL (ref. 0.4-4.0) and a free T4 of
0.9 ng/dL (ref. 0.6-1.8); serum thyroglobulin antibody
was elevated at 1000 IU/ml. Thyroid uptake and scan
showed a 6-h radio-iodine uptake of 32% (ref. 8—20%)
and 24-h uptake of 60% (ref. 10-35%). Thyroid US was
notable for a goiter affecting both lobes and isthmus and
a heterogeneous echotexture with no discrete nodules.
A fine needle aspirate of her thyroid revealed chronic
lymphocytic thyroiditis consistent with Hashimoto’s
thyroiditis. She had been treated with epoprostenol for
approximately 12 months prior to onset of symptoms. The
patient was initially treated with small doses of levothy-
roxine to suppress thyromegaly for cosmetic reasons but
it was discontinued due to development of subclinical
hyperthyroidism.

Case 5: A 35-year-old African-American female
with TPAH treated with epoprostenol for approximately
96 months presented with throat pain, difficulty swallow-
ing, and worsening dyspnea. She was found to have an
enlarged thyroid gland, but no other clinical symptoms or
signs of thyroid dysfunction. Thyroid US demonstrated an
enlarged gland with diffuse heterogeneity of the echotex-
ture. Two large nodules were identified: one in the isth-
mus (1.6 cm) and one in the left lobe (2.0 cm). Biopsy
of the larger nodule showed colloid and benign follicular
cells consistent with an adenomatous nodule. TSH level
was 0.20 uIU/ml (ref. 0.27-4.20). Serum thyroglobu-
lin was 147.6 ng/ml (ref. 1.3-31.8). FT4 was 1.6 ng/dL
(ref. 0.9-1.7). Thyroid peroxidase antibody was 70.4 IU/
ml (ref. 0-9). These findings and biopsy results, in the
absence of a preceding neck pain or upper respiratory
infection were consistent with autoimmune Hashimoto’s
thyroiditis. Due to the compressive symptoms, the patient
has been referred for elective thyroidectomy.

@ Springer

Selexipag Case

Case 6: A 36-year-old Caucasian female with PAH asso-
ciated with congenital heart disease was diagnosed with
hyperthyroidism during an admission for congestive heart
failure. She had undergone ostium primum repair and stent-
ing of the left pulmonary artery at age 8 and was diagnosed
with PAH after a second pregnancy. At that time, she was
treated with a PDESi and an ERA. Because of continuing
symptoms, as well as limited clinical and hemodynamic
change, selexipag was added to the treatment regimen. 8
weeks after initiation, she was admitted for severe decom-
pensated congestive heart failure symptoms. Her physical
examination at that time was notable for elevated jugular
venous distension (JVD), a new IV/VI systolic murmur at
the left lower sternal border, and tachycardia at 129 beats
per minute. Further evaluation was consistent with hyperthy-
roidism: TSH < 0.01 (ref. 0.27—4.2) and an elevated free T4
(FT4) of 4.3 (ref. 0.9-1.7). Her Anti-TPO Ab level was nega-
tive at 0.4 (ref. 0-9) as was her thyroid-stimulating immu-
noglobulin activity. Thyroid US revealed diffuse enlarge-
ment of the gland without cysts or masses. She was treated
with beta-blockers, methimazole, and steroids. Selexipag
was eventually discontinued due to insurance issues and
intolerable side effects. 2 months following discontinuation
of selexipag, the patient discontinued methimazole against
medical advice; however, repeat thyroid hormone testing has
demonstrated normal thyroid function.

Discussion

We report six patients with PAH who developed thyroid
dysfunction after initiation of treatment with epoprostenol
or selexipag. Our findings suggest that there may be an
increased occurrence of thyroid dysfunction in patients who
are treated with these agents. Four patients presented with
hyperthyroidism, while two presented with goitrous enlarge-
ment of thyroid gland. In our patients, mean time to develop
thyroid abnormalities was 31 months (2-96 months).

Thyroid Dysfunction at the Time of PAH Diagnosis

Several reports demonstrate an increased incidence of base-
line thyroid disease in patients at diagnosis of PAH [2-7].
A prospective observational study, showed a prevalence of
thyroid dysfunction of 49% in patients with PAH [7]. Most
of these patients had autoimmune disease (Graves’ disease,
Hashimoto’s thyroiditis and thyroid autoantibodies). The
authors hypothesized that the association between the inci-
dence of PAH and autoimmune thyroid dysfunction (AITD)
was consistent with a common immunogenetic susceptibil-
ity. Another study suggested 20% prevalence of thyroid
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disease in PAH at the time of diagnosis [3]. Additional stud-
ies have established a strong correlation between thyroid
dysfunction and PAH/PH [4-6]. Hyperthyroidism as well
as hypothyroidism have been associated with development
of Group 5 PH. In such cases, treatment of the underlying
thyroid disease improves pulmonary artery pressures [6, 11,
25]. In addition, thyroid abnormalities, both hypothyroid-
ism and hyperthyroidism, can exacerbate pre-existent PAH
by affecting the metabolic requirements and stress on the
body [26].

Thyroid Dysfunction After Initiation of Therapy
that Effects the Prostacyclin Pathway

Previous investigators have suggested a potential relation-
ship between thyroid abnormalities and epoprostenol treat-
ment of PAH [22, 23]. For example, in an adult cohort of
134 patients, 26 developed thyroid dysfunction (hyper- or
hypothyroidism); 20 of these patients were treated with epo-
prostenol and 11 developed thyroid dysfunction after being
initiated on epoprostenol [22]. In a separate cohort of 78
children with primary pulmonary hypertension (now IPAH),
the same authors reported that eight of these children had
thyroid dysfunction, six of whom developed disease after
starting epoprostenol [22]. Another study of 58 patients
with PAH found an odds ratio of 5.25 (95% CI 1.46-18.85,
p=0.008) for development of thyroid dysfunction in patients
treated with epoprostenol [27]. There are several other
reports of hyperthyroidism in patients with PAH after ini-
tiation of epoprostenol [28, 29]. And, lastly, in a cohort of
PAH patients receiving epoprostenol long term, the cumula-
tive rate of hyperthyroidism was 45.2% over 10 years [30].

In regard to the prostacyclin analog treprostinil, we found
no cases of thyroid dysfunction associated with its use in
our databases. However, pursuant to our request to United
Therapeutics (manufacturer of treprostinil), review of their
database identified one case of Graves’ disease after ini-
tiation of treprostinil [24]. Additionally, prominent clini-
cal trials that studied ERA’s and PDE5i’s for PAH do not
describe thyroid dysfunction as a major adverse effect of
therapy either [31-33]. Interestingly, thyroid dysfunction
was also noticed among the adverse events in the pivotal
selexipag trial (GRIPHON); eight patients in the treatment
arm developed thyroid abnormalities (p =0.004 compared to
placebo) [21]. (ClinicalTrials.gov number, NCT01106014.)

Possible Mechanism(s) of Thyroid Dysfunction

The mechanism(s) by which these molecules lead to thyroid
dysfunction is not understood. However, activation of pros-
taglandin receptors in the thyroid gland leads to production
of cAMP (cyclic Adenosine Mono-Phosphate) which, in
turn, stimulates thyroid hormone production [34-36]. The

association of hyperthyroidism with positive antibodies sug-
gest an immune-genetic mechanism; however, seronegative
hyperthyroidism can also occur via direct stimulation of
cAMP in thyroid follicular cells by prostacyclin. Chadha
et al. noted a high prevalence (6.7%) of thyroid-stimulating
immunoglobulin-negative hyperthyroidism (seronegative
hyperthyroidism) in patients treated with epoprostenol,
in the absence of other mechanisms or drugs [37]. In this
report, they described three patients with hyperthyroidism
while on prostacyclin therapy; autoimmune markers were
negative in all three patients, but each had increased uptake
on thyroid scintigraphy. In either case, autoimmune or
immune negative, it is not clear why only a small subset of
patients treated with these agents develop hyperactive thy-
roid disease. To complicate this issue further, a recent study
suggested a protective effect of ERAs [38]. In theory, the
opposing effects of prostacyclin and ERAs on the Th17/1L17
axis might explain the difference in occurrence of autoim-
mune thyroid disease in these patients (Fig. 1).

In our cohort, three patients had antibodies normally
associated with Graves’ disease; two had a high titer of anti-
thyroglobulin antibodies and pathologically proven Hashi-
moto’s thyroiditis while one did not demonstrate any sign of
autoimmune thyroid disease.

In addition, there is a significant decrease in the recep-
tor density for prostacyclin binding sites in Graves’ disease,
suggesting the possibility of a feedback mechanism and
association between the two [39]. Increases in the plasma
levels of the prostacyclin metabolite 6-keto prostaglandin
F1-alpha in Graves’ disease has also been observed [40]. It
is also possible that autoimmune thyroid disease in patients
treated with drugs increasing prostacyclin may be a manifes-
tation of their latent genotype. Seronegative hyperthyroidism
with uniform radio-iodine uptake [37] may represent another
phenotype that is susceptible to exposure to selexipag. As
noted among the adverse events in the GRIPHON trial,
and with our sixth case, hyperthyroidism after initiation of
selexipag may not be an isolated event and may be observed
more frequently as the number of patients treated with this
medication increases.

In sum, the etiology of thyroid dysfunction in these
patients is likely complex and multifactorial with the clini-
cal phenotype representing the net effect of many contrib-
uting genetic and environmental factors [41]. Thus, the
mechanism(s) by which epoprostenol, selexipag, or trepro-
stinil might act as an environmental trigger for inducing
Graves’ disease require further investigation. Of further
interest and as additional validation that this truly is a drug
effect, thyroid function returned to normal in two of our
patients after discontinuation of the offending agent. In the
selexipag case, there was rapid remission of hyperthyroid-
ism after its discontinuation. And, in one epoprostenol case,
thyroid function normalized after lung transplantation and
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Fig. 1 Proposed mechanism
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discontinuation of epoprostenol. These two cases suggest
that should they occur, this untoward side effect may, in fact,
be reversible.

Effect of Thyroid Dysfunction in PAH Patients

Thyroid dysfunction can be an important cause of clinical
deterioration in patients with PAH. For example, decreased
T3 levels often observed with long-standing Graves’ disease
have been associated with poor prognosis in patients with
PAH and with chronic heart failure [42]. Development of
Graves’ disease and the subsequent hyperthyroid/hyperdy-
namic state can lead to elevated pulmonary artery pressures
as well as increases the metabolism of PAH medication
leading to treatment failure. Moreover, many of the signs
of excess thyroid stimulation are similar to those of worsen-
ing right ventricular function (tachycardia, edema, etc.) and
likely overlooked. Thus, early recognition and treatment of
the hyperthyroidism is exceptionally important and can lead
to marked clinical improvement.

Limitations

This is a small, two-site study; thus, generalizability to other
cohorts is unknown. However, data from other groups and
from the multi-center GRIPHON trial suggest that this is an
important clinical untoward effect of these drugs. In addi-
tion, the retrospective nature of the study limits identifying
etiopathogenesis; further studies are warranted to elucidate
the mechanism of development and to identify susceptible

@ Springer

subgroups. A major limitation of the current study is the
inability to determine accurately the prevalence of thyroid
dysfunction associated with these agents. Because of the
nature of clinical practice, patients were lost to follow-up,
overlapped with other providers, and/or transitioned to
other providers within the same area or even a geographi-
cally different area. Thus, it is difficult, if not impossible, to
determine the prevalence of the described adverse effect.
Although we estimate it to be ~ 1% (similar to what was
observed in the GRIPHON trial), a longitudinal study or a
Registry will be required to determine the prevalence accu-
rately. In addition, we also were struck by the temporal het-
erogeneity in the occurrence of this adverse event, but do not
have a cogent explanation for this phenomenon.

Conclusion

This case series and review of available literature and drug
databases adds to the literature of thyroid disease after
treatment with epoprostenol, but also suggests similar
occurrences with selexipag and treprostinil or potentially
all agents affecting the prostacyclin pathway. Large-scale
observational studies and comprehensive post-marketing
surveillances are warranted to define further a causal effect
between drugs that affect the prostanoid pathway and the
development of thyroid disease. Lastly, practitioners should
be aware of this possibility since development of thyroid
disease in PAH patients can be devastating and can easily
be overlooked.
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