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Sirolimus therapy for fetal cardiac rhabdomyoma in a

pregnant woman with tuberous sclerosis
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Rhabdomyoma is the most common fetal cardiac tumor, and its development is related to tuberous sclerosis. Fetal
cardiac rhabdomyomas often spontaneously regress in utero or after birth, but large tumors can cause hemodynamic
obstruction. Sirolimus, a mammalian target of rapamycin (mTOR) inhibitor, has been used as an immunosuppressant
after organ transplantation. The mTOR inhibitors are well-known to have anti-tumor activity, and they have been
used for the treatment of patients with tuberous sclerosis. In the current case, fetal cardiac rhabdomyoma was
completely resolved in utero during oral sirolimus treatment in the mother with tuberous sclerosis. This case shows
that oral sirolimus therapy in pregnancy may be a treatment for multiple or large fetal cardiac rhabdomyomas.
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Introduction

Rhabdomyoma is the most common cardiac tumor in fetal
life, accounting for 60-86% of primary fetal cardiac tumors
[1]. They commonly regress spontaneously over time with-
out treatment, but large tumors can cause hemodynamic
obstruction and subsequent heart failure or arrhythmias and
fetal hydrops. The prognosis depends on fetal cardiac com-
plication in utero and is poor when there is fetal cardiac dys-
function [2]. Surgical resection is needed when the tumors
cause severe ventricular inflow or outflow tract obstruction
[3].

Sirolimus, an inhibitor of mammalian target of rapamycin
(MTOR), has been used as an immunosuppressant in kidney
and heart transplant recipients [3]. Recently, mTOR inhibitors
have been used in patients with tuberous sclerosis. Muta-
tions in either tuberous sclerosis complex (TSC1 or TSC2)
causes abnormal activation of the mTOR pathway, leading
to increased cell growth and proliferation. TSC1 or TSC2
dysfunction is responsible for the hamartomatous lesions of
tuberous sclerosis [4].

Despite the known antitumor activity of mTOR inhibitors in
adults, there have been few case reports of mTOR inhibitor
therapy as a pharmacologic alternative to surgery demon-
strating successful regression of cardiac rhabdomyoma in
infants [3,5]. Moreover, there was only 1 case report that
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showed partial regression of obstructive fetal cardiac rhabdo-
myomas in utero via mTOR inhibitor treatment of the mother
during pregnancy [1].

Here, we report a case of fetal cardiac rhabdomyomas that
showed complete regression in utero via treatment with oral
sirolimus of the mother.

Case report

A 32-year-old woman with gravida 2 visited the outpatient
clinic at 19 weeks 5 days of pregnancy. Before pregnancy,
she was diagnosed with tuberous sclerosis with pulmonary
lymphangioleiomyomatosis (LAM) at the age of 24. She had
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pathologic genetic variant of c.5108dup (p.Ser1704Valfs*2)
in TSC2. Since diagnosis, she was prescribed 1 mg sirolimus
daily to control pulmonary LAM, but she arbitrarily discontin-
ued sirolimus after confirmation of the pregnancy. Genetic
amniocentesis revealed the same TSC2 gene mutation in the
fetus.

Fetal cardiac rhabdomyoma measuring 0.75x0.57 ¢cm in
the right ventricle (RV) was first observed at 21 weeks 5 days
of pregnancy during fetal echocardiography. After confirma-
tion of drug discontinuation, oral sirolimus was re-started

in the mother with target maternal trough serum level of
10-15 ng/mL since 23 weeks of pregnancy. The initial dose
of sirolimus was 4 mg per day.

Fetal echocardiogram at 24 weeks 5 days of pregnancy
demonstrated multiple cardiac rhabdomyomas (1 tumor in
the RV measuring 1.0x1.0 cm and 2 tumors in the left ventricle
[LV] measuring 1.2x0.9 cm and 0.4x0.3 c¢m; Fig. 1A and B).
The number and size of the fetal cardiac tumors increased
despite oral 4 mg/day sirolimus. The maternal serum level of
sirolimus was 2.2 ng/mL, and the dosage was increased to

Fig. 1. Findings of fetal echocardiography. (A, B) Fatal echocardiogram of both ventricles at 24 weeks 5 days of pregnancy. Two large
echogenic intracardiac masses were detected. 1.0x1.0 cm sized tumor in RV, 1.2x0.9 c¢m sized tumor in LV. (C) Fetal echocardiogram
showing marked regression of fetal cardiac tumors at 27 weeks 5 days of pregnancy. Only one tiny cardiac tumor was detected on fetal
echocardiography (size of 0.4x0.2 cm in RV). (D) Fetal echocardiogram at 29 weeks 5 days of pregnancy showing no residual tumor in
both RV and LV. RV, right ventricle; LV, left ventricle.
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12 mg/day to achieve the planned therapeutic level.

Serial fetal echocardiography was performed to monitor
the cardiac tumors. In 15 days after the sirolimus dosage was
increased, maternal serum sirolimus level reached to thera-
peutic level (12.1 ng/mL), but the number and size of the
cardiac tumors remained the same with those in the previous
echocardiography (longest diameter measured 0.97 cm in RV
and 1.24 cm and 0.82 cm in LV). However, after 19 days, the
number and size of the tumors markedly decreased, and only
1 tiny cardiac tumor was detected on fetal echocardiography,
which measured 0.4x0.2 cm and was located in the RV (Fig. 10).

Finally, at 29 weeks 5 days of pregnancy, no cardiac mass
was observed on fetal echocardiography (Fig. 1D). Subse-
quent sonographic study also detected no cardiac mass or
structural anomaly. However, 12 mg of oral sirolimus daily
was continued until delivery.

She delivered a male infant at 39 weeks of gestation. The
infant weighed 3.22 kg, and the 1 minute and 5 minutes
Apgar scores were 9 and 10. At the time of delivery, the siroli-
mus level was 25.0 ng/mL in maternal serum and 33.2 ng/mL
in the fetal cord blood. After delivery, the mother started to
take sirolimus 1 mg per day as before pregnancy. The infant
did not receive any therapy for the high level of sirolimus in
the fetal cord blood. One day after birth, echocardiography
of the infant showed no intracardiac mass (Fig. 2A). Howev-
er, brain sonography revealed multifocal cortical/subcortical
tubers with suspicious subependymal nodules (Fig. 2B). Ab-
domen sonography also found suspicious echogenic lesion in
both the kidney medullary areas (Fig. 2C). The infant is under
follow-up on outpatient basis.

Discussion

Tuberous sclerosis is a genetic disease characterized by be-
nign tumor lesions in multiple organs such as the brain,
kidneys, heart, lungs, and skin. Two gene mutations have
been identified to cause the disease, namely, TSC1 and TSC2
located on chromosome 9934 and 16p13.3, respectively.
Both TSC1 and TSC2 are tumor suppressor genes, and the
mutation of these genes lead to uncontrolled proliferation of
benign tumors in various sites. This genetic disease is inherit-
ed in an autosomal dominant manner [6]. Tuberous sclerosis
develops in approximately 1 per 6,000 to 10,000 population,
and approximately 80% are caused by de novo mutation.
However, its exact incidence rate is unknown because some
patients are only mildly affected or even asymptomatic and
are thus undiagnosed [7].

Patients with tuberous sclerosis present a variety of clini-
cal manifestations. Common symptoms include skin lesions,
seizures, learning disabilities, or manifestations of tumors af-
fecting organs described above. Clinical attentions have been
primarily paid to tumors involving the heart, brain, kidneys,
and lungs. In general, tumor manifestations of tuberous scle-
rosis occur later in life, but cardiac rhabdomyomas are usu-
ally diagnosed early in life or prenatally. Majority of fetuses
with multiple rhabdomyomas have tuberous sclerosis [6].

Fetal cardiac rhabdomyoma is usually identified in the mid-
trimester. Ultrasound scans of cardiac rhabdomyoma typically
show the presence of echogenic masses localized intramu-
rally. A familial history of tuberous sclerosis may be helpful in
the diagnosis of rhabdomyoma as in our case [2]. The natu-
ral course of most tumors detected prenatally is favorable,

Fig. 2. Findings of neonatal sonography. (A) Neonatal echocardiography showed no intracardiac tumor 1 day after birth. (B) Brain sonog-
raphy of neonate revealed multifocal subcortical tubers suspicious subependymal nodules. (C) Abdomen sonography also found suspicious
echogenic lesions in both kidney medullary area.

282

www.ogscience.org



Obstetrics & Gynecology Science

Hyea Park, et al. Sirolimus and fetal cardiac rhabdomyoma

showing tumor regression; however, they may also progress
in utero. After birth, large tumors may affect the cardiac out-
put; in such cases, surgical resection or further treatment will
be needed [7]. Close follow-up with fetal echocardiography
may be helpful for determining the appropriate timing of
delivery to avoid significant hemodynamic complications in
these cases.

Sirolimus is a first-generation inhibitor of mTOR protein
kinase that controls cell growth, proliferation, and survival.
Initially, mTOR inhibitor was prescribed for its anti-cancer
activity, but it has also been approved by the Food and Drug
Administration of the Unites states as an immunosuppres-
sant after organ transplantation. It prevents activation of T
cells and B cells by inhibiting their response to interleukin-2.
The most commonly reported adverse effects of sirolimus
are hypertriglyceridemia, hypercholesterolemia, peripheral
edema, hypertension, and creatinine increase [6].

The mechanism by which placental transfer of sirolimus
occurs is unknown. The molecular weight of sirolimus (914 Da)
is within the range for passive diffusion, and its elimina-
tion half-life of 46 to 78 hours is enough to allow the drug
to be present at the maternal-fetal interface. However, the
high 92% plasma protein binding may impede and limit the
amount of drug available for placental transfer [1,8,9]. In the
current case, the cord blood level of sirolimus at birth was
132% of that in maternal serum, suggesting that sirolimus
crosses the placenta, and the transfer is preferentially unidi-
rectional. As the maternal serum sirolimus level reached to
therapeutic target level, the fetal cardiac tumors also rapidly
regressed, showing a very strong timing correlation.

The fetal effects of mTOR inhibitors are still poorly defined
because limited data are available, but these immunosup-
pressive drugs do not seem to be an absolute contraindica-
tion in pregnancy. However, we need to consider the po-
tential effects these drugs may have in pregnancy, including
hyperlipidemia and diabetogenic effects. In cases in which
the mothers are at high risk for gestational diabetes, worsen-
ing lipid and glucose metabolism should be avoided. Earlier
screening should also be considered [10].

In the current case, the dose of sirolimus used in the moth-
er was based on previous cases of rhabdomyoma treated
with sirolimus therapy [1,3]. In the previous cases, the target
serum sirolimus level was decided based on the guidelines
for sirolimus use in adult transplant patients. Commonly,
the target sirolimus levels in transplant recipients range from
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10 ng/mL to 15 ng/mL [11]. Meanwhile, further studies are
needed to determine the safety and efficacy of sirolimus
therapy in pregnant women. Further evaluation is also need-
ed to determine the most appropriate dose and therapeutic
maternal serum level of sirolimus for the treatment of fetal
cardiac rhabdomyomas.

This report demonstrates that sirolimus may be helpful for
the regression of fetal cardiac rhabdomyomas. Although
there is 1 previous report of sirolimus therapy in the mother
whose fetus had cardiac rhabdomyomas, complete reso-
lution of cardiac rhabdomyoma has not been previously
reported [1]. In pregnant women with tuberous sclerosis,
fetal targeted sonography is mandatory. Once diagnosis of
rhabdomyoma is established, continued surveillance is nec-
essary to monitor the progression of known lesions and the
emergence of new ones. If multiple cardiac rhabdomyomas
increase in size, sirolimus therapy has the potential to induce
regression of rhabdomyomas in the fetal heart.
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