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Most cardiac rhabdomyomas with tuberous sclerosis (TS) are asymptomatic and sponta-
neously regress. However, some cases require surgical intervention due to arrhythmia and
severe obstruction of cardiac inflow or outflow. We report herein a neonatal case of giant
cardiac rhabdomyomas with TS and insufficient pulmonary blood flow from the right
ventricle. Lipoprostaglandin E1 was necessary to maintain patency of the ductus arteriosus.
We used everolimus, a mammalian target of rapamycin inhibitor, to diminish the cardiac
rhabdomyomas. After treatment, the rhabdomyomas shrank rapidly, but the serum
concentration of everolimus increased sharply (maximum serum trough level: 76.1 ng/
mL) and induced complications including pulmonary hemorrhage, liver dysfunction, and
acne. After the everolimus level decreased, the complications resolved. Everolimus may be
a viable treatment option for rhabdomyomas, but its concentration requires close

= tuberous sclerosis

Tuberous sclerosis (TS) is caused by loss-of-function muta-
tions of the TSC1 or TSC2 gene.! TSC1 and TSC2, respectively,
encode hamartin and tuberin, which combine to suppress
the mammalian target of rapamycin (mTOR) signaling path-
way.>3 The mTOR signaling pathway regulates cell prolifera-
tion and vascularization.* In patients with TS, the mTOR
signaling pathway is abnormally activated due to diminished
hamartin or tuberin function, leading to hamartomatous cell
growth and other symptoms.?> Cardiac rhabdomyoma is one
of the features of TS in the neonatal and early infantile
periods. In half of rhabdomyoma cases, the rhabdomyomas
spontaneously regress in childhood.”

Everolimus is an mTOR inhibitor. Its effectiveness against
subependymal giant cell astrocytomas,>® renal angiomyoli-

pomas,” and epilepsy® in patients with TS has been
documented.
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monitoring to circumvent complications associated with its use.

There are some reports of cardiac rhabdomyoma treat-
ment using everolimus,®~"” but none describes the serious
complications associated with its use. We report herein a
neonate with TS and giant cardiac rhabdomyomas occupying
the right ventricular cavity, impeding ventricular function,
and decreasing pulmonary blood flow. Lipoprostaglandin E1
(lipo-PGE1) was required to maintain patency of the ductus
arteriosus. Everolimus administration successfully reduced
the tumor size although the clinical course was complicated
by a pulmonary hemorrhage attributed to the adverse effects
of everolimus.

Case Report

A 43-year-old woman was referred for fetal echocardiogra-
phy at 21 gestational weeks due to multiple intracardiac
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tumors. Although the fetus had cardiac enlargement with a
cardiac thoracic area ratio of 67% at 35 gestational weeks, the
fetus developed neither arrhythmia nor hydrops.

A male infant was born at 38 weeks’ gestation by scheduled
cesarean section due to a previous cesarean section. The birth
weight was 2,029 g, the heart rate was 138 beats per minute,
the respiratory rate was 20 breaths per minute, the blood
pressure was 60/37 mm Hg, and oxygen saturation was 90%
without any respiratory supportat neonatal intensive care unit
admission. A systolic heart murmur (grade 4/6) and peripheral
coldness were found. There was no skin lesion, and the blood
test showed no abnormalities.

The largest intracardiac tumor, 35 mm x 21 mm in size,
occupied the right ventricular cavity (=Fig. 1a), resulting in
decreased right ventricular output. Echocardiography showed
scant antegrade blood flow via the pulmonary valve and signi-
ficant pulmonary regurgitation caused by backward blood flow
from the ductus arteriosus. The right atrium was dilated, and a
right-to-left shunt through the foramen ovale was detected.
Stenosis of the left ventricular outflow tract due to the tumor
was observed, and the flow velocity of the ascending aorta
increased (1.5 m/s), but the systemic blood pressure remained
normal. Since the pulmonary blood flow was dependent on the
ductus arteriosus, we started lipo-PGE1 (5 ng/kg/min) soon
after birth to maintain patency of the ductus arteriosus.

A magnetic resonance imaging of the brain showed cere-
bral white matter radial migration lines, a cortical tuber, and
a subependymal nodule. Multiple retinal nodular hamarto-
mas were also observed. TS was diagnosed based on these
three major findings (brain, retina, and heart).!

Volume reduction of the cardiac rhabdomyomas was
crucial to maintain pulmonary blood flow. We decided to
use everolimus to reduce the cardiac rhabdomyomas rapidly.
We started once daily oral everolimus administration on day
4. The initial dosage of 0.4 mg/d (2.8 mg/m?/d, 0.2 mg/kg/d)
was decided based on previous reports.>'® The target trough
level was set at 5 to 15 ng/mL.® Echocardiography at day 7
demonstrated a decrease in the tumor size in the right
ventricle and an increase in the antegrade blood flow via
the pulmonary valve. We terminated lipo-PGE1.

Shibata et al.

We experienced a serious complication at day 6, 3 days
after the initiation of everolimus administration, when the
patient’s respiratory condition worsened and mechanical
ventilation was started. Continuous bloody tracheal aspira-
tion indicated a pulmonary hemorrhage, and the laboratory
data revealed severe coagulopathy with a prothrombin
time-international normalized ratio (PT-INR) of 2.4 and
fibrinogen value of 52 mg/dL, as well as elevated liver
enzymes. We decided to stop everolimus on day 7 after
the fourth administration. After a single infusion of fresh-
frozen plasma, the coagulopathy improved (PT-INR 1.6 and
fibrinogen 158 mg/dL) at day 9. Acne, which appeared on the
bilateral cheeks at day 8, was treated with topical quinolone
medication and improved after 2 weeks. Hyperlipidemia,
hyperglycemia, and stomatitis were not observed.

Echocardiography at day 16 showed closure of the ductus
arteriosus, confirming that biventricular circulation was
achieved. The patient was weaned from mechanical ventila-
tion on the same day.

With general improvement in the patient’s condition, we
tried torestart everolimus in the hope of further reducing the
tumor size. At day 10, everolimus was administered at a
lower dose of 0.1 mg/d. However, we discontinued ever-
olimus again after we obtained the serum drug concentra-
tion measurement for day 7 showing a trough level of 76.1
ng/mL, which significantly exceeded the target level. At day
25, everolimus was administered at a dose of 0.025 mg/d,
which resulted in a re-elevation of the liver enzymes. After
everolimus was terminated altogether, the liver enzyme
levels normalized again. Changes in the serum everolimus
concentration and liver enzymes are shown in ~Fig. 2.

Echocardiography at days 20 (=Fig. 1b) and 42 (~Fig. 1c)
showed regression of the giant tumor in the right ventricle.
The patient was discharged at day 54.

Discussion

Everolimus was effective as a treatment of the giant cardiac
rhabdomyomas with TS in our case; the drug reduced the
tumor size rapidly, increased pulmonary blood flow, and

Fig. 1 Figures show view of four chambers on echocardiography. (a) The patient at birth. Multiple tumors were found in both ventricles. The
largest rhabdomyoma occupied most of the right ventricular cavity (size: 35 x 21 mm). (b) The patient at day 20. The largest rhabdomyoma
showed regression (size: 28 x 15 mm). (c) The patient at day 42. The largest rhabdomyoma significantly regressed (size 24 x 11 mm). LV, left

ventricle; RV, right ventricle; Tm, tumor.
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Fig.2 Figure shows the administration and the serum concentration of everolimus, serum AST and ALT levels, and major complications. Squares
indicate the trend in the everolimus trough level (ng/mL). The numbers next to the squares indicate the everolimus trough level. Shaded areas
indicate the target everolimus trough level (5-15 ng/mL). Triangles and circles indicate the trend in AST/10 (U/L) and ALT (U/L), respectively.
Arrows indicate the day of everolimus administration, and the arrowhead indicates the day on which pulmonary hemorrhage occurred. Square
bar indicates the duration of acne. The high serum trough level of everolimus may be related to the pulmonary hemorrhage, acne, and liver

dysfunction seen in this patient.

rendered surgical intervention unnecessary. Several reports
have demonstrated the effectiveness of this drug
(~Table 1).°""7 Cardiac rhabdomyomas with TS usually
spontaneously regress in childhood.” Therapeutic interven-
tion is not needed unless arrhythmia or severe intracardiac
obstruction occurs.'® In cases of refractory arrhythmia or
severe obstruction of blood flow, surgery for tumor resection
or single ventricular hemodynamics is necessary during the
neonatal period.?° Given the effectiveness of everolimus in
rapidly reducing the size of rhabdomyomas, the drug may be
aviable treatment option for giant cardiac rhabdomyomas in
patients with TS.

The appropriate dosage of everolimus has not been deter-
mined. Previous studies have set the everolimus target
trough level at 5 to 15 ng/mL.%>'%12-17 The package insert
recommends monitoring the serum drug concentration from
2 weeks after commencing administration or changing the
dosage. In our case, everolimus was administered at a dose of
0.2 mg/kg once daily starting at day 4. The serum everolimus
concentration, measured immediately before the adminis-
tration of the 4th dose at day 7, was 76.1 ng/mL, which was
much higher than the target trough level. Our measurement
of the serum drug concentration, which we made much
earlier than recommended by the package insert, indicated
that the initial dose should have been lower. Although the
half-life of the drug is reportedly 25 to 43 hours,?' the
estimated half-life in our case was 84 to 128 hours, far
exceeding the reported values. Our case underscores the
fact that meticulous monitoring of the serum everolimus
concentration is essential.

Our patient developed pulmonary hemorrhage coinciding
with the elevation of the serum everolimus concentration.
Everolimus reportedly damages not only tumor vessels but also
normal blood vessels?? and can lead to pulmonary hemor-
rhage.?3 A recent in vivo study suggested that mTOR inhibitors
may interact with the STAT1 gene, causing amplification of
cellular apoptosis and augmenting lung injury.?* Coagulopathy,
which developed in our patient, is another possible complica-

tions. In the present case, in addition to increased pulmonary
blood flow due to lipo-PGE1, tumor shrinkage caused by
everolimus increased the pulmonary blood flow. All these
factors contributed to the pulmonary hemorrhage.

Everolimus can adversely affect liver function and lead to
decreased metabolism of the drug. In our patient, an eleva-
tion of aspartate transaminase and alanine transaminase was
evident at day 7 when the serum everolimus concentration
peaked, and acne was also observed. As summarized
in =Table 1, complications reported in neonates include
mouth ulcers, hyperlipidemia, etc. Liver dysfunction and
acne were listed among the possible complications in the
package insert in 2018, in which the incidence rates of liver
dysfunction and acne were 1 to 10%. Half the Japanese
population lack the activity of CYP3A5, the enzyme involved
in everolimus metabolism.?"?> Although we did not assess
enzyme activity in our patient, the extremely high concen-
tration of everolimus and the prolongation of its half-life
might be related to the lack of CYP3AS5 activity.

The toxic and therapeutic levels of the serum everolimus
concentration also require clarification. Complications, such
as mouth ulcer and hyperlipidemia, have been documented
in patients with concentrations of everolimus below the
target trough level of 5 to 15 ng/mL.>'""'® In contrast, there
were no complications in a case reported by Shigemitsu
et al'® despite a maximum trough level of 21 ng/mL.

Follow-up after the cessation of everolimus treatment is
also important. Some studies reported tumor regrowth after
stopping everolimus administration.''? It is also necessary
to follow the long-term growth and development of pediatric
patients who have received everolimus. There are as yet no
reports on the long-term prognosis of neonates or young
children who have received this treatment.?®

In conclusion, everolimus may be a viable treatment
option for giant cardiac rhabdomyomas in patients with
TS. When administering the drug to neonates, the patient
should be closely observed for possible side effects, and the
serum drug level should be routinely monitored.

American Journal of Perinatology Reports  Vol. 9 No. 3/2019

e215

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



‘pangiyosd AjpoLIS sI uonNgUISIp pazuoyineun "AjUo asn [euosiad Joj PapeOjUMOP SeM JUSWNJ0P SIY L

‘6 9sed Ul p/bw G0 9q 03 pawinsse sem abesop SNWI|0IIAT 230N
‘ewoAwopqeyd ‘INHY ‘3|gediidde Jou ‘yN ‘9P113UaA 13| ‘AT @bk [euoiieisab ‘vo 3ybam yiiiq ‘Mg (bissnel-xdoje|g ‘19 :suoneiAIqqy

Shibata et al.

Effect and Complications of Everolimus for Cardiac Rhabdomyoma

e216

Paysi|ge31sa Sem UO[3B|NDIID 1B|NDIIIUBAIQ uondunysAp
pue ‘pasealdul Indino JPLIIUA 11| ‘aude
1ybur pue awnjoa 3p1IUAA JYbL [BNIDY ‘abeyuioway
9Sed INQ | UBIYS SIOWN] ‘SISOP SNWI|OIAD { JIYY Areuownd 19/ 8¢’ p/bw 0 ¥ Ge 620°C 8¢ oL
M € 19n0
A(6L07) | (ww gl x 8z x QL-Ww 17 X LE X 1Y) euadoyduwi| p/bw
|e 39 1aubepp ulys 03 panuiuod NHY AT 3uelD | ‘elwapidipadAy 801 L0°L S'0-¥'0 4 LE | SS6°C wiay 6
SGSNV NM QL 19A0 ANHY eiwapidijadAy
CRENIENL][p) Jofew jo azis ur uoIdNPal %08 ‘SISoIN 9l 880 | p/bw sz'0 oM | or | 000°C 13 3
U01323531 |NHY 104 pPIau ou Y3IM SUOp SeMm TTRATJIERET)
¢ (rL02) |2 32 liedal 3)2113USA-0M] ‘pPIEMISLY "9)l| JO Kiojendsal
paweyo p 88 1 auop sem uojjesado junys |1g MEVES L'S1 1270 p/bw |0 0z 9] 086 o€ /
paieaddesip FEEIN
»1(2102) INHY XIS J0 Jn0 OMm] "ow g°Z e dIM1
B 19 Jiwag 1910 AHY JO uoildNpal 3|qesieway | elwapidijiadAy G'€s 65°0 ‘p/bw | 0 gz | oope wia 9
¢ (9L02) [B 39
nsywabiys S)I3M M3} B UIYIIM uo|ssaibal pidey SUoN Lz 80 | p/;w/bw | 6l 9¢ | 0€6'C L€ S
JnewoldwAse sem Inq
snwijotaAd buiddogs 1934e uiebe
21(6102) pasea.nul NHY P 0T 1an0
e 39 19kon INHY Jo uonanpai Juesyiubis auoN L o | p/bw 0 v T | 0L9°L 9¢ v
panuiuodsip
pue pailade} sem jJuawieal; ‘ow /
193V "JUSWIE3} JO UOIIENUIIUODSIP
131je p 01 ulebe pasealdul NEEIN
:GENV INHY SB pawnsal Juawieal; ng m B 9JIM]
|e 39 uneulog 7 1970 |NHY 4O uoidnpas juedyiubis | enwspidipadAH 97 620 ‘p/bw g0 / 0z 00S°‘E 8¢ €
NEEIN
01(6102) ow 7 1an0 NHY B 9dIm3
e 32 ueboq 40 uondnpal Juesyiubis VN 8L 87°0 | ‘P/bw g0 z vz | 085°€ w9 z
uol3oa4ul
mﬁ_omv p 9¢ 193ye burieaddesip \NHY SWoOs ym pa3dadsns
[ 30 MY ‘INHY 3s3b1e| Jo dzis Ul uol3INPaAI %0 12| INO ol LZ°0 p/bw L0 L 8 0S€'€ 8¢ L
(w/Bu) )| (ww)
19n3] | (O)m/Bj/bw) juswijeany | Jajdwelp
ybnouy abesop abesop | snwijosana Jowm
ERIEIEIEN| sawod331nQ suonyedidwo) | snuwijoiany pa3ejnojed bniqg Jo 1e3s | wnuwixepy | (B) mg | (Oim) vo | ased

SISOJ9|3s snolagni Yim mC\_O\nC\_O_un_m—\_._ Je|pled 10} asn sNWljOl9A9 JO Sase) | ajqel

Vol. 9 No. 3/2019

American Journal of Perinatology Reports



Effect and Complications of Everolimus for Cardiac Rhabdomyoma

Ethical Approval

All the procedures involving human participants were
performed in accordance with the ethical standards of
the institution and with the 1964 Helsinki declaration
and its later amendments. The approval of the ethics review
committee and parental consent to use everolimus were
obtained. Parental written informed consent was obtained
for this report.

Funding
No financial assistance was received to support this study.

Conflict of Interest
All the authors declare that they have no conflict of
interest.

Acknowledgment
We thank Mr. James R. Valera for his assistance with
editing this article.

References

1

N

w

I

v

D

~

o]

o

Northrup H, Krueger DA; International Tuberous Sclerosis Com-
plex Consensus Group. Tuberous sclerosis complex diagnostic
criteria update: recommendations of the 2012 International
Tuberous Sclerosis Complex Consensus Conference. Pediatr Neu-
rol 2013;49(04):243-254

Chan JA, Zhang H, Roberts PS, et al. Pathogenesis of tuberous
sclerosis subependymal giant cell astrocytomas: biallelic inacti-
vation of TSC1 or TSC2 leads to mTOR activation. ] Neuropathol
Exp Neurol 2004;63(12):1236-1242

Krueger DA, Care MM, Holland K, et al. Everolimus for subepen-
dymal giant-cell astrocytomas in tuberous sclerosis. N Engl ] Med
2010;363(19):1801-1811

Potter CJ, Huang H, Xu T. Drosophila Tsc1 functions with Tsc2 to
antagonize insulin signaling in regulating cell growth, cell pro-
liferation, and organ size. Cell 2001;105(03):357-368

Smythe JF, Dyck JD, Smallhorn JF, Freedom RM. Natural history of
cardiac rhabdomyoma in infancy and childhood. Am ] Cardiol
1990;66(17):1247-1249

Franz DN, Belousova E, Sparagana S, et al. Efficacy and safety of
everolimus for subependymal giant cell astrocytomas associated
with tuberous sclerosis complex (EXIST-1): a multicentre, ran-
domised, placebo-controlled phase 3 trial. Lancet 2013;381
(9861):125-132

Bissler ]J], Kingswood ]C, Radzikowska E, et al. Everolimus for
angiomyolipoma associated with tuberous sclerosis complex or
sporadic lymphangioleiomyomatosis (EXIST-2): a multicentre,
randomised, double-blind, placebo-controlled trial. Lancet
2013;381(9869):817-824

Krueger DA, Wilfong AA, Holland-Bouley K, et al. Everolimus
treatment of refractory epilepsy in tuberous sclerosis complex.
Ann Neurol 2013;74(05):679-687

Aw F, Goyer I, Raboisson MJ, Boutin C, Major P, Dahdah N.
Accelerated cardiac rhabdomyoma regression with everolimus
in infants with tuberous sclerosis complex. Pediatr Cardiol 2017;
38(02):394-400

10

-
-

20

2

=

22

23

24

25

26

Shibata et al.

Dogan V, Yesil §, Kayali §, et al. Regression of symptomatic
multiple cardiac rhabdomyomas associated with tuberous sclero-
sis complex in a newborn receiving everolimus. | Trop Pediatr
2015;61(01):74-77

Bornaun H, Oztarhan K, Erener-Ercan T, et al. Regression of cardiac
rhabdomyomas in a neonate after everolimus treatment. Case Rep
Pediatr 2016;2016:8712962

Goyer I, Dahdah N, Major P. Use of mTOR inhibitor everolimus in
three neonates for treatment of tumors associated with tuberous
sclerosis complex. Pediatr Neurol 2015;52(04):450-453
Shigemitsu Y, Baba K, Kondo M, et al. Regression of massive
cardiac rhabdomyoma causing circulatory collapse with ever-
olimus therapy. Pediatr Cardiol Cardiac Surg 2016;32:439-444
Demir HA, Ekici F, Yazal Erdem A, Emir S, Tung B. Everolimus: a
challenging drug in the treatment of multifocal inoperable car-
diac rhabdomyoma. Pediatrics 2012;130(01):e243-e247
Mohamed I, Ethier G, Goyer I, Major P, Dahdah N. Oral everolimus
treatment in a preterm infant with multifocal inoperable cardiac
rhabdomyoma associated with tuberous sclerosis complex
and a structural heart defect. BM] Case Rep 2014;2014:pii:
bcr2014205138

Colaneri M, Quarti A, Pozzi M. Everolimus-induced near-resolu-
tion of giant cardiac rhabdomyomas and large renal angiomyo-
lipoma in a newborn with tuberous sclerosis complex. Cardiol
Young 2016;26(05):1025-1028

Wagner R, Riede FT, Seki H, et al. Oral everolimus for treatment of
a giant left ventricular rhabdomyoma in a neonate-rapid tumor
regression documented by real time 3D echocardiography. Echo-
cardiography 2015;32(12):1876-1879

Fujino M, Ehara E, Kuki I, et al. Rapid regression of cardiac
rhabdomyoma after everolimus administration in an infant
with tuberous sclerosis. Pediatr Cardiol Cardiac Surg 2016;
32:251-256

Stiller B, Hetzer R, Meyer R, et al. Primary cardiac tumours: when
is surgery necessary? Eur ] Cardiothorac Surg 2001;20(05):
1002-1006

Bielefeld K], Moller JH. Cardiac tumors in infants and children:
study of 120 operated patients. Pediatr Cardiol 2013;34(01):
125-128

Masuda S. Individualized dosage of everolimus in organ trans-
plant patients by evidence based medicine. Organ Biology 2015;
22:105-110

Kubota Y. Tumor angiogenesis and anti-angiogenic therapy. Keio ]
Med 2012;61(02):47-56

Vandewiele B, Vandecasteele S, Vanwalleghem L, De Vriese AS.
Diffuse alveolar hemorrhage induced by everolimus. Chest 2010;
137(02):456-459

Fielhaber JA, Carroll SF, Dydensborg AB, et al. Inhibition of
mammalian target of rapamycin augments lipopolysaccharide-
induced lung injury and apoptosis. ] Immunol 2012;188(09):
4535-4542

Uesugi M, Kikuchi M, Shinke H, et al. Impact of cytochrome P450
3A5 polymorphism in graft livers on the frequency of acute
cellular rejection in living-donor liver transplantation. Pharma-
cogenet Genomics 2014;24(07):356-366

Kotulska K, Chmielewski D, Borkowska J, et al. Long-term effect of
everolimus on epilepsy and growth in children under 3 years of
age treated for subependymal giant cell astrocytoma associated
with tuberous sclerosis complex. Eur J Paediatr Neurol 2013;17
(05):479-485

American Journal of Perinatology Reports  Vol. 9 No. 3/2019

e217

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



