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Everolimus for Primary Intestinal
Lymphangiectasia With Protein-
Losing Enteropathy

Michio 0zeki, MD, PhD,2 Tomohiro Hori, MD, PhD,? Kaori Kanda, MD,2 Norio Kawamoto, MD, PhD,?
Takashi Ibuka, MD, PhD,? Tatsuhiko Miyazaki, MD, PhD,¢ Toshiyuki Fukao, MD, PhD?

Primary intestinal lymphangiectasia (PIL), also known as Waldmann’s
disease, is an exudative enteropathy resulting from morphologic
abnormalities in the intestinal lymphatics. In this article, we describe

a 12-year-old boy with PIL that led to protein-losing enteropathy
characterized by diarrhea, hypoalbuminemia associated with edema
(serum albumin level: 1.0 g/dL), and hypogammaglobulinemia (serum IgG
level: 144 mg/dL). Severe hypoalbuminemia, electrolyte abnormalities, and
tetany persisted despite a low-fat diet and propranolol. Everolimus (1.6
mg/m?/day) was added to his treatment as an antiangiogenic agent. With
everolimus treatment, the patient’s diarrhea resolved and replacement
therapy for hypoproteinemia was less frequent. Hematologic and
scintigraphy findings also improved (serum albumin level: 2.5 g/dL). There
were no adverse reactions during the 12-month follow-up. To the best of our
knowledge, this is the first report of everolimus use in a patient with PIL.

Lymphatic anomalies include cystic
lymphatic malformation, generalized
lymphatic anomaly, Gorham-Stout
disease, lymphangiectasia, and central
conducting lymphatic disorders.b?
Lymphangiectasia occurs as a primary
developmental lymphatic disorder
with or without elevated systemic
venous pressure due to lymphatic
obstruction, and the condition must
be distinguished from other lymphatic
disorders. Depending on the site of
the anomaly, lymphangiectasia may
manifest as chylothorax, pulmonary
lymphangiectasia, chylous ascites,
protein-losing enteropathy (PLE),
cutaneous vesicles, or superficial
chylous leaks.3

Primary intestinal lymphangiectasia
(PIL), also known as Waldmann's
disease, is a rare exudative
enteropathy characterized by
morphologic abnormalities of

the intestinal lymphatics without

proliferation.* Common symptoms of
PIL are persistent diarrhea, peripheral
edema, steatorrhea, lymphocytopenia,
hypogammaglobulinemia, and
hypoproteinemia. Treatment is
generally symptomatic and may
include a low-fat diet associated with
medium-chain triglycerides, periodic
intravenous albumin infusion, and
corticosteroid administration.® In

a more severe case, octreotide, a
synthetic analog of the naturally
occurring hormone somatostatin

(a potent inhibitor of the release

of growth hormone, serotonin,
gastrin, glucagon, and insulin), was
successful.® However, no curative
therapy is currently available for PIL.
A US Federal Drug Administration-
funded prospective study of sirolimus,
a mammalian target of rapamycin
(mTOR) inhibitor, in patients with
complicated vascular anomalies

has been underway (ClinicalTrials.
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gov; identifier NCT00975819) since
2009.7 The successful use of mTOR
inhibitors in the treatment of a small
collection of lymphatic anomalies
has recently been reported.?
Therefore, we considered that an
mTOR inhibitor might be a promising
treatment for PIL.

In this article, we present a case of a
patient with PIL and severe PLE who
benefitted from systemic therapy
with everolimus, an mTOR inhibitor.
To our knowledge, this is the first
report of everolimus therapy in

the treatment of PIL. The findings
provide insight into the biology
underlying lymphatic anomalies
and support further study of mTOR
inhibitors as a treatment for PIL.

CASE REPORT

A 12-year-old Japanese boy
presented to a municipal hospital
with a 3-month history of progressive
diarrhea, abdominal pain, lower

limb edema, tetany, and weakness.
He had no relevant family history

or medical history. The patient was
provisionally diagnosed with PIL and
secondary PLE and treated with a
low-fat diet associated with medium-
chain triglycerides, antiflatulent
medication (Bifidobacterium),
antidiarrheal medication (loperamide
hydrochloride and natural aluminum
silicate), furosemide, and sodium
cromoglycate. However, he
experienced progressively worsening
refractory nonbloody diarrhea,
edema, and hypoalbuminemia (1.0 g/
dL) (lower limit of normal for age: 3.8
g/dL), for which he received periodic
albumin infusions (4 infusions of 12.5
g) and immunoglobulin (2 infusions
of 5.0 g) for infection prophylaxis.
After 4 months, the patient was
transferred to Gifu University
Hospital to establish a definitive
diagnosis and undergo additional
therapy.

Physical examination on admission
revealed an acutely ill patient with
a puffy face and generalized edema.

e2

Laboratory findings revealed
decreased levels of serum albumin
(1.4 g/dL), total protein (2.8 g/
dL), magnesium (0.9 mg/dL), and
corrected calcium (8.1 mg/dL).
Hypogammaglobulinemia was noted;
at their nadirs, the [gM level was
60 mg/dL (normal: 45-300 mg/
dL), IgA was 71 mg/dL (normal:
95-460 mg/dL), and IgG was 226
mg/dL (normal: 890-1850 mg/dL).
The urinalysis results were within
normal limits. The patient had a
high fecal a-1-antitrypsin clearance
rate (494 mL/day; normal: <20
mL/day), indicating enteric loss of
plasma proteins. Gastrointestinal
endoscopy showed white villi and
chyle leakage in the mucosa of the
distal duodenum and ascending
colon to the transverse colon (Fig
1A). Histologic examination of biopsy
specimens from the duodenum

and ileocecum showed diffusely
dilated mucosal and submucosal
lymphatic channels along the villi
(Fig 1B). Staining for the lymphatic
marker D2-40 was positive in the
luminal cells (Fig 1C). Additionally,
we found elevated nuclear and
cytoplasmic immunohistochemical
expression of mTOR in the lymphatic
endothelial cells (Fig 1D). 2°mTc
human serum albumin (**™Tc-
HSA) scintigraphy showed albumin
leakage from the ascending colon
to the transverse colon (Fig 2A).
Scintigraphic examination showed
no leakage in the stomach or small
bowel. These results allowed for

a definitive diagnosis of PIL and
secondary PLE. Management of

the patient’s hypoalbuminemia
with a low-fat diet and infusions of
albumin (12.5 g) with furosemide
was unsuccessful. Because of this
treatment failure, the patient was
treated with oral propranolol (3
mg/kg per day divided every 8
hours). After 4 weeks, the patient’s
symptoms persisted, and we decided
to initiate treatment with an mTOR
inhibitor. Because sirolimus was
not available in Japan at that time,
we chose another mTOR inhibitor,

Downloaded fromF}7 gée?t on March 7, 2016

everolimus, which is approved

for immunosuppressive therapy.
The treatment was approved by

the review board at our hospital,
and written informed consent was
obtained from the patient’s parents.
Everolimus was started at 2 mg (1.6
mg/m? per day). Dose adjustments
were made to maintain the desired
drug trough level of 5 to 15 ng/

mL according to the literature.® At
the start of everolimus treatment,
the serum albumin level was 1.6 g/
dL and the IgG level was 217 mg/
dL. After 4 weeks, the patient’s
diarrhea had almost resolved

and his serum albumin level was
gradually increasing. Six months after
initiation of everolimus, 2°mTc-HSA
scintigraphy showed no leakage of
albumin from the gastrointestinal
tract (Fig 2B). Fecal a-1-antitrypsin
clearance was markedly decreased
(177 mL/day). However, the objective
endoscopic findings in the duodenum
were unchanged. The patient’s
severe hypoalbuminemia gradually
improved and the administration of
immunoglobulin and albumin became
less frequent, although the serum
albumin level did not normalize (Fig 3).
The patient’s treatment continued
without any adverse effects during
12 months of follow-up.

DISCUSSION

PIL is a chronic debilitating disorder
requiring strict long-term dietary
control based on a low-fat regimen
and supplementary medium-chain
triglycerides. Surgical small-bowel
resection is useful in the rare cases
of segmental and localized PIL.°

PIL negatively affects quality of

life and can be life-threatening
when malignant complications

or serous effusions occur. There

is no consensus on the treatment

of this condition. Treatment is
generally symptomatic and may
include nutritional therapy and
replacement therapy. A few patients
effectively treated with propranolol

OZEK] et al



FIGURE 1

A, Enteroscopy revealed white villi and chyle leakage in the intestinal mucosa. B, Histopathology
of intestinal tissue before treatment showed marked dilatation of lymphatic ducts along a villus
(arrow) and involving the mucosa (hematoxylin and eosin stain, x400). C, D2-40 immunostaining was
positive in the luminal endothelial cells. D, Elevated nuclear and cytoplasmic immunohistochemical
expression of mTOR was found in the lymphatic endothelial cells. Anti-mTOR immunohistochemistry
manifested brown positive signals. The reference image in the bottom-right corner revealed normal
intestinal mucosa.
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FIGURE 2

A, 99mTc-HSA scintigraphy before treatment showed leakage of albumin from the ascending colon to
the transverse colon (arrows). B, ®mT¢-HSA scintigraphy after 6 months of everolimus administration
showed no leakage of albumin from the gastrointestinal tract.

for lymphatic malformation and
generalized lymphatic anomalies
were recently described. 1011
However, propranolol did not show
a therapeutic effect on the condition
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of our patient. We have presented

a case of PIL with PLE treated with
everolimus. This agent resulted in
marked improvement in the patient’s
symptoms and examination findings.
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The successful use of mTOR
inhibitors in the treatment of a small
collection of vascular anomalies has
recently been reported.” mTOR is a
serine/threonine kinase regulated
by phosphoinositide-3-kinase. It acts
as a master switch for numerous
cellular processes, including cellular
catabolism and anabolism, cell
motility, angiogenesis, and cell
growth.12 In our patient, significant
expression of mTOR was found

in the affected tissues. Based on

this finding, we propose that the
enhanced mTOR expression seen
within abnormal tissues affected by
lymphangiectasia may explain the
efficacy and mechanism of mTOR
inhibitors in treating PIL lesions and
may predict the efficacy of mTOR
inhibitor therapy.

The etiology of PIL currently remains
unknown. Several genes, including
vascular endothelial growth factor
receptor 3, prospero-related
homeobox-transcriptional factor,
forkhead transcriptional factor, and
SRY (sex determing region Y)-Box

18 (SO0X18), are involved in the
development of the lymphatic system.
Vascular endothelial growth factor is
a key regulator in lymphangiogenesis
and angiogenesis, and it acts as both
a potential upstream stimulator of
the mTOR signaling pathway and a
downstream effector. Hokari et al.13
reported inconsistently changes in
the expression of lymphangiogenesis
regulatory molecules in the
duodenal mucosa of patients

with PIL. The lymphangiogenesis
pathway is assumed to be involved
in PIL, in which ligand binding-
induced signaling through vascular
endothelial growth factor receptor

3 on the surface of the lymphatic
endothelium results in activation of
the phosphoinositide-3-kinase /Akt/
mTOR pathway. Therefore, nTOR
inhibitors are predicted to be effective
agents for PIL.

The mechanisms of enteric protein
loss in intestinal lymphangiectasia
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