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Abstract

Well-differentiated neuroendocrine tumors (NETs) arising in the gastrointestinal (Gl) tract and
pancreas are relatively rare; however, the annual incidence has been increasing. Carcinoid syn-
drome (CS) is a constellation of symptoms that occur when a GI NET metastasizes to the liver
and releases high levels of vasoactive substances into the systemic circulation. CS occurs in
19% of NETs patients at diagnosis and is associated with shorter survival. Carcinoid heart dis-
ease (CHD) occurs in over 50% of patients with CS and is associated with poor long-term
prognosis. NET-induced valvular fibrosis is a significant cause of mortality and morbidity in
these patients. Somatostatin analogs relieve CS symptoms, but they have never been shown
to reverse CHD progression or improve overall survival. Surgical therapy for right-sided valve
disease is associated with improved symptoms and quality of life and possibly improved sur-
vival, despite relatively high morbidity and mortality associated with cardiac intervention. A
65-year-old woman with a metastatic pancreatic NET had typical signs and symptoms of CS.
She presented in congestive heart failure and was found to have severe tricuspid regurgita-
tion with characteristic features of CHD on transthoracic echocardiogram (TTE). Following
octreotide monotherapy, serial TTEs demonstrated regression of tricuspid valve involvement.
The patient improved clinically and remained asymptomatic on subsequent visits. This is the
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first case of CHD regression with medical therapy supported by serial TTEs. Developing a
deeper understanding of cases like this will help us unlock new intervention targets and strat-

egies for treatments in the future. © 2020 The Author(s).
Published by S. Karger AG, Basel

Introduction

Well-differentiated neuroendocrine tumors (NETSs) arising in the gastrointestinal (GI)
tract and pancreas are relatively rare. The annual incidence in the United States is approxi-
mately 3.56 per 100,000 and has been rising over time [1]. “Carcinoid syndrome” (CS) is a
constellation of symptoms that occur when a GI NET metastasizes to the liver and releases
high levels of vasoactive substances into the systemic circulation. CS occurs in 19% of NETs
patients at the time of diagnosis and is associated with shorter survival [2]. CS manifestations
include flushing, diarrhea, bronchospasm, and development of carcinoid heart disease
(CHD) [3].

CHD eventually occurs in over 50% of patients with CS and may be the initial presen-
tation of NETs in as many as 20% of patients [4]. Heart failure (HF) secondary to right-sided
valvular fibrosis has emerged as one of the most serious extraintestinal manifestations of
NETSs, occurring in 20-70% of patients with metastatic disease and resulting in as much as
50% of NETs mortality [5]. Cardiac involvement is associated with a poor long-term prog-
nosis: estimated 3-year survival rates of 31% are half that of patients without CHD [6-8]. The
main predictor of prognosis is the presence of severe structural and functional abnormalities
of the tricuspid valve (TV) [8].

CHD occurs when large amounts of vasoactive substances such as serotonin, tachykinins,
and prostaglandins reach the right heart [7]. Generally, the left heart is spared because lungs
metabolize vasoactive substances; rare exceptions are associated with patent foramen ovale
(PFO), primary bronchopulmonary carcinoid disease, and severe disease burden [4]. After
the initial endocardial injury, plaque is deposited on endocardial surfaces of right-sided heart
valves, papillary muscles, chordae tendineae, and along the walls of the atria and ventricles.
The plaque is composed of fibroblasts, smooth muscle cells, and extracellular matrix [6, 9].
Fibrosis may be induced by serotonin, evidenced by high levels of serotonin metabolites
found in urine of CHD patients and the presence of serotonin receptors on their cardiac valves
[10, 11]. Characteristic changes on echocardiography include thickening of valve leaflets and
cusps that become retracted and eventually immobile; this results in a combination of right-
sided valvular regurgitation and stenosis [7].

There is currently no medical therapy effective in ameliorating carcinoid-induced fibrosis
[12]. Loop and thiazide diuretics are used to control symptoms. They must be carefully
titrated to optimize fluid status while avoiding volume depletion, which exacerbates fatigue
and lowers cardiac output [6]. Somatostatin analogs octreotide and lanreotide inhibit tumoral
serotonin secretion and lower 5-hydroxyindoleacetic acid (5-HIAA) levels, thus relieving CS
symptoms. However, these medications neither reverse CHD progression nor improve overall
survival [12]. As a consequence, timely diagnosis and early surgical correction with valve
replacement in appropriately selected patients is the only effective treatment. Surgical
therapy for right-sided valve disease is associated with improvement of symptoms and
quality oflife, and it may contribute to improved survival [12]. Unfortunately, cardiac surgical
intervention in this population is associated with relatively high morbidity and mortality
[9,12].

We report the first case of CHD regression on serial transthoracic echocardiograms (TTE)
following octreotide monotherapy.
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Table 1. Home medications at
the time of starting octreotide in
December 2017

Home medications

1. Alendronate

. Levothyroxine

. Nifedipine

. Perindopril
Olanzapine

. Pantoprazole

. Acetylsalicylic acid
. Fluticasone/Salmeterol
. Tiotropium

10. Perindopril

11. Pramipexole

12. Codeine

O ONO U WN

Case Report

In September 2017, a 65-year-old female with multiple comorbidities was diagnosed
with metastatic pancreatic NET and CHD. Her past medical history was significant for hyper-
tension, dyslipidemia, chronic obstructive pulmonary disease, hypothyroidism, migraines,
gastroesophageal reflux disease, essential tremor, depression, anxiety, osteoporosis, and
chronic back pain due to lumbar stenosis. She was an active smoker with a 50-pack-year
smoking history. She previously suffered from alcohol dependence but had not consumed a
drink in several years. She also had a history of pain medication over-use in the setting of her
chronic back pain. She is a retired secretary with 3 healthy adult children and no significant
cardiac or oncologic family history. The patient’s home medications at the time of starting
octreotide can be found in Table 1. Her clinical course is described below.

From 2008 to 2017, the patient had several admissions to hospital for nausea, emesis,
diarrhea, and abdominal pain and cramping. No definitive cause was determined for most of
these episodes. She was diagnosed with acute pancreatitis likely due to alcohol ingestion in
2010 and a colonic biopsy demonstrated collagenous colitis following a colonoscopy in 2012.
The patient was also empirically diagnosed with Addison’s disease due to persistent severe
hypokalemia in the setting of her chronic GI symptoms. This diagnosis was later rescinded
and fludrocortisone was discontinued.

In July 2015, the patient was admitted to hospital for 1 month for a right-sided parapneu-
monic effusion that failed conservative management. She underwent a thoracoscopic decor-
tication and pleurectomy and did well post-operatively. During this admission, a TTE was
done to rule out infective endocarditis. The August 2015 TTE demonstrated mildly elevated
estimated right ventricular systolic pressure but was otherwise unremarkable (Table 2).

The patient remained out of hospital until the following year when she was admitted for
recurringabdominal pain and diarrheain July 2016. This time her stool initially tested positive
for Clostridium difficile toxin B gene. Despite a prolonged course of appropriate anti-microbial
therapy and all subsequent stool samples testing negative for C. difficile toxin, her diarrhea
did not improve.

The patient’s diarrhea and abdominal pain and cramping persisted along with significant
weight loss over the course of the next year, which triggered further testing. An outpatient
abdominal ultrasound done in May 2017 showed multiple hyperechoic foci within the liver
that were deemed most likely to be hemangiomas.

A follow-up outpatient abdominal computed tomography (CT) scan was arranged, but
before it could be done, the patient presented to her local emergency department with wors-
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Table 2. Serial transthoracic echocardiogram reports

1457

Serial TTE reports

Study date 11th Aug 15 28th Jun 17 17th Oct 17 25th Nov 19
Study location RAH outpatient MAHI MAHI
LV size normal normal normal normal
LV systolic function normal normal normal normal
RV size normal borderline enlarged severely dilated normal
RV systolic function normal normal normal normal
RA size normal moderate-to-severely enlarged severely dilated normal
LA size normal normal normal normal
TV morphology normal “poor coaptation of leaflets “valvular appearance grossly
with relatively immobile leaflet” consistent with CHD” normal
TR trace severe severe mild-to-moderate
PV morphology not well seen - grossly normal grossly normal
PR - moderate-to-severe severe moderate
RVSP estimate 43 mm Hg 42 mm Hg atleast 45 mm Hg 36 mm Hg
MV morphology normal normal thickened MV leaflets normal
MR none none mild trace
AV morphology normal sclerosis sclerosis sclerosis
AR none moderate-to-severe moderate mild

RAH, Royal Alexandra Hospital; MAHI, Mazankowski Alberta Heart Institute; TTE, transthoracic echocardiogram.

ening dyspnea, bilateral lower extremity edema, and orthopnea in June 2017. She was
admitted to hospital with predominantly right-sided new-onset congestive HF. She responded
well to intravenous furosemide and was discharged home 3 days later on oral furosemide. At
discharge the patient’s HF was deemed to be primarily due to “lung pathology” against a back-
ground of poorly controlled hypertension as per her discharge summary report.

An outpatient TTE in June 2017 noted significant changes compared to her previously
described 2015 TTE study (Table 2). The etiology of this new severe right-sided heart disease
was thought to be due to pulmonary hypertension resulting from underlying chronic
obstructive pulmonary disease and left ventricular diastolic dysfunction.

Over the course of the next few months, the patient’s diarrhea, abdominal pain, and
weight loss persisted. A follow-up outpatient abdominal and pelvic CT scan in August 2017
demonstrated multiple enhancing lesions throughout the liver, a suspected pulmonary
nodule, and multiple sclerotic foci throughout the axial skeleton. The report stated that “meta-
static carcinoid tumor” was the “diagnosis of exclusion”. A mass in the body of the pancreas
was also described. The report also commented on “dilation of the right heart with splaying
of the TV and clear visualization of the TV leaflets” and “altered bolus timing and distention
ofthe right heart suggestive of associated right heart dysfunction (endocardial fibroelastosis)
secondary to presumed CS.”

One month later, in September 2017, the patient underwent an endoscopic ultrasound
(EUS) and two pancreatic body masses were identified. The larger mass was biopsied and the
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Fig. 1. Oct 17,2017: Apical 4 chamber view of TV in systole: 2D and color Doppler. Valvular appearance con-
sistent with CHD and severe TR.

pathology report for both specimens confirmed a well-differentiated pancreatic NET with a
Ki-67 index less than 2% (grade I). The second smaller mass was not biopsied; however, the
EUS report stated that this smaller mass was suggestive of a “classic NET” upon inspection
with EUS imaging alone. Her chromogranin A (CgA) level at the time was elevated at 376 ng/
mL (normal €110 ng/mL). A 24-h urinary 5-HIAA level was not reported.

Unfortunately, following the EUS-guided biopsy the patient was admitted to the intensive
care unit for hemorrhagic shock due to severe intra-abdominal bleeding. She also developed
peritonitis from an infected hematoma and was treated with a prolonged course of broad-
spectrum antibiotics over the course of her 2-month admission.

A whole-body !8F-DOPA (6-['®F]-L-fluoro-L-3,4-dihydroxyphenylalanine) positron
emission tomography (PET) scan done during this admission demonstrated an intensely
18F-DOPA-avid NET associated with the terminal ileum and adjacent mesentery with hepatic
and multifocal skeletal metastatic disease. Interestingly, the skeletal metastatic disease in the
manubrium and bilateral scapulae had been present on studies dating back to at least
December 2011. These skeletal lesions appeared to be largely stable, consistent with indolent
disease. There was also focal '8F-DOPA uptake in the pancreas demonstrating the pancreatic
NETs previously identified on EUS. An octreotide scan confirmed that the majority of the
18F-DOPA-avid disease was also octreotide-avid. A favorable response to somatostatin analog
therapy was thus predicted.

The patient underwent a repeat TTE in October 2017 at the Mazankowski Alberta Heart
Institute (MAHI) 2 weeks prior to discharge. This TTE supported new significant right-sided
findings of the outpatient TTE done in June 2017 (Table 2; Fig. 1, 2). The patient was euvolemic
at the time of discharge with normal renal function and was not prescribed any diuretics
(Table 1). Outpatient follow-up was arranged with oncology for initiation of treatment.

In December 2017, the patient was started on octreotide injections (Sandostatin LAR
Depot) 30 mgi.m. every 28 days. She had initially been considered for peptide receptor radio-
nuclide therapy, but due to her dramatic improvement on octreotide monotherapy and
increased risk of nephrotoxicity in the setting of developing renal disease, peptide receptor
radionuclide therapy was withheld.

In November 2019, after nearly 2 years of treatment with octreotide monotherapy, a
repeat TTE was done at the MAHI to re-assess her CHD. This study demonstrated significant
improvement compared to the October 17, 2017 TTE (Table 2). The patient now had normal
right ventricle (RV) size and systolic function (from “severely dilated RV with preserved
function”), normal right atrium (RA) size (from “severely dilated RA”), grossly normal TV
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Fig. 2. Oct 17, 2017: Parasternal long axis view of TV in systole: 2D and color Doppler. Valvular appearance
consistent with CHD and severe TR.

Fig. 3. Nov 25, 2019: Parasternal long axis view of TV in systole: 2D and color Doppler. Grossly normal mor-
phology with mild-to-moderate TR.

morphology with mild to moderate tricuspid regurgitation (TR) (from “wide open severe TR”
and “valvular appearance consistent with CHD”), grossly normal pulmonary valve (PV) with
moderate pulmonary regurgitation (PR) (from “severe PR”), aortic sclerosis with mild aortic
regurgitation (AR) (from “moderate AR”), and trace MR (from “mild MR"). Of note, the anterior
TVleafletwasreported to have “decent mobility, and certainly notlooking fixed and immobile”
as previously reported (Table 2; Fig. 3).

At her most recent oncology clinic follow-up visit in January 2020, the patient reported
that she was doing well clinically and had “no carcinoid symptoms” as per the clinic note. She
specifically denied any pedal edema, orthopnea, or paroxysmal nocturnal dyspnea, and she
was not taking any diuretics. She had no complaints of nausea, emesis, diarrhea, or abdominal
pain. An octreotide scan in August 2019 and a CT scan in May 2020 showed stable findings.
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In December 2019, a 24-h urinary 5-HIAA was within normal limits (32 umol/day, normal
range 0-40 umol/day) and her CgA level was 236 ng/mL, significantly decreased from 376
ng/mkL in September 2017 (normal <110 ng/mL).

At present, the patient is 68 years old and was recently diagnosed with mild dementia by
GeriatricMedicine. Otherwise, sheremains clinically well on monthly intramuscular octreotide
injections with no evidence of disease progression.

Discussion/Conclusion

Regression of NET-induced leaflet fibrosis and resultant valve dysfunction has never
before been reported in the literature [13]. This is first case of regression of CHD with medical
therapy in a patient with metastatic pancreatic NETs supported by serial TTEs.

Fixed, immobile, and retracted leaflets are typical of CHD and can contribute to signif-
icant regurgitation and stenosis [7]. This typical morphology was clearly depicted on TTE at
the time of NET diagnosis (Fig. 1) and it was also reflected on the August 2017 CT scan, which
described “splaying of the TV with clear visualization of the TV leaflets”.

One confounding factor when it comes to TR severity is that TR is load-dependent, so its
severity is affected by the patient’s volume status. If our patient was more euvolemic at the
time of her follow-up TTE, this may have contributed to improvements in TR that were
observed. Normalization of RA and RV sizes reduce TV annular dilatation as well. Never-
theless, improved volume status and decreased right-sided chamber enlargement with
reduced annular stretch would not account for the normalization of TV morphology and
significantly improved leaflet mobility that was observed on the 2019 TTE (Fig. 3). These
echocardiographic findings demonstrate that either significant reversal of TV fibrosis is
possible or that the patient was intervened upon early enough to reverse an inflammatory
process that may be a precursor to frank fibrosis.

This patient likely exhibited left-sided valve involvement as well. Aortic valve (AV) “scle-
rosis” and “thickening” of the mitral valve (MV) leaflets with moderate AR and mild MR at the
time of diagnosis may have developed due to deposition of carcinoid plaques in the left heart.
We do not have a 5-HIAA level from the time of diagnosis to offer biochemical insight into the
circulating levels of serotonin, but extensive metastases indicate that her disease burden at
the time of diagnosis was high. It is possible that the patient’s pulmonary enzymes were
unable to adequately shield the left heart from significantly elevated levels of serotonin and
other vasoactive mediators. There was no evidence of a PFO on color Doppler; however, a PFO
cannot be ruled out. Following octreotide treatment, moderate AR and mild MR regressed to
mild AR and trace MR. Left-sided valvular lesions improved along with the right-sided ones.

In addition to left heart involvement, carcinoid plaque may also involve the endocardial
lining of the heart chambers in patients with advanced disease [4]. The CT scan from August
2017 commented on “altered bolus timing and distention of the right heart suggestive of asso-
ciated right heart dysfunction (endocardial fibroelastosis) secondary to presumed CS.” Endo-
cardial fibroelastosis is characterized by diffuse thickening of the endocardium secondary to
proliferation of fibrous and elastic tissue [14] and in this case likely reflects carcinoid plaque
deposition on endocardial surfaces of the RV, which can be seen in the setting of severe
disease [4]. Subsequent CT scans did not comment on this, so it is unclear if endocardial RV
carcinoid plaques regressed following octreotide therapy. TTE images did not demonstrate
any dense echoes along the RV endocardial surface, which would suggest RV plaque depo-
sition.

NET-induced valvular fibrosis is a significant cause of mortality and morbidity in patients
with metastatic NET disease [5]. Surgical therapy for right-sided valve disease is associated
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with improved symptoms and quality of life and possibly improved survival, despite the rela-
tively high morbidity and mortality associated with cardiac intervention [12]. Our newfound
understanding that carcinoid plaque deposition and NET-induced intracardiac fibrosis is a
potentially reversible process following octreotide therapy is an important realization that
offers many avenues for further study. An underlying genetic basis for this novel response to
octreotide therapy must be explored so that it may be eventually exploited as our proficiency
with genomics evolves. Artificial intelligence-powered techniques are leading us into the new
age of precision medicine by helping us decode heterogeneous pathophysiological factors
and processes that contribute to disease [15]. Developing a deeper understanding of cases
like this one and how and why they differ from the norm will help us unlock new intervention
targets and strategies for treatments in the future.
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