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ABSTRACT

Familial chylomicronemia syndrome (FCS) is a rare lipid disorder posing significant clinical burdens on patients. Due to its rarity, variety
of presentations, and lack of universal diagnostic criteria, patients see an average of five physicians before diagnosis. We screened
adults for a triglyceride level >1000 mg/dL from September 2015 to September 2016 and a history of pancreatitis and performed a
thorough chart review on those who met the criteria. An adjudication panel used a definition that also called for supportive information
including history of hypertriglyceridemia or family history of pancreatitis/hypertriglyceridemia. Among 297,891 adults with laboratory
values available, 334 (0.11%) had triglyceride levels >1000 mg/dL, and 30 (9%) of those had pancreatitis. Most of these 30 patients
were male (73%), had diabetes (90%), were taking a fibrate (93%), and were taking a statin (80%). The average body mass index was
32.5 + 4.5 kg/m?. Six cases were ruled out, primarily due to substance abuse and/or isolated pancreatitis. Of the 24 suspected FCS
cases, the average maximum triglyceride level was 3085 & 1211 mg/dL. Electronic screening methods based solely on triglycerides
>1000 mg/dL and pancreatitis eliminated 99.99% of the population, enabling the adjudication panel to focus on 30 cases. In 24

cases, FCS could not be ruled out; hence, the prevalence of FCS may be as high as 1 in 12,413.
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amilial chylomicronemia syndrome (FCS) is a rare

inherited lipid disorder that poses significant clinical

and psychosocial burdens on patients.' Though

patients have recurrent abdominal pain and fatigue
and are prone to episodes of pancreatitis,” the remaining
physical manifestations are heterogeneous; pediatric patients
may present with failure to thrive, whereas adolescents and
adults may have eruptive xanthomas, lipemia retinalis, and/
or hepatomegaly.>® A milky “latescent” or “lipemic”
appearance of plasma is also a hallmark." Due to the rarity
of FCS and the variety of presentations, patients see an
average of five physicians before receiving the diagnosis,
enduring a low quality of life all the while.>> The true
prevalence of FCS is unknown, with an estimate of 20 per
million and suspicion that it is much higher.*” Because
there are no accepted criteria for FCS diagnosis, our goal
was to apply our proposed diagnostic algorithm to effi-
ciently examine a vast number of patients in our health
care system to identify suspected FCS cases and obtain an
estimate of prevalence.

METHODS

Laboratory records of adult patients in the North Texas
division of the Baylor Scott & White Health system were
screened from September 2015 to September 2016 for triglyc-
eride values >1000 mg/dL. Electronic health records of those
with elevated triglycerides were scanned for history of pancrea-
titis (Figure 1). Those with triglyceride values >1000 mg/dL
and a history of pancreatitis received a thorough chart review,
with data elements selected based on existing FCS literature.>?

Outpatient clinic notes and documentation from hospital-
izations were reviewed to identify xanthomas, a family history
of pancreatitis and/or high triglyceride levels, smoking and
alcohol behaviors, and medication therapy. Computed tomog-
raphy (CT) scans and ultrasonography reports were reviewed;
the radiologist’s interpretation allowed for the determination
of hepatic steatosis and splenic vein thrombosis. Maximum
and minimum triglyceride values, including inpatient and out-
patient records, were recorded. Total cholesterol at the time of
the highest triglyceride level was obtained to calculate a triglyc-
eride/total cholesterol ratio. In addition, the most recent results
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297,891
Unique adults with a triglyceride value from September 2015 — September 2016

334
Unique adults with a triglyceride value = 1000 mg/dL

30
Unique adults with history of pancreatitis

Figure 1. CONSORT diagram detailing the charts eligible for extensive review.

for triglyceride, low-density lipoprotein, high-density lipopro-
tein, total cholesterol, and hemoglobin levels were recorded.

An adjudication panel, consisting of two physicians, met to
discuss the charts and provide a ruling for the cases. The panel
used a working definition that called for acute pancreatitis associ-
ated with hypertriglyceridemia and at least one piece of support-
ive information, including a history of hypertriglyceridemia or
family history of pancreatitis and/or hypertriglyceridemia. Other
clear explanations for the clinical scenario provided the basis for
exclusion, such as severe alcoholism.

RESULTS

Thirty patients (0.01%) out of the original 297,891 met
criteria for extensive chart review (7able 1). Most of these 30
patients were male (73%), had diabetes (90%), were taking a
fibrate (93%), and/or were taking a statin (80%), with 23% of
the whole cohort on maximum statin therapy (atorvastatin
40 or 80 mg daily, or rosuvastatin 40 mg daily). The average
body mass index was 32.5 & 4.5 kg/m”. The average age at
the onset of pancreatitis was 37.3 & 10.1 years; however, this
was calculated using the first documented date in the patient’s
chart and not directly from the clinical exam. Forty-three per-
cent of patients had a cholecystectomy. For patients who had
available CT scans (n = 21), 29% had evident splenic vein
thrombosis. Of those who had CT scans and ultrasonography
(n = 23), 87% showed hepatic steatosis. The average maxi-
mum triglyceride value was 2864 £ 1255 mg/dL, and the
median triglyceride/total cholesterol ratio was 7 (quartile 1 =
5, quartile 3 =9).

The adjudication panel ruled out a total of six cases
(Figure 2). The remaining 24 patients were chronically very ill,
presenting with multiple episodes of abdominal pain and/or pan-
creatitis throughout their course. Because FCS could not effec-
tively be ruled out, genetic confirmation of FCS would be
recommended. Of these patients, 29% had a family history of
high triglycerides; 92% had diabetes and 71% required insulin;
21% had a recorded incidence of diabetic ketoacidosis; and 46%
had a cholecystectomy. For those with available imaging studies,
5 (29%) had splenic vein thrombosis, and 15 (83%) had hepatic
steatosis. Three (13%) had a history of alcohol abuse, 10 (42%)
had a history of smoking, and 5 (21%) were currently smokers.
Nineteen (79%) patients were on statin therapy and 5 (21%)
were on maximal statin therapy; 23 (96%) and 13 (54%) were
on a fibrate and omega-3 medication, respectively. The average
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Table 1. Clinical presentation of the 30 patients who met initial
criteria for familial chylomicronemia syndrome®

Variable Result
Male 22 (73%)
Age at pancreatitis onset” (years) 37.3+10.1
Age at analysis (years) 40.2 +£10.1
Body mass index (kg/m?) 325+45
Hispanic 14 (47%)
Family history of high triglycerides 7(23%)
Xanthoma 1 (3%)
Diabetes mellitus 27 (90%)
Insulin-dependent diabetes mellitus 21 (70%)
Diabetic ketoacidosis 6 (20%)
Cholecystectomy 13 (43%)
Spleen vein thrombosis® 6 (29%)
Hepatic steatosis 20 (87%)
Alcohol abuse 6 (20%)
Smoker (current) 9 (30%)
Smoker (former) 15 (50%)

Laboratory values
2864.3 +1254.5
2441170, 334]

Peak triglyceride in study period (mg/dL)
Lowest triglyceride in study period (mg/dL)

High-density lipoprotein (mg/dL) 30.3+10.7
Low-density lipoprotein (mg/dL) 80.9 +43.9
Total cholesterol (mg/dL) 213 [164, 286]
Triglyceride/total cholesterol (at peak triglyceride) 7.4[5.0,8.7]
Triglyceride/total cholesterol (most recent) 3.3[1.8,4.8]
Hemoglobin (mg/dL) 141+1.8
Medications

Statin 24 (80%)
Maximum statin 7 (23%)
Fibrate 28 (93%)
Omega-3 16 (53%)

#Twenty-four were clinically adjudicated as having familial chylomicronemia syndrome.
®This was calculated with the first documented date in a patient’s chart; these were not
back-dated, even if a patient had pancreatitis as a child.

‘n=21.

dn=23.
|

maximum triglyceride value was 3085 £ 1211 mg/dL, and the
median triglyceride/total cholesterol ratio was 7 (quartile 1 = 6,
quartile 3 = 9). The average hemoglobin again was within nor-
mal range, 14 & 2 mg/dL.

DISCUSSION

Our method of screening triglyceride values >1000 mg/dL
was exceptionally effective in reducing the pool of potential
patients with FCS; only 0.11% of patients met that criterion.
Additional screening for pancreatitis further reduced the pool
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Figure 2. Possible familial chylomicronemia syndrome cases and the subset
that was clinically ruled out.

by 91%. Hence, the use of electronic screening methods based
solely on those two criteria eliminated 99.99% of the popula-
tion, enabling the adjudication panel to focus on 30 cases out
of the original 297,891. These 30 patients were predominantly
male and obese; many had insulin-dependent diabetes, and
nearly half had a cholecystectomy. Every patient was taking a
statin, fibrate, and/or omega-3. Triglycerides were elevated
with a mean >2500 mg/dL and a median triglyceride/total
cholesterol ratio >7. Twenty-four cases could not be ruled out
and would be advised for genetic confirmation, indicating that
this disease may have a prevalence as high as 1 in 12,413.
Excessively high triglycerides (>1000 mg/dL) typically
reveal the presence of abnormalities in the lipolysis pathway;
determining the etiology of these elevated triglycerides is chal-
lenging, however. FCS has a genetic basis resulting from a
loss-of-function mutation in genes involved in lipolysis. Five
main genes have been implicated in FCS, with over 100
mutations. The most common cause is a mutation of the
lipoprotein lipase (LPL) gene itself, present in over 80% of
genetically confirmed FCS cases.>® The frequency of carriers

of LPL deficiency is estimated to be around 1 in 500.>'°
Such mutations can cause a presentation of illness during
infancy. Less common mutations of the apolipoprotein C2
(APOC2) gene can cause presentation in childhood. Con-
versely, patients with glycosylphosphatidylinositol anchored
high-density lipoprotein binding protein 1, apolipoprotein
A5, and lipase maturation factor 1 mutations typically show
signs of chylomicronemia in late adulthood (Figure 3).”

Because the goal of this study was to identify a rare
disorder, the adjudication panel focused on ruling out
patients, which required clear evidence that pancreatitis or
high triglycerides was caused by a secondary factor (e.g.,
hypothyroidism, medications, alcohol abuse, uncontrolled
diabetes)."" Although diabetes has been used to rule out FCS
in some algorithms, recurrent pancreatitis may lead to endo-
crine/exocrine insufficiency, and impaired energy metabolism
related to LPL dysfunction may occur from FCS, which could
cause diabetes.'? For that reason, the diagnostic algorithm in
this study did not rule patients out based on diabetes. Stroes
et al introduced the triglyceride/total cholesterol ratio >5 as a
diagnostic aid, a threshold that approximately 75% of our
patients reached.” Because a variety of lipid disorders yield
high triglyceride values, ensuring apolipoprotein B < 120 mg/
dL is advised to eliminate the most common diagnosis, poly-
genic combined hyperlipidemia; however, only one of our cases
had an apolipoprotein B measure.’

Burnett and colleagues’ review of familial LPL deficiency
stated that 25% of children develop symptoms in the first year
of life, and the remaining typically present with symptoms
before age 10."°> Approximately 50% of patients presented
with xanthomas in Burnett and colleagues’ work, compared
with only approximately 4% of our sample. Controversially,
work in the 1970s reported reversible neuropsychiatric changes
associated with chylomicronemia; however, no publications in
subsequent years confirmed the finding.'* Males and females
are thought to be equally affected, with no predilection for a

Fatty Free Acids

@23

Figure 3. Mechanism of triglyceride breakdown into free fatty acids. Genes with abnormalities that may cause familial chylomicronemia syndrome are labeled with an
X. Apo C-2 indicates apolipoprotein C2; CM, chylomicron; GPIHBP1, glycosylphosphatidylinositol anchored high-density lipoprotein binding protein 1; LMF-1, lipase

maturation factor 1; LPL, lipoprotein lipase; VLDL, very low-density lipoprotein.
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particular race, although certain geographic regions (e.g., Que-
bec, Canada) exhibit a higher prevalence due to a founder
effect.'>'® In our study, 75% of cases of FCS were in men and
half were in Hispanics; this ethnic group is known to have a
higher rate of hypertriglyceridemia than others.

The median age at FCS diagnosis for 67 genetically con-
firmed patients in the APPROACH trial was 27 years, and
their mean body mass index was 25 £ 6 kg/m?, compared to
32.5 + 4.5 kg/m” for our FCS cases. Their median fasting tri-
glycerides of 2209 mg/dL £ 1199 was much lower than our
FCS sample’s mean of 3085 £ 1211 mg/dL. Eruptive xantho-
mas were present in 22% of APPROACH cases, with 73%
having a documented history of acute pancreatitis.'® Hence,
our patient profile was similar but with a lower rate of xantho-
mas and a higher rate of pancreatitis. A survey of 18 lipidolo-
gists from nine countries compiled characteristics and
outcomes of 251 FCS patients; the patient profile matched
closely with that of those enrolled in the APPROACH trial,
further establishing the validity of the FCS diagnosis."”

Fifteen (83%) of our patients with suspected FCS had
hepatic steatosis, which indicates mild elevation in liver trans-
aminase and would not be expected to progress to hepatic dys-
function.® Interestingly, 29% of our suspected FCS patients
had splenic vein thrombosis. It is unknown whether this is
common in the general FCS population or what the etiology
may be, although recurrent episodes of severe inflammatory
pancreatitis may be a contributing factor.

Published rates of acute pancreatitis in FCS are between 50%
and 80%.” In some studies, FCS patients have a 360-fold increase
in risk of pancreatitis compared to patients with normal triglycer-
ide levels."? For patients with reduced LPL function, pancreatitis
may be severe, with complications such as pseudocysts, necrosis,
and/or surgical resection, yielding mortality rates from 5% to
30%."2 In fact, a simulation model using a cohort of patients
with FCS with a mean age of 38 years and mean triglyceride level
of 2741 mg/dL yielded an estimated 10 episodes of acute pancre-
atitis in a lifetime, resulting in 81 inpatient days and a lifetime
cost of $154,126."® Mortality due to acute pancreatitis in this
simulation was estimated at 54%.

Almost all of our patients were on fibrate therapy (96%)
and/or taking a statin (79%), although lipid-lowering agents
such as fibrates and statins have shown limited benefit and the
mainstay of therapy remains a stringent fat-restricted diet (20—
25 glday), which is somewhat unrealistic.® Further, prospec-
tive observational studies of patients with autosomal recessive
LPL gene deficiency showed that a controlled diet alone is
inadequate in preventing pancreatitis.'' Alternative drugs
approved for homozygous familial hypercholesterolemia treat-
ment, including a microsomal triglyceride transfer protein
inhibitor (lomitapide) and an antisense RNA compound
(mipomersen), may be feasible for treating FCS.>'? Inhibition
of diacylglycerol O-acyltransferase 1, which mediates triglycer-
ide synthesis, has also been examined (pradigastat in trial). %’
Similarly, volanesorsen, an antisense RNA compound, is in a
phase 3 trial.>' ALN-ANG, an antisense oligonucleotide that
inhibits translation of angiopoietin-like protein 3 mRNA, has
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shown efficacy in lowering total cholesterol and triglycerides in
preclinical trials.”

This study has limitations inherent to a retrospective chart
review. The extent of omissions in patients’ charts cannot be fully
known. Similarly, though we were able to review current medica-
tions, it was not possible to examine medication use correspond-
ing to the time of a particular triglyceride date. Only one patient
had a recorded apolipoprotein B value. Additionally, information
regarding very low-density lipoprotein was available for only two
individuals, so we were unable to distinguish these suspected FCS
cases from type V hypetlipidemia. A potential limitation of the
proposed methodology is that the definition required a history of
pancreatitis, yet it is estimated that only 50% to 80% of patients
with FCS have pancreatitis. In this study, the criterion of pancrea-
titis instantly excluded 304 patients. Additionally, without infor-
mation regarding uncontrolled diabetes, it is unknown whether
some of the individuals with diabetes in this study should be ruled
out. Finally, these patients did not undergo genetic confirmation.

Because these chronically ill patients endure psychosocial
and medical burdens prior to receiving the proper diagnosis,
there is great need to identify FCS early, especially as the possi-
bility of novel pharmaceutical therapies continues to emerge.
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