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ABSTRACT

Background/Objective: Familial hypocalciuric hypercalcemia (FHH) is an uncommon cause of hypercal-
cemia; however, it is important to consider and rule out in patients with suspected primary hyper-
parathyroidism (PHPT), ideally, before proceeding with surgery. Herein, we present a patient where this
process identified a calcium-sensing receptor gene (CASR) sequence variant currently labeled as a variant
of unknown significance (VUS), yet the patient’s family pedigree suggests that it is in fact a pathogenic
CASR sequence variant.
Case Report: A 35-year-old woman was referred to the Endocrine Surgery clinic for evaluation of
“recurrent PHPT” and need for reoperative parathyroidectomy. Before referral, she was treated with
subtotal parathyroidectomy for the presumed diagnosis of PHPT-related symptomatic hypercalcemia.
Postoperatively, she had persistent symptoms. Upon referral, additional relevant information was elicited
that suspected FHH instead of PHPT, including a family history of hypercalcemia with CASR VUS in
multiple family members and hypocalciuria in the patient. She underwent genetic testing revealing a
missense CASR VUS in exon 3 ¢.392C>A (p.Ala110Asp), the same as in her mother. Medical management
instead of reoperation was advised for the diagnosis of FHH.
Discussion: To our knowledge, this CASR sequence variation has not been previously reported in the
literature. Reporting newly discovered sequence variations with the context of a family’s medical history
is important because it allows for the recognition of new pathogenic variants. This expands the registry
of already known sequence variations and their associated clinical pathology for future patients un-
dergoing genetic testing.
Conclusion: This CASR variant represents a novel pathogenic sequence variation causing FHH.

© 2022 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

homeostasis.:? There are 3 types of FHH categorized based on the
gene sequence variation. Type 1 FHH is the most common, ac-

Familial hypocalciuric hypercalcemia (FHH) is an uncommon
cause of hypercalcemia because of inactivating sequence varia-
tions in the CASR, GNA11, or AP2S1 genes, which control important
signaling pathways necessary for maintaining calcium

Abbreviations: CaSR, calcium-sensing receptor; CCCR, calcium creatinine clear-
ance ratio; FHH, familial hypocalciuric hypercalcemia; PHPT, primary hyperpara-
thyroidism; PTH, parathyroid hormone; RR, reference range; VUS, variant of
unknown significance.
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counting for >65% of cases, and is caused by sequence variation of
the CASR gene on chromosome 3, thus affecting the calcium-
sensing receptor (CaSR).>> Over 200 pathogenic CASR sequence
variations are currently known,">* and the vast majority are
missense sequence variations.” Type 2 and 3 FHHs are caused by
sequence variations of the GNA11 and AP2S1 genes, respectively,
both on chromosome 19, leading to dysfunction of the calcium
signaling pathway via the G-protein subunit a-11 and adaptor-
related protein complex 2, o-1 subunit."”> Autosomal dominant
inheritance is seen with near 100% penetrance.” The reported
prevalence of FHH is 1:10000 to 1:100000.* The prevalence is
probably underestimated because patients remain undiagnosed
given the generally asymptomatic disease course and diagnosis is

2376-0605/© 2022 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mira.milas@bannerhealth.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aace.2022.05.002&domain=pdf
www.sciencedirect.com/science/journal/23760605
http://www.aaceclinicalcasereports.com
https://doi.org/10.1016/j.aace.2022.05.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.aace.2022.05.002
https://doi.org/10.1016/j.aace.2022.05.002

P. Bletsis, R. Metzger, J.A. Nelson et al.

considered only after routine laboratory tests identify incidental
hypercalcemia.

There are several etiologies for hypercalcemia, with primary
hyperparathyroidism (PHPT) being the most common. During
workup for PHPT, FHH should be considered in the differential
diagnosis because their biochemical profiles overlap but are
managed quite differently. Unlike PHPT, parathyroidectomy is
ineffective for patients with FHH as persistent hypercalcemia is
noted postoperatively.>® It is estimated that 10% to 23% of all
“unsuccessful” parathyroidectomies are attributed to misdiagnosis
of PHPT in patients with FHH.*’ Herein, we present a patient who
underwent parathyroidectomy for suspected PHPT but was later
found to have a CASR variant of unknown significance (VUS) and
family history consistent with FHH. The goals of highlighting this
patient’s clinical case are twofold. One goal is to illustrate the nu-
ances of diagnostic scrutiny that can differentiate potential FHH
from PHPT because there is ongoing need to reiterate this process
for the benefit of clinicians of all specialties who encounter patients
with hypercalcemia. The second goal is to contribute relevant new
knowledge in this field. This family’s pedigree suggests that the
CASR variant in exon 3 ¢.392C>A (p.Ala110Asp) is a new pathogenic
CASR sequence variation. Important details related to this discovery
are reviewed here.

Case Report

A 35-year-old woman was referred to the Endocrine Surgery
clinic for evaluation of “recurrent PHPT.” Before our evaluation, she
had presented to a team of primary care physicians and endocri-
nologists with complaints of persistent fatigue; hypercalcemia was
detected on screening laboratory analysis (calcium, 11.4 mg/dL;
reference range [RR], 8.5-10.5 mg/dL). She was unaware of a per-
sonal history of hypercalcemia and denied other signs and symp-
toms associated with hypercalcemia (eg, cognitive dysfunction,
anxiety, depression, gastrointestinal complaints, nephrolithiasis,
pancreatitis, and low bone density or fractures). Her family history
was significant for hypercalcemia in multiple relatives, including
her mother, maternal uncle, and maternal aunt. Her mother un-
derwent parathyroidectomy over 20 years prior with persistent
postoperative hypercalcemia leading to genetic testing and iden-
tification of a CASR VUS. It is unclear whether the patient shared
this historical information with her initial team of physicians and
surgeons.

Further evaluation by her initial team included total serum
vitamin D 25(0OH) (40 ng/mL; RR, 30-85 ng/mL), intact para-
thyroid hormone (PTH, 31 pg/mL; RR, 10-65 pg/mL), and 24-hour
urine calcium (117 mg/day; RR, 50-300 mg/day). A dual-energy
x-ray absorptiometry scan of the lumbar spine, left total hip,
left femoral neck, and left wrist revealed z-scores
of —1.1, —0.5, —1.1, and —0.3 and bone mineral density values of
0.92, 0.88, 0.71, and 0.67 g/cm?, respectively. Neck ultrasound
identified a hypoechoic structure in the region of the left inferior
thyroid pole interpreted by radiologists as “possible parathyroid
adenoma versus lymph node.” A subsequent technetium 99™
sestamibi scan was nonlocalizing. Given the ultrasound findings
in the setting of her hypercalcemia, she was referred for surgical
evaluation for hypothesized PHPT. She underwent subtotal
parathyroidectomy by the surgical team at the original institu-
tion with excision of left inferior (76 mg), right superior (42 mg),
and right inferior (77 mg) parathyroid glands. The left superior
gland appeared normal and remained in situ. Intraoperative PTH
was reported to drop into the normal range, from 87 pg/mL
before incision to 34 pg/mL at 20 minutes after excision of the
glands. The pathology report described “enlarged parathyroids”
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Highlights

e Establish importance that familial hypocalciuric hyper-
calcemia (FHH) should always be on the differential
diagnosis of patients being evaluated for hypercalcemia

e |lllustrate and review the nuances of diagnostic scrutiny
that can differentiate potential FHH from primary
hyperparathyroidism
Educate clinicians that direct submissions of clinical in-
formation to the genetic testing companies for review and
published case reports regarding specific mutations are
important avenues to share knowledge that can change
our understanding of variants of unknown significance
and therefore clinical management in future patients with
the same mutation

Clinical Relevance

Our index patient had a CASR mutation variant of unknown
significance (VUS). We found the same mutation in her
mother as well as CASRVUS in her maternal uncle and aunt
which we suspect is the same mutation, concluding it is
pathogenic resulting in FHH. Publication is needed to
disseminate this new knowledge as it changes clinical/sur-
gical management for future patients with the same
mutation.

with weights of each specimen as included earlier. Post-
operatively, the patient’s fatigue did not improve, and 2 months
later, she was referred to our tertiary care center for further
evaluation because of concern for persistent PHPT and need for
reoperative parathyroidectomy.

At the time of our evaluation, physical examination was unre-
vealing and showed a healthy-appearing young woman with a
well-healed transverse cervical scar. No abnormal parathyroid
glands were evident on surgeon-performed point-of-care ultra-
sound in clinic. Repeat biochemical testing showed levels of serum
calcium, ionized calcium, and intact PTH of 10.2 mg/dL (RR, 8.5-10.5
mg/dL), 5.79 mg/dL (RR, 4.52-5.28 mg/dL), and 39 pg/mL (RR, 10-65
pg/mL), respectively, and, this time, undetectable 24-hour urine
calcium. Additionally, total vitamin D 25(OH), PTH-related protein,
phosphorus, magnesium, and serum protein electrophoresis were
all normal. Computed tomography of the abdomen and pelvis was
also obtained because she complained of intermittent abdominal
and flank pain after surgery. This detected punctate bilateral signals
(<2 mm) without hydronephrosis and was interpreted as non-
obstructing nephrolithiasis, which was unlikely to be the etiology
of her abdominal pain. Given her young age of presentation, sig-
nificant family history of hypercalcemia with a CASR VUS, and low
24-hour urine calcium, she was referred to genetic counseling and
underwent germline gene testing (Invitae Corporation) for 50
endocrine diseases and cancer susceptibility genes associated with
hypercalcemia (Common Hereditary Cancers Panel https://www.
invitae.com/en/physician/tests/01102/ and Hyperparathyroidism
Panel https://www.invitae.com/en/physician/tests/01303/).

The patient was found to have a heterozygous CASR VUS in exon
3 ¢.392C>A (p.Ala110Asp). Records were obtained from her
mother’s genetic testing originally performed several years prior
by Athena Diagnostics, which revealed the same CASR VUS in exon
3 ¢.392C>A (p.Ala110Asp). The maternal uncle and maternal aunt
had also been genetically tested before our patient’s presentation
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with both reporting CASR VUS; however, the report with the
testing laboratory and specific sequence variation could not be
obtained. Genetic testing was offered to all first- and second-
degree members of the family and any relative with hypercalce-
mia, including confirmatory tests for all afflicted family members
previously tested; however, none followed up for testing. Figure
provides the patient’s family pedigree. No further surgical inter-
vention was recommended to our patient because the authors
were concerned that she actually manifested a diagnosis of FHH
instead of PHPT. The patient complied with ongoing follow-up via
the endocrinology team at our tertiary center. Biochemical evalu-
ation 8 months after her parathyroidectomy showed the same
pattern of laboratory results as she had prior to para-
thyroidectomy: serum calcium level mildly elevated at 10.6 mg/dL
(RR, 8.5-10.5 mg/dL) and midnormal range of intact PTH at 32 pg/
mL (RR, 10-65 pg/mL).

Discussion

This case report focuses on a 35-year-old young woman with
clinical findings that required thoughtful discrimination between
FHH and PHPT, including unusual phenotypes of PHPT.2 When FHH
was first described in 1966 by Jackson et al, ° the cause was un-
known, and diagnosis was challenging.' Recognition of FHH
occurred after failure of subtotal parathyroidectomy in patients
found to have hypercalcemia without hypercalciuria, normal PTH,
and multiple family members with hypercalcemia.® The discovery
of CASR in 1993'° and that inactivating sequence variations in CASR
result in FHH by Pollak et al'' now allows genetic confirmation of
FHH diagnosis.

The most recent published consensus guidelines recommend
preoperative 24-hour urine calcium to calculate the calcium
creatinine clearance ratio (CCCR) as the first step in the algorithms
differentiating FHH from PHPT and who should be genetically
tested.'? There is wide acceptance within the literature that a CCCR
of <0.01 portends a high risk of FHH, whereas that of >0.02 is

| CASR VUS
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generally indicative of PHPT.'>"!> CCCR in this algorithm is used as
a screening tool to help select which patients should be referred
for genetic testing. Genetic testing is recommended to confirm the
diagnosis of FHH when a CCCR is <0.01 and rule out FHH when the
CCCR is equivocal (0.01-0.02).'>'* Several studies have questioned
these cutoffs given the degree of biochemical overlap between the
2 entities because there are patients with FHH who have a CCCR of
>0.02 and patients with PHPT who have a CCCR of <0.01.>"°
Because of this, some groups have transitioned to use CCCR very
selectively or essentially abandoned it altogether as a primary
screening tool.'®!” A statistical predictive model “pro-FHH” has
been developed for patients with hypercalcemia with normal PTH
but has yet to be validated in a larger, heterogeneous population.'
This may become particularly useful in situations where clinicians
are attempting to distinguish between FHH and atypical, rare
variants of PHPT that have been described, such as normo-
hormonal PHPT.2'® Genetic testing should also be considered in
patients, even with suspected PHPT, if they are young, have mul-
tigland disease (>2) or parathyroid carcinoma, have relatives with
hypercalcemia, or demonstrate any clinical manifestations of
syndromic/familial hyperparathyroidism.> Genes that should be
tested for include MEN1, CASR, AP2S1, GNA11, HRPT2, CDKN, RET,
and PTH."? Any of these etiologies could have been relevant to our
patient; the CASR variant happened to be the abnormality that was
detected.

Clinicians should also be cognizant that FHH can have atypical
presentations that further obscure the correct diagnosis. While it
was long thought that FHH was a “benign” or asymptomatic con-
dition characterized by mild hypercalcemia, there have been case
reports of severe and symptomatic hypercalcemia (even requiring
parathyroidectomy), FHH with concurrent parathyroid adenoma
causing PHPT, and FHH associated with pancreatitis or neph-
rolithiasis.">!%?022 These cases serve as reminders that the col-
lective understanding of parathyroid disease is incomplete and to
challenge the paradigm that FHH and PHPT always follow distinct
patterns.
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Fig. Patient family pedigree. CASR = calcium-sensing receptor gene; VUS = variant of unknown significance.
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This specific case report illustrates several key points in the
workup of patients referred for surgical management of PHPT,
particularly in reoperative situations after “unsuccessful para-
thyroidectomy.” It is important to escape the temptation to remain
committed to the referred diagnosis of the patient and start the
assessment anew to confirm the diagnosis.”> This may require
repeat biochemical evaluation over longer periods of time.
Convincing biochemical diagnosis must be the solid ground on
which the next decision-making step occurs. The American Asso-
ciation of Endocrine Surgeons released evidence-based recom-
mendations in 2016 to assist clinicians with the optimal treatment
of patients with PHPT and discuss the indications for para-
thyroidectomy.* This is relevant both at initial and in reoperative
situations. Even when discrete and noncontroversial indications,
such as age of <50 years, osteoporosis, or nephrolithiasis, exist,
these do not supersede the need to question whether clear diag-
nosis has been assured.

Situations where discordant or unexpected results are
encountered should serve as an opportunity to pause and recon-
sider the diagnosis before proceeding. As exemplified in this case
report, several aspects of the workup made us question the
diagnosis of PHPT and ultimately recommend genetic testing. The
patient had multiple suspicious factors for FHH, including her
young age of presentation, strong family history of hypercalcemia
(including known CASR VUS), discordant 24-hour urine calcium
results, assessment of “multigland disease” at initial surgery, and
atypical biochemical pattern with normal serum calcium, mildly
elevated ionized calcium, and normal PTH levels. While she did
have a normal serum calcium and PTH 6 weeks after surgery,
repeat laboratory tests 8 months later demonstrated mild hyper-
calcemia with a normal PTH level—which is consistent with FHH.
We posit that the transient normal calcium shortly after surgery
was likely related to the fact she had a subtotal para-
thyroidectomy. Extrapolating the data of parathyroidectomy in
infants with neonatal severe hyperparathyroidism, which is a
severe form of FHH only seen in newborn infants, the treatment
after failure of medical management is parathyroidectomy.?>?%
Parathyroidectomy will never “cure” these infants who have
CASR sequence variations; however, it will temporarily shift their
calcium levels closer to the normal range. This is not a permanent
phenomenon and often they require repeated future para-
thyroidectomy operations to maintain the status quo and prevent
symptomatic hypercalcemia.?>?®

A family history of hypercalcemia, regardless of a confirmed
FHH diagnosis, has historically been and continues to be among the
strongest predictors of underlying genetic or hereditary disorders.
A patient’s young age at presentation is more typical of FHH
because hypercalcemia is likely to be discovered in childhood or
early adulthood. MENT1 is also a strong consideration, and either
case requires genetic testing. In contrast, PHPT most often develops
in late adulthood and in postmenopausal women.” Unfortunately,
the patient could not provide us with records of prior calcium levels
to confirm long-standing hypercalcemia, which would have pro-
vided even stronger evidence to suggest FHH prior to genetic
testing. Although unusual, low bone density, nephrolithiasis, and
pancreatitis can occur with FHH, and it is unclear whether the
relationship is causal or coincidental.”> The pathology findings
were not convincing of true multigland hyperplasia: 1 normal
parathyroid was observed, 1 “abnormal” gland had a normal weight
of <60 mg, and the remaining 2 “abnormal” glands weighed <80
mg, which were only marginally enlarged.?’ Referral for genetic
testing early in the time course of the clinical evaluation can be
tremendously helpful. Certainly, such referral prior to a first para-
thyroid surgery can avoid unnecessary procedures in the patient or
their family members.
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This patient’s overall clinical picture, complemented by her
family’s pedigree, is most consistent with FHH and with the
recognition that the CASR variant harbored in family members
should be newly viewed as pathogenic. In the outreach to genetic
counselors and genetic testing companies that accompanied her
management after referral to our center, new knowledge was
gained about the nuances of interpreting CASR sequence variation
results. Specifically, this patient stimulated greater appreciation of
the process of determining which sequence variations are benign,
pathogenic, or VUS. The latter designation is often confusing to
clinicians who may wonder what more exactly needs to be known
for VUS to be reclassified from unknown significance to pathogenic
or potentially pathogenic. The Invitae Corporation outlines their
particular classification system (https://www.invitae.com/static/
data/WhitePaper_Variant-Classification-Method.pdf) that adheres
to recommendations from the American College of Medical Ge-
netics and Genomics.?®?° Each genetic testing company publishes
their unique adaptation of the American College of Medical Ge-
netics and Genomics recommendations, and physicians can inquire
about the details related to a specific patient or sequence variation
directly with the company.

In this patient’s case, Invitae shared that the CASR VUS in exon 3
c.392C>A (p.Ala110Asp) achieved 1.5 of 5 points needed to be
reclassified as a pathogenic sequence variation (4 points for likely
pathogenic), based on the Sherloc 5-tier classification system.?8-3°
One point was awarded because CASR c.392C>A is a sequence
variation absent from the general population. One-half point was
awarded because Invitae proprietary algorithms predict that the
area of the CaSR protein affected by this sequence variation is likely
disruptive to function. Furthermore, the scientific advisory boards
of each genetic testing company, including Invitae, can reclassify a
sequence variation if clinical information can be provided directly
from treating physicians and genetic counselors. Case reports in
peer-reviewed published literature can also contribute to this
process because they are queried periodically for new knowledge
about sequence variations not submitted directly to companies. The
collective effort of the medical community to share relevant clinical
information about patients with FHH and CASR sequence variations
has the potential to inform reclassification decisions and, thus,
future patient care. Movement from the status of FHH diagnostic
ambiguity to greater clarity and understanding is profoundly
valuable to both patients, who seek closure on their health condi-
tion, and clinicians, who seek to advise the best course of
treatment.

In summary, beyond emphasizing salient features of FHH and
diagnostic challenges in line with what has previously been pub-
lished, this case provides evidence of a novel missense sequence
variation of the CASR causing FHH. Reporting newly discovered
sequence variations with the context of a family’s medical history is
important because it allows recognition and wider awareness of
new pathologic CASR variants. This expands the registry of already
known sequence variations and their associated clinical pathology.
Genetic testing is more accessible and cost-effective now than ever
before in contemporary approaches to personalized medicine. Ge-
netic testing for CASR sequence variations should be embraced as a
routine and complementary tool for clinical diagnosis of FHH,
especially in nonclassical clinical presentations and as early as
possible in the appropriate course of workup. Knowledge from such
dedicated genetic evaluation potentially changes both medical and
surgical managements.
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