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Abstract: Hypercalcitoninaemia has been described in patients with pseudohypoparathyroidism
(PHP) type 1A and 1B. Elevated calcitonin levels are thought to result from impaired Gsα receptor
signaling, leading to multiple hormone resistance. Evidence on the risk of medullary thyroid
carcinoma (MTC) or C-cell hyperplasia in PHP patients with hypercalcitoninaemia is lacking. A
43-year-old Caucasian man was referred to our endocrinology clinic for chronic hypocalcemia
associated with elevated serum parathormone levels and a single cystic thyroid nodule. The patient
did not show skeletal deformities, and screening for concomitant hormone resistances was negative,
except for the presence of elevated serum calcitonin levels. The workup led to a molecular diagnosis
of sporadic PHP1B. Fine needle aspiration of the thyroid nodule was not diagnostic. The calcium
stimulation test yielded an abnormal calcitonin response. Given the scarcity of data on the risk of
thyroid malignancy in PHP and calcium stimulation test results, total thyroidectomy was performed.
Histological examination revealed cystic papillary thyroid cancer in a background of diffuse C-
cell hyperplasia. To our knowledge, we are the first to describe a rare form of thyroid cancer
combined with C-cell hyperplasia in a patient with PHP and hypercalcitoninaemia. In the present
case, a mere receptor resistance might not fully explain the elevated calcitonin levels, suggesting
that hypercalcitoninaemia should be carefully evaluated in PHP patients, especially in the case of
concomitant thyroid nodules. Further studies on larger cohorts are needed to elucidate this topic.

Keywords: pseudohypoparathyroidism; hypercalcitoninaemia; C-cell hyperplasia; papillary thyroid
cancer; calcitonin
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1. Introduction

Pseudohypoparathyroidism (PHP) is a group of rare endocrine disorders of calcium
metabolism characterized by renal resistance to the parathyroid hormone (PTH) due to
impaired intracytoplasmic receptor signaling caused by de novo or autosomal dominant
(epi)genetic mutations of GNAS locus. Five variants of PHP have currently been de-
scribed: type 1A, 1B, 1C, 2, and pseudo-PHP (PPHP). PHP-1A is the most common variant,
accounting for 70% of total cases reported. The genotype differences in PHP variants
reflect a heterogeneity of phenotypes that generally share the biochemical features of hy-
poparathyroidism, namely hypocalcemia and hyperphosphatemia, but with an unexpected
elevation of serum PTH. Another common feature of PHP (especially concerning PHP-1A
and 1C) is the presence of concomitant hormone resistances involving thyroid stimulating
hormone (TSH), gonadotropins, calcitonin, and growth hormone (GH) release peptide
(GHRH). Moreover, PHP can manifest with a spectrum of several anomalies (short stature
with stocky habitus, round face, brachydactyly, ectopic subcutaneous ossifications, den-
tal anomalies, and intellectual disability) known as Albright Hereditary Osteodystrophy
(AHO) [1,2], especially in PHP1A, PHP1C, and PPHP variants [3]. Conversely, PHP-1B pa-
tients generally show PTH resistance and, in 60–70% of cases, TSH resistance without AHO
features and other hormone-signaling disorders. In contrast to other variants, pseudo-PHP
is not associated with resistance to PTH or other hormonal resistances despite displaying
evident AHO features.

The complex GNAS gene on chromosome 20q13.3 encodes for several products, in-
cluding the stimulatory guanine (Gsα) that links the membrane G-protein coupled receptor
(GPCR) to the intracytoplasmic cAMP/PKA pathway, mediating the cellular effects of
different hormones including PTH, TSH, gonadotropins, calcitonin, and GHRH. GNAS is
an imprinted locus and maternal imprinting is prevalent in renal proximal tube, thyroid
gland, pituitary, and ovarian cells. Therefore, the phenotypical result of GNAS mutations
is strictly dependent on its parental origin. In brief, while PHP1A is generally caused by
inherited or de novo (with similar incidences) inactivating mutations of the maternal allele
of GNAS, PHP1B is characterized by defects in DNA methylation that can be maternally
inherited (AD-PHP1B, 10–20%) [4] or sporadic. On the other hand, when GNAS mutations
occur in the paternal allele, they generally cause PPHP. Regarding PHP1C, mutations in
the GNAS locus have been rarely described [5] and its exact etiology remains unknown. A
deeper walkthrough on the molecular background of PHP was discussed in several other
articles [6–8].

Hypercalcitoninaemia can be observed in PHP patients [9–12], with or without other
hormone resistances, and a positive response to pentagastrin and calcium stimulation
tests [9,12,13] has been reported. The exact cause and consequences of elevated serum calci-
tonin levels in patients with PHP have not been elucidated yet, albeit a hormone resistance
mechanism resulting from impaired Gsα receptor signaling has been speculated [14]. The
scenario becomes even more complicated when one or multiple thyroid nodules are found
in the clinical context of PHP and hypercalcitoninaemia.

Within the vast series of thyroid nodules, malignancy represents only 5% of all cases.
The real diagnostic challenge is to identify malignant nodules among the more prevalent be-
nign nodular conditions. Papillary thyroid carcinoma (PTC) is the most common histology
of thyroid cancer, accounting for approximately 85–90% of thyroid cancers. Typically, PTC
presents as a solid nodule on ultrasound imaging [15]. Conversely, cystic nodules represent
a less common presentation of PTC, occurring in fewer than 10% of cases. Although the
finding of cystic thyroid formation may be related to a risk of malignancy of less than 5%,
the malignant potential of these nodules should never be overlooked. The diagnosis of
PTC is primarily based on the typical cytological and histological features, but in some
cases of histologic uncertainty, immunohistochemical stains, such as HBME-1, may be used
to help classify unusual presentations of PTC [16]. To the best of our knowledge, no cases
of PTC in patients with PHP have been described in the literature so far.
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Based on these initial reflections, we present a case of concomitant hypercalcitoni-
naemia and solitary cystic thyroid nodule in a patient diagnosed with PHP1B, aiming to
further increase the existing yet limited evidence on this rare genetic disease.

2. Case Presentation

A 43-year-old Caucasian man presented at our endocrinology clinic for follow-up of
a solitary thyroid nodule. The patient’s laboratory records revealed a history of chronic
hypocalcemia (with mean serum calcium levels of 6.5 mg/dL = 1.63 mmol/L) and hy-
perphosphatemia, which were observed since the age of 30 years but were neither in-
vestigated nor treated thereafter. The patient presented with good clinical conditions,
alert and collaborating. Physical examination did not show skeletal abnormalities. The
patient reported headache, nocturnal cramps, and occasional paraesthesias; however,
no signs of tetany were described. The biochemical analyses performed at our labora-
tory confirmed low serum calcium (6.5 mg/dL = 1.63 mmol/L) and high phosphorus
(5.6 mg/dL = 1.81 mmol/L) levels. Surprisingly, serum PTH levels were high (220 pg/mL,
3.8 × ULN). The patient showed suboptimal levels of vitamin D (25OHD 26 ng/mL), and
24 h urine analysis showed low calcium excretion (10 mg/24 h) along with normal urinary
levels of phosphates, sodium, magnesium, and potassium. In Table 1, all the laboratory
assessments performed by the patient are summarized. Creatinine levels were within a
normal range (0.81 mg/dL) and celiac disease tests resulted negative. Bone densitometry
performed via Dual X-Ray Absorbimetry (DXA) showed good levels of areal bone mineral
density (aBMD) of femur neck (0.921 g/cm2, Z −0.5), total hip (0.925 g/cm2, Z −0.9), and
lumbar spine (1.185 g/cm2, Z −0.4). A computerized tomography (CT) scan of the head
showed diffuse and bilateral calcifications of basal ganglia (dorsal thalami, globus pallidus,
and putamen), dentate nuclei, and subcortical white matter of frontal and parietal lobes
(Fahr syndrome; Figure 1) [17]. The combination of these clinical and biochemical findings
was suggestive for the diagnosis of PHP. Therefore, a molecular analysis to search for GNAS
locus mutations was performed. The first line NGS test presented negative results. How-
ever, the methylation analysis to assess epigenetic defects revealed the presence of multiple
alterations in the methylation pattern of the GNAS locus and the absence of deletions in
the imprinting control region located within the STX16 gene. Although the presence of
an inherited cause could not be definitively excluded, these molecular findings led to the
diagnosis of sporadic PHP type 1B.

Table 1. Results of the calcium gluconate stimulation test.

T0 T1 (1′) T2 (2′) T3 (3′) T4 (5′) T5 (10′) T6 (15′)

Calcitonin
(pg/mL) 34.1 651 537 503 392 248 186

Treatment with calcitriol and calcium carbonate was introduced and progressively
adjusted based on calcium and phosphorus serum levels up to a stable daily dose of 0.5 µg
and 500 mg, respectively. Following the adjustment of calcium (8.4 mg/dL = 2.1 mmol/L)
and phosphorus (4.0 mg/dL = 1.3 mmol/L) levels, serum PTH levels continued to be ele-
vated (302 pg/mL, 3.6 times the upper limit of normal). Mineral metabolism abnormalities
were searched in the patient’s family (parents and three siblings), and their calcium, phos-
phorus, and PTH serum levels were found to be within the normal range, supporting the
diagnosis of sporadic PHP1B. The patient did not show any AHO features, and TSH, thy-
roid hormones, gonadotropins, testosterone, GH, and Insulin-like Growth Factor 1 (IGF-1)
serum levels were normal, excluding the presence of other hormonal resistances. Given the
radiological finding of Fahr Syndrome and the presence of chronic headaches, the patient
was referred to a neurology specialist who prescribed amitriptyline therapy. Although
thyroid function was found to be normal, calcitonin levels were above the normal range
(40.9 ng/mL, 5.2 times the upper limit of normal). The thyroid ultrasound showed a solitary
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anechoic nodule of 3.8 × 2.2 cm with a solid portion with inhomogeneous echogenicity
that was already noticed in previous scans. Doppler ultrasound showed a peripheral and
internal vascularity of the nodule. Thyroid parenchyma was characterized by an inhomo-
geneous signal due to the presence of bilateral hyperechoic striae. No parathyroid glands
were detected. Consequently, an ultrasound-guided fine needle aspiration biopsy cytology
(FNAB-C) on the nodule was performed. The cytological evaluation showed smears con-
sisting of abundant small colloids mixed with red blood cells and occasional macrophages.
Notably, no thyrocytes were observed, shaping the features of a non-diagnostic/cystic
result (TIR1C) according to the Italian Reporting System for thyroid cytology [18]. In the
workup of suspect medullary thyroid carcinoma (MTC), cytological characteristics can
exhibit significant variability, limiting their utility in guiding the preoperative assessment
of the patient [19]. To increase sensibility, a calcitonin measurement in fine-needle aspirate
washout fluid was performed, obtaining a concentration of 13.8 pg/mL, a value below the
internal laboratory cut-off of 20 pg/mL based on other evidence in the literature [20–22].
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Given the peculiar clinical picture, characterized by an ambiguous finding of hyper-
calcitoninaemia in the context of a thyroid nodule without a certain diagnosis of benignity
and the greater sensitivity and specificity of the measurement of serum calcitonin in the
suspicion of a C-cell pathology [23], we decided to perform a calcium stimulation test:
10% calcium gluconate at a dosage of 25 mg/Kg b.w. was administered intravenously at
10 mL/min with serial blood sampling before and, subsequently, after 1, 2, 3, 5, 10, and
15 min following the infusion. The test revealed a baseline calcitonin level of 34.1 pg/mL
and a post-infusion maximum calcitonin peak of 651 pg/mL. In agreement with previously
reported evidence [24,25], the test was considered positive (Table 1).

Given the results of the calcium gluconate test and the presence of a large cystic nodule
extending from the right lobe to the isthmic-paraisthmic location, in agreement with the
patient, total thyroidectomy was carried out. The histological examination showed diffuse
parafollicular/C-cell hyperplasia (calcitonin+, synaptophysin+, and chromogranin−). Sur-
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prisingly, the cystic nodule examination revealed a diagnosis of cystic papillary thyroid
carcinoma without lymph node invasion (pT2pN0, R0; 0/15 lymph nodes). This diagnosis
was based on the observation of papillary hyperplasia and aspects of incipient neoplas-
tic transformation due to the presence of focal cells with an immunophenotypic profile
HMBE-1+, galectin-3−, and CD56−, especially in the context of the epithelial lining of
the cyst. No histological evidence of thyroiditis was detected in the rest of the thyroid
parenchyma (Figure 2). One left parathyroid gland was surgically removed, revealing no
evidence of hyperplasia.
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Figure 2. Histological examination of total thyroidectomy showing diffused C-cell hyperplasia
and cystic papillary thyroid tumor. (A) Hematoxylin and eosin section showing C-cell hyperplasia
2×; (B) immunohistochemical staining with anti-calcitonin antibody 4×; (C) hematoxylin and eosin
sections showing cystic papillary carcinoma 4×; (D) immunohistochemical staining with anti-HMBE1
antibody 4×.

After a multidisciplinary meeting, a surveillance strategy was chosen, and standard
levothyroxine suppressive therapy was started. Following surgery, serum PTH decreased
to undetectable levels at 1 week, 6 weeks, and 6 months after surgery, and calcium levels
experienced a significant drop (9.7 to 7.0 mg/dL), prompting adjustments in medical
therapy until stability was achieved. The final regimen comprised twice the pre-surgery
dose, with 1000 mg/day of calcium carbonate and 1 µg/day of calcitriol. Table 2 provides
a comprehensive overview of the performed follow-up biochemical tests. Post-operative
ultrasound scans showed the results of total thyroidectomy with medialization of the great
vessels. In the thyroid lodges, there was a non-homogeneous area of 0.5 cm, attributable
to the results of post-surgical remodeling. The study of the neck lymph nodes showed
only a few lymph node stations with normal appearance (Figure 3). Therefore, a clinical,
laboratory, and instrumental follow-up was set up every six months, at least for the first
year. A follow-up CT scan was also scheduled to assess the radiological evolution of Fahr
Syndrome following surgery and the subsequent drop in PTH levels.
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Table 2. Patient’s biochemical assessment before and after total thyroidectomy.

Normal
Laboratory

Range

At the Time of
Diagnosis
(Naive to
Therapy)

Before Surgery
(after Medical

Therapy)

6 Days after
Surgery

6 Weeks after
Surgery

6 Months
after Surgery

PTH, pg/mL 4–58.1 220 86.8 <4 <4 <4

Calcitonin, pg/mL <10 34 33.1 - 1.6 <2

Calcium, mg/dL 8.4–10.2 6.5 9.7 7.0 8.2 8.5

Phosphorus, mg/dL 2.5–4.5 5.6 3.6 4.6 4.1 4.5

Vitamin D, ng/mL >30 26 32.6 - - 30.0

Creatinine, mg/dL 0.7–1.3 0.9 1.0 - 0.9 1.0

TSH, µUI/mL 0.35–4.94 1.4 2.64 - 7.08 0.12

fT4, ng/dL 0.7–1.48 0.78 - - 0.82 1.15

Thyroglobulin,
ng/mL 3.68–64.15 <0.1

Thyroglobulin
Antibodies, UI/mL <5 3

LH, mUI/mL 1.8–8.2 2.1 - - - -

FSH, mUI/mL 1.4–9.8 2.5 - - - -

Testosterone, ng/mL 3.0–8.1 6.52 - - - -

ACTH, pg/mL 3–41 26 - - - -

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 6 of 14 
 

 

dose, with 1000 mg/day of calcium carbonate and 1 µg/day of calcitriol. Table 2 provides 
a comprehensive overview of the performed follow-up biochemical tests. Post-operative 
ultrasound scans showed the results of total thyroidectomy with medialization of the 
great vessels. In the thyroid lodges, there was a non-homogeneous area of 0.5 cm, 
attributable to the results of post-surgical remodeling. The study of the neck lymph nodes 
showed only a few lymph node stations with normal appearance (Figure 3). Therefore, a 
clinical, laboratory, and instrumental follow-up was set up every six months, at least for 
the first year. A follow-up CT scan was also scheduled to assess the radiological evolution 
of Fahr Syndrome following surgery and the subsequent drop in PTH levels. 

Table 2. Patient’s biochemical assessment before and after total thyroidectomy. 

 
Normal 

Laboratory 
Range 

At the Time of 
Diagnosis (Naive 

to Therapy) 

Before Surgery 
(after Medical 

Therapy) 

6 Days after 
Surgery 

6 Weeks after 
Surgery 

6 Months 
after Surgery 

PTH, pg/mL 4–58.1 220  86.8 <4 <4 <4  
Calcitonin, pg/mL <10 34  33.1  - 1.6 <2  
Calcium, mg/dL 8.4–10.2 6.5 9.7 7.0 8.2 8.5 

Phosphorus, mg/dL 2.5–4.5 5.6 3.6 4.6 4.1 4.5 
Vitamin D, ng/mL >30 26 32.6 - - 30.0 
Creatinine, mg/dL 0.7–1.3 0.9 1.0 - 0.9 1.0 

TSH, µUI/mL 0.35–4.94 1.4 2.64 - 7.08 0.12 
fT4, ng/dL 0.7–1.48 0.78 - - 0.82 1.15 

Thyroglobulin, ng/mL 3.68–64.15     <0.1 
Thyroglobulin 

Antibodies, UI/mL 
<5     3 

LH, mUI/mL 1.8–8.2 2.1 - - - - 
FSH, mUI/mL 1.4–9.8 2.5 - - - - 

Testosterone, ng/mL 3.0–8.1 6.52 - - - - 
ACTH, pg/mL 3–41 26 - - - - 

       
       

  

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 7 of 14 
 

 

  
(a) (b) 

Figure 3. Ultrasound examination of the anterior neck region before (a) (with focus on the thyroid 
nodule) and after (b) thyroidectomy (with the “+” symbols delineating the size of the 
inhomogeneous area in left thyroid lodge attributable to post-surgical remodeling outcomes). 

3. Discussion 
To the best of our knowledge, we are the first research group to describe a case of 

concomitant cystic papillary thyroid cancer and C-cell hyperplasia in a patient with PHP 
type 1B and hypercalcitoninaemia. The convergence of these multiple rare conditions in 
the same patient renders this case particularly intricate in terms of its clinical 
management.  

Hypercalcitoninaemia is known to predict with high sensitivity but low specificity a 
diagnosis of MTC [26]. However, the elevation of calcitonin levels and increased response 
to stimulation tests were also described in several other conditions, including 
Hashimoto’s thyroiditis, neuroendocrine neoplasms, papillary thyroid cancer, and cases 
of concomitant medications such as proton pump inhibitors [27,28]. In order to identify 
other cases of hypercalcitoninaemia, thyroid cancer, or thyroidectomy in the context of 
PHP, we performed an extensive search from PubMed and other sources of the literature, 
using several keywords associated with “pseudohypoparathyroidism” in our algorithm. 
Namely, the list of used terms included “hypercalcitoninemia”, “calcitonin”, “thyroid 
malignancy”, and “thyroidectomy”. Records were excluded if published in a language 
other than English if the full text was not accessible, and if it did not include reports of 
hypercalcitoninaemia in a PHP context. A total of 116 articles were identified, and 17 were 
finally selected. Details on the results of our search are available in a PRISMA flowchart 
(Figure 4).  

Figure 3. Ultrasound examination of the anterior neck region before (a) (with focus on the thyroid
nodule) and after (b) thyroidectomy (with the “+” symbols delineating the size of the inhomogeneous
area in left thyroid lodge attributable to post-surgical remodeling outcomes).
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3. Discussion

To the best of our knowledge, we are the first research group to describe a case of
concomitant cystic papillary thyroid cancer and C-cell hyperplasia in a patient with PHP
type 1B and hypercalcitoninaemia. The convergence of these multiple rare conditions in
the same patient renders this case particularly intricate in terms of its clinical management.

Hypercalcitoninaemia is known to predict with high sensitivity but low specificity a
diagnosis of MTC [26]. However, the elevation of calcitonin levels and increased response
to stimulation tests were also described in several other conditions, including Hashimoto’s
thyroiditis, neuroendocrine neoplasms, papillary thyroid cancer, and cases of concomitant
medications such as proton pump inhibitors [27,28]. In order to identify other cases
of hypercalcitoninaemia, thyroid cancer, or thyroidectomy in the context of PHP, we
performed an extensive search from PubMed and other sources of the literature, using
several keywords associated with “pseudohypoparathyroidism” in our algorithm. Namely,
the list of used terms included “hypercalcitoninemia”, “calcitonin”, “thyroid malignancy”,
and “thyroidectomy”. Records were excluded if published in a language other than English
if the full text was not accessible, and if it did not include reports of hypercalcitoninaemia
in a PHP context. A total of 116 articles were identified, and 17 were finally selected. Details
on the results of our search are available in a PRISMA flowchart (Figure 4).
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Our search revealed that, in the context of PHP, several instances of hypercalciton-
inaemia with abnormal responses to stimulation tests have been documented [27–30].
However, it must be noted that the existing literature is mostly derived from dated sources,
with limited relevant articles published after 2010 [13,31–33]. Moreover, many of the exist-
ing works did not provide a certain molecular diagnosis of PHP, thereby diminishing the
reliability of these findings.

Nevertheless, the first instances of hypercalcitoninaemia in PHP patients were initially
observed in the 1960s, and various explanations for this phenomenon have been proposed
over the last few decades. In 1966, Aliapolious et al. first explored the role of calcitonin in a
PHP patient, showing a marked elevation of the hormone concentration within the thyroid
gland [34]. These results were followed and confirmed by Lee et al., who described three
cases of familial PHP comprising a 28-year-old woman who underwent bilateral subtotal
thyroidectomy, and the subsequent analysis revealed the presence of areas with “increased
numbers of parafollicular cells” that may resemble a C-cell hyperplasia [35]. Since then,
speculations have been made on a possible etiological role of increased calcitonin secretion
and accumulation within the thyroid gland on the development of PHP. Conversely, other
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authors addressed these findings to the longstanding hypocalcemic state that is observed
in PHP.

Prompted by the “etiological” hypothesis, in 1968, Suh et al. reported the case of an
11-year-old girl with PHP who was treated with total thyroidectomy. Following surgery,
no improvement in hypocalcemia was observed, refuting the possibility of calcitonin’s
pivotal role in PHP etiology and on its disease course [36]. Later, in 1973, Deftos et al.
investigated calcitonin secretion in patients with hypocalcemic states, including 9 PHP,
who were evaluated at baseline and after stimulation tests with pentagastrin or calcium
infusion. This study confirmed the higher increase in stimulated calcitonin in PHP patients
amongst the four disease groups studied [37]. Given the altered response to calcium
stimulation, the authors hypothesized that chronic hypocalcemia may lead to calcitonin
accumulation within the thyroid gland and that the hypercalcemic state following calcium
infusion stimulation might promote the excessive secretion of accumulated calcitonin. In
the same year, Birkenhäger et al. reported the case of a 14-year-old girl with PHP whose
baseline calcitonin levels were within the normal range with a significant, but not excessive,
response after calcium infusion [38]. Almost a decade later, Wägar et al. described a 33 years
old PHP patient with PHP type 1 associated with hypercalcitoninaemia and prolactin and
growth hormone deficiency. The patient underwent a pentagastrin stimulation test and a
striking high response in calcitonin levels was observed. Subsequently, a thyroid biopsy
showed normal thyroid tissue and no malignancies [10].

In 1984, Fujii et al. first speculated that hypercalcitoninaemia in PHP may be ad-
dressed to peripheral resistance [12]. Ever since, the resistance hypothesis has grown in
importance [11] and is currently endorsed by most of the scientific community [13,14].

The reports of hypercalcitoninaemia mainly involved PHP1A patients with other
hormonal resistances. In 2001, Vlaeminck-Guillem and colleagues [9] detailed the character-
istics of six individuals diagnosed with PHP1A who exhibited elevated levels of both basal
and pentagastrin and calcium-stimulated calcitonin. Notably, their study also incorporated
a control group that included a PHP1B patient who presented with a normal calcitonin
level. The authors ultimately concluded that hypercalcitoninaemia could be considered
specific to PHP1A. However, one case of hypercalcitoninaemia in PHP1B was described
in 2019 [13], and unpublished but significant observations about several other cases were
reported in the 2018 International Consensus Statement on PHP [14].

Amongst the most recently published case reports, Brancatella et al. [33] described a
PHP patient with marked AHO features, Fahr syndrome, and hypocalcemia who presented
with slightly elevated calcitonin levels despite adequate calcium therapy.

In 2019, Yavropolou et al. documented the cases of two patients, one with PHP1A and
the other one with PHP1B, both presenting with hypercalcitoninaemia [13]. The PHP1A
patient also had a concurrent multinodular goiter with a negative FNAB-C result on the
larger nodule but a pathological increase in calcitonin levels following the pentagastrin
infusion test. Consequently, and in agreement with the patient, a total thyroidectomy
was performed. However, the report lacked details on the histological examination, only
mentioning the absence of thyroid malignancy. In contrast, the PHP1B patient had a normal
thyroid gland without evidence of thyroid nodules and did not undergo surgery.

In 2018, Underbjerg et al. evaluated 62 patients with non-surgical hypoparathyroidism
and 31 with PHP, reporting higher calcitonin levels in the latter group [32]. This study
provided one of the largest assessments of calcitonin levels in PHP, strongly demonstrating
its impairment.

In a recent semi-structured survey [39] conducted across five Italian centers, data on
the clinical management of PHP were collected. The findings from this study indicate a
notable lack of investigation into calcitonin levels, highlighting the necessity for increased
attention to this aspect.

While the majority have elucidated the rise in calcitonin levels as a consequence of
Gsα signaling disruption [13,14], the concomitant presence of one or more thyroid nodules
further deepens the complexity of clinical management since data on the risk of MTC
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in patients with PHP are currently lacking. Among the previously described cases, the
subset of patients who underwent thyroidectomy showed negative histological examination
with no signs of thyroid malignancy [10,13]. So far, no published evidence indicates that
hypercalcitoninaemia leads to a significant risk of MTC or significant C-cell hyperplasia,
as well as any other form of thyroid cancer in PHP patients [14]. Indeed, no records were
found by our comprehensive literature search using the keywords “thyroid malignancy”
and “pseudohypoparathyroidism”. These results were confirmed even after incorporating
the search by adding the keywords “thyroid cancer” and “thyroid carcinoma”.

In this scenario, our case is noteworthy as it represents the first documented instance
of thyroid cancer and C-cell hyperplasia in a patient with PHP1B and hypercalcitoninaemia.
Moreover, to our knowledge, this is also the first report of calcium gluconate employ-
ment to evaluate stimulated calcitonin response in the context of PHP. The exact cause
leading to hypercalcitoninaemia in our patient remains unclear. Calcitonin resistance due
to the impairment of Gsα signaling might certainly play a pivotal role. However, the
presence of C-cell hyperplasia suggests that the mechanisms contributing to the develop-
ment of hypercalcitoninaemia in PHP could extend beyond a mere derangement in second
messengers’ pathways.

In this context, the concomitant finding of cystic papillary thyroid cancer further
makes this case distinctive. Indeed, the cystic variant of PTC is rare. Ultrasound is the first-
level examination for the study of thyroid nodules, but the FNAB-C is the gold standard
for the evaluation of nodules with suspicious sonographic features [40]. The presence
of cystic changes within a thyroid nodule can decrease the accuracy of FNAB-C, given
the difficulty of obtaining adequate cellularity. Therefore, diagnosing thyroid cancer by
fine-needle aspiration of a lesion with a high cystic content could be very difficult, also due
to the degenerative changes often occurring within this subtype of thyroid nodules [41].
Thus, cystic PTC continues to be a diagnostic challenge due to its hypocellular features.
Indeed, previous studies have shown that only 0.2% of this histotype has been diagnosed
by FNAB-C [42]. Useful clues in the diagnosis can be obtained thanks to the use of specific
immunohistochemical stains. PTC is usually reactive to cytokeratins, thyroglobulin, and
TTF-1 and negative for synaptophysin and chromogranin. Even galectin-3 and HBME-1 are
generally expressed in high proportions, but they are less specific for PTC as they have been
found in several subtypes of thyroid cancer. Nonetheless, their expression is not found in
normal thyroid tissues, and when present, it seems to suggest a malignant lesion [16]. In
terms of clinical management of cystic PTC, the adoption of the conventional guidelines for
other well-differentiated thyroid carcinoma is suggested, including possibly post-operative
radioactive iodine therapy and the use of levothyroxine suppressive therapy [16]. In
the present case, the patient displayed a well-differentiated, early-stage carcinoma in the
absence of capsular or lymphatic invasion. Therefore, a surveillance strategy was chosen.

Total thyroidectomy provided a unique opportunity to delve deeper into the intri-
cacies of PHP. While earlier studies have documented parathyroid hyperplasia [43], the
available data are limited and often contradictory [44]. In our specific case, no evidence of
hyperplastic parathyroid glands was identified during the surgery, and the appearance of
the excised parathyroids was normal at the subsequent histological examination.

Patients with PHP1B manifest varying degrees of PTH-resistant hypocalcemia at-
tributed to distinct genetic mutations associated with the condition [14,45]. This diversity
may indicate variations in residual PTH receptor activity. In the present case, calcium levels
experienced a significant post-surgery drop, necessitating a twofold increase in calcium
and calcitriol therapy compared to the pre-surgery dosage. Simultaneously, PTH levels
decreased to undetectable levels and showed no rebound at the last observation six months
post-surgery. These findings lead us to speculate that PTH exerted some residual activity
in the patient, and the suppression of PTH levels following thyroidectomy resulted in a
loss of this residual function, prompting the need for intensified medical therapy.

Notably, histological examination revealed the surgical removal of only one non-
hyperplastic parathyroid gland, suggesting the possibility that the remaining glands might
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be temporarily suppressed via “stunning” mechanisms [46]. Consequently, a potential
rebound of PTH levels cannot be excluded, emphasizing the need for periodic follow-up to
evaluate potential adjustments in medical therapy.

4. Conclusions

This case report and review of the literature are of particular interest due to the lack of
similar cases of a rare form of thyroid cancer combined with C-cell hyperplasia in patients
with PHP and hypercalcitoninaemia. This paper firstly increases the evidence on disrupted
calcitonin feedback in PHP, especially in type 1B. Moreover, to our knowledge, this is the
first reported case of cystic papillary thyroid cancer in the context of PHP, indicating that
the development of a well-differentiated thyroid tumor deriving from follicular cells might
occur in these patients.

Our study is the first to demonstrate the association of hypercalcitoninaemia with the
histological manifestation of diffuse C-cell hyperplasia in PHP1B. Until now, no cases of
medullary thyroid carcinoma have been reported in PHP, and hypercalcitoninaemia has
been solely attributed to impaired Gsα signaling, supported by the absence of significant
related histological changes. The identification of C-cell hyperplasia in our patient prompts
us to at least reconsider the notion that hypercalcitoninaemia is always irrelevant in PHP
patients. Consequently, we advocate for thyroid ultrasound in all cases exhibiting elevated
calcitonin levels. If thyroid nodules are detected, fine-needle aspiration biopsy (FNAB-C)
is recommended, and clinical management should adhere to conventional guidelines. A
calcitonin stimulation test may be considered to guide subsequent procedures, including
thyroid surgery. It must be noted that, in our case, the report of PTC is more likely to be
incidental rather than linked to the patient’s condition. Hence, considering the available ev-
idence, the choice to undergo thyroid surgery for patients with PHP, hypercalcitoninaemia,
and a thyroid nodule with indeterminate cytology should continue to be based on the
physician’s judgment within the framework of a personalized approach. In cases where a
conservative approach is chosen, vigilant monitoring is recommended.

Our observations on the significant changes in calcium and PTH levels following
thyroidectomy have also provided insights into unanswered questions surrounding PHP.
Notably, our experience indicates that a significant decrease in PTH levels following thyroid
surgery may result in aggravated hypocalcemia, suggesting a potential residual PTH effect
in PHP patients. Hence, we propose careful and periodic monitoring of calcium and PTH
levels in patients with PHP undergoing total thyroidectomy.

The exact cause leading to hypercalcitoninaemia in our patient remains unclear and
might extend beyond simple hormone resistance, especially considering the concomitant
finding of C-cell hyperplasia and PTC. Whether the presence of hypercalcitoninaemia
and C-cell hyperplasia is associated with an increased risk of MTC in patients with PHP
currently remains an unanswered question, together with the risk of developing other
thyroid tumors in this subpopulation of patients. Further studies on larger cohorts are
needed to elucidate this new and complex topic, but this case report could be used as input
for new research on rapidly evolving topics.
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Abbreviations

aBMD areal Bone Mineral Density
AHO Albright Hereditary Osteodystrophy
CT Computerized Tomography
DXA Dual X-Ray Absorbimetry
FNAB-C Fine Needle Aspiration Biopsy Cytology
GCPR G-Protein Coupled Receptor
GH Growth Hormone
GHRH Growth Hormone Release Peptide
MTC Medullary Thyroid Carcinoma
PHP Pseudohypoparathyroidism
PPHP Pseudo-pseudohypoparathyroidism
PTC Papillary Thyroid Carcinoma
PTH Parathyroid Hormone
TSH Thyroid-Stimulating Hormone
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