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Abstract

1

Purpose Parathyroid cancer is a rare tumor associated with poor prognosis particularly when disseminated. While che-
motherapy and/or radiotherapy are of no clinical value in disseminated disease, immunotherapy should be considered.
Subject and results A patient with CDC73-associated metastatic parathyroid carcinoma was treated with combined anti-

hPTH immunotherapy and surgery.

Conclusions Following five courses of anti-hPTH immunotherapy and subsequent surgery, a 12-year long remission of
disseminated parathyroid cancer is reported. This case further supports the ever-expanding spectrum of cancers that may

benefit from immunotherapy.

Keywords Parathyroid - Cancer Immunotherapy

Introduction

Parathyroid carcinoma is a rare malignancy encountered in
less than 1% of patients with primary hyperparathyroidism
(1°HPT) [1-4]. Patients with parathyroid carcinoma typi-
cally present with larger tumors and with higher PTH and
calcium levels than other forms of 1°HPT. Differentiating
histologically between parathyroid carcinoma and atypical
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parathyroid adenoma is challenging, as the histopathology
of these tumors can be equivocal. A nontruncated amino-
terminal variant of PTH is massively overproduced in
parathyroid carcinoma, but only rarely in severe 1°HPT and
helps in distinguishing between these tumor types [5].

The overall 5- and 10-year survival rates in parathyroid
carcinoma range from 50-90% [3]. Distant metastases
substantially worsen survival rates compared with locally
invasive parathyroid carcinoma (hazards ratio 3.5; 95% CI
1.6-7.64 years) [6, 7]. En bloc resection is still the only
option for achieving cure but treatment of disseminated
disease is challenging [2, 3, 6, 7], even when aimed only to
control hypercalcemia. Radiotherapy and chemotherapy for
disseminated parathyroid carcinoma confer minimal survi-
val improvement or hypercalcemia control [2, 3, 6, 7]. In
addition, while the calcimimetic agent cinacalcet has been
approved for use in parathyroid cancer to lower PTH and
calcium levels [3, 8] it has no proven antitumoral effect.
Thus, there is a need for novel treatment options for
metastatic parathyroid carcinoma.

Three cases of disseminated parathyroid carcinoma
were previously reported to have been treated with anti-
PTH immunotherapy [9—11]. Here we report disseminated
parathyroid carcinoma treated with anti-hPTH immu-
notherapy and surgery that led to a 12-year disease-free
remission.
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Subject and results

The Brazilian proband, born in 1982, was diagnosed with 1°
HPT at age 18 and underwent a left inferior para-
thyroidectomy, with no evidence of parathyroid carcinoma
at that time. She was lost to postsurgical follow up. Six
years later, she was diagnosed with hypercalcemia,
nephrolithiasis, and osteopenia. After two additional cervi-
cal explorations, her calcium and PTH levels remained
elevated (Fig. 1). In August 2006 the patient underwent
exploration of the retropharyngeal, retroesophageal space,
right atria of the brachiocephalic trunk, left subclavian and
left jugular vein and mediastinum, and removal of the left
thyroid lobe. A small left lateral pleural nodule was palp-
able but was not biopsied for technical reasons. No para-
thyroid tissue was found in surgically resected samples, and
her calcium and PTH remained elevated.

Genotyping showed a CDC73 germline mutation
(c.686_688delAGAG) [12, 13]. In April 2007, she was
referred to the National Institutes of Health (NIH) for
management of persistent hyperparathyroidism. On admis-
sion, intact PTH was 582 pg/mL (normal range 16-87),
ionized calcium 1.93 mmol/L (1.22-1.38), and total calcium
12.6 mg/dL (8.6-10.5). Presurgical chest CT showed a
2.5cm left apical lung mass positive on 99mTc-
SESTAMIBI scan and weakly positive on FDG-PET scan
and a 7 mm right lobe nodule. Left thoracotomy revealed a
pleural based neuroendocrine tumor with lympho-vascular
and lung parenchyma invasion, three additional intra-
pulmonary lesions, and a hilar mass.

All six lesions were surgically resected and stained
positive for synaptophysin and negative for chromogranin
A and TTF-1, features consistent with neuroendocrine
tumor. Intraoperative PTH fell by ~70% after tumor resec-
tion supporting the diagnosis of parathyroid cancer. Though
lowered, calcium and PTH levels remained persistently
elevated at and after discharge (August 5, 2007) (Fig. 1).

Due to persistent hypercalcemia and lack of other
treatment options, the patient was offered and consented to
receive anti-hPTH immunotherapy treatment administered
in Brazil starting July 2007. Initial investigation was
approved by the University Ethics Committee (ETIC 367/
07). Further approval requirements for the immunization
protocol were considered as compassionate care con-
sidering that no other clinically proven, effective treat-
ments were available; the protocol was explained in detail
to the patient, was carried out free of charge, and the
patient gave written informed consent to the protocol as
previously published [9].

Anti-hPTH immunogen was administered monthly, for
5 months. Each immunization was distributed over seven
sites, targeting the afferent drainage areas of major lymph
node groups, as directed. Irritating BCG-like irritating
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ulcers developed in the skin at injection sites and healed
over a period of 8 weeks. Dot-blot assays assessing immune
response of anti-hPTH antibody (after the first immuniza-
tion) showed strong reaction to the N-terminal (1-34)
peptide, moderate reaction to the C-terminal (51-84) pep-
tide, and weak reaction to the mid-section (33-52) peptide
(data not shown). After five immunizations, calcium and
PTH levels were still elevated and rising (Fig. 1) and were
attributed to a combination of tumoral cell disruption (cal-
cium rise) and to immunogen cross reactivity (PTH rise).
Chest CT revealed multiple novel thoracic lesions not
visualized before immunotherapy (Fig. 2). Nine resectable
lung lesions were surgically removed, each showing gran-
ulomatous inflammation surrounding parathyroid metastatic
lesions (Fig. 3).

PTH and calcium levels were lowered to within or below
normal limits 16 days after surgery (November 26, 2017)
and remained in that range continuously until last follow up
(February 2019) (Fig. 1). In September 2019, 12 years after
last immunotherapy, she was asymptomatic, on daily
replacement with cholecalciferol (400 IU), calcium carbo-
nate (500 mg calcium), and L-thyroxine (112 pg). Her PTH
level was 6.1 pg/mL, ionized calcium 1.13 mmol/L, total
calcium 2.0 mM, anti-TPO 0.6 [U/mL (<9.0 IU/mL), 25-
Hydroxycholecalciferol 57 ng/mL, and antithyroglobulin
25 IU/mL (<27 IU/mL). FDG-PET/CT performed in March
2019 showed no evidence of disseminated parathyroid
carcinoma. Her PTHrP levels were measured in September
2019 and was undetectable (N<1.02pmol/L). Immu-
noglobulins were all within normal values. In addition, her
medical history was negative for recurring infections, as an
indirect measurement of an inadequate immune system.

Discussion

We report a 12-year remission in disseminated parathyroid
carcinoma [13] after combined immunotherapy and surgical
treatment. While the case reported herein presents the
longest remission to date of metastatic parathyroid cancer in
response to combined immunotherapy and surgery, it is
hard to assign the relative contribution of each of these two
therapeutic modalities to this favorable clinical outcome. To
date, complete surgical excision is the only potentially
curative therapeutic option but has only been possible for
disease confined locally to the neck [2, 3, 7, 14]. However,
surgery alone has consistently failed to lead to long-term
survival in disseminated disease. The mechanisms that may
render parathyroid carcinoma responsive to immunotherapy
are unclear. Immunity against the entire PTH molecule
seems essential. However, this feature alone cannot account
for the antitumoral effect with loss of parathyroid cancer
tissues. Loss of paracrine growth promoting effect of PTH
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on its own cells could contribute, but there is no evidence
for such mechanism in parathyroid tissues. Clarke et al. [15]
showed that the genomic landscape of parathyroid carci-
noma involves somatic mutations in genes mediating
immune response (e.g., PTPRB). This finding may highlight
the putative response mechanism of parathyroid carcinoma
to immunomodulation. Indeed, Piranavan et al. [16]
recently showed that a checkpoint inhibitor could evoke
antibodies that inhibit secretion of PTH; perhaps a similar
mechanism might evoke cytotoxic antibodies against the
parathyroid. Immunotherapy may have caused an

inflammatory reaction that rendered parathyroid carcinoma
metastases visible on imaging. This effect could be due to
the Freund’s complete adjuvant, the most potent adjuvant
for inducing high titer antibodies (via Th2 responses) and a
very effective agent for inducing Th1 and CD8 cytotoxic T-
cell responses. This finding facilitated their surgical removal
and may have contributed to a lasting remission. However,
it seems unlikely that this mechanism could solely account
for removal of all metastases, rendering the patient hypo-
parathyroid. Lastly, we have not excluded the possibility
that the immunogenic benefit was attributable to complete
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Fig. 2 High resolution chest CT.
a 2.5 cm noncalcified left apical
multilobulated mass (2007).

b 7 mm right lobe nodule,
(2007). ¢ Absence of right lobe
nodule (2019). d 7.5 mm
postsurgical residual fibrotic
striae (2019), which have been
stable since 2008

Fig. 3 Fragment of pulmonary tissue, showing chronic granulomatous
inflammation with multinucleated giant cells. Parathyroid cancer cells
are not shown in this image (image not available)

Freund’s adjuvant alone and independent of the PTH
component; however, there is no past precedent for such a
benefit of complete Freund’s in the overall cancer literature.

Bradwell et al. [9] first reported the efficacy of PTH
immunization in a 62-year-old woman with parathyroid
carcinoma, multiple lung and pleural metastases, severe
bone disease, and extreme hypercalcemia. Another 50-
year-old Belgian patient with metastatic parathyroid
carcinoma received eight courses of anti-PTH immuni-
zation [10]. After the fourth immunization, both calcium
and PTH started decreasing and a 40-70% decrease in
pulmonary metastases size was noted with concomitant
improvement of the patient’s clinical condition for more
than 24 months [10]. A Japanese female with multiple
parathyroid carcinoma metastases received anti-PTH

@ Springer

monthly immunizations. Despite achieving high antibody
titers and lowering of calcium levels, the patient died after the
sixth course of immunization due to tumor progression [11].

Our patient had a prolonged interval with consistently
low to normal serum calcium and low PTH suggesting a
hypoparathyroid state. The origin of the low but detectable
PTH is of interest. It is unlikely from residual carcinoma
tissue since it remained stable over time without further
therapy. It might be from residual normal but insufficient
parathyroid tissue. It could also be from cross reactivity
with a similar peptide (e.g., PTHrP). However, this is
unlikely as measurements of this latter peptide were unde-
tectable. Lastly, it could represent true aparathyroidism plus
the noise signal from undetectable PTH.

The case presented herein adds to the accumulating body
of evidence that immunotherapy should be explored as a
valid therapeutic option in patients with metastatic and
particularly disseminated, parathyroid carcinoma.
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