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Background: Concomitant papillary thyroid cancer (PTC) and hyperparathyroidism (HPT) have been reported in several studies.
Our study aimed to investigate the incidence of concomitant PTC in HPT patients upon preoperative diagnosis and present a clinical
opinion on detecting thyroid malignancy in case of parathyroidectomy.

Methods: Patients who underwent parathyroidectomy between January 2009 and December 2019 in two medical centers were in-
cluded. Of the 279 participants 154 were diagnosed as primary hyperparathyroidism (pHPT) and 125 as secondary hyperparathy-
roidism (sHPT). The incidence of concomitant PTC and its clinical characteristics were compared with 98 patients who underwent
thyroidectomy and were diagnosed with classical PTC during the same period.

Results: Concurrent PTC was detected in 14 patients (9.1%) with pHPT and in nine patients (7.2%) with sHPT. Ten (71.4%) and
seven (77.8%) PTCs were microcarcinomas in the pHPT and sHPT cases respectively. In the pHPT patients, vitamin D was lower in
the pHPT+PTC group (13.0+3.7 ng/mL) than in the pHPT-only group (18.5+£10.4 ng/mL; P=0.01). Vitamin D levels were also
lower in the sHPT+PTC group (12.31+5.6 ng/mL) than in the sHPT-only group (18.0+10.2 ng/mL; P=0.12). In the concomitant
PTC group, lymph node ratio was higher than in the classical PTC group (P=0.00).

Conclusion: A high prevalence of concomitant PTC was seen in patients with pHPT and sHPT. Those concomitant PTCs were
mostly microcarcinomas and had more aggressive features, suggesting that efforts should be made to detect concomitant malignan-
cies in the preoperative parathyroidectomy evaluation.
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INTRODUCTION

The prevalence of primary hyperparathyroidism (pHPT) is 0.1%
to 0.4% in the general population [1] and its incidence is in-
creasing, leading to an increased need for surgical management
[2,3]. Usually, it is caused by a solitary parathyroid adenoma
and surgical resection is the choice of treatment [4]. Secondary
hyperparathyroidism (sHPT) results from compensatory para-
thyroid hyperfunction in response to chronic hypocalcemia
caused by renal failure. Some patients with sHPT need parathy-
roidectomy in an attempt to reduce severe complications, such
as renal osteodystrophy, caused by high levels of parathyroid
hormone (PTH) [5]. The burden of sHPT is unknown, but de-
spite the use of multiple medical therapies, the rate of parathy-
roidectomy in sHPT patients refractory to medical therapy has
not declined in recent years [6].

Concomitant pHPT and thyroid malignancy have been re-
ported in several studies since the first cases were reported by
Ogburn and Black [7] in 1956. In pHPT patients, several studies
reported the prevalence of papillary thyroid cancer (PTC) to
range from 2% to 15% [8,9]. Data on the association between
sHPT and PTC is more limited. sHPT and coexisting PTC have
been reported in sporadic cases and studies are scarce [10]. To-
day, the number of experts proposing routine bilateral neck ex-
ploration has decreased and the paradigm has recently shifted to
minimally invasive parathyroidectomy [11], offering a more
limited exposure of the thyroid gland, making the detection of
concomitant thyroid malignancy difficult during surgery. The

274 Subjects underwent parathyroidectomy in

presence of concomitant PTC can change the evaluation and
surgical management of patients with hyperparathyroidism
(HPT). In the coexistence of these two diseases, thyroid PTC
must be identified prior to surgical management to minimize
complications from additional surgical procedures, patient dis-
comfort, and costs [12].

Thus, our study aimed to further investigate the incidence in
our centers and the clinical characteristics of concomitant PTC
in HPT patients with a special emphasis on preoperative diag-
nosis. We also aimed to provide a clinical opinion on the need
for detecting PTC when preparing for parathyroidectomy.

METHODS

Data sources

We retrospectively evaluated 279 patients (patients from Seoul
St. Mary’s Hospital and patients from Yeouido St. Mary’s Hos-
pital) who underwent parathyroidectomy between January 2009
and December 2019. Patient clinical data and pathological re-
sults were obtained from the hospital’s electronic registry. Ini-
tially, 319 patients were screened, of whom 40 cases were ex-
cluded: due to multiple endocrine neoplasia syndrome (MEN)
(n=15); parathyroid carcinoma (n=8); missing data or insuffi-
cient medical records (n=12); or because they underwent para-
thyroidectomy for diseases other than HPT (n=5). Of the 279
participants, 154 were diagnosed with pHPT and 125 with
sHPT (Fig. 1). The clinical findings were compared between 98
age and sex-matched patients who underwent thyroidectomy

45 Subjects underwent parathyroidectomy in

Seoul St. Mary’s Hospital

Yeouido St. Mary’s Hospital

40 Were excluded from analysis
15 MEN

12 With missing data
5 Normal parathyroid gland
8 Parathyroid carcinoma

279 Subjects with hyperparathyroidism
underwent parathyroidectomy between
January 2009 and December 2019

v

154 Subjects with pHPT
140 pHPT only
14 pHPT+PTC

v

125 Subjects with sHPT
116 sHPT only
9 sHPT+PTC

Fig. 1. Enrollment of the study subjects. MEN, multiple endocrine neoplasia; pHPT, primary hyperparathyroidism; PTC, papillary thyroid

cancer; sHPT, secondary hyperparathyroidism.
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and were diagnosed with classical PTC in our clinic during the
same period. The study adhered to the tenets of the Declaration
of Helsinki and was approved by the Institutional Review Board
of Catholic Medical Center (No. KCI19TESI0523). Informed
consent was exempted by the review board since the study was
a retrospective analysis.

Indications for parathyroidectomy

The indications for parathyroidectomy were as follows. For the
pHPT subjects, parathyroidectomy was recommended according
to the following guidelines from the Fourth International Work-
shop [13]: (1) serum calcium >1 mg/dL above the upper limit of
normal; (2) peri- or postmenopausal women and men age 50 and
older with a T-score of 2.5 or less; (3) the presence of vertebral
fracture; (4) a creatinine clearance of <60 mL/min; (5) the pres-
ence of renal stones or nephrocalcinosis in renal imaging; (6) the
presence of marked hypercalciuria (>400 mg/day); and (7) age
under 50 years. Parathyroidectomy for sHPT was indicated for
patients refractory to medical therapy: (1) persistent hypercalce-
mia or hyperphosphatemia; (2) an elevated risk or presence of
calciphylaxis; and (3) erythropoietin-resistant anemia [ 14].

Measurements
All patients underwent preoperative ultrasonography (US) and
their thyroid nodules were screened. PTC was diagnosed by
fine needle aspiration (FNA) of the suspected thyroid nodule
seen in preoperative US or confirmed by pathology after resec-
tion. The baseline laboratory findings were measured before
surgery. The biochemical and hormonal findings, including se-
rum immuno-reactive intact PTH levels (reference range, 8 to
76 pg/mL; Cobra 5010, A Packard Bioscience Company, Mer-
iden, CT, USA), total serum calcium (8 to 10 mg/dL), phospho-
rous (2.6 to 4.5 mg/dL), albumin, blood urea nitrogen, creati-
nine (Hitachi 7600, Hitachi, Tokyo, Japan), serum 25-hy-
droxyvitamin D (25(OH)D, 0 to 20 ng/mL; ADVIA Centaur
XPT, Siemens Healthcare Diagnostics Inc., Tarrytown, NY,
USA), and 24-hour urine calcium were evaluated. Serum calci-
um was corrected for changes in the serum albumin concentra-
tion according to the following formula: corrected calcium (mg/
dL)=actual calcium+(4—serum albumin)X0.8. Body mass in-
dex was calculated as body weight in kilograms divided by
height in meters squared. Bone mineral density was evaluated
using dual-energy X-ray absorptiometry (Lunar Prodigy, GE
Healthcare, Madison, WI, USA) before parathyroidectomy.

The PTC tumor size and pathology of the parathyroid speci-
mens were described in the pathology analysis report. Tumor
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size was defined as the largest dimension. Microcarcinoma was
defined as cancer where the greatest dimension was <1 cm.
The calcification pattern was classified into the following three
groups according to the consensus statement and recommenda-
tions proposed by the Korean Society of Thyroid Radiology and
the Korean Society of Radiology [15]: (1) no calcification; (2)
microcalcification defined as the presence of punctate echogen-
ic foci of <1 mm with or without posterior shadowing; (3) mac-
rocalcification defined as the presence of echogenic foci >1
mm with posterior shadowing [16]. The Korean Thyroid Imag-
ing Reporting and Data System (K-TIRADS) was used to clas-
sify preoperative thyroid nodules for biopsy recommendation
[17]. Lymph node metastases were considered positive if they
were proven by pathology finding. Prophylactic central neck
lymph node dissection was the standard surgical procedure for
lymph node dissection in both institutions. The lymph node ra-
tio (LNR) was defined as the number of metastatic lymph nodes
divided by the number of lymph nodes removed. B-type Raf ki-
nase (BRAF) mutations were analyzed by immunohistochemis-
try in the PTC specimens.

Statistical analysis

The continuous variables are expressed as mean=+standard de-
viation or median (interquartile range) as appropriate. The cate-
gorical variables are presented as number and frequency (pro-
portions, %). Comparisons of the means and proportions were
performed with independent sample ¢ tests or the Mann-Whit-
ney test. The comparison of categorical variables was performed
with Fisher’s exact test or chi-square analysis. A two-tailed P
value of less than 0.05 was considered statistically significant.
All statistical analyses were performed using IBM SPSS Statis-
tics for Windows version 24.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Clinical and biochemical characteristics of pHPT patients

The demographic, clinical, biochemical, and histopathological
characteristics of the pHPT patients are described in Table 1.
Concurrent PTC was detected in 14 patients (9.1%) with pHPT.
pHPT was more prevalent in females (75.7%). There was no dif-
ference in sex and age between the subjects with pHPT and
those with pHPT+PTC. The PTH level was 206.8+164.3 pg/mL
in the pHPT-only group and 207.4+138.7 pg/mL in the pHPT+
PTC group, with no significant difference between the two
groups (P=0.53). The serum calcium and 24-hour urine calcium
levels were not different between the two groups. 25(OH)D lev-
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Table 1. The Clinical and Biochemical Features in Primary Hy-
perparathyroidism
Primary Primary
Variable HPT HPT+PTC  Pvalue
(n=140) (n=14)

Age, yr 548+11.8 541154 0.10
Sex

Male 34(24.3) 3(21.4) 1.00

Female 106 (75.7) 11 (78.6)
Body mass index, kg/m* 24.0+3.8 24.4+4.9 0.12
PTH, pg/mL 206.8+£164.3 207.4%+138.7  0.53
BMD, g/cm’

Lumbar 0.975£0.167 0.931£0.275 0.42

Total hip 0.812+0.119 0.838+£0.206  0.89
Parathyroid pathology

Adenoma 117 (83.6) 14 (100) 0.70

Hyperplasia 23 (16.4) 0
Calcium, mg/dL 10.8£1.0 11.3+1.1 0.87
Phosphorus, mg/dL 2.7£0.5 24104 0.19
25(OH)D, ng/mL 18.5£104 13.0£3.7 0.01
Blood urea nitrogen, mg/dL. ~ 14.3+4.8 152+3.1 0.14
Creatinine, mg/dL 0.80+0.20 0.75+0.20 0.39
24-hr urine calcium, mg/day 345.7+141.9 402.1+£110.1 0.14
Values are expressed as mean=standard deviation or number (%). Se-
rum calcium level is adjusted calcium for albumin. A two-tailed P value
of less than 0.05 was considered statistically significant.
HPT, hyperparathyroidism; PTC, papillary thyroid cancer; PTH, para-
thyroid hormone; BMD, bone mineral density; 25(OH)D, 25-hy-
droxyvitamin D.

els were significantly higher in the pHPT-only group (18.5+
10.4 ng/mL) than in the pHPT+PTC group (13.0+3.7 ng/mL)
(P=0.01) (Table 1).

Clinical and biochemical characteristics of sHPT patients
Table 2 shows the baseline characteristics of the sHPT patients.
Concurrent PTC was detected in nine patients (7.2%) with
sHPT. There was no difference in sex and age between the sub-
jects with sHPT and those with sHPT+PTC. The PTH level was
1,368.5+1,076.8 pg/mL in the sHPT-only group and 962.2+
788.2 pg/mL in the sSHPT+PTC group, with no significant dif-
ference between the two groups (P=0.43). No specific bio-
chemical variables were significantly different between the two
groups. However, 25(OH)D levels were higher in the sHPT-on-
ly group (18.0+£10.2 ng/mL) than in the sHPT+PTC group
(12.3%£5.6 ng/mL) (P=0.12) (Table 2).
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Table 2. The Clinical and Biochemical Features in Secondary
Hyperparathyroidism

Secondary Secondary
Variable HPT only HPT+PTC P value
(n=116) (n=9)
Age, yr 49.4+11.4 58.0£9.8 0.43
Sex 0.30
Male 52 (44.8) 2(22.2)
Female 64 (55.2) 7(77.8)
Body mass index, kg/m* 22.7+4.1 21.1£22 0.13

PTH, pg/mL 1,368.5+£1,076.8 962.2+788.2 0.43
BMD, g/cm?
Lumbar 1.022+0.164  0.957£0.093 0.27
Total hip 0.798+0.164 0.751£0.095 0.32
Parathyroid pathology
Adenoma 8(6.9) 2(22.2) 0.00
Hyperplasia 108 (93.1) 7(77.8)
Calcium, mg/dL 10.3£1.3 10.1£1.2 0.66
Phosphorus, mg/dL 4.8+2.0 4.0+£1.6 0.31
25(0OH)D, ng/mL 18.0£10.2 12.3£5.6 0.12
Blood urea nitrogen, mg/dL 44.3+23.8 38.1£29.7 033
Creatinine, mg/dL 6.61+4.6 52+54 0.38

Values are expressed as mean=standard deviation or number (%). Se-
rum calcium level is adjusted calcium for albumin. A two-tailed P value
of less than 0.05 was considered statistically significant.

HPT, hyperparathyroidism; PTC, papillary thyroid cancer; PTH, para-
thyroid hormone; BMD, bone mineral density; 25(OH)D, 25-hy-
droxyvitamin D.

Clinical features of PTC in HPT and classical PTC patients
The mean size of the PTC nodules in the HPT patients (con-
comitant PTC group) was 0.86+0.70 cm. Among 23 cases, 17
(73.9%) were microcarcinomas. All PTC nodules were either
K-TIRADS 4 or K-TIRADS 5 in preoperative US examination.
Extrathyroidal extension was found in 10 (43.5%) cases. Lymph
node metastasis was confirmed in 10 (43.5%) cases, and the
LNR was 21.8%=33.2% in the concomitant PTC group.

The mean size of the PTC nodules in the classical PTC group
was 0.90%0.60 cm; 71 nodules (72.4%) were microcarcinomas.
Extrathyroidal invasion was found in 34 (34.7%) cases. Lymph
node metastasis was confirmed in 32 (32.6%) cases, and the
LNR was 10.3%=%20.3% in patients with classical PTC. Extra-
thyroidal extension and lymph node metastasis were more com-
mon in the concomitant PTC group than in the classical PTC
group, but the difference was not statistically significant (P=
0.47 and P=0.34, respectively). The LNR was significantly
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Table 3. Clinical Differences between Concomitant Papillary
Thyroid Cancer and Classical Papillary Thyroid Cancer
Concomitant Classical
Variable PTC PTC P value
(n=23) (n=98)
Age, yr 55.0+£13.5 52.0+11.6 0.54
Sex
Male 5(21.8) 22 (22.4) 1.00
Female 18 (78.2) 76 (77.6)
Tumor size, cm 0.86+0.70 0.901+0.60 0.92
Microcarcinoma 17 (73.9) 71(72.4) 1.00
Echogenicity
Hypoechoic 20 (87.0) 77 (78.6) 0.56
Isoechoic 3(13.0) 21(21.4)
Hyperechoic 0 0
Margin
Ill-defined 6(26.1) 33(33.7) 0.62
Well-defined 17 (73.9) 65 (66.3)
Shape
Parallel 13 (56.5) 55(56.1) 1.00
Non-parallel 10 (43.5) 43 (43.2)
K-TIRADS
4 6(26.1) 37(37.8) 0.34
5 17 (73.9) 61 (62.2)
Extrathyroidal extension 10 (43.5) 34 (34.7) 0.47
Lymph node metastasis 10 (43.5) 32(32.6) 0.34
LNR, % 21.8+£33.2 10.3£20.3 0.00
BRAF mutation
Yes 13 (56.5) 86 (87.8) 0.00
No 2(8.7) 11(11.2)
Unknown 8(34.8) 1 (1.0)
Values are expressed as mean = standard deviation or number (%). Con-
comitant PTC includes PTC in primary hyperparathyroidism and sec-
ondary hyperparathyroidism. A two-tailed P value of less than 0.05 was
considered statistically significant.
PTC, papillary thyroid cancer; K-TIRADS, Korean Thyroid Imaging
Reporting and Data System; LNR, lymph node ratio; BRAF, B-type Raf
kinase.

higher in the concomitant PTC group than in the classical PTC
group (P=0.00) (Table 3).

DISCUSSION

In our research, 9.1% of the pPHT cases and 7.2% of the sPHT
cases requiring parathyroidectomy had concomitant PTC. The
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serum 25(OH)D levels were lower in the group with concomi-
tant PTC+HPT than in the group with HPT only. The coexisting
cases of PTC were mostly microcarcinomas and had more ag-
gressive features.

In previous literature, the prevalence of concomitant PTC in
pPHT ranged from 2% to 15%, consistent with our results. Pre-
da et al. [18] recently reported the incidence of thyroid cancer in
patients with sHPT to be 11.7%, which was higher than our
findings of 7.2%. Our study demonstrated that the incidence of
PTC was high and similar in both patients with pHPT and
sHPT.

The mechanism of the relationship between HPT and con-
comitant PTC is still unclear. Pickard et al. [19] reported that
thyroid malignancy was the most prevalent cancer among pa-
tients whose primary disorder was pHPT. Several possible ex-
planations have been proposed as the mechanism for the associ-
ation. First, high PTH levels have been reported to af—fect
phagocytosis, T-cell sensitivity, and B-cell function, thus con-
tributing to the immune dysfunction of patients and in—creasing
the incidence of cancer [20]. Some authors postulated that PTH
could increase the hepatic synthesis of insulin-like growth fac-
tor 1 [21], leading to thyroid cell growth [22]. Likewise, a study
suggested that high levels of PTH might predict the existence of
PTC in pHPT patients [23]. Second, long-term exposure to ele-
vated calcium has also been reported to be carcinogenic. The
goitrogenic effect of calcium is due to the inhibition of thyrox-
ine synthesis. Hypercalcemia and the excessive production of
calcitonin in response to hypercalcemia have been proposed as
a common pathogenic mechanism [24]. Third, low levels of vi-
tamin D were associated with concomitant PTC in patients with
HPT in our study. A previous study also reported low vitamin D
concentrations in patients with severe pHPT [23]. It is well
known that vitamin D is associated with anti-proliferative, pro-
differentiative, pro-apoptotic, and anti-inflammatory actions
within the tumor microenvironment [25]. Several clinical stud-
ies have suggested low vitamin D levels as a risk factor for thy-
roid cancer associated with incidence and worse outcome
[26,27]. The level of vitamin D can vary according to outdoor
activity, diet, and the time of measurement. However, consider-
ing that the mean vitamin D level in Korea was reported to be
18.5+8.1 ng/mL [28], our study showing significantly lower
levels of vitamin D in HPT patients with concomitant PTC has
some implications. Further research is needed to clarify the as-
sociation of vitamin D with HPT in patients with concomitant
PTC.

Lymph node metastasis and extrathyroidal invasion are asso-
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ciated with aggressive features in PTC [16,29-31]. Of the con-
comitant PTC cases, 43.5% had lymph node metastasis and pre-
sented with extrathyroidal invasion, suggesting high-risk fea-
tures [16,29-31]. A previous study reported that the optimal
LNR threshold value for predicting PTC recurrence was
17.86% [32]. Our study showing high LNRs in concomitant
PTC (21.8%=%33.2%) compared to the control group (10.3%+
20.3%), might represent a high risk of recurrence in these
groups. Therefore, our study suggests that PTC in HPT patients
represents a higher risk feature than PTC incidentally found in
the general population.

A high rate of microcarcinoma has been reported in patients
with concomitant HPT [33], consistent with our research show-
ing 16 cases (73.9%) of microcarcinoma (10 in pHPT and seven
in sHPT) in 23 thyroid papillary cancers. Subcentimeter micro-
carcinoma is associated with a low disease-specific mortality,
and certain authors and guidelines have recommended active
surveillance instead of surgery as a reasonable option for papil-
lary microcarcinoma [34]. However, considering the highly ag-
gressive feature of concomitant PTC in our study, we suggest
that active surveillance should be considered carefully, even in
cases of microcarcinoma. Further study is needed to clarify the
implication of concomitant PTC.

The routine FNA of K-TIRADS five nodules lesser than 1 cm
in size is not recommended by the Korean Thyroid Association
guidelines unless suspicious malignant features are present.
Moreover, the guidelines do not recommend FNA of subcenti-
meter K-TIRADS four nodules since they have a low risk of
malignancy [17]. However, in our study, several subcentimeter
K-TIRADS four nodules were proven malignant and presented
aggressive features. Thus, efforts should be made to detect the
coexistent PTC in HPT patients for any subcentimeter nodule
prior to parathyroidectomy. Considering the aggressiveness of
concomitant PTC, overlooking subcentimeter concomitant thy-
roid nodules in HPT patients may mean missing PTC with high-
risk features that can lead to multiple surgeries and several com-
plications [35]. Vaiman et al. [36] reported that injury to the re-
current laryngeal nerve occurred in 1.4% of the primary thy-
roidectomy compared to 3% of the patients undergoing reopera-
tion thyroidectomy. To avoid reoperation, preoperative US eval-
uation is necessary before parathyroidectomy. By searching for
concomitant thyroid nodules with preoperative US, indetermi-
nate lesions that require additional evaluation can be detected.

There are several limitations in our study. First, since this
study is retrospective, we were unable to clarify the causal rela-
tionships and underlying mechanisms in the research. Second,
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we were unable to investigate several factors that could have af-
fected serum calcium and vitamin D levels, such as taking
health supplements or other medication, a lack of sun exposure,
and exercising. Lastly, the small sample size without a control
group is a limitation. A study with a larger population may al-
low more significant conclusions about PTC in HPT patients to
be drawn.

In conclusion, to our knowledge, this is the first study evalu-
ating the incidence of concomitant PTC in patients with HPT in
Korea. A high prevalence of concomitant PTC in pHPT and
sHPT patients was shown and concomitant PTC had more ag-
gressive features than incidentally detected PTC. As a minimal-
ly invasive approach for parathyroidectomy has replaced bilat-
eral neck exploration, thorough preoperative thyroid evaluation
is necessary to identify concomitant PTC.
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