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Background: Clinical cases of nonmedullary thyroid carcinoma (NMTC) in combination with primary hyperparathyroidism
(PHPT) have been reported occasionally. However, the clinical characteristics and risk factors of concomitant
NMTC in PHPT patients remain unclear. This study aimed to assess the association between PHPT and NMTC,
and evaluate the clinical characteristics and risk factors of NMTC in Chinese patients with PHPT.
Material/Methods: This was a retrospective cohort analysis. We reviewed the medical records of 155 patients who underwent sur-
gery for PHPT in two large medical centers in China between 2009 and 2014. The clinical manifestations, bio-
chemical abnormalities, and histological characteristics of PHPT patients were analyzed.

Results: Of the 155 patients with PHPT, 58 patients (37.4%) had thyroid nodules and 12 patients (7.7%) were ill with
concomitant NMTC. PHPT patients with NMTC demonstrated significantly lower preoperative serum calcium
levels compared to PHPT patients with benign thyroid nodules (p<0.05). A significantly negative association
between preoperative serum calcium levels and the presence of NMTC was found in PHPT patients (p<0.05).
Furthermore, ROC analysis revealed that albumin-corrected serum calcium levels <2.67 mmol/L had good ca-
pacity to differentiate the PHPT patients with NMTC from those with benign thyroid nodules.

Conclusions: Compared with the reported much lower prevalence of thyroid carcinoma in the general population, our results
suggest that PHPT might be a risk factor for the malignancy of thyroid nodules; a lower level of serum calcium
may predict the existence of NMTC in PHPT patients with thyroid nodules.
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Background

Hyperparathyroidism (HPT) is one of the important endocrine
disorders, which includes primary hyperparathyroidism (PHPT),
secondary hyperparathyroidism (SHPT) and tertiary hyperpara-
thyroidism (THPT). PHPT is present in up to 0.04-0.1% of the
general population, with a peak during the 5th and 6th de-
cades of life [1,2]. Parathyroid adenoma occurs in 75-85%of
PHPT patients. Symptomatic patients and select asymptomat-
ic patients that meet the guidelines of the 2008 International
Workshop on Asymptomatic Primary Hyperparathyroidism [3]
are candidates for parathyroid surgery. It has been reported
that 15-75% of PHPT patients have coexisting thyroid dis-
eases, among whom the prevalence of nonmedullary thyroid
carcinoma (NMTC) associated with PHPT has been reported
as between 2-18% [1,2,4-9]. However, it is still controversial
whether the concomitance of PHPT and NMTC is coinciden-
tal or due to common pathogenic factors, including head and
neck irradiation [7], genetic factors, or other unknown factors.

Previous reports consist mostly of case reports and small case
series outside China. It is not known whether Chinese patients
with NMTC in combination with PHPT have similar or different
features. Therefore, in order to explore the prevalence and risk
factors of NMTC concomitant with PHPT in the Chinese pop-
ulation, the medical records of 155 patients who underwent
surgery for PHPT in two large medical centers between 2009
and 2014 were reviewed and analyzed.

Material and Methods

Patients

The protocol and procedures employed were reviewed and ap-
proved by the Ethic Committees of our hospital (2009-01-0H).
We collected the clinical data of 155 patients with PHPT who
received surgery in two large medical centers (Shanghai Tongji
Hospital and the First Affiliated Hospital of Nanjing Medical
University) between January 2009 and December 2014. The
patients had a mean age of 55+14 years (range: 18-79 years),
consisting of 38 males and 117 females. With confirmed PHPT
based upon medical history, physical examination, and stan-
dard diagnostic laboratory criteria, patients were eligible for
inclusion. Patients who underwent prior thyroid or parathy-
roid surgery, those with medullary thyroid carcinoma (MTC),
those with multiple endocrine neoplasia (MEN) or familial HPT,
and those with secondary HPT or tertiary HPT were exclud-
ed from this study.

CLINICAL RESEARCH

Methods

The following data were collected in PHPT patients: age at time
of operation, gender, personal history, family history, clinical
manifestations including nephrolithiasis, bone pain, gastroin-
testinal symptoms and neuropsychiatric symptoms, physical
examinations, preoperative blood biochemical tests, preop-
erative neck high-resolution ultrasound, parathyroid techne-
tium-99m-sestamibi (*>"Tc MIBI) imaging, operation records,
and postoperative histology. All patients underwent preopera-
tive neck high-resolution ultrasound and were defined as hav-
ing thyroid nodules if they had one or more nodules on preop-
erative ultrasound. PHPT patients with thyroid nodules received
intensive intraoperative thyroid exploration. Blood biochemi-
cal tests included serum immunoreactive intact PTH level (ref-
erence range, 15-65 pg/mL, Roche kit), total serum calcium
(2.2-2.65 mmol/L), phosphorus (0.81-1.45 mmol/L), creatinine
(Cr, 44-133 umol/L), blood uric nitrogen (BUN, 2.9-8.2 mmol/L),
albumin (40-55 g/L), total serum alkaline phosphatase (AKP,
30-120 U/L), serum thyroglobulin antibody (TgAb, <115 IU/mL),
thyroid stimulating hormone (TSH, 0.27-4.2 mIU/L), fasting
blood glucose (FBG, 3.9-6.1 mmol/L), triglyceride (TG, 0-1.7
mmol/L), total cholesterol (TC, 3.1-5.2 mmol/L), high density
lipoprotein cholesterol (HDL-C, >0.91 mmol/L) and low densi-
ty lipoprotein cholesterol (LDL-C, <3.12 mmol/L). The albumin-
corrected serum calcium level (mmol/L) was calculated using
the following formula: [40 g/L-serum albumin concentration
(g/L)] x0.02 + measured total serum calcium (mmol/L). Serum
calcium and serum PTH concentrations were measured at least
twice during diagnosing. Histopathological diagnosis for PHPT
and NMTC were completed by two experienced pathologists
independently and recorded as the final diagnoses.

Statistical analyses

All statistical analyses were performed using SPSS (version
18.0; SPSS Inc, Chicago, Illinois, USA). All continuous vari-
ables were presented as mean +SD, except for data that did
not have a normal distribution, which were expressed as me-
dians (interquartile ranges). All categorical variables were pre-
sented as proportions. Comparisons of the means and propor-
tions were performed with independent samples t-test and the
chi-square test. Risk factors associated with the presence of
NMTC in PHPT patients were determined using the Spearman
rank correlation analyses. To investigate the associations be-
tween NMTC and PHPT, the unadjusted and multivariate ad-
justed logistic regression analyses were used to assess odds
ratios (OR) and the corresponding 95% confidence intervals
(CI). A receiver operating characteristic (ROC) analysis was con-
ducted to determine the capacity of the clinical and biochem-
istry markers to predict NMTC in PHPT patients with thyroid
nodules. Differences were considered significant if p<0.05.
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Table 1. Association of thyroid nodule and parathyroid pathology in patients with PHPT.

Not concomitant with thyroid

Concomitant with thyroid nodule

nodule
Parathyroid hyperplasia 20
Parathyroid adenoma %
Parathyroid carcinoma T
CTotal o7

7 4
"""""""""""" s
,,,,,,,,,,,,,,,,,,,,,,,,, e
"""""""""""" s 1

PHPT — primary hyperparathyroidism.

Results

Clinical characteristics of PHPT patients

In the 155 cases of PHPT patients, the preoperative serum PTH
level was 268.6 pg/mL (165.7-538.5 pg/mL). The serum creat-
inine level was 72.8+34.7 umol/L (range: 26.1-214.9 pmol/L).
In the preoperative ultrasound examination, thyroid nodules
were detected in 37.4% (58/155) of patients, and 7.7% (12/155)
had malignant thyroid cancers. The malignant rate of thyroid
nodules in PHPT patients was 20.7% (12/58).

Parathyroid histology is shown in Table 1: 1) 20% (31/155)
were reported to have parathyroid hyperplasia; among these,
7.1% (11/155) had thyroid nodules and 2.6% (4/155) had con-
comitant NMTC. The malignancy rate of thyroid nodules in pa-
tients with parathyroid hyperplasia was 36.4% (4/11). 2) 78.1%
(121/155) of patients were reported to have parathyroid ad-
enoma; among these, 29% (45/155) had thyroid nodules and
5.2% (8/155) had concomitant NMTC. The malignant rate of thy-
roid nodules in patients with parathyroid adenoma was 17.8%
(8/45). 3) Only 1.9% (3/155) of patients were reported to have
parathyroid carcinoma; two of the three cases were combined
with thyroid nodules and no patients were combined with con-
comitant NMTC. We found no significant difference in the ma-
lignancy rate of thyroid nodules between patients with para-
thyroid hyperplasia and patients with parathyroid adenoma.

Analysis of the risk factors for thyroid nodules in PHPT
patients

The 58 PHPT patients with thyroid nodules had a mean age
of 48+14 years (range: 18-79 years), consisted of 14 males
and 44 females, and included 28 patients with a single thy-
roid nodule and 30 patients with multiple thyroid nodules.
In patients with a single thyroid nodule, 14.3% (4/28) were
identified as having concomitant NMTC, whereas in patients
with multiple thyroid nodules, 26.7% (8/30) had concomitant
NMTC. The malignancy rate of single thyroid nodules in PHPT
patients was not different from the malignancy rate of multi-
ple thyroid nodules in PHPT patients (p>0.05).

To analyze the risk factors for thyroid nodules in PHPT pa-
tients, the following data were compared between the two
subgroups that included 58 patients with thyroid nodules and
97 patients without thyroid nodules, according to the preop-
erative neck high-resolution ultrasound: age at the time of
operation, gender, personal history of cancers, diabetes, hy-
pertension and coronary artery disease, preoperative serum
calcium, serum phosphorus, AKP, serum PTH, TSH, TgAb, FBG,
and blood lipid levels (Table 2).The age of patients without
thyroid nodules was 58+12 years, which was significantly old-
er than that of PHPT patients with thyroid nodules (p<0.001),
whereas no significant difference in gender distribution, per-
sonal histories, and preoperative blood parameters could be
detected between these two groups.

Clinical characteristics of PHPT patients in combination
with NMTC

The 12 PHPT patients with concomitant NMTC had a mean
age of 55+18 years (range: 18-79 years), and consisted of
4 males and 8 females. Their preoperative serum PTH level
was 268.6 pg/mL (165.7-538.5 pg/mL), and the mean creat-
inine level was 67.5+19.1 umol/L (range: 36.5-90.1 pmol/L).
Postoperative histology of these 12 patients proved that 8 pa-
tients had parathyroid adenoma (single adenoma) and 4 pa-
tients had parathyroid hyperplasia, including 1 case of retroster-
nal parathyroid hyperplasia. The pathological types of the 12
NMTCs in PHPT patients were all papillary carcinomas; 58.3%
(7/12) were micropapillary carcinomas (with greatest dimen-
sion <1 c¢m), 8.3% (1/12) were multifocal, and 8.3% (1/12) had
metastasis to lymph node (Table 3).

Analysis of the risk factors for NMTC in PHPT patients

To analyze the risk factors of NMTC in PHPT patients, the clin-
ical and biochemical data were compared between PHPT pa-
tients with and without NMTC (Table 4). Compared with PHPT
patients without NMTC, patients with NMTC demonstrated
significantly lower preoperative total serum calcium and al-
bumin-corrected serum calcium levels (p<0.05). All the other
parameters were not different between the two subgroups.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

4484




Xue Y. et al.:
Serum calcium of NMTC in PHPT patients
© Med Sci Monit, 2016; 22: 4482-4489

CLINICAL RESEARCH

Table 2. The clinical and biochemical features in PHPT patients with and without thyroid nodules.

Total PHPT With thyroid nodule

(N=58)

Without thyroid nodule
(N=97)

(N=155)

Age (years) 55+14 48+14 58+12*

CGender
”””” Male 3 @asw 14 @Q41%) 24 (47%)
"""" Female 117 @s5s%) a4 (59%) 73 (553%)
CComorbidity
Hypertension 9 @s2% 7 @o3%) 2 Q%
Diabetes 4 0% 3 G2% noa13%
Coonary heart disease 7 (@sw 4 69% 3 @1
 Malignant tumor history 9 (8% 4 (69%) 5 2%
Cseum caldum (mmolt) 206041 2941039 2981042
?;bl:mi/:)_correded e 2.90+0.42 2.83+0.33 2.95+0.47

seum phosphorus mmol) 0881042 08ax019 090:051
AP 1902 (920-2351) - 1448 (886-1763) - 1389 (92.3-2395)

FBG (mmol/L) 5.3+0.9 5.2+0.7 5.4+1.0

G Emoy 174 165:096 1748125
oy so7s089 50099 4955084
CHDLC mmol) 126:036 1312036 123:035
oLCEmoy s6072 ss070 s7s074
Camoy 728347 n2e306 732370
CBUN(mmoly) ssex240 so3e267 s36:224
SsHEuYy 197 (132343 175 (114-387) 20 (145-311)
CTgAb (UMY 25  (145-950) 204 (128-546) 281 (1681818

NS — not significant. * With thyroid nodule vs. without thyroid nodule, p<0.001.

Furthermore, we divided the 58 PHPT patients with thyroid
nodules into two subgroups, i.e., a malignant thyroid nodule
subgroup including 12 patients with NMTC, and a benign thy-
roid nodule subgroup including 46 patients with benign thyroid
nodules, according to the patient’s pathological report on thy-
roid tissue after surgery. The data comparing the two subgroups
are shown in Table 4. Compared with the benign thyroid nod-
ule subgroup, patients with NMTC demonstrated significantly
lower preoperative total serum calcium and albumin-corrected
serum calcium levels (p<0.05). Higher serum phosphorus levels
were also observed in NMTC patients (p<0.05). Interestingly,
preoperative serum PTH levels were not statistically different
between the two subgroups. All the other parameters were also

not different between the two subgroups. A significant nega-
tive association between the preoperative albumin-corrected
serum calcium levels and the presence of NMTC was found
in PHPT patients with thyroid nodules using Spearman rank
correlation analyses (Spearman r=-0.405; p=0.019). To further
investigate the associations between NMTC and PHPT, unad-
justed and multivariate adjusted logistic regression analyses
were used. The presence of NMTC was significantly associat-
ed with decreased levels of albumin-corrected serum calcium
(OR: 0.023; 95% Cl: 0.001-0.624; p=0.025). Further adjustment
for age and sex (model 1) did not materially change the as-
sociation (OR: 0.021; 95% Cl: 0.001-0.706; p=0.031).The ROC
analysis revealed that albumin-corrected serum calcium levels
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Table 3. Characteristics of thyroid Carcinoma in patients with PHPT.

Sex Location of tumor g Tumor type Tumor size (cm) Lymph nofie
tumors metastasis
1 62 F Left lobe 1 Micropapillary carcinoma 0.2 No
2 43 M teftlke 1 Papllaycarcinoma 12:06:05 | No
375 F Rghtlbe 1 Micropapillary carcinoma 03 No
””” 4 64 F  Rghtlbe 1 Micopspilaycarcinoma 03 No
s a1 F  Rghtlobe 1 Micropapillary carcinoma 03 No
6 47 F Ir_ieng:tl(lJ:s(’e 2 Papillary carcinomas 2,1 No
7 &1 F  Rghtlbe 1 papllaycarcinoma 1 | No
””” 8 79 M leftlobe 1 Papilaycardinoma 32 No
””” 9 50 F leftlbe 1 Miropspilaycarcinoma 07  No
””” 10 73 M Rghtlbe 1 Micopspilarycarcinoma 09 No
””” 11 45 F  leftlbe 1 Micopapilarycarcnoma 05 No
””” 12 18 M Rghtlbe 1 Papilaycardinoma 17 Yes(/2)

<2.67 mmol/L had good capacity to differentiate the PHPT pa-
tients with NMTC from those with benign thyroid nodules, with
an area under the curve (AUC) of 0.748 (p=0.022). This cut-off
point for albumin-corrected serum calcium level had a sensi-
tivity of 63.6%, and a specificity of 77.3% for predicting NMTC
in PHPT patient with thyroid nodules.

Discussion

The thyroid gland and parathyroid gland are adjacent endo-
crine organs. Thyroid disease concomitant with parathyroid
disease has been reported previously, the prevalence of NMTC
in patients with PHPT ranged from 2-18%, which correspond-
ed to the prevalence of 7.7% in this study. The characteris-
tics of thyroid cancers associated with PHPT from previous lit-
erature are summarized in Table 5. The majority of previous
studies were done in the United States and Europe; a similar
study in the Chinese population has not been reported as of
yet. Previous statistical data showed that the prevalence of
thyroid cancer in the general population ranges from 0.5-10
per 10,000 [6,10], which was significantly lower than that in
our PHPT patients. Our results also showed an overall 20.7%
malignancy rate of thyroid nodules in PHPT patients, which
seemed higher than the rate of malignancy (5-15%) in gener-
al patients with thyroid nodules [11]. From available data, we
speculate that PHPT might be a pathogenic factor or at least a
risk factor for malignancy of thyroid nodules. The high concur-
rence of these two disorders in the same patients might not
be coincidental; some specific factors, such as environmental

factors, genetic factors, or some other unknown factors, might
connect NMTC with PHPT.

Recently, several studies have reported on possible risk fac-
tors for the coexistence of NMTC and PHPT. Earlier findings
suggested that a history of head and neck irradiation, most-
ly during adolescence and childhood, is a pathogenic factor
for the development of associated NMTC in PHPT patients.
However, this factor was not present in our study, because
none of the 12 patients with NMTC had had prior radiation of
the head and neck. High PTH levels have been reported to af-
fect phagocytosis, T-cell sensitivity, and B-cell function, thus
accounting for the immune dysfunction of patients and in-
creased incidence of cancers [12,13]. Several studies indicat-
ed that HPT was associated with the development of urinary
tract cancer and breast cancer, as well as thyroid cancer [14,15].
However, no connection between PTH level and the presence
of NMTC was found in our PHPT patients, and no statistical
difference in preoperative serum PTH levels was detected be-
tween PHPT patients with NMTC and PHPT patients with be-
nign thyroid nodules. It was remarkable that PHPT patients
with NMTC demonstrated significantly lower preoperative al-
bumin-corrected serum calcium levels compared with PHPT
patients with benign thyroid nodules. A significant negative
association between preoperative albumin-corrected serum
calcium levels and the presence of NMTC was found in PHPT
patients with thyroid nodules using the Spearman rank corre-
lation analysis and logistic regression analysis. Based on our
results, a lower level of serum calcium might be a risk factor
for NMTC in PHPT patients with thyroid nodules. There have
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Table 4. The clinical and biochemical features between PHPT Patients with and without NMTC, PHPT patients with benign and

malignant thyroid nodules.

Without NMTC

(N=143)

Benign thyroid nodule

Age (years) 54+13
CGender
CMale 34 (238%)
CFemale 109 (762%)
Comorbidty
Hypertension 34 (238%)
Diabetes 14 (08%)
Coronary heart disease 7 (49%)
 Malignant tumor history 9 (63%)
CSeum caldum (mmolt) 2081041

Ql\?;r?gr:glr/rscted serum calcium 2.04+0.43

Serum phosphorus (mmol/L) 0.87+0.43
CAPUA) 1464 (937-2355)

FBG (mmol/L) 5.3+0.9
6 @moy 1704117
oy 4921084
CHOLC (mmol) 125:036
oL moy 313071
R 7366363
CBUN(mmoly 55024
TsH@Euy 193 (137-3.22)
CTgb (WMD) 239 (147-1510)

(N=46)

46+12 55+18
10 (21.7%) 4 (33.3%)
36 (78.3%) 8 (66.7%)
12 (26.1%) 5 (41.7%)
3 (6.5%) 0

4 (8.7%) 0

4 (8.7%) 0
3.00+0.40 2.74+0.26*#
2.92+0.32 2.63+0.26**
0.8+0.16 0.93+0.227#

150.3 (105.5-198.2) 107.3  (83.0-172.5)

5.1+0.7 5.3+0.6
""""""""""" 159:096 1754101
""""""""""" 4sis086  s28el14
""""""""""" 133039 1273033
""""""""""" 3042064 331079
""""""""""" 7461352 erselo1
"""""""""""" s7e27 6227
""""""" 175 (1113700 220 (114-548)
a8 (4e473) 155 (101-420)

NS - not significant. * Without NMTC vs. NMTC, p<0.05. # Benign thyroid nodule vs. NMTC, p<0.05.

been several published reports on the association between
serum calcium level and various cancers, as described in the
following examples. 1) The total serum calcium, and ionized
and albumin-corrected calcium concentrations of patients with
colorectal cancer were significantly lower than those of con-
trols [16]. Serum calcium levels were inversely correlated with
blood CA19-9 concentration, which could support the signif-
icance of serum calcium not only as a pathogenic factor but
also as a prognostic factor in the development of colorectal
cancer [16]. 2) Another study demonstrated a highly signifi-
cant negative association of cancer and serum calcium lev-
els in women [17]. 3) A positive link between serum calcium,

esophageal cancer, and colorectal cancer in women was found
in a prospective study [18]. 4) For prostate cancer, there were
two large Swedish studies. The AMORIS study, with 6,353 inci-
dent cases, showed a weak negative association between se-
rum calcium levels and prostate cancer [19], whereas in the
Malmg Preventive Project, this association was only seen in
young overweight men [20]. 5) For breast cancer, there was
an inverse connection with serum calcium [21], as well as no
association with serum calcium. 6) HPT was also associated
with the development of colon cancer [22] as well as gastric
carcinoma [23]. To date, the correlation between thyroid can-
cer and serum calcium level remains unclear. In our study, we
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Table 5. The prevalence of thyroid carcinoma in patients with primary hyperparathyroidism: comparison of the data from literature
with that from the present study.

Study No. of PHPT Thyroid cancer PTC FTC MTC Country
patients n (%) n (%) n (%) n (%)

Bentrem DJ (2002) 580 12/580 (2.1) 12/580 (2.1) 0 0 USA
KésemM(004)  s1 951076  9/s1076) o o Turkey
ogawaT(007) 85 9/85(106) 785 82 1585 (12) o japan
MoritasY(2008) 200 12200 (60) 12200 (6) o o usa
CWwikonSD(@011) 916 41916 (44) 36/916 (39) 5916 (05) o usa
CAdcieroCA012) 94 694 (64) 594 (53) 194 (L) o usa
COnkendiEO (2012 470 79/470 (168)  75/470 (1) o 5470 (11 USA
ClehwaldN (@013 1464 41/1464 (28) 35/1464 (24)  6/1464 (04) o Germany
CXueY(nthisstudy) 155 12155 (77) 12155 (77) o o China

* Indicates one patient who had both MTC and PTC; PTC — papillary thyroid carcinoma; FTC — follicular thyroid carcinoma;

MTC — medullary thyroid cancer; NA — no data available.

first found that serum calcium levels were inversely associat-
ed with the existence of NMTC in PHPT patients. However, the
underlying pathophysiological mechanism of our clinical find-
ings requires further investigation.

In addition to the above factors, the genetic link between PHPT
and NMTC needs to be elucidated. Genetic syndromes account
for approximately 5-15% of all cases of PHPT [24]. The most
common hereditary syndromes associated with PHPT are MEN1
and MEN-2a [25], neonatal severe hyperparathyroidism (NSHPT),
hyperparathyroidism-jaw tumor syndrome (HPT-JT), and familial
isolated hyperparathyroidism (FIHP). However, the association
between the aforementioned genetic PHPT and NMTC remains
unclear. MTC associated with PHPT is one of the main char-
acteristics in MEN-2a patients [26,27]. RET mutations are the
only recognized genetic associations with MEN2 and familial
MTC that follow a classic familial inheritance pattern [28]. To
date, the genetic relationship between NMTC (including thy-
roid papillary carcinoma, follicular carcinoma, and undifferen-
tiated carcinoma) and PHPT is not well defined.

The modern operative approach for PHPT has transitioned
from traditional bilateral neck exploration to a more focal
approach with minimally invasive access, which depends on
%mTc MIBI imaging in locating parathyroid adenomas and in-
traoperative PTH monitoring to document the normalization
of PTH levels [1,29]. However, the minimally invasive approach
can provide inadequate anatomic information of the thyroid
gland and lead to missing synchronous thyroid abnormali-
ties [4,30]. In that situation, a substantial preoperative thy-
roid assessment has been recommended, including physical
examination, ultrasound and CT scans of the neck, and FNA.

Prinz et al. noted that only in 37% of patients with concurrent
disease was a thyroid nodule palpated preoperatively. Thus,
we believe that a preoperative ultrasound of the thyroid gland
may be more beneficial than thyroid palpation to locate para-
thyroid adenomas and detect concomitant thyroid nodules
in PHPT patients [1,4]. Furthermore, our data showed that in
PHPT patients, the prevalence of thyroid microcarcinoma and
the prevalence of thyroid carcinoma with greatest dimension
>1 cm were very similar (7/155 vs. 5/155); therefore, PHPT pa-
tients with thyroid nodules on preoperative ultrasonography,
regardless of the size of the detected nodule, should be rec-
ommended for intensive intraoperative thyroid exploration.

There were some limitations in this study. We documented an
inverse association between NMTC and serum calcium values in
patients with PHPT, but pathophysiological mechanisms underly-
ing this association remained unknown. The majority of our pa-
tients came from Jiangsu province and Shanghai city, which are
both located in the eastern part of China; therefore, our results
may not be extrapolatable to the patients of China in general.

Conclusions

Our results revealed that PHPT might be a risk factor for the
malignancy of thyroid nodules, and that a level of albumin-
corrected serum calcium less than 2.67 mmol/L had good ca-
pacity to predict NMTC in PHPT patients with thyroid nodules.
As bilateral neck exploration for surgical treatment of PHPT
has been replaced by a minimally invasive approach, intensive
preoperative and intraoperative thyroid exploration might be
necessary to identify concomitant thyroid cancers.
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