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Background. The primary hyperparathyroidism (PHPT) is a common disease for the endocrinologist. The concomitant thyroid
disease and differentiated thyroid cancer (DTC) appear to be more frequent in patients with PHPT than in the general population.
The aim of this study was to characterize patients with symptomatic PHPT with and without DTC and analyze frequency and risk
factors.Methods. We consecutively studied patients with symptomatic PHPT diagnosed and treated at our center between 2013 and
2015. Patients with subclinical and syndromic forms of PHPT were excluded. Clinical and biochemical characteristics of patients
with and without DTC were compared and risk factors were determined. All patients were studied with thyroid ultrasound and
thyroid gammagraphy with TC-MIBI. Two expert surgeons performed all the surgical procedures. Results. In 59 patients included,
we found 12 cases of PTC (20.3%).The final histopathological report of the PTCwas 7 cases of follicular variant, 2 cases of oncocytic
variant, 2 cases of classic variant, and 1 case of columnar cells variant of PTC. Patients with thyroid cancer were older than patients
without thyroid cancer (62 ± 9.5 versus 52 ± 15.8, p = 0.03). Higher preoperative levels of iPTH were associated with PTC (p=0.03)
[OR 5.16 (95% CI: 1.08-24.7)]. Conclusion. PTC is frequent in patients with symptomatic PHPT. Thyroid nodules in patients with
symptomatic PHPTmust be studied before parathyroidectomy. In symptomatic PHPT, higher level concentration of parathormone
(PTH) was associated with higher risk of DTC.

1. Introduction

Primary hyperparathyroidism (PHPT) is the principal cause
of hypercalcemia in ambulatory patients and is one of the
most common endocrine diseases [1–3]. It ismore frequent in
women and it increaseswith age. Subclinical or asymptomatic
presentation is the most common in occidental countries like
United States and Europe and the diagnosis is often made
incidentally [2–5].

Prospective follow-up studies of asymptomatic PHPT
have shown that it is a progressive disease; after 10 to 15 years,

up to one-third of the subjects showed a progression with
evident characteristics of the disease, for example, kidney
stones, worsening of hypercalcemia, and reduction of bone
mineral density (BMD) [6].

The natural history of PHPT is unknown. It is highly
probable that patients with clinical PHPT have a longer
evolution with constant exposition to high calcium levels
and parathormone (PTH) with a progressive damaging effect
in the principal target organs like bone and kidney [1,
2]. In observational studies, the severity and chronicity of
PHPT have been associated with a higher cardiovascular
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morbimortality andmultiple neoplasms; this associationwith
asymptomatic PHPT has not been found [5, 7, 8].

About 15-75% of patients with PHPTmay have coexistent
thyroid disease, including benign and malign nodules [9].
The prevalence of differentiated thyroid cancer (DTC) in this
context appears to be higher than general population; the
prevalence found goes from 2 to 28% [9, 10]. The common
risk factor for thyroid and parathyroid neoplasms is the
history of neck radiation, yet this factor is not always present
[11].

The objective of this study is to characterize patients with
symptomatic primary hyperparathyroidism with or without
differentiated thyroid cancer.

2. Patients and Methods

Patients with biochemically documented PHPT diagnosed
and treated at our center between 2013 and 2015 were
included in this study. Patients with subclinical PHPT and
patients with HPT associated with hereditary syndromes
were excluded.The study protocol was approving by our local
ethics and scientific committees and all patients signed the
appropriate informed consent. All patients were evaluated by
a preoperative 99mTc-sestamibi scintigraphy (99mTc-MIBI) as
well as high-resolution neck ultrasonography (USG).

2.1. Biochemical and Hormonal Measurements. Biochemical
evaluation was performed on an Architect-ci8200 auto-
mated analyzer (Abbott Diagnostics, Abbott Park, Illinois)
and included serum glucose, albumin, total cholesterol,
high-density lipoprotein- (HDL-) cholesterol, low-density
lipoprotein- (LDL-) cholesterol, triglycerides, total calcium,
magnesium, and phosphorus. We used a specific chemilumi-
nescent assay tomeasure PTH intactmolecule (DiaSorin Inc.,
Stillwater, Minesota) with a sensitivity of 1 pg/mL, inter- and
intra-assay coefficients of variation (CV) of 5.3% and 3.5%,
respectively, and a normal reference range of 15-65 pg/mL).
Serum 25 (OH) D3 was measured by means of a chemilu-
minescent assay (DiaSorin Inc., Stillwater, Minnesota) with
a sensitivity of 4 ng/ml and inter- and intra-assay CVs of 5.1%
and 8.6%, respectively.

2.2. Neck Ultrasonography and Parathyroid Scintigraphy Pro-
tocols. Neck USG was performed using Aixplorer Ultra-
medics, scanner with an 8-14 MHz transducer. Ultrasound
findings were categorized according to the TIRADS system
[12]. Parathyroid scintigraphy was carried out after the
intravenous injection of 450 MBq 99mTc-MIBI sestamibi
(methoxy-isobutyl-isonitrile). Planar images were acquired
using a low-energy, high-resolution collimator positioned as
near to the neck as possible using a single-head Siemens E-
Cam gamma camera. The early images were acquired in the
anterior, left, and right anterior 30∘ oblique view 15 min after
tracer administration (thyroidal phase). Similar views were
obtained starting 90-120min after injection (delayed images).

2.3. Surgical Procedures. Patients with a localized parathy-
roid lesion and without thyroid abnormalities on neck US

underwent minimally invasive resection of the parathyroid
adenoma. Bilateral neck exploration was performed when
the 99mTc-MIBI showed either uptake in more than one
parathyroid gland or no uptake at all, and/or the neck US
revealed the presence of one or more thyroid nodules larger
than 1 cm. Patients with nodules smaller than 1 cm but with a
sonographic pattern suggestive of malignancy (hypoechoic,
taller-than-wide shape, being with microcalcifications, and
ill-defined borders) or with risk factors [12, 13] underwent
preoperative ultrasound-guided fine needle aspiration (FNA)
biopsy. When the thyroid cytology [14] was clearly benign
(Bethesda II) and the parathyroid scan confirmed the pres-
ence of a single and distinct parathyroid lesion, the patient
was subjected to a minimally invasive parathyroidectomy.
The bilateral or classical neck exploration was made when
99mTc-MIBI showed uptake in more than one parathyroid
gland, discordant, or nonlocalizing preoperative imaging
(suggestive data of parathyroid hyperplasia).

Those patients with nodules larger than 1 cm whose
thyroid cytology was classified as Bethesda III, IV, V, or VI
were submitted neck exploration and the surgical strategy
(lobectomy with or without isthmusectomy, partial thy-
roidectomy, and total or nearly total) was decided in function
of an analysis of risk factors, ultrasound malignity suspicion,
multifocality or suspicious adenopathies by ultrasound, and
thyroid nodule localization [13]. In our center, preoperative
molecular markers determination is not made in a routinary
way in patients with indeterminate FNA cytology. Two expert
surgeons performed all the surgical procedures.

2.4. Statistical Analysis. Quantitative variables are described
as means with standard deviation (SD) or medians with
interquartile range (IQR) according to their distribution.
Proportions (expected frequency, prevalence) were used for
the qualitative variables. To establish associations between
the continuous quantitative variables we used Student’s t-
test, the Mann-Whitney U-test, or the Wilcoxon test. For
qualitative variables we used the X2 or Fisher test, according
to the expected value in the boxes. A multivariate, stepwise
logistic regression analysis was carried out to explore which
clinical and biochemical characteristics were associated with
PCT. Cox proportional hazard regression model was used
for competing risks. A p<0.05 was considered as statistically
significant. Statistical software consisted of SPSS version 17
and STATA version 11.

3. Results

A total of 59 patients were included in the study. The mean
age was 54.1±15 years and the 77% (n=46) were women. The
beginning of biochemical study for PHPTwas the evaluation
of nephrolithiasis in 28 patients (47.4%), osteoporosis by dual
energy X-ray absorptiometry (DEXA) in 29 patients (49%)
and 2 patients (3.4%) that presented acute pancreatitis. The
diagnosis of PHPT was established with the biochemical
profile. Target organdamagewas evaluated in all patients.The
baseline demographic, clinical, biochemical, and histopatho-
logical characteristics were described in Table 1.
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Table 1: Clinical biochemical and pathology finding in patients with
severe primary hyperparathyroidism.

Parameter N=59
Age (year) 54 ± 15
Female gender 46 (78%)
Serum Calcium (mg/dl) 11.4 (11-12-1)
Serum Phosphorus (mg/dl) 2.6 (2.2-2.8)
PTHi (pg/ml) 147 (117-243)
Vitamin D (ng/ml) 14.9± 5.36
Urinary calcium (mg/24-hour) 318 (210-373)
Creatinine clearance (ml/min) 79.4± 27.4
Hypertensive crisis 5 (8.5%)
Renal stone 28 (47%)
Osteoporosis 29 (49%)
Pancreatitis 2 (3.4%)
Hypertension 33 (56%)
Prediabetes 24 (41%)
Diabetes 6 (10%)
Histopathologic finding (%)
Adenoma 51 (86%)
Hyperplasia 8 (14%)

In the neck ultrasound, normal thyroid was found in
27 patients (45%), thyroiditis (diffuse echogenicity without
distinct nodular lesions) in 4 patients (7%), multinodular
goiter in 8 patients (14 %), and solitary thyroid nodule in 20
patients (34 %).

In patients with multinodular goiter, the FNA biopsy
of the suspected nodule reported papillary thyroid cancer
(preoperative diagnosis) in 4 cases. Near-total thyroidectomy
was performed in patients with multinodular goiter and
PHPT. In patients with a single thyroid nodule <1 cm, the
FNA biopsy reported papillary thyroid cancer (preoperative
diagnosis) in 2 cases. In the rest of the patients with nodules>
1 cm, in 2 cases the FNA biopsy reported Bethesda VI. Of the
nodules with Bethesda III, IV, and V, in 4 cases the CPT was
corroborated in the histopathological study.

The final histopathologic report confirmed the diagnosis
in all cases.Thefinal histopathological diagnosis of PHPTwas
adenoma in 51 patients (86%) and hyperplasia in 8 patients
(14%).

A total of 12 patients (20.3%) presented papillary thy-
roid cancer (PTC) concomitantly. The final histopathological
report of the PTC was 7 cases of follicular variant, 2 cases
of oncocytic variant, 2 cases of classic variant, and 1 case of
columnar cells variant of PTC.

Patients with PHPT and thyroid cancer were older than
patients without thyroid cancer and PHPT (62±9.5 versus
52±15.8; p=0.03). There were no differences between the
patients with and without DTC according to gender, serum
calcium, phosphorus, vitamin D3 levels, urinary calcium and
phosphorus, or creatinine clearance (Table 2). Serum iPTH
levels were higher in patients with DTC, 5 without statistical
significance (p=0.10); however, in the logistic regression
model, that included age, PTH, gender, serum calcium, and

vitamin D, they showed a significantly association between
preoperative PTH levels and the presence of DTC (p=0.03),
with an estimated odds ratio of 5.16 (95% confidence interval
[CI] 1.08-24.7) (Table 3).

4. Discussion

We present our consecutive series of patients with symp-
tomatic PHPT in a third level attention center. We found a
high prevalence of PTC, more frequent in woman patients of
old age. All patients with PTC presented higher presurgery
iPTH levels; higher preoperative levels of iPTH were associ-
ated with PTC (p= 0.03) [OR 5.16 (95% CI: 1.08-24.7)]. We
found no difference in calcium, phosphorus, and vitamin D
in both groups.

PHPT is the principal cause of hypercalcemia and one
of the endocrine diseases most common [1–3]; it is more
common in women and it increases with age.The subclinic or
asymptomatic presentation is themost common in occidental
countries like USA and Europe and its diagnosis is frequently
made in an incidental way [2–5]. The follow-up studies of
asymptomatic PHPT have demonstrated that it is a disease
that is often progressive; after 10 to 15 years, a progression of
the disease has been seen [6].

Thyroid nodules have a high prevalence in general popu-
lation (18-68%), with higher incidence in women and elders.
The clinical importance of thyroid nodules is the necessity
of excluding thyroid cancer. PTC occurs in 7 to 15% of cases
and is related to risk factors as age, sex, radiation exposition,
family history, among others [13]. It calls to attention that, in
patientswith PHPT, the prevalence of thyroid nodular disease
is similar that in general population; nevertheless, CPT is
more frequent than in general population [15, 16]. The high
concurrence of these two diseases in the same patients may
not be a coincidence; a lot of factors may connect PHTP with
CPT.

The majority of the reported studies were made in
patients with PHPT in different stages of evolution [15, 16].
In the present study, in which we included patients with
symptomatic PHPT, we found a prevalence of CPT in 20%.
Our results show that all patients had target organ damage
(osteoporosis or recurrent lithiasis) and were considered by
us as long-lasting evolution.

Xue Y et al. found that, from 155 patients with PHPT, 7.7%
were ill with concomitant PTC; they found lower calcium
concentrations as predictor of nonmedullary thyroid cancer
in patients with PHPT [16, 17]. Gul K et al. found that, from
60 patients with PHPT, 9 patients (15%) had PTC in a con-
comitant; they recommend the evaluation of the thyroid with
ultrasonography and FNAB [17].MilasM et al. found 55 cases
of thyroid cancer (4.6%) of 1200 consecutive PHT patients;
they highlighted the necessity of ultrasound performed by
surgeons or endocrinologists preoperatively and preparation
for possible simultaneous parathyroid-thyroid surgery [18].

Our results have found the association of PTC with high
concentrations of PTH in patients who clinically have a long
time of evolution of their PHPT.

Observational and experimental studies of PTH find a
favorable effect of cell proliferation. It has been seen an
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Table 2: Characteristics of patients with severe primary hyperparathyroidism, with and without thyroid cancer.

With thyroid cancer Without thyroid cancer P
n= 12 n=47

Age 62 ± 9.5 52±15.8 0.03
Female gender 11 (92%) 35 (76%) 0.20
Autoimmune thyroid disease 4 (33%) 7 (15%) 0.10
Calcium (mg/dl) 11.8 (10.9-12.5) 11.4 (11-12.1) 0.90
Phosphorus (mg/dl) 2.6± 0.4 2.5±0.4 0.20
PTHi (pg/ml) 224 (130-460) 144 (115-227) 0.10
Vitamin D (ng/ml) 15± 5.4 14.9± 5.3 0.20
Urinary calcium in 24 hours (mg/24-hour) 318 (245-345) 319(210-400) 0.78
Creatinine clearance (ml/min) 73±20.9 81.7±28.6 0.20

Table 3: Multivariate analysis of features potentially associatedwith
thyroid cancer.

Variable OR 95% Confidence interval P
Age 1.05 0.98-1.12 0.11
PTH (pg/ml) 5.16 1.08-24.7 0.03
Gender 3.68 0.32-41.6 0.29
Serum calciummg/dl 0.79 0.41-1.54 0.50
Vitamin D (ng/ml) 1.03 0.89-1.19 0.63

association between high levels of iPTH and phagocytosis
alteration, T cells sensibility, and B cells function, which
explains immunedysfunction and a higher risk for cancer [19,
20]. It has also been seen that thyrocytes express insulin like
growth factor 1 receptors (IGF-1) and produce IGF-1 in vivo.
This characteristic supports the hypothesis that IGF-1 may
regulate the thyroid growth and, therefore, may be involved
in the pathogenesis of multinodular goiter [21]. Some authors
have postulated that iPTHmay stimulate hepatic synthesis of
IGF-1, epidermal growth factor, and that it could increase the
thyroid cellular proliferation. It has also been demonstrated
that some cancers express PTH/PTHrp and are related to
mitogenic signals [22]. The PTH also stimulates the renal
synthesis of 1,25-dihydroxyvitamin D. The deficiency of
vitamin D produces secondary hyperparathyroidism. PTH
in cellular levels has also been demonstrated to increase the
cellular proliferation in bone marrow and liver in vivo and T
lymphocytes in vitro [22, 23].

The tumorigenic action of PTH excess may act with-
out opposition because of vitamin D deficiency, which is
frequently presented in patients with PHPT [22, 23], and
contribute to the increase of tumors formation like in patients
in dialysis for terminal renal disease [24]. It is known than
vitamin D deficiency in patients of PHPT is associated with
more sever PHPT clinical presentation, more target organ
damage, and the postsurgery presentation of hungry bone
syndrome [25]. In addition to its main role in calcium
homeostasis, vitamin D can directly or indirectly regulate
multiple signaling pathways involved in cellular proliferation,
differentiation, apoptosis, inflammation, invasion, angiogen-
esis, and metastasis [26]. Although there is a list of cancers
showing relation to low levels of vitamin D, the most

prominently addressed in research so far are cancers of the
breast, colon, and prostate [27]. In our series, all our patients
with severe PHPT showed low concentrations of vitamin D. It
is very probable that vitamin D deficiency has a permissive or
additive function with other oncogenic factors in the context
of symptomatic PHPT.

Other risk factors have been proposed for the coexistence
of PTC and PHPT like radiation exposition, the goitrogenic
effect of prolonged hypercalcemia, calcitonin elevation, and
genetic factors [11, 28].

The limitations of our study are the number of patients
that is limited to a single center; although all cases have
white organ damage, it has been impossible to determine the
time of evolution of PHPT. Even though the histopathological
characteristics suggest amore aggressive behavior of the CPT,
preoperativemolecularmarkers determination is notmade in
a rutinary way in patients with indeterminate FNA cytology.

5. Conclusion

PTC is frequent in patients with symptomatic PHPT.Thyroid
nodules in patients with symptomatic PHPTmust be studied
before parathyroidectomy. In symptomatic PHPT, higher
level concentration of parathormone (PTH) was associated
with higher risk of DTC.
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contributed equally to this work.

Acknowledgments

The research and publication of our article was funded with
the available resources in Instituto Mexicano del Seguro
Social, IMSS. Authors are associated with the Consejo
Nacional de Ciencia y Tecnologı́a (CONACYT).

References

[1] J. P. Bilezikian,N. E.Cusano,A.A.Khan, J. Liu,C.Marcocci, and
F. Bandeira, “Primary hyperparathyroidism,” Nature Reviews
Disease Primers, vol. 2, p. 16033, 2016.

[2] L. Bandeira and J. Bilezikian, “Primary Hyperparathyroidism,”
F1000 Research, vol. 5, pp. 1–11, 2016.

[3] A. A. Khan, D. A. Hanley, R. Rizzoli et al., “Primary hyper-
parathyroidism: Review and recommendations on evaluations,
diagnosis, and management. A canadian and international
consensus,” Osteoporosis International, vol. 28, pp. 1–19, 2017.

[4] F. Bandeira, L. Griz, G. Caldas, C. Bandeira, and E. Freese,
“Frommild to severe primary hyperparathyroidism: the Brazil-
ian experience,” Arquivos Brasileiros de Endocrinologia &
Metabologia, vol. 50, no. 4, pp. 657–663, 2006.

[5] R. A.Wermer, S. Klosla, E. J. Atkinson, C. S. Gran, S. F. Hodson
et al., “Survival after the diagnosis of hyperparathyroidism: a
population-based study,”TheAmerican Journal of Medicine, vol.
104, pp. 115–122, 1998.

[6] M. R. Rubin, J. P. Bilezikian, D. J. McMahon et al., “The
natural history of primary hyperparathyroidism with or with-
out parathyroid surgery after 15 years,” The Journal of Clinical
Endocrinology & Metabolism, vol. 93, no. 9, pp. 3462–3470,
2008.

[7] I.-L. Nilsson, J. Zedenius, L. Yin, and A. Ekbom, “The associ-
ation between primary hyperparathyroidism and malignancy:
Nationwide cohort analysis on cancer incidence after parathy-
roidectomy,” Endocrine-Related Cancer, vol. 14, no. 1, pp. 135–
140, 2007.

[8] A. L. Pickard, G. Gridley, L. Mellemkjae et al., “Hyperparathy-
roidism and Subsecquent Cancer Risk in Denmark,” Cancer,
vol. 95, no. 8, pp. 611–617, 2002.

[9] P. M. Spanheimer and R. J. Weigel, “Management of patients
with primary hyperparathyroidism and concurrent thyroid
disease: An evolving field,” Annals of Surgical Oncology, vol. 19,
no. 5, pp. 1428-1429, 2012.

[10] P. Yazici, M. Mihmanli, E. Bozdag, N. Aygun, and M. Uludag,
“Incidental finding of papillary thyroid carcinoma in the
patients with primary hyperparathyroidism,” Eurasian Journal
of Medicine, vol. 47, no. 3, pp. 194–198, 2015.

[11] S. D. Wilson, K. M. Doffek, T. S. Wang, E. A. Krzywda, D. B.
Evans, and T. W. F. Yen, “Primary hyperparathyroidism with
a history of head and neck irradiation: The consequences of
associated thyroid tumors,” Surgery, vol. 150, no. 4, pp. 869–877,
2011.

[12] E. Horvath, S. Majlis, R. Rossi et al., “An ultrasonogram
reporting system for thyroid nodules stratifying cancer risk for
clinical management,” The Journal of Clinical Endocrinology &
Metabolism, vol. 94, no. 5, pp. 1748–1751, 2009.

[13] E. Puxeddu and S. Filetti, “The 2009AmericanThyroidAssocia-
tion management of thyroid nodules and differentiated thyroid
cancer: progress on the road from consensus-to evidence-based
practice,”Thyroid, vol. 19, no. 11, pp. 1145–1147, 2009.

[14] S. Crippa, L. Mazzucchelli, E. S. Cibas, and S. Z. Ali, “The
Bethesda system for reporting thyroid fine-needle aspiration
specimens,”American Journal of Clinical Pathology, vol. 134, no.
2, pp. 343-344, 2010.

[15] U. Cinamon, D. Levy, and T. Marom, “Is Primary Hyper-
parathyroidism a Risk Factor for Papillary Thyroid Cancer? An
Exemplar Study and Literature Review,” International Archives
of Otorhinolaryngology, vol. 19, pp. 42–45, 2015.

[16] Y. Xue, Z. Q. Ye, H. W. Zhou, B. M. Shi, X. H. Yi, and K. Q.
Zhang, “Serum Calcium and Risk on Nonmedullary Thyroid
Cancer in Patients with Primary Hyperthyroidism,” Medical
Science Monitor, vol. 22, pp. 4482–4489, 2016.

[17] K. Gul, D. Ozdemir, B. Korukluoglu et al., “Preoperative and
postoperative evaluation of thyroid disease in patients under-
going surgical treatment of primary hyperparathyroidism,”
Endocrine Practice, vol. 16, no. 1, pp. 7–13, 2010.

[18] M. Milas, A. Mensah, M. Alghoul et al., “The impact of office
neck ultrasonography on reducing unnecessary thyroid surgery
in patients undergoing parathyroidectomy,”Thyroid, vol. 15, no.
9, pp. 1055–1059, 2005.

[19] A. S. Geara, M. R. Castellanos, C. Bassil et al., “Effects of
parathyroid hormone on immune function,”Clinical andDevel-
opmental Immunology, vol. 2010, Article ID 418695, 10 pages,
2010.

[20] C. Tzanno-Martins, E. Futata, V. Jorgetti, and A. J. S. Duarte,
“Immune response in hemodialysis patients: Is there any differ-
ence when low and high iPTH levels are compared?” Clinical
Nephrology, vol. 54, no. 1, pp. 22–29, 2000.

[21] E. Maiorano, A. Ambrosi, R. Giorgino, M. Fersini, L. Pollice,
and A. Ciampolillo, “Insulin-like Growth Factor 1 (IGF-1) in
Multinodular Goiters: A Possible Pathogenetic Factor,” Pathol-
ogy - Research and Practice, vol. 190, no. 11, pp. 1012–1016, 1994.



6 Journal of Thyroid Research

[22] M. F. McCarty, “Parathyroid hormone may be a cancer pro-
moter - An explanation for the decrease in cancer risk asso-
ciated with ultraviolet light, calcium, and Vitamin D,” Medical
Hypotheses, vol. 54, no. 3, pp. 475–482, 2000.

[23] D. Kim, “The role of vitamin D in thyroid diseases,” Interna-
tional Journal of Molecular Sciences, vol. 9, pp. 1–19, 2017.

[24] L. A. Burmeister, M. Sandberg, S. E. Carty et al., “Thyroid car-
cinoma found at parathyroidectomy: association with primary,
secundary, and terciary hyperparathyroidism,” Cancer, vol. 79,
pp. 1611–1616, 1997.

[25] J. E. Witteveen, S. van Thiel, J. A. Romijn, and N. A. Hamdy,
“Hungry bone syndrome:still a challenge in the post-operative
management of primary hyperparathyroidism: a systematic
review of the literature,”European Journal of Endocrinology, vol.
168, pp. R45–R53, 2013.

[26] A. M. Barreto, G. G. Schwartz, R. Woodruff, and S. D. Cramer,
“25-Hydroxyvitamin D3, the prohormone of 1,25-dihydrox-
yvitamin D3, inhibits the proliferation of primary prostatic
epithelial cells,”Cancer Epidemiology, Biomarkers & Prevention,
vol. 9, no. 3, pp. 265–270, 2000.

[27] I. A. Abdelgawad, R. H. El-Mously, M. M. Saber, O. A.
Mansour, and S. A. Shouman, “Significance of serum levels of
vitamin D and some related minerals in breast cancer patients,”
International Journal of Clinical and Experimental Pathology,
vol. 4, pp. 4074–4408, 2015.

[28] S. Goswami and S. Ghosh, “Hyperparathyroidism: Cancer and
Mortality,” Indian Journal of Endocrinology andMetabolism, vol.
16, Supplement 2, pp. S217–S220, 2012.


