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Skeletal health is a clinically relevant issue in patients with
prostate cancer (PC) [1–3]. Bone is the most common site of
PC cell migration with up to 90% of patients with advanced
disease having bone metastases [4] with potential negative
impact on quality of life and survival [5]. Since the first
description of the “seed and soil” hypothesis by Stephan
Paget in 1889 [6], several cellular signaling pathways,
cytokines, chemokines, and adhesion molecules have been
identified as players of cross-talking between PC cells and
bone [7] attempting to relate them either to metastases
diagnosis or to patients’ prognosis (as prognostic factors) or
to response to therapy (as predictive factors) [8].
Minisola et al. [9] recently performed a systematic assess-
ment of mineral metabolism in 69 males with PC at dif-
ferent stages of disease as compared to 53 patients with
non-prostate tumors of various origin. The most impressive
result was the occurrence of primary hyperparathyroidism
(PHPT) in 13% of patients with PC, a prevalence which was
much higher than that expected in the general population
[10]. Interestingly, two relevant considerations emerge from
the Minisola et al. [9] retrospective data. First, in PC
patients, PHPT was associated with higher Gleason score
(GS), which is one of the best known prognostic factors
[11]. As a consequence, it could be hypothesized that, if
higher GS correlates with worse PC prognosis, and PHPT is
associated with higher GS, PHPT could be related to a
worse PC prognosis. Second, in the paper by Minisola et al.
[9], PC patients with lower GS (<7) and not submitted to
androgen deprivation therapy (ADT) had a very low

probability to express PHPT. Notably, PC with the best
prognostic characteristics was considered “protective for
PHPT” by Minisola et al. [9].

The pathophysiological determinants of these associa-
tions were not clarified in this study, but the authors
hypothesized that in patients with higher PC activity/bio-
logical aggressiveness, as assessed by high GS, osteo-
blastic bone metastases may favor the development of
PHPT by decreasing serum calcium values [9]. This edi-
torial aimed at providing a different perspective of the
aforementioned results, arguing that PHPT may be per se a
risk factor for cancer development and/or progression [12].
In fact, Minisola et al. [9] reported relatively high pre-
valence of PHPT even in patients with non-prostate tumors
of various origin. Previous studies reported an association
between chronic parathyroid hormone (PTH) excess and
breast, gastrointestinal, kidney, and thyroid cancers [13–
16] and PTH in excess was shown to favor tumor inva-
siveness with increase in bone metastatic burden [17]. PTH
increases the availability of cytokines, such as interleukin-
6, tumor necrosis factor-α, and growth factors (transform-
ing growth factor-β) in the bone microenvironment [18],
possibly influencing the growth and survival of dis-
seminated cells from tumors (e.g., breast cancer and PC)
frequently homing the bone marrow [19] and even poten-
tially favoring the resistance to chemotherapy and hormone
deprivation therapies [20, 21]. Moreover, experimental
studies reported an up-regulation by PTH of matrix
metalloproteinase-13 (also known as collagenase-3), an
enzyme intimately associated with invasiveness of various
cancers including PC and breast cancer [22]. Noteworthy,
PTH has an amino-terminal sequence homology with PTH-
related protein [23], a hormone that stimulates cell growth
and inhibits apoptosis in different cell types [24]. The
cancer progression may be also favored by fibroblast
growth factor-23 (FGF-23), which secretion is stimulated
by PTH in excess [25]. Interestingly, in the study of
Minisola et al. [9] serum FGF-23 values were associated
with PHPT.
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Which is the clinical relevance of these results? First, the
high prevalence of PHPT reported by Minisola et al. [9] may
be a rationale for undertaking a pro-active screening of
PHPT in patients with PC. Although hyperfunctioning
parathyroid glands may be incidentally discovered by (11)C-
choline or (18)F-fluorocholine positron emission tomo-
graphy performed for staging of PC [26], the biochemical
diagnosis of PHPT in this clinical setting may be sometimes
a clinical challenge. In fact, when osteoblastic bone metas-
tases are present, calcium is entrapped in the bone and serum
calcium values may not be so high as expected by the degree
of PTH excess. On the other hand, PTH values may be high
even in the absence of PHPT, in response to enhanced cal-
cium demand and vitamin D deficiency, this latter condition
being frequent in elderly males [27, 28]. Besides the diag-
nostic aspects, high prevalence of PHPT in PC patients may
be clinically relevant for both endocrinologist and oncolo-
gist. As in other similar clinical contexts [29–31], the
pathogenesis of skeletal fragility in PC is multifactorial
depending on tumor itself as well as on anti-neoplastic
therapies [32]. As a matter of fact, vertebral and non-
vertebral fragility fractures are frequent complications of
ADT [2, 33] and skeletal-related events are also common in
PC with bony metastasis, with consequent worsened quality
of life and survival [5]. Although this issue was not speci-
fically addressed by the study of Minisola et al. [9], it is
expected that PHPT may correlate with increase in risk of
fractures in patients exposed to ADT and in those with bone
metastases. From an oncological point of view, measurement
of PTH and diagnosis of PHPT may be important in clinical
practice either for diagnosing biologically more aggressive
PCs or for better defining PC patients prognosis, consistently
with previous observations reporting an association between
secondary PTH excess and PC progression [34, 35].

The study by Minisola et al. [9] may have also ther-
apeutic implications. According to the current guidelines
[36], rapid resolution of PHPT by a surgical approach is
indicated when the disease is symptomatic (i.e., associated
with renal insufficiency or with skeletal fragility) or when
the patients are younger than 50 years or with serum cal-
cium values 1 mg/dl above the upper of the reference
laboratory range. For the other patients with PHPT, a
clinical and biochemical surveillance is suggested [36].
Although prospective studies have not been so far published
on this topic, the results of Minisola study [9] provide a
preliminary rationale for choosing, whenever it is possible,
the surgical correction of PTH excess due to hyper-
production by parathyroid glands in patients with PHPT
and coexistent PC, regardless of serum calcium levels, renal
function, and bone status.

In conclusion, the retrospective study by Minisola et al.
[9] provides an intriguing evidence that PHPT may influ-
ence the outcome of PC. Future prospective trials with

larger sample size are needed to clarify whether the mea-
surement of PTH levels and the correction of PTH excess
may change the prognosis of patients with PC.
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