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Calcium Mediates the Phosphaturia in Hypercalcemia of
Malignancy

Issac Sachmechi® ©, Veronica Jedlovsky?, George Schussler®

Abstract

Background: Humoral hypercalcemia of malignancy (HHM) is
claimed to be caused by circulating parathyroid hormone like peptide
(PTHrP) that shares several of the cardinal biochemical and skeletal
histological features with hyperparathyroidism (HPT). Both syn-
dromes are characterized by hypercalcemia from increased renal tu-
bular reabsorption of filtered calcium, increased urinary cyclic AMP,
renal phosphate wasting and hypophosphatemia, in contrast to low
1,25(OH)2D levels, metabolic alkalosis, and uncoupled bone forma-
tion-resorption rate in HHM. The aim of the study was to reassess if
phosphaturia of HHM can be attributed to hypercalcemia rather than
to humoral effect of PTHrP.

Methods: A prospective study was conducted at Mount Sinai Ser-
vices at Queens Hospital Center, NY.

Results: Nine (four females and five males) out of 20 patients with
hypercalcemia of malignancy documented having elevated PTHrP,
normal renal function, and low PTH levels were finalized for the
study. Serum calcium, phosphate, creatinine, albumin, and PTHrP
concentration were determined. On the initiation of hydration, 24 h
urine for creatinine, calcium and phosphorous were also collected.
Blood and urine tests were repeated after serum calcium levels had
been decreased by at least 1.5 mg/dL. All patients received vigor-
ous intravenous hydration with normal saline at 200 cc/h. After the
first 24 h, small doses of furosemide were given to two out of nine
patients for 48 - 72 h. Hydration has shown statistically significant
decrease in serum calcium concentration (13.9 + 2.1 to 10.8 + 1.48
mg/dL; P < 0.001) and increase in tubular reabsorption of phosphate
(TRP) (69.54+8.16% to 77.85+12.24%; P < 0.01). However, PTHrP
levels have shown no statistically significant difference on hydration
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therapy.

Conclusion: Improvement of hypercalcemia by hydration reverses
phosphaturia without reducing PTHrP levels. It is being proposed that
in HHM, PTHrP can lead to hypercalcemia from uncoupled bone for-
mation-resorption rate through a local autocrine or paracrine action
produced by bony micrometastases that could not be demonstrated
radiologically, rather than from PTHrP’s humoral effect.

Keywords: Hypercalcemia of malignancy; Parathyroid hormone like
peptide; Phosphaturia; Tubular reabsorption of phosphate

Introduction

Humoral hypercalcemia of malignancy (HHM) and hyperpar-
athyroidism (HPT) share several of the cardinal biochemical
and skeletal histological features. Both syndromes are char-
acterized by hypercalcemia from increased renal tubular re-
absorption of filtered calcium, increased urinary cyclic AMP
(cAMP), renal phosphate wasting and hypophosphatemia. In
contrast to these similarities, low 1,25(OH)2D3 concentra-
tions, uncoupled bone formation and resorption, and metabolic
alkalosis are observed in HHM which seems to be inconsistent
with a humoral activation of the PTH receptor [1, 2].

Decreased renal tubular reabsorption of phosphate (TRP)
and hypophosphatemia, commonly occurring in the HHM,
have been attributed to a humoral effect of parathyroid hor-
mone like peptide (PTHrP) which binds to and activates the
PTH receptor [1]. An alternative explanation for the decreased
TRP observed in HHM is hypercalcemia itself rather than
PTHrP [3]. In fact, it has been shown that lowering serum cal-
cium independently of any anticancer treatment reverses the
decreased TRP as would be consistent with a phosphaturia ef-
fect of hypercalcemia rather than a humoral effect mediated
by PTHrP [4]. However, these observations, made prior to the
identification of PTHrP, did not rule out the possibility that the
observed increase in TRP with treatment of the hypercalcemia
was due to a concurrent decrease in serum PTHrP concentra-
tions, although this seems unlikely. With the availability of the
PTHrP immunoassay, it has become possible to control for
such unanticipated effects of treatment on PTHrP levels.

Our study hypothesis is that Schussler et al [4] studied
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Table 1. Variabilities in Biochemical Measurements Before and After Hydration Therapy in Hypercalcemia of Malignancy

Patient o, Calcium (mg/dL) Phosphate (mg/dL) PTHrP (pmol/L) TRP (%)
Before After Before After Before After Before After

1 11.5 9.6 33 5.4 4.1 3.7 70.4 753
2 15.4 12.0 3.1 34 4.0 3.0 67.8 70.6
3 15.5 134 2.9 2.5 14.6 14.0 60.8 51.0
4 17.8 12.3 1.3 1.1 2.3 2.4 64.4 88.6
5 13.1 10.6 2.3 2.2 8.6 8.9 64.5 79.6
6 11.3 9.6 3.9 43 1.8 1.7 84.6 88.4
7 13.8 10.2 1.4 2.1 4.8 6.3 81.6 89.8
8 13.4 8.9 4.9 3.7 2.7 1.9 64.7 83.4
9 13.0 10.5 2.6 2.5 3.9 4.8 67.04 74.0
Mean + SD 13.9+2.1 10.8 £ 1.48 286+1.44 3.02+1.31 520+4.04 5.19+£4.03 69.54+8.16 77.85+12.24
P value <0.001 NS NS <0.05*

NS: non-significant. *After exclusion of patients no. 3 and 7; P < 0.01.

the role of calcium in inducing phosphaturia in hypercalcemic
breast cancer patients; because it is generally conceded that it
is osteolytic bone metastases rather than ectopic PTH secretion
that causes hypercalcemia in breast cancer; and concluded that
improvement of hypercalcemia after saline infusion is associ-
ated with an increase in the TRP independent of ectopic or
endogenous PTH secretion. Taking a step further, the present
study was designed with the hypothesis of whether the phos-
phaturia of HHM can be attributed to the hypercalcemia itself
rather than a humoral effect of PTHrP secreted by tumor cells.

Materials and Methods

A prospective study was done on 20 patients diagnosed with
HHM at Icahn School of Medicine at Mount Sinai Services-
Queens Hospital Center, Jamaica, New York. All these patients
had elevated PTHrP, normal renal function and a low intact-
PTH. However, 11 patients were excluded because of early use
of drug therapy for hypercalcemia (pamidronate or calcitonin)
or radiation therapy or inability to collect urine. Nine patients
(four females and five males) who were treated for hypercal-
cemia with hydration completed the study. Written informed
consent was taken from each recruited patient and study design
was approved in advance by institutional ethical board review
committee.

Patients who had one or more of the following conditions
were excluded: elevated serum PTH level, pre-existing renal
diseases and medications known to interfere with calcium and
bone metabolism including calcium supplement, vitamin D,
bisphosphonates, and glucocorticoids. Blood samples were
obtained and immediately processed for biochemical analyses
before and after specific and supportive treatments for hyper-
calcemia were initiated. All patients received vigorous intrave-
nous hydration with normal saline at 200 cc/h. After the first
24 h of hydration, small doses of furosemide (20, 40 mg BID)
were given for 48 - 72 h in patients number 3 and 7 (Table 1).
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None of the patients received any other modality of therapy
(i.e., pamidronate or calcitonin) for the hypercalcemia dur-
ing these observations. However, one of our patients (no. 3)
was subsequently treated with pamidronate due to poor initial
response to hydration and furosemide. Moreover, blood pres-
sure, pulse, and temperature were monitored every 8 h, and
questioning regarding any new complaints was conducted sev-
eral times a day.

Serum calcium, inorganic phosphate, creatinine, albumin
and PTHrP concentrations were measured by standard auto-
mated techniques. With the initiation of hydration 24 h urine
for creatinine, calcium, and phosphorous were also collected.
When the serum calcium had decreased by at least 1.5 mg/
dL (usually at 48 - 72 h of hydration), the blood and urine
tests were repeated. Serum and urine calcium and phosphate
determinations were done by colorimetric assay (Johnson &
Johnson); creatinine was measured by two point rate assay;
PTHrP and intact-PTH determination was done through immu-
noradiometric assay (IRMA) by Nicole Institute in San-Juan
California and Beckman Coulter respectively [5].

Data were expressed as mean + standard deviation (SD) or
percent as appropriate. Statistical analyses were performed us-
ing Statistical Packages for the Social Sciences (SPSS) version
11. A P-value of < 0.05 was considered statistically significant.

Results

Table 1 presents the serum value of calcium, phosphate,
PTHrP, and TRP before and after hydration therapy. On hy-
dration, a statistically significant (P < 0.001) decline in serum
calcium levels had been seen from 13.9 + 2.1 to 10.8 + 1.48
mg/dL. Although no significant changes were noticed among
phosphate and PTHrP levels, TRP had been statistically (P <
0.05) improved from 69.54+8.16% to 77.85+12.24%. On the
exclusion of case no.3, hydration therapy had still shown a sta-
tistically significant decrease (13.7 + 2.1 to 10.5 + 1.2 mg/dL)
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Figure 1. Variabilities in biochemical measurements before and after hydration therapy in hypercalcemia of malignancy.

in serum calcium (P < 0.001) and increase (70.63+8.00% to
81.21£7.44%) in TRP rate (P < 0.01), respectively.

A statistically significant (P <0.05) improvement in TRP%
has been seen from 69.54 + 8.16 to 77.85 £ 12.24; however,
average value did not reach normal value which might be due
to a concurrent improvement in the glomerular filtration rate
with the correction of hypercalcemia and consequent increase
in TRP did not result in a comparable decrease in phosphate
clearance.

Figure 1 represents graphical correlation between serum
calcium and TRP levels before and after normal saline therapy,
where correction of hypercalcemia improves TRP with statisti-
cally no change in the serum concentration of PTHrP (before:
5.20 + 4.04; after: 5.19 + 4.03). Thus, it can be stated that the
observed increase in TRP was not secondarily significantly re-
lated to serum PTHrP levels. Although furosemide was used
among two patients, it has been reported by Rodriguez et al
that urinary excretion of phosphate is not affected despite a
marked diuresis being caused by furosemide [6].

Discussion

The current study demonstrates that TRP increased toward
normal with treatment of hypercalcemia by normal saline
therapy in HHM, which explains a phosphaturic effect of hy-
percalcemia rather than a humoral effect of PTHrP secreted by
tumor cells.

Role of calcium in renal phosphate handling

The rate of phosphate transport is dependent on the abundance
of three renal sodium phosphate co-transporters functioning,
Npt2a, Npt2¢c, and PiT-2 and the magnitude of the Na* gra-
dient maintained across the luminal membrane, with the lat-
ter depending on the Na*/K*/ATPase or sodium pump on the
basolateral membrane. The binding of PTH/PTHrP to parathy-
roid hormone 1 receptor (PTHIR) produces activation of the
G/AC/cAMP/PKA and G /PLC/IP,/Ca**/PKC pathways (Fig.
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2). The subsequent rise in intracellular calcium suggests that
hypercalcemia plays a role in internalization and subsequent
degradation of these sodium phosphate co-transporters pro-
motes phosphaturia [7]. Similarly to the current study various
authors have proposed several data regarding renal correla-
tion of calcium and phosphate handling. Both Rajagopal et al
[8] and Kenny et al [9] have reported mutations in the Npt2a
gene that resulted in phenotypes of renal phosphate wasting
with resultant hypercalcemia, hypercalciuria, and hypophos-
phatemia. This suggests that an impaired expression of sodium
phosphate co-transporters is associated with dysregulated se-
rum calcium homeostasis as a result of its impact on serum
phosphate levels.

Interestingly, Okuda et al reported that the calcium sensing
receptor mediates inhibition of Na-ATPase activity in proxi-
mal tubular cells [10]. Inhibition of Na/K-ATPase in HHM
patients will reduce the electrochemical driving force for Na-
PO4 co-transport into the cell which will subsequently result in
a decreased TRP (Fig. 1). Although there is no direct evidence
of a calcium receptor effect on phosphate transport, it is found
that subjects with benign hypocalciuric hypercalcemia due to
insensitivity of the calcium receptor show less phosphaturia
than patients with the same degree of hypercalcemia due to
primary hyperparathyroidism [11]. It will further support our
hypothesis that management of hypercalcemia would improve
TRP.

Role of calcium in metabolic alkalosis

Patients with advanced cancer manifesting with HHM usually
have reduced muscle mass and therefore reduced creatine pro-
duction and circulating creatinine concentration which poten-
tially interfere with clearance measures, tubular reabsorption
calcium index (TRCal), and fractional excretion of calcium
(FECa) calculations. Further, this hypercalcemia with sup-
pressed PTH levels can limit the kidney’s ability to excrete
bicarbonate under direct tubular effects on Na/H antiporter and
acidifies urine (Fig. 1), which in turn, increases the fraction of
ionized calcium along the proximal tubule and promotes a vi-
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Figure 2. Schematic presentation of calcium mediated regulation of tubular reabsorption of phosphate and bicarbonate ions in
renal tubules. CaSR: calcium sensing receptor; PTH: parathyroid hormone.

cious cycle of hypercalcemia [12]. Moreover, hypercalcemia
can further explain the increased urinary cyclic AMP since the
calcium sensing receptor (like PTH-R) is G protein linked [13].

Effect of PTH and PTHrP on serum calcium levels

PTH stimulates renal calcium reabsorption in the renal tubules
[14], and thus contributes pathogenetically in inducing hyper-
calcemia in HPT; however, controversy surrounds regarding
the role of PTHrP in stimulating renal calcium reabsorption
in patients with HHM. Some have reported that PTHrP-in-
duced renal calcium reabsorption is unimportant pathophysi-
ologically in HHM [1, 15], whereas others have suggested that
the reverse is true [16, 17]. Syed et al [18] had observed that
PTHrP-induced renal calcium reabsorption in concert with ac-
celerating osteoclastic bone resorption contributes in a signifi-
cant way to the hypercalcemia observed in patients with HHM.
However, circulation of a larger amino-terminal form(s), a
mid-region form(s), and a carboxyl-terminal form(s) which
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are not fully characterized in structural and functional terms
yet may have effects on renal calcium handling that are distinct
from those of synthetic PTHrP-(1-36) infusions or injection
in HHM [19]. Moreover, it is difficult to assign a quantitative
contribution of PTHrP for the role of renal calcium reabsorp-
tion compared with that of osteoclastic bone resorption in the
pathophysiology of HHM. Thirdly, they infused the study sub-
jects with PTHrP (1-36) to achieve serum PTHrP levels of 8§
pmol/kg/h that are much higher than the observed in HHM and
among patients except patient number 3 in the present study.
Interestingly, Sriussadaporn et al [20] have concluded that se-
rum calcium correlated to serum iPTH more strongly than to
plasma PTHrP levels.

The current study does not suggest that PTHrP could not
decrease TRP, increase renal calcium reabsorption index, or in-
crease 1a hydroxylation of vitamin D through the dose as high-
er as 28 pmol/kg/h. These have been described with PTHrP
infusion but the plasma concentrations of PTHrP achieved
were much higher than observed in HHM including the pre-
sent study and were usually given for a brief duration [8, 18].
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Hence, it has been proposed that the elevated PTHrP frequent-
ly associated with HHM in patients without radiologically
demonstrable bone metastases are due to PTHrP produced by
micrometastases in response to release of transforming growth
factor-B (TGF-P) from fertile bone environment [21].

Role of calcium in 1,25-(OH)2D3 levels

It has been claimed that hypercalcemia itself in HHM sup-
presses 1-o hydroxylation in kidney resulting in suppressed
levels of 1,25-(OH)2D3 levels. Bland et al [22] support this
statement by showing that cells grown in low calcium (0.5
mmol/L) showed a 4.8-fold induction of la-hydroxylase,
whereas treatment with medium containing high levels of cal-
cium (2 mmol/L) significantly inhibits 1,25-(OH)2D3 produc-
tion. Further suggest that direct effects of calcium on proximal
tubule cells may be an important feature of the regulation of
renal 1,25-(OH)2D3 production. On the other hand, Mosekil-
de et al [23] have concluded that serum 25-hydroxy vitamin
D and renal function are the main determinants for serum
1,25-(OH)2D3 in primary hyperparathyroidism, and showed
no significant correlation between serum 1,25-(OH)2D3 and
serum calcium, phosphate and PTH, respectively. Hence, we
propose that the apparent humoral effects are most readily ex-
plained by the hypercalcemia itself.

Our proposal

Thus as demonstrated with the support of other studies, the
hypercalcemia can account for decrease in TRP, suppression
of PTH levels, low 1,25-(OH)2D3 levels, metabolic alkalosis,
and increased cyclic AMP production in HHM irrespective of
PTHrP secretion by tumor cells.

Limitations

Though we proposed the effect of PTHrP is from bony micro-
metastases on serum calcium levels, and defined the inverse
correlation between hypercalcemia and TRP, we could not es-
timate the magnitude of influence of various other cytokines
such as IL-6, tumor necrosis factor, IL-1 or TGF-a produced
in patients with malignancies. Presumably, these cytokines act
at different sites and play a significant role in paraneoplastic
leukocytosis, cachexia, and further potentiate the effects of
PTHrP on the osteoclast lineages. Moreover, the current study
could not distinguish the role of various PTH independent
phosphatonins, including fibroblast growth factor, secreted
frizzled-related protein-4, dentin matrix protein 1 and matrix
extracellular phosphoglycoprotein, which had shown an influ-
ence on TRP [24].

Conclusion

We suggest as per the results of the present study that the hu-
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moral effects of PTHrP in HHM can be explained by hyper-
calcemia itself, state that improvement of hypercalcemia by
hydration reverses phosphaturia without reducing PTHrP lev-
els, and further imply that most cases of HHM associated with
elevated PTHrP could be the effect from uncoupled bone for-
mation-resorption rate through a local autocrine or paracrine
action produced by non-radiographically demonstrated bony
micrometastases rather than a humoral hypercalcemia.
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