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Objective: Examine the clinical and biochemical features including serum intact PTH (iPTH) and plasma
PTH-related peptide (PTHrP) levels in patients with malignancy-associated hypercalcemia (MAHC).
Material and Method: Forty-eight patients with histopathological or cytological proven malignancies and
MAHC who were admitted to Siriraj Hospital were studied.

Results: The malignancies that caused MAHC were squamous cell carcinoma (45.8%), non-squamous cell
solid tumors (31.3%), and hematological malignancies (22.9%). Most patients (93.8%) had advanced stage
malignancies. Corrected serum total calcium (cTCa) levels were 10.8-19.1 mg/dL (13.6 + 2.4) and severe
hypercalcemia was observed in 17 cases (40.5%). Serum iPTH levels were 0.95-17.1 pg/mL (3.9 + 3.6). Most
patients had suppressed serum iPTH levels of < 10 pg/mL. Plasma PTHrP levels were 0.2-44.0 pmol/L (3.8 +
6.8). There were 27 cases (56.3%) that had humoral hypercalcemia of malignancy (HHM) with plasma PTHrP
levels of > 1.5 pmol/L, and 22 cases had squamous cell carcinoma. There was no difference in serum cTCa,
phosphorus, alkaline phosphatase, and iPTH levels between patients with HHM and non-HHM. In 48 MAHC
patients, serum cTCa correlated to plasma PTHrP (r = 0.35, p = 0.029) and to serum iPTH (r = 0.49, p =
0.003). In 25 patients with HHM, a stronger correlation between serum cTCa and serum iPTH (r = 0.55, p =
0.005) but not between serum cTCa and plasma PTHrP levels (r = 0.41, p = 0.05) was observed. Stepwise
multiple regression analyses showed that serum iPTH but not plasma PTHrP levels independently correlated
to serum cTCa levels (r = 0.39, p = 0.04).

Conclusion: The clinical manifestations of MAHC observed in the present study were similar to those previ-
ously reported. Serum calcium correlated to serum iPTH more strongly than to plasma PTHrP levels. The low
but detectable serum iPTH level might play a role in the development of severe MAHC particularly in HHM.
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Hypercalcemia is a frequent complication of
malignancies®. Based on the mechanism by which
malignancies induced hypercalcemia, the malignancy-
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associated hypercalcemia (MAHC) can be simply clas-
sified into two main groups including humoral hyper-
calcemia of malignancy (HHM) that comprises up to
~80% of cases, and local osteolytic hypercalcemia
(LOH) or non-HHM that comprises up to ~20% of
cases®?9. HHM is most commonly mediated by para-
thyroid hormone-related peptide (PTHrP), a humoral
factor synthesized and secreted by tumor cells®tb,
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PTHTrP exerts its biological actions via binding to PTH/
PTHrP receptors of its target tissues, i.e. bone and
kidney, which subsequently results in hypercalcemia
and other biochemical changes similar to those ob-
served in primary hyperparathyroidism®@®2, A number
of previous studies have demonstrated a correlation
between circulating levels of calcium and PTHrP in
MAHC®), However, the correlation reported in those
studies was quite weak. Although an elevated serum
calcium concentration physiologically inhibits para-
thyroid hormone (PTH) secretion resulting in a sup-
pressed serum PTH level®>®, there are some studies
demonstrating positive correlation between serum
PTH and calcium concentrations in MAHC®719_ In
addition, the degree of correlation between circulating
calcium and PTH levels observed in these studies’*®
were higher than the degree of correlation between
circulating calcium and PTHrP levels observed in other
studies®*, These findings have raised an issue of
interest that PTH might play a role in the pathogenesis
of MAHC. However, there is no study comparing  be-
tween PTH and PTHrP in relation to the severity of
hepercalcemia in MAHC in the same study. The present
study was aimed to examine the clinical and bioche-
mical characteristics of patients with MAHC and to
examine the relationships among circulating PTH,
PTHTP, severity of hypercalcemia and other biochemi-
cal parameters in MAHC.

Material and Method
Patients

Patients with histopathological or cytological
proven malignancies and MAHC who were admitted
to Siriraj Hospital were studied. Patients who had one
or more of the following conditions were excluded:
elevated serum parathyroid level, pre-existing renal
diseases and medications known to interfere with cal-
cium and bone metabolism including calcium supple-
ment, vitamin D, bisphosphonates, and glucocorti-
coids. Blood samples were obtained and immediately
processed for biochemical analyses before specific and
supportive treatments for hypercalcemia were started.
Plasma and serum samples were properly stored for
subsequent measurements of plasma PTHrP levels and
serum intact PTH (iPTH), respectively.

Biochemical analyses

Serum total calcium, phosphorus, alkaline
phosphatase, albumin, globulin, blood urea nitrogen,
and creatinine were measured by an auto-analyzer
(Hitachi model 917, Japan). The measured serum total
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calcium levels were corrected for the change in serum
albumin levels by using the following formula: corrected
serum total calcium (cTCa, mg/dL) = measured serum
total calcium (mg/dL) + 0.8 x [4 —measured serum albu-
min (g/dL)]®®. Serum intact PTH (iPTH) levels were
measured by immunoradiometric assay using an assay
kit obtained from CIS Bio International, France. Plasma
PTHrP levels were measured by immunoradiometric
assay using an assay kit containing two antibodies
directed against PTHrP (1-40) and PTHrP (57-80) with
recombinant human PTHrP (1-84) as a standard (Incstar
Corporation, USA). The normal values of serum iPTH
and plasma PTHrP levels in the laboratory obtained
from healthy volunteers were 10-60 pg/mL and < 1.5
pmol/L, respectively.

Definitions

Hypercalcemia was defined by a serum cTCa
level of > 10.5 mg/dL. Severe hypercalcemia was de-
fined by a serum cTCa level of > 13 mg/dL. Hypophos-
phatemia was defined by a serum phosphorus level of
<2.0mg/dL. An increased serum alkaline phosphatase
level was defined as the value of > 200 U/dL. Impaired
renal function was defined by a serum creatinine of > 2
mg/dL. Asuppressed serum iPTH level was defined as
the presence of a serum iPTH level of lower than the
lower limit of normal range of 10 pg/mL. MAHC was
diagnosed if cancer patients had hypercalcemia with
suppressed or low normal serum iPTH levels in the
absence of other causes of hypercalcemia. HHM was
diagnosed if an MAHC patient had plasma PTHrP level
higher than the upper normal limit of 1.5 pmol/L. Non-
HHM was diagnosed if an MAHC patient had plasma
PTHTrP level equal or lower than the upper normal limit
of 1.5 pmol/L.

Statistical analyses

Data were expressed as mean + standard
deviation (SD) or percent as appropriate. Statistical
analyses were performed using Statistical Packages
for the Social Sciences (SPSS) version 11. Pearson’s
correlation analyses were used to examine the correla-
tion between two parameters. In order to identify
factor(s) independently associated with the severity
of hypercalcemia, stepwise multiple regression ana-
lyses were performed to adjust for the confounding
effects of other factors. A p-value of < 0.05 was con-
sidered statistically significant.

Results
Forty-eight patients with MAHC (19 males
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and 29 females), aged 26-87 years (57.7 + 13), were in-
cluded in the present study. The patients’ clinical and
biochemical characteristics are shown in Table 1. The
types of malignancy included squamous cell carcinoma
(22 cases, 45.8%), non-squamous cell solid tumors (15
cases, 31.3%), and hematological malignancies (11
cases, 22.9%) as shown in Table 2. Forty-five cases
(93.8%) had advanced stage malignancies whereas
only three cases (6.2%) had localized malignancies.
Serum cTCa levels were 10.8-19.1 mg/dL (13.6 + 2.4).
Severe hypercalcemia as determined by serum cTCa
levels of > 13 mg/dL was observed in 17 cases (40.5%).

Serum phosphorus levels were 0.62-6.8 mg/dL (3.39 +
1.46). Hypophosphatemia was observed in five of 48
cases (11.63%) with MAHC including three cases with
HHM and two cases with non-HHM. Serum alkaline
phosphatase levels were 39.0-814.0 U/L (170.8 + 149.4).
Eleven patients had increased serum alkaline phos-
phatase levels of > 200 U/dL including two cases with
bone metastasis, two cases with liver metastasis, and
seven cases with plasma PTHrP levels of > 1.5 pmol/L.
Serum iPTH levels were 0.95-17.1 pg/mL (3.9 + 3.6). All
except three cases had suppressed serum iPTH levels
of less than the lower normal limit of 10 pg/mL. Plasma

Table 1. Characteristics of 48 patients with malignancy-associated hypercalcemia

Range Mean + SD Normal values
Age (years) 26.0-87.0 57.7+13.0
Corrected serum total calcium (mg/dL) 10.8-19.1 13.6+24 8.5-10.4
Serum phosphorus (mg/dL) 0.6-6.8 34+15 2.2-5.0
Serum creatinine (mg/dL) 0.6-5.0 15+09 0.5-2.0
Serum alkaline phosphatase (U/L) 39.0-814.0 170.8 + 149.0 39.0-117.0
Serum intact PTH (pg/mL) 0.95-17.1 39+36 10.0-60.0
Plasma PTHrP (pmol/L) 0.2-44.0 3.8+6.7 <15

Table 2. Types of malignancy in patients with humoral and non-humoral hypercalcemia of malignancy

MAHC (n = 48) HHM (n = 27) Non-HHM (n = 21)
Cases (%) Cases (%) Cases (%)

Squamous cell carcinoma 22 (45.8) 22 (81.5) -

Lung 13 (22.1) 13 (48.1) -

Head and neck 4(8.3) 4(14.8) -

Esophagus 1(2.1) 1(3.7) -

Cervix 2(4.2) 2(7.4) -

Penis 1(2.1) 1(3.7) -

Skin 1(2.1) 1(3.7) -
Non-squamous cell carcinoma 15 (31.3) 4(14.8) 11 (52.3)

Breast 3(6.2) - 3(14.3)

Carcinoid 1(2.1) - 1(4.8)

Hepatoma 2(4.2) - 2(9.5)

Pancreas 1(2.1) - 1(4.8)

Ovary 2(4.2) 1(3.7) 1(4.8)

Unknown primary tumor 6 (12.5) 3(11.1) 3(14.3)
Hematologic malignancies 11 (22.9) 1(3.7) 10 (47.6)

Lymphoma 7 (14.6) 1(3.7) 6 (28.6)

Multiple myeloma 3(6.2) - 3(14.3)

Leukemia 1(2.1) - 1(4.8)

MAHC, malignancy-associated hypercalcemia

HHM, humoral hypercalcemia of malignancy defined by plasma PTHrP > 1.5 pmol/L
Non-HHM, non-humoral hypercalcemia of malignancy defined by plasma PTHrP < 1.5 pmol/L
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Pearson’s correlation study in 48 patients with malignancy-associated hypercalcemia shows statistically significant
correlation between corrected serum total calcium and serum iPTH levels and between corrected serum total calcium
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Pearson’s correlation study in 27 patients with humoral hypercalcemia of malignancy (plasma PTHrP levels > 1.5
pmol/L) shows statistically significant correlation between corrected serum total calcium and serum iPTH levels
(left panel) but not between corrected serum total calcium and plasma PTHrP levels (right panel)
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PTHTrP levels were 0.2 - 44.0 pmol/L (3.8 + 6.8). There
was no difference in average serum cTCa (12.5+ 2.2 vs.
13.5+1.58 mg/dL), phosphorus (3.2 +1.3vs. 3.6 + 1.6
mg/dL), and iPTH (3.82 + 3.63 vs. 4.91 + 4.38 pg/mL)
levels between 34 cases with normal and 14 cases
with impaired renal function. Of the 48 cases with
MAHC, there were 27 cases (56.3%) that met the cri-
teria for diagnosis of HHM with plasma PTHrP levels
of higher than the upper normal limit of 1.5 pmol/L and
19 cases (39.6%) had plasma PTHrP levels of higher
than the mean plasma PTHrP level in 48 MAHC pa-
tients of 3.8 pmol/L. Among the 27 cases with HHM, 22
cases (81.5%) had squamous cell carcinoma, four cases
(14.8%) had other carcinomas, and one case (3.7%)
had hematological malignancy. All of the 22 patients
with squamous cell carcinoma had high plasma PTHrP
levels (Table 2). Pearson’s correlation analyses in all 48
cases with MAHC showed that serum cTCa correlated
to plasma PTHrP (r = 0.35, p=0.029) and to serum iPTH
(r=0.49, p=0.003) but not to serum phosphorus levels
(Fig. 1). When studied in 27 patients with HHM whose
plasma PTHrP levels of > 1.5 pmol/L, a stronger correla-
tion between serum cTCa and serum iPTH (r=0.55,p =
0.005) but not between serum cTCa and plasma PTHrP
levels (r=0.41, p=0.05) was observed (Fig. 2). Stepwise
multiple regression analyses showed that serum iPTH
but not plasma PTHrP levels independently correlated
toserumcTCallevels (r=0.49, p=0.04) (Table 3). There
was no difference in average serum cTCa (12.3 + 2.6 vs.
13.1 + 2.3 mg/dL), phosphorus (3.7 + 1.5vs. 3.1+ 1.3
mg/dL), alkaline phosphatase (172.8 + 167.4vs. 168.9 +
143.0U/L),and iPTH (3.99 + 2.19vs. 4.35 + 4.47 pg/mL)
levels between patients with non-HHM (plasma PTHrP
levels of < 1.5 pmol/L) and HHM (plasma PTHTP levels
of > 1.5 pmol/L).

Discussion

The present study has shown that clinical and
biochemical characteristics of patients with MAHC are
mostly consistent with those generally described®*?2,
The most common malignancy that caused MAHC in
the present study was squamous cell carcinoma of vari-
ous sites which accounted for 45% of cases and the
other less common malignancies were non-squamous
cell solid tumors of various tissues and hematological
malignancies. Regarding the relationship between
tumor size and the presence or absence of hyper-
calcemia, most of MAHC patients in the present study
(> 90%) had advanced malignancies at the time of
developing hypercalcemia. This observation is con-
sistent with other studies showing that MAHC was
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Table 3. Stepwise multiple regression analyses between
corrected serum total calcium levels and other bio-
chemical parameters (n = 48)

r-value p-value
Serum intact PTH 0.49 0.04*
Plasma PTHrP 0.28 0.15
Serum phosphorus -0.28 0.16
Serum alkaline phosphatase 0.31 0.11
Serum chloride 0.28 0.16
Serum bicarbonate -0.03 0.88

* p-value considered significant at < 0.05

rarely observed in patients with small and occult tu-
mors or in the other words MAHC usually occurs in
patients with large or advanced tumors®”23, In addi-
tion, the presence of MAHC indicates the poor prog-
nosis of malignancy as shown by the study of Ralston
et al that patients with MAHC usually die within a
few months with a 30-day survival rate of only 50%
after hypercalcemia was discovered®?.

The present study has shown that severity of
hypercalcemia varied from mild degree with a slightly
elevation of serum cTCa level of 10.4 mg/dL to severe
degree with markedly elevation of serum cTCa levels
of > 13 mg/dL and ~40% of the patients had severe
hypercalcemia with serum cTCa levels of > 13 mg/dL.
The authors’ observations are consistent with those
of previous studies demonstrating that > 50% of MAHC
patients had hypercalcemia of moderate to severe
degree®?, It is generally known that an increase in
serum calcium concentration physiologically inhibits
PTH secretion and results in a suppressed serum
PTH level®9), Suppressed serum PTH levels were,
therefore, usually observed in almost all patients with
MAHC as shown in the present and other previous
studies®461729), Serum iPTH levels observed in the
present study (3.9 + 3.6 pg/mL) were comparable to
those observed in other studies of Body et al (4.6 +2.47
pg/mL)*" and Nussbaum et al (3.2 + 0.76 pg/mL)®,
The presence of hypercalcemia with suppressed se-
rum PTH levels in patients with malignancies is there-
fore considered one of the criteria for the diagnosis
of MAHC®%2D, The present and other studies?®
showed that some MAHC patients had significantly
non-suppressible serum PTH levels, which were in-
appropriately high for the elevated serum calcium con-
centrations in MAHC patients. The mechanism under-
lying this phenomenon is not clearly known. Calcium
independent PTH secretion®”, altered calcium set-point
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that needs a higher serum calcium concentration
to suppress PTH secretion®?? and decreased PTH
clearance® have been demonstrated to be the mecha-
nism of non-suppressible serum iPTH levels in hyper-
calcemia. However, whether these mechanisms could
be applied in MAHC needs to be examined. In addi-
tion, concomitant primary hyperparathyroidism should
be considered in MAHC patients with elevated serum
PTH levels®. There might be an argument that the
presence of non-fully suppressed serum PTH levels in
MAHC might be the result of impaired renal function.
In the present study, there was no difference in serum
cTCa, phosphorus, and iPTH levels between the MAHC
patients with impaired and normal renal function. In
addition, there was only one case of 13 MAHC patients
with impaired and normal renal function (serum creati-
nine 2.4 mg/dL) who had a non-fully suppressed serum
iPTH level of 15.5 pg/mL. These observations suggest
that impaired renal function was not the cause of non-
fully suppressed serum PTH levels in MAHC.

The prevalence of HHM reported in previous
studies varied from 47% to ~80% depending on the
criteria used for the diagnosis of HHM and the immu-
noassay methods used for measurement of circulating
PTHIP levels®?. An early study of Stewart et al in 50
patients with MAHC showed that the prevalence of
HHM diagnosed by the presence of elevated nephr-
ogenous cyclic AMP without elevated serum PTH
levels was 82%®. Subsequent studies in 65 cases by
Budayr et al and 36 cases by Kao et al demonstrated
that the prevalence of HHM diagnosed by the presence
of elevated serum PTHrP levels measured by radio-
immunoassay (RIA) using an antibody against PTHrP
(1-34) was 55% and 47%, respectively®®. Astudy in 38
patients with MAHC by Burtis et al® showed that the
prevalence of HHM diagnosed mainly by the presence
of elevated urinary excretion of cyclic AMP was ~80%
(78.9%), whereas the prevalence of HHM diagnosed
by the presence of elevated plasma PTHrP levels mea-
sured by IRMA using two antibodies against PTHrP
(1-36) and PTHrP (37-74) and by radioimmunoassay
(RIA) using an antibody against PTHrP (109-138) were
65.8% and 78.9%, respectively. In the present study,
the prevalence of HHM diagnosed by the presence of
elevated plasma PTHrP levels of > 1.5 pmol/L measured
by IRMA was 56.3% which was comparable to that
observed in previous studies.

As generally described®®?2, the present
study showed that squamous cell carcinoma was not
only the most common cause of MAHC but also of
HHM. Most of the presented patients with HHM
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(81.5%) had squamous cell carcinoma and 18.5% had
other carcinomas and hematological malignancies.
The authors’ findings agreed with those of unselected
series of patients with HHM that ~50% of the cases
had squamous cell carcinoma of various organs and
the rest had non-squamous cell carcinoma of the kid-
ney, ovary, breast, and hematological malignancies®?.

Though PTHrP possesses some biological
actions that resemble those of PTH including inhibi-
tion of tubular phosphorus re-absorption®, however,
there was no significant difference in serum phos-
phorus levels and prevalence of hypophosphatemia
between patients with HHM and non-HHM. The lack
of difference in serum phosphorus levels as well as
serum cTCa, alkaline phosphatase and iPTH levels
between patients with HHM and non-HHM indicates
that these biochemical parameters are not useful in the
differential diagnosis of between HHM and non-HHM.

As PTHrP induces hypercalcemia via stimu-
lation of osteoclastic bone resorption®23-3, the se-
verity of hypercalcemia is theoretically expected to
correlate positively to plasma PTHrP levels. However,
studies on the correlation between serum calcium and
plasma PTHrP demonstrated inconsistent results. The
present study has demonstrated a weak but signifi-
cant positive correlation between serum calcium and
plasma PTHrP levels (r = 0.35, p = 0.03) which was
consistent with those of Ratcliffe et al (r =0.34, p <
0.05)® and Lee etal (r=0.48, p <0.001)*, Whereas,
some studies such as that of Burtis et al found no
correlation between serum calcium and plasma PTHrP
levels®. The inconsistent results of the correlation
between serum calcium and plasma PTHrP levels ob-
served among these studies might be explained by
the differences in the method used for PTHrP assay in
each study and factors affecting serum calcium levels
such as the hydration status of the patients.

Though serum PTH levels are usually sup-
pressed by the increased serum calcium concentra-
tions in patients with MAHCG461729 some studies
such as that of Body et al“” and Fukumoto et al®®
demonstrated a significant correlation between serum
calcium and the suppressed but detectable serum
PTH levels with correlation coefficient (r) values of
0.89 and 0.79, respectively which were higher than the
r-values of the correlation study between serum cal-
cium and plasma PTHrP levels observed by different
studies such as that of Lee et al (r = 0.48) and
Ratcliffe et al (r = 0.34)®3. In the present study, the
correlation between serum cTCa and iPTH levels was
slightly higher but not significantly than the correla-
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tion between serum cTCa and plasma PTHrP levels
(r=0.49vs.r=0.35,p=0.21) when studied in all of the
48 MAHC patients. However, when 25 MAHC patients
caused by HHM were studied, serum cTCa levels sig-
nificantly correlated to serum iPTH levels at a higher
r-value of 0.55 but not to plasma PTHrP levels. In ad-
dition, stepwise multiple regression analyses demon-
strated that serum iPTH but not plasma PTHrP levels
independently associated with serum cTCa levels. The
observations that serum calcium levels or severity of
hypercalcmia correlated to serum iPTH more strongly
and more consistently than to plasma PTHrP levels as
shown in the present and other studies suggest that
the suppressed but detectable serum PTH levels might
play arole in the development of severe MAHC. How-
ever, the mechanism by which PTH attenuates the
severity of MAHC particularly in HHM is not clearly
known. Difference in binding affinity to PTH receptors
should not be the case®® as PTH and PTHrP of which
the receptor binding domains located within the region
14-34 have equal binding affinity to PTH receptor®®,
Higher biological potency of PTH as compared to that
of PTHrP is the likely explanation for the role of sup-
pressed but detectable serum PTH levels in MAHC
since human PTH (1-34) has been demonstrated to
have 3- to 10-fold more potent than human PTHrP (1-
34) in the induction of biological effects such as in-
creasing serum calcium and urinary cAMP in healthy
subjects®®, However, this postulation needs to be
elucidated as there is another study in healthy sub-
jects showing that human PTH(1-34) has a comparable
potency to human PTHrP (1-36)¢7.

In conclusion, the clinical manifestations of
MAHC observed in the present study were similar to
those previously reported. Serum calcium correlated
to serum iPTH more strongly than to plasma PTHrP
levels. The low but detectable serum iPTH levels
might play a role in the development of severe MAHC
particularly in HHM.
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