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Is the routine measurement of ionized calcium worthwhile
in patients with cancer?
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Jose R. Barcelo and Jesuis Gonza'lez-Macias
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39008 Santander, Spain

Summary: This study was undertaken to analyse the relationship between total calcium (TCa) and
ionized calcium (ICa) in patients with cancer, and to assess the clinical value of routine measurements of
ICa in these patients. Serum TCa, ICa, albumin, proteins and creatinine were measured in 188 adult
patients with solid malignant tumours. Most of them were out-patients, the Karnofsky score being 80 or
above in 67%. The correlation coefficient between ICa and TCa was 0.85 (P< 0.001) and did not improve
after correcting TCa for protein concentration with several published formulae. Although TCa
measurements had a global diagnostic accuracy (percent of patients correctly classified) of 90%, they
failed to identify a substantial proportion of patients with increased levels of ICa (57% for uncorrected
TCa, and 27-57% for protein-corrected TCa). However, the finding of slightly increased ICa levels did
not seem to predict the development of frank hypercalcaemia and did not impair the prognosis. According
to these results, the routine measurement of ICa in unselected patients with cancer has no clinical
usefulness.

Introduction

Hypercalcaemia is a well-recognized complication
of cancer, and hypocalcaemia also seems to be
frequent in some clinical settings.' About 50% of
calcium in serum is bound to proteins, especially
albumin. Since patients with cancer frequently
have reduced serum albumin concentrations, the
measurement of total calcium (TCa) might not
reflect the status of the biologically important
ionized calcium (ICa). On the other hand, the value
of several formulae devised for correcting TCa for
protein concentration abnormalities is not well
established in cancer patients. Indeed, the
metabolic derangements frequently observed in
these patients, including an accelerated lipolysis,
may change the binding of calcium to albumin, as
has been shown in other processes.2 This study was
undertaken to elucidate: (a) how TCa and ICa
correlate in patients with cancer; (b) the influence
of correcting TCa for protein concentration in the
correlation between TCa and ICa; and (c) the
clinical value of routine measurements of ICa in
cancer patients.

Materials and methods

Patients

The study was prospectively conducted on 188
consecutive adult patients with histologically pro-
ven malignant tumours [mean age 60 ± 13 years
(s.d.), 104 males, 84 females]. Most of them were
out-patients. The Karnofsky score3 was 80 or
above in 67% of the patients, and only 11% had a
score of 50 or below. The most frequent tumour
sites were: lung, 35 patients; breast, 34; skin, 28;
urinary tract, 17; colon, 15; unknown primary site,
14; head and neck, 10; and stomach, 7. Bone
metastases were present in 17% of the patients,
liver metastases in 15%, and pleuropulmonary
metastases in 16%. Ninety-eight patients were
followed up for a maximum of 14 months; 60 died
during the follow-up.

Techniques

Blood was drawn in the morning after overnight
fasting for the measurement of ICa, TCa, albumin,
total proteins and creatinine. ICa was measured in
serum samples obtained under anaerobic condi-
tions with a NOVA 7 analyser (NOVA Biomedical,
Waltham, MA, USA), which displays both the
actual ICa and the ICa expected for pH = 7.4, in
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order to compensate for pH alterations during
sample processing. Since gross abnormalities of
acid-base status were unlikely in most patients, the
figure ofICa corrected forpH = 7.4 was used in the
analysis of results. The day-to-day coefficient of
variation (CV) was 1.2%. TCa (CV = 2.3%) and
the other biochemicals were measured with a
Hitachi 730 autoanalyser.

Data analysis

TCa measurements were corrected for albumin and
protein concentrations following four published
formulae.4-7 They were also corrected using the
coefficients derived from the regression of calcium
on albumin in the present series, as described by
other authors.6'8 The correlation coefficients were
calculated by the least-squares method. The sur-
vival plots were obtained with the Kaplan-Meier
method and compared with the log-rank and
Wilcoxon-Gehan tests.

Results

The mean results are shown in Table I. A low-level
correlation existed between TCa and protein con-
centration (r=0.28, P<0.01). This and other
correlations are shown in Table II. The correlations
between TCa and ICa did not improve when TCa
was corrected with the coefficients derived from our
own regression of calcium on albumin with the
methods of Payne6 and Sorva,8 and therefore they
are not shown. Excluding from the analysis
patients with serum creatinine higher than 0.13
mmol/l (n = 21) did not significantly modify the
results of the correlation analysis. However, unex-
pectedly, the correlation coefficients between TCa
and ICa were higher in the subset of patients with
the worst clinical status (as assessed by Karnofsky
scale or serum albumin levels, Table II).

Table I Mean biochemical values (and ranges in paren-
theses). Corrected ICa refers to the ICa value expected for

pH = 7.4

Normal
Mean ± s.d. range

Actual ICa (mmol/l) 1.26 ± 0.14 1.15-1.35
(0.99-2.37)

Corrected ICa (mmol/l) 1.30 ± 0.14 1.15-1.35
(1.03-2.53)

TCa (mmol/l) 2.40 ± 0.26 2.10-2.63
(1.77-4.17)

Albumin (g/l) 41 ± 6 35-55
(18-52)

Proteins (g/l) 72 ± 7 55-80
(43-92)

Table II Correlation coefficients between ICa and total
calcium, either uncorrected (TCa) or corrected for pro-
tein concentrations with four published formulae (TCa- 1
through TCa-4). The references are given in brackets. The
results of the entire group and the subgroups with the
poorest health status are shown. Every coefficient is

associated with a P value less than 0.001

All Karnofsky Albumin
patients <= 50 <35 g/l
(n = 188) (n =21) (n = 26)

TCa 0.85 0.95 0.94
TCa-l [3] 0.85 0.95 0.92
TCa-2 [4] 0.87 0.96 0.95
TCa-3 [5] 0.86 0.96 0.95
TCa-4 [6] 0.87 0.96 0.95

Looking at individual values, both the uncor-
rected and the corrected TCa determinations failed
to detect a significant proportion of patients with
abnormalities in ICa, and misclassified as abnor-
mal a few patients who actually had normal ICa
levels (Table III). Most patients with abnormal ICa
and normal TCa had ICa levels slightly higher than
the reference range. Moreover, they did not usually
develop frank hypercalcaemia during the follow-
up.

In order to study the influence of the calcaemic
status on prognosis, the survival curves of patients
with normal and increased ICa and TCa serum
levels were compared (because of the low number
of hypocalcaemic patients, they were excluded
from the analysis). As shown in Figure 1, patients
with high TCa had a reduced survival when
compared with those with normal TCa (median 1

versus 7 months; P <0.001). However, no signi-
ficant difference was observed between patients
with high and normal ICa levels (3 versus 5 months;
P = 0.57 by the log-rank test and P = 0.09 with the
Wilcoxon-Gehan statistic). Nevertheless, patients

Table III Diagnostic accuracy in 188 patients of total
calcium determinations, either uncorrected (TCa) or
corrected as in Table II (TCa-l through TCa-4). The
results are given as the number of patients correctly
classified (percent in parentheses), in the group as a whole
and in the subgroups with normal or abnormal ICa

value.

Ionized calcium
All patients High Normal Low
(n = 188) (n =23) (n = 163) (n = 2)

TCa 169 (90) 10 (43) 158 (97) 1
TCa-1 171 (91) 10 (43) 160 (98) 1
TCa-2 171 (91) 17 (73) 154 (94) 0
TCa-3 166 (88) 10 (43) 156 (96) 0
TCa-4 174 (93) 16 (70) 158 (97) 0
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Figure 1 Kaplan-Meier survival plots of patients with
normo- and hypercalcaemia, as assessed by uncorrected
total calcium (TCa, left) and ionized calcium (ICa, right).

with ICa above 1.5 mmol/l had a shorter survival
than those with normal or mildly increased ICa (1
versus 6 months; P<0.001).

Discussion

Ionized calcium is recognized as the biologically
active form ofcalcium in the extracellular fluid, but
measurement of TCa is the usual routine test for
the diagnosis of hypo- and hypercalcaemia, due to
its inclusion in autoanalysers and lower cost. There
is controversy about the clinical utility of routine
ICa measurements.8'-5 Many authors feel that
TCa, eventually corrected for protein concentra-
tion, is usually sufficient for clinical purposes.
However, marked disagreements in the assessment
of calcium status by TCa and ICa analysis have
been found in some situations, including critically
ill subjects2 and elderly in-patients.8

In the present study we addressed the issue ofthe
usefulness of routine ICa measurement in cancer
patients, a population prone to derangements of
calcium homeostasis. Although most of our
patients were not critically ill, TCa analysis failed
to identify 57% of the patients diagnosed as
hypercalcaemic by ICa measurements, and also
misclassified some patients who actually had nor-
mal or low ICa levels. Overall, these results confirm
the findings ofa previous short report. 16 Correcting
TCa for protein concentration with some published
formulae did not increase the correlation coeffic-
ients between TCa and ICa (Table II), but it seemed
to improve the concordance between TCa and ICa

(Table III). Only 14% of our patients had reduced
levels of albumin. The correction of TCa for
protein concentration may have a more important
influence on the relation between TCa and ICa in
groups of patients with higher prevalence of hypo-
albuminaemia.9"' Most discrepancies between TCa
and ICa values took place in patients whose results
were close to the dividing line between normal and
abnormal. Misclassification ofsome patients might
be due to the unavoidable experimental error in
measuring ICa and TCa. Nevertheless, the ana-
lytical imprecision would be expected to account
for TCa and ICa conflicting results only in 6-7%
of patients, as calculated by Thode with methods
showing coefficients of variation close to those
observed in our study." Other factors that have
been implicated in the discrepancies between cor-
rected TCa and ICa results are the endogenous
interindividual variation in calcium binding to
albumin,8 and the influence of serum bicarbonate,
citrate and free fatty acids.'2"7
Given the discrepancies between ICa and TCa

measurements found in this study, the question of
the utility of the routine analysis of ICa in cancer
patients could be raised. However, we observed
that those patients with mildly increased ICa levels
and normal TCa did not usually develop frank
hypercalcaemia during the follow-up, in spite ofthe
absence of specific therapy. It has been reported
that elderly subjects with high ICa levels have an
increased mortality, whereas such a distinction
could not be established on the basis of TCa
levels.'8 However, in our study TCa was a better
predictor of prognosis than ICa. This finding
seemed to be related to the greater sensitivity ofICa
measurements. Patients with frank hypercalcaemia
did have a worse prognosis. However, some
patients had mild hypercalcaemia (that is, mildly
increased ICa and normal TCa levels), which did
not appear to impair the survival.

In summary, disagreements between TCa and
ICa measurements are frequent in cancer patients,
even when individuals with preserved general
status are considered. Thus, between one-third and
one-half of patients with mildly increased ICa are
undetected by TCa determinations, either cor-
rected for proteins or not. However, these mild
degrees of hypercalcaemia do not seem to have a
negative influence on the prognosis, or identify
patients who later develop frank hypercalcaemia.
These results do not support the usefulness of
routine measurements of ICa in cancer patients.
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