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A B S T R A C T

Background: Dysregulated bone turnover is an important clinical manifestation of multiple myeloma (MM), and
30% of patients present with hypercalcemia. Serum calcium levels are routinely monitored using total calcium
measurements corrected for albumin. However, myeloma-related paraproteins may bind calcium, confounding
these measurements.
Patients and methods: We retrospectively analyzed correlation between corrected calcium and ionized calcium in
a sample of patients with MM and a control sample of patients with breast or non-small cell lung cancers
(n=200). Multiple linear regression was used to identify variables affecting corrected calcium measurements.
Results: Correlation between corrected calcium and ionized calcium was stronger in the control group compared
to the MM group (Spearman correlation coefficient 0.85 versus 0.76, respectively). Sensitivity of corrected
calcium in identifying hypercalcemia defined by elevated ionized calcium was 36% in patients with MM and
76% in the control group. Multiple linear regression did not reveal variables significantly influencing corrected
calcium in the MM group, although serum paraprotein trended toward significance (p=0.09).
Conclusion: Ionized calcium may be better than corrected calcium for detecting hypercalcemia in patients with
MM. Additional analyses are needed to better quantify the clinical impact of paraprotein calcium-binding.

Introduction

Multiple myeloma (MM) is a hematologic malignancy of plasma cell
proliferation, accounting for 18% of hematologic malignancies and
1.8% of all cancers [1]. Dysregulated bone turnover is a hallmark of
MM, and approximately 30% of patients present with hypercalcemia
[2]. The complex pathogenesis for this process is driven by interactions
between MM cells and the bone marrow microenvironment, leading to
the secretion of a variety of osteoclast-activating and osteoblast-in-
hibiting factors with resultant disproportionate bone resorption [3,4].

Hypercalcemia accompanied by signs of plasma cell-related bone
disease is a diagnostic marker of MM [5,6,7]. As many patients with
MM present with both hypercalcemia and hypoalbuminemia [8,9], and
given albumin's binding capacity for calcium [8,10], the National
Comprehensive Cancer Network recommends the use of total serum
calcium measurements corrected for serum albumin concentrations in
this population [5]. Since free calcium concentrations represent the

physiologically-active proportion of calcium in the serum [11–13], such
correction may better represent the state of a patient's calcium home-
ostasis. The modified Orrell equation, referred to commonly in the
United States as the corrected calcium equation, applies a correction
factor to account for the binding of calcium to albumin, based on an
estimated 0.8 mg/dL of calcium bound to each 1 g/dL of albumin in
serum [14].

While its use in clinical practice is widespread [15,16], the modified
Orrell equation is one of many that have been proposed for total cal-
cium correction [17]. These formulas have not been assessed for pre-
cision or reliability, and in some populations have shown poor ability to
detect calcium disturbances when compared to ionized calcium mea-
surements [10,18,19], particularly in patients with renal dysfunction
[15]. Additionally, in patients with MM, paraproteins secreted by ma-
lignant plasma cells are known to have calcium-binding properties
[20–24]. Calcium binding by paraproteins may confound corrected
calcium calculations, as the correction factor in the modified Orrell
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equation does not account for calcium binding by other serum proteins.
Using corrected calcium for monitoring calcium levels in patients with
MM may therefore result in underdiagnosis of hypercalcemia if not
confirmed by ionized calcium measurements. In this retrospective
study, we investigated whether there is correlation between corrected
calcium and ionized calcium measurements in a sample of patients with
MM and a sample of patients with hypercalcemia related to other ma-
lignancies.

Methods

Study design and enrollment

A single-center retrospective cohort study of adults with hy-
percalcemia and MM, breast cancer, or non-small cell lung cancer
(NSCLC) treated at the University of Texas MD Anderson Cancer Center
between January 2005 and December 2015 was performed with ap-
proval of the institutional review board. Breast cancer and NSCLC were
chosen for inclusion in a pooled control cohort based on similar in-
cidence of hypercalcemia to patients with MM [25,26] to indirectly
compare patients with and without serum paraprotein calcium-binding
effect.

A list of patients with MM, breast cancer, or NSCLC was generated
based on the dates above. Screening and collection of demographics
and clinical data occurred via chart review. Adults with a diagnosis of
MM, breast cancer, or NSCLC were included if there were measure-
ments of total serum calcium, serum albumin, and ionized calcium
collected within a single 24-hour period. Patients were excluded if there
was documented administration of any calcium-modifying agent, in-
cluding calcitonin, bisphosphonates, denosumab, one liter or more of
normal saline, or any anticancer agent (including dexamethasone)
within 5 drug half-lives prior to laboratory measurements [27–31], or
any anticancer therapy (including dexamethasone) within 30 days prior
to laboratory measurements. Target enrollment for each group was 50
patients with hypercalcemia and 50 patients with normal or low serum
calcium, for a total of 200 patients. Hypercalcemia was defined as total
serum calcium or corrected calcium ≥11mg/dL or ionized calcium
≥5.33mg/dL (1.33mmol/L). Low serum calcium was defined as total
serum calcium or corrected calcium ≤8.4 mg/dL or ionized calcium
<4.53mg/dL (1.13 mmol/L). The cutoff values defining hypercalcemia
for total and corrected calcium were based on the International Mye-
loma Working Group guidelines [7]; other cutoffs were based on in-
stitutional laboratory reference ranges. Calcium measurements during
the study period were performed using ABL 90 Flex analyzers (Radio-
meter Medical ApS, Brønshøj, Denmark).

Outcomes and statistical analysis

The primary objective was to determine the correlation between
corrected calcium and ionized calcium in each group using the
Spearman correlation coefficient. To illustrate correlation, scatterplots
of calcium measurements were fitted with locally-weighted smoothing
regression curves [32]. Secondary analyses included sensitivity and
specificity of corrected calcium in detecting hypercalcemia using the
ranges defined above, where a true hypercalcemia was defined by
elevated ionized calcium ≥5.33mg/dL. Additionally, multiple linear
regression was performed to assess the influence of several myeloma-
related variables (serum albumin, phosphorus, creatinine, paraprotein,
free kappa light chains, free lambda light chains, and MM im-
munoglobulin type) on corrected calcium measurements. Continuous
variables were compared between patient groups via two-sample t-test
(or Mann–Whitney test) and discrete variables were evaluated for as-
sociation via Fisher's exact test (or chi–square test). Statistical sig-
nificance was defined as p-value <0.05. Statistical software SAS 9.3
(SAS, Cary, NC), R, and S-Plus 8.2 (TIBCO Software Inc., Palo Alto, CA)
were used for the analyses.

Results

Screening identified 100 patients per group meeting criteria for
analysis. Each group included 50 patients with hypercalcemia and 50
normocalcemic patients. Patient demographics and laboratory mea-
surements are presented in Table 1. Statistically significant differences
were noted between patients in the MM and control groups in sex (46%
female vs 76%, respectively), body mass index (28 kg/m2 vs 26 kg/m2),
serum creatinine (1mg/dL vs 0.9 mg/dL), serum phosphorus (3.7 mg/
dL vs 3.4 mg/dL), and serum albumin (3.8 g/dL vs 3.25 g/dL). Mea-
surements of serum paraprotein in patients with MM drawn within 60
days of calcium measurements were available for 78% of patients;
median serum paraprotein was 0.5 g/dL.

Scatterplots of corrected calcium and ionized calcium with locally-
weighted smoothing regression are shown in Fig. 1. The Spearman
correlation coefficient was 0.76 (p < 0.001 for testing if the coefficient
is significantly different from 0) in the MM group and 0.85 (p < 0.001)
in the control group. The sensitivity of corrected calcium in identifying
ionized calcium-defined hypercalcemia was 36% and 72% in the MM
and control groups, respectively. The specificity was 91% and 88% in
the MM and control groups, respectively. Multiple linear regression did
not identify any variable significantly correlating with corrected cal-
cium in either group. p-Values for all included variables were >0.1
except for paraprotein in the MM model (p=0.09) and phosphorus in
the control model (p=0.05).

Discussion

Known calcium-binding properties of myelomatous plasma cell-de-
rived paraproteins may confound calculation of albumin-corrected
serum calcium [14,20–24]. It is also possible that differences in the
paraproteins secreted by each patient produce variable calcium-binding
properties, further limiting the utility of calcium correction formulas
applied uniformly to patients with MM. Given the high incidence of
hypercalcemia in MM [2], costs and potential toxicities accompanying
its management [33], and widespread use of corrected calcium for
monitoring [15,16], characterizing the effect of paraproteins on cal-
cium correction may have important implications for clinical practice.
In this study, the correlation coefficient between corrected calcium and

Table 1
Patient demographics and laboratory measurements.a

Multiple myeloma
n=100

Control n=100 p-value

Age (years) 61 (55–69) 65 (54–72) 0.09
Female, n (%) 46 (46) 76 (76) <0.01
BMI (kg/m2) 28 (25–32) 26 (22–30) 0.02
Creatinine (mg/dL)b 1 (0.8–1.5) 0.9 (0.7–1.1) <0.01
Phosphorus (mg/dL)b,c 3.7 (3–4.4) 3.4 (2.7–4) 0.047
Albumin (g/dL)b 3.8 (3.3–4.1) 3.3 (2.7–3.9) <0.01
Ionized calcium 5.17 (4.81–5.45)

mg/dL
5.09 (4.45–5.69)
mg/dL

0.64

1.29 (1.2–1.36)
mmol/L

1.27 (1.11–1.42)
mmol/L

Corrected calcium (mg/
dL)

9.8 (9.1–10.8) 9.8 (9.1–11.6) 0.29

Paraprotein (g/dL)‡,§ 0.5 (0.2–1.6) N/A N/A
Free kappa light chains

(mg/dL)‡
1.27 (0.5–2.95) N/A N/A

Free lambda light chains
(mg/dL)‡

1.58 (0.9–10) N/A N/A

IQR, interquartile range; BMI, body mass index; N/A, not applicable.
*a Median (IQR), unless noted otherwise.
**b Measured within 24 h of calcium measurements.
†c Data available for 70% of multiple myeloma group patients and 97% of

control group patients.
‡ Measured within 60 days of calcium measurements.
§ Data available for 78% of multiple myeloma group patients.

M.J. Buege, et al. Cancer Treatment and Research Communications 21 (2019) 100159

2



ionized calcium was higher in patients with breast cancer or NSCLC
(0.85) compared to those with MM (0.76), suggesting that corrected
calcium may be less reliable for monitoring calcium levels in patients
with MM. Additionally, the calculated sensitivity of corrected calcium
in detecting ionized calcium-defined hypercalcemia was significantly
lower in the MM group (36%) compared to the control group (72%),
indicating that corrected calcium may falsely indicate normocalcemia
more frequently in patients with MM. In the multiple linear regression
models, serum paraprotein trended toward a significant impact on
corrected calcium calculations in the MM group (p=0.09), but no
variables demonstrated statistically significant impact.

The study sample characteristics limit interpretation of these results.
Surprisingly, most of the MM group appeared to have near-normal
serum albumin (median 3.8 g/dL) [34]. The relatively low average
serum paraprotein concentrations in the MM group (median 0.5 g/dL vs
mean 1.39 g/dL; interquartile range 0.20–1.60 g/dL vs overall range
0.10–8.10 g/dL) also indicate most patients with MM had relatively low
disease burden. This was likely due to the strict exclusion criteria uti-
lized, as patients with higher serum paraprotein levels may have been
more likely to have recently received exclusionary medications. This is
corroborated by the fact that 22% of patients with MM did not have
paraprotein measured within 60 days of the index calcium measure-
ments, indicating calcium levels and presentation did not warrant dis-
ease re-evaluation in these patients. It is possible that the effect size
could be greater between calculated corrected calcium and ionized
calcium in patients with more advanced disease and higher serum
paraprotein concentrations.

Additionally, most patients with hypercalcemia had relatively mild
serum calcium elevations [35]. In the MM group, 75% of patients had
an ionized calcium value of 5.45mg/dL (1.36 mmol/L) or lower, while
75% of control group patients had an ionized calcium value of 5.69mg/
dL (1.42mmol/L) or lower. This may also have been due to treatment-
related exclusion criteria. Additionally, as data were collected at a large
referral center, patients may have received antihypercalcemic or anti-
myeloma therapy prior to presentation to our institution, although it
should be noted that paraprotein clearance takes weeks despite im-
mediate reduction of plasma cell burden with treatment [36]. The
difference between corrected calcium and ionized calcium may be more
pronounced in patients with more severe hypercalcemia. While the
calculated sensitivity of corrected calcium was low in the MM group,
this may have been influenced by the lack of equivalence between the
corrected calcium and ionized calcium cutoffs used to define hy-
percalcemia (e.g., ionized calcium of 5.33mg/dL does not necessarily
correspond to corrected calcium of 11mg/dL).

There are several additional limitations that must be considered.
This was a retrospective analysis of a relatively small sample of patients
treated at a single institution, limiting generalizability. Additionally, a
consecutive sampling method was used. Substantial changes in clinical
oncology practice pertaining to the disease states included in this study
occurred over the period during which patients presented, which may
have affected the incidence, presentation, and management of hy-
percalcemia in these patients.

The above limitations identify directions for future research. Similar
analyses should be performed in patients stratified by calcium status
(e.g., comparing patients with MM or breast or non-small cell lung
cancers with hypercalcemia only) and in a case-control-matched patient
sample. Given the trend toward significant impact of paraprotein on
corrected calcium, prospective analysis of this effect in patients with
more advanced disease and higher serum paraprotein concentrations
may be of particular interest. In addition to their clinical utility, these
analyses may be useful in identifying cost-savings opportunities based
on the elimination of unnecessary or redundant laboratory measure-
ments.

Conclusion

Ionized calcium may be better than corrected calcium for detecting
hypercalcemia in patients with MM. However, additional analyses are
needed to better understand the clinical implications of myeloma-re-
lated factors, such as paraprotein calcium binding.

Clinical practice points

Hypercalcemia is a common manifestation of newly-diagnosed and
relapsed multiple myeloma (MM). In MM and other disease states, total
serum calcium measurements are commonly corrected for binding by
serum albumin. Myeloma-related paraproteins are known to bind cal-
cium and may confound these calcium corrections, but the clinical re-
levance of this phenomenon is unknown. In this retrospective study, we
found that corrected calcium and the gold standard ionized calcium
were better correlated in a control group (n=100) of patients with
breast cancer or non-small cell lung cancer compared to a group of
patients with MM (n=100). Additionally, the sensitivity of corrected
calcium in detecting hypercalcemia defined by elevated ionized cal-
cium was low in patients with MM compared to the control group.
While multiple linear regression did not reveal specific factors affecting
corrected calcium, this effect may be due to paraprotein calcium
binding. These data suggest ionized calcium may be better than cor-
rected calcium for identifying hypercalcemia in patients with MM, and
have identified directions for future research. In particular, analysis of
corrected calcium performance in patients with MM with significant
disease burden is warranted.

Fig. 1. Corrected calcium vs ionized calcium in multiple myeloma (A) and
control (B) groups with locally weighted smoothing regression.
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