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SUMvIARY In order to define the relative importance of renal failure and increased bone resorption
in the hypercalcaemia of myelomatosis 22 untreated patients were studied, of whom 12 were hyper-
calcaemic. Most patients had malabsorption of radiocalcium from the gastrointestinal tract and
evidence of increased bone resorption as assessed by fasting urinary hydroxyproline/creatinine ratio.
The mean OHPr/Cr ratio, however, was similar in patients with and without hypercalcaemia.
Renal failure and Bence Jones proteinuria occurred more frequently in the hypercalcaemic patients.
In four patients with hypercalcaemia there was an increase in OHPr/Cr after saline infusion accom-

panied by an improvement in renal function and hypercalcaemia. Mithramycin given to the same

patients further reduced hypercalcaemia, presumably by inhibiting bone resorption. It was concluded
that the hypercalcaemia of myelomatosis is due to the combination of renal failure and increased
bone resorption, but that the OHPr/Cr ratio in the untreated state is a poor indicator of the degree
of bone resorption in hypercalcaemic patients.

A raised plasma calcium in patients with myeloma-
tosis has been shown to affect prognosis adversely.'
This hypercalcaemia is often attributed to excessive
bone resorption, the production of which is poorly
understood.
Renal failure, which is a more important prognos-

tic factor, may be associated with and aggravated by
hypercalcaemia, though renal insufficiency may be
present long before there is an increase in plasma
calcium.2

In order to clarify the relative importance of
impaired renal function and increased bone resorp-
tion in the production of the raised plasma calcium,
patients with myelomatosis have been studied and
comparisons made between those with and without
hypercalcaemia. We have also studied, in hyper-
calcaemic patients, the use of therapy aimed pri-
marily at improving glomerular filtration rate, and
compared this with the effects of mithramycin, which
has been shown to reduce bone resorption in Paget's
disease3 and hypercalcaemia in myelomatosis.46

Patients and methods

Twenty-two patients (10 females and 12 males) were
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studied, all of whom fulfilled accepted clinical,
haematological, biochemical, and immunological
criteria for myelomatosis. Ten patients were
normocalcaemic and 12 hypercalcaemic on initial
investigation. All patients were studied after an over-
night fast and were untreated in terms of cytotoxic
therapy or glucocorticoids.

Fasting plasma calcium, phosphate, creatinine,
and alkaline phosphatase and urinary calcium,
phosphate, creatinine, and hydroxyproline were
determined by methods previously reported, as were
radiocalcium absorption, plasma 25`hydroxy vitamin
D3, and parathyroid hormone.7 Plasma calcium was
corrected to allow for changes in plasma albumin and
globulin by the method of Hodkinson.8 Values were
corrected to a plasma albumin of 45 g/l and globulin
30 g/l.
Immunological investigations were carried out at

the Supra Regional Protein Reference Laboratory,
Putney Hospital. Paraproteins were detected by
cellulose acetate membrane electrophoresis, typed by
immunofixation9 and quantitated by scanning
electrophoresis strips with Ponceau red dye.

Statistical methods used were the Student's t test
and Fischer's test of exact probability.
Four hypercalcaemic patients were studied before

and after infusion of normal (0-9 %) saline, which
54

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.34.1.54 on 1 January 1981. D
ow

nloaded from
 

http://jcp.bmj.com/


Relative importance of renal failure and increased bone resorption in the hypercalcacmia of myelomatosis 55

was given at the rate of 6 litres in 24 hours. When a

'steady state' had been achieved (ie, both plasma
calcium and renal function had ceased to improve
after rehydration) the same four patients were given
an infusion of mithramycin. The rate of infusion of
intravenous saline was kept constant, and mithra-
mycin, 25 pg/kg body weight per day diluted in 1 litre
of normal saline, was administered over a period of 4
hours.

Results

The incidence of paraprotein types in our patients
(Table 1) was similar to that reported in larger
series.10 11 While there was no difference in the amount
of circulating paraprotein between our normocalcae-
mic and hypercalcaemic patients, Bence Jones
proteinuria was more common in those with a raised
plasma calcium, and the paraprotein was less often

of IgG subclass. All patients whose total plasma
calcium was raised were still hypercalcaemic when
these values had been corrected for changes in
albumin and globulin.
Both groups of patients had an increased urinary

calcium (Table 2), although it was significantly
greater in the hypercalcaemic patients. Renal
tubular reabsorption of calcium was normal. Plasma
phosphate was normal in both groups, but urinary
phosphate was raised. Malabsorption of calcium
occurred in both groups of patients but did not relate
to the presence of renal failure or vitamin D defi-
ciency. In the presence of malabsorption of calcium,
the increased urinary calcium indicates increased
bone resorption. Likewise, hydroxyproline excretion
was raised in both groups but was not significantly
different. Impaired renal function occurred more

frequently in the hypercalcaemic group (7 of 12
patients, compared to only one patient in the

Table 1 Paraprotein abnormalities in this series

Paraprotein Previous series This series Normocalcaemic Hypercalcaemic

IgG 53-55% 52% 76-9% 23-0% P < 0 05
IgA 23-25 % 28% 15 4% 41-7% NS
IgD 0- 1 % 8 % 7-7% 8-3% NS
Bence-Jones 19-22'% 12'% 0 23-0% NS
Urinary Bence-Jones
protein 68% 46-2% 91-7% P < 0 05
Mean serum paraprotein
level 29-8 g/l 27-0 g/l NS

P values refer to the differences between the normocalcaemic and hypercalcaemic patients.

Table 2 Fasting plasma and urine biochemistry in normocalcaemic and hypercalcaemic patients with myeloma

Normal Normocalcaemic Hypercalcaemic P
range

Mean SEM n Mean SEM n

Plasma calcium (mmol/l) 2-22-2-60 2-32 0-025 10 3-26 0-148 12 <0-001
Corrected plasma calcium (mmol/1) 2-22-2-60 2-33 0-026 10 3-29 0-146 12 <0-001
Urine Ca/Cr (molar) <0-425 0 40 0-16 10 0-84 0 09 12 <0 025
Renal tubular reabsorption of calcium
(mmol/l) GF 1-80-2-20 1-89 0-10 10 2-00 0-12 12 NS
Plasma phosphate (mmol/l) 0-80-1-45 1-13 0-043 10 1-27 0-085 12 NS
Urine P/Cr (molar) <1-82 1 99 0-56 10 2-23 0-24 12 NS
Renal tubular reabsorption of phosphate
(mmol/1) GF 0-70-1-40 1-14 0-13 10 0-87 0-09 12 NS
Plasma creatinine (timol/l) 45-130 98-8 8-37 10 270-0 74 52 12 <0 05
Radiocalcium absorption (FR/h) 0-30-1-40 0-29 0 09 6 0-18 0-04 9 NS
Plasma 25 OH vitamin D, (nmol/1) >25-0 67-0 21-2 7 39 3 9-8 8 NS
Plasma parathyroid hormone (pg/ml) 125-375 232-3 60-7 6 244-0 100 2 10 NS
Plasma alkaline phosphatase (KA units) 3-13 16 2 6 13 9 10-3 1-01 12 NS
Urine OHPr/Cr (molar) <0-024 0-026 0-004 10 0-022 0-002 12 NS

Conversion: SI to traditional units
Plasma calcium I mmol/l z 4 mg/100 ml
Ca/Cr 1 = 0 353
Tubular reabsorption of calcium 1 Mmol/l GF 4 mg/100 ml GF
Plasma phosphate I mmol/l z 3-1 mg/100 ml
P/Cr 1 = 0-274
Tubular reabsorption of phosphate I mmol/1 GF z 3-1 lsg/100 ml GF
Plasma creatinine I ,umol/l z 0-0113 mg/l00 ml
Plasma 25 OH vitaminn D I nmol/l 0-4 ng/ml
OHPr/Cr 1 = 1 16
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normocalcaemic group). The mean plasma para-

thyroid hormone concentration was normal in both
groups of patients, but three patients in the hyper-
calcaemic group and one who was normocalcaemic
had increased values. Plasma alkaline phosphatase
was similar in both groups and was in the high
normal range in the majority of patients.

Saline infusion in four hypercalcaemic patients
(Table 3) resulted in a fall in plasma calcium, a

significant improvement in renal function, reduction
in the renal tubular reabsorption of calcium, and an

increase in calcium and hydroxyproline excretion.
Mithramycin given to the same patients produced a

further fall in plasma calcium within 14 hours of the
infusion with a reduction in calcium and hydroxy-
proline excretion and no change in renal function and
tubular reabsorption of calcium. The fall in urinary
hydroxyproline excretion occurred within 4 hours of
the start of mithramycin (Figure).

Discussion

This study confirms the suggestion that hyper-
calcaemia in myelomatosis is due to a combination
of increased bone resorption and renal failure.'2
While initially there was no difference in the raised
hydroxyproline excretions of the normocalcaemic
and hypercalcaemic patients, there was a further rise
in the OHPr/Cr ratio after saline infusion in four
hypercalcaemic patients. We have not studied the
prolonged use of saline infusions in these patients,
but in another hypercalcaemic patient who had
vitamin D intoxication a similar response to saline
occurred and was sustained even when renal
function had ceased to improve. In the presence of
pre-renal failure the OHPr/Cr ratio does not appear
to correlate with the degree of bone resorption, and
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Changes in urine calcium and hydroxyproline
excretion after mithramycin infusion in one

hypercalcaemic patient.
Conversion: SI to traditional units
Ca/Cr 1 = 0 353
OHPr/Cr 1 = 1 16.

the increased hydroxyproline excretion after saline
infusion is probably not due to increased excretion as

a result of improved renal function but to abnormal
renal handling of hydroxyproline. We have seen

similar responses to saline infusion in other hyper-
calcaemias (unpublished observations). Urinary
hydroxyproline, as a measurement of bone resorp-

tion in the presence of renal failure, should be used
only after correction of salt and water depletion.

In our hypercalcaemic patients, eight were uraemic

Table 3 Changes in fasting plasma and urine biochemistry in four hypercalcaemic patients after 24 hours of saline
infusion and 14 hours of mithramycin infusion

Basal Saline Mithramnvcin

Mean SE Mean SE n Mean SE n

Plasma calcium (mmol/l) 3-59 0 19 3-10 0-16 4 2-78 0 10 4+
Plasma creatinine (tsmol/1) 338-2 80-6 219-7 59-8 4* 210-5 53-2 4
Urinary Ca/Cr (molar) 0-99 0-17 1-61 0-33 4 0 97 1-12 4
Urinary OHPr/Cr (molar) 0-017 0 003 0 040 0 007 4 0-026 0-003 4
Renal tubular reabsorption of
calcium (mmol/l) GF 2-02 0.19 1-64 0-13 4 1-63 013 4

+P < 0-05
*P < 0-02
Results obtained after saline infusion are compared to those obtained in the basal state, and the data after mithramycin administration are
compared to those from the end of saline infusion.
Conversion: SI to traditional units
Plasma calcium 1 mmol/l z 4 mg/100 ml
Plasma creatinine 1 vsmol/l z 0-0113 mg/lOO ml
Ca/Cr 1 = 0-353
OHPr/Cr I - 1-16
Tubular reabsorption of calcium 1 mmol/l GF 4 mg/100 ml GF

T
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and hypercalcaemic on first presentation and had not
previously been investigated. Two patients who had
been screened previously developed hypercalcaemia
and renal failure at the same time. Two were hyper-
calcaemic despite normal renal function. Progressive
deterioration of renal function in patients with
multiple myeloma is closely correlated with the
presence of Bence Jones proteinuria,1 13 and this was
confirmed in our study.
Most patients had malabsorption of radiocalcium,

as has previously been reported using balance
techniques.4-16 Calcium absorption is a function of
plasma levels of the active vitamin D metabolite 1,25
dihydroxy vitamin D3,'7 which was not, however,
measured in this study. While many signals affect
1,25 dihydroxy vitamin D synthesis, the major
factors are parathyroid hormone, vitamin D status,
renal function, and plasma calcium concentration.
Both groups of patients in this study were nutri-
tionally vitamin D replete, as assessed by plasma 25
hydroxy vitamin D levels, and parathyroid hormone
concentrations were normal in all but four patients.
Therefore, the two factors that could possibly have
caused a decrease in 1,25 dihydroxy vitamin D3
synthesis in the hypercalcaemic patients are the
presence of hypercalcaemia and renal failure. The
malabsorption of calcium in the patients with nor-
mal biochemistry is unexplained but may be due to
the disease itself or a product of it. In two of the four
patients with high plasma concentrations of para-
thyroid hormone, the high level could be explained
by the presence of renal failure. In the other two
patients, the increased concentrations may have been
due to cross-reaction in the assay system by abnormal
proteins.
While infusion of saline usually improves glom-

erular filtration rate and decreases hypercalcaemia, a
normal plasma calcium is not always achieved.
Mithramycin infusion in these patients produced a
further decrease in plasma calcium by reducing bone
resorption, as indicated by a fall in OHPr/Cr ratio.
This confirms the results of Kiang et al.,18 who
showed, using 85Sr or 45Ca kinetics, a reduction in
bone resorption in patients with myelomatosis which
occurred 6 to 12 hours after injection ofmithramycin.
Our data show a reduction in OHPr/Cr ratio within
4 hours of starting the infusion, and this early change
suggests a direct action of the drug on bone resorp-
tion. In life-threatening hypercalcaemia, if there is an
inadequate response to rehydration, it is reasonable
to administer at least one infusion of mithramycin

unless there is marked thrombocytopenia, which may
be aggravated.
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