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Correlation between markers of bone
metabolism and vitamin D levels in
patients with monoclonal gammopathy of
undetermined significance (MGUS)
Brea Lipe1, Suman Kambhampati2, Peter Van Veldhuizen2, Abdulraheem Yacoub3, Omar Aljitawi1 and Joseph Mikhael4

Multiple myeloma (MM) lies along a spectrum of plasma
cell disorders and represents the incurable malignant
phase of disease. MM is felt to be uniformly preceded by
an asymptomatic clonal disease called monoclonal gam-
mopathy of undetermined significance (MGUS) that car-
ries a lifelong risk of disease progression1–3. While we are
currently unable to predict which patients with MGUS
will develop MM, the Mayo group has devised a risk
stratification system to help in predicting patients with a
higher risk of disease progression4. Smoldering multiple
myeloma (SMM) is distinguished from MGUS by a higher
burden of plasma cells and an increased risk of progres-
sion to MM5. There is currently no treatment for MGUS
or SMM, and no treatment has been proven to reduce the
risk of disease progression, though SMM remains an area
of active research.
Alterations in bone metabolism, mediated in part

through upregulation of receptor activator of nuclear
factor κβ (RANKL) and the decoy receptor osteoprotegrin
(OPG), via effects on osteoblasts and osteoclastogenesis
are common to both MM and MGUS and may play a role
in disease progression6. While patients with MGUS and
SMM are generally felt to be asymptomatic, these patients
do have an increased risk of bone fracture, linked to
decreased bone strength and altered bone architecture7–9.
Vitamin D is a key regulator of bone metabolism asso-
ciated with progressive disease in several malignancies,
including MM10–12. Dysregulation of RANKL and OPG

correlates with disease activity and decreased survival, and
has also been linked to altered bone metabolism in
MGUS13. Based on the abnormal bone metabolism
observed in patients with MGUS and the central role for
vitamin D in bone metabolism, we hypothesized that
abnormal bone metabolism would correlate with disease
risk in MGUS and that vitamin D supplementation would
improve bone metabolism and markers of disease. We
investigated this hypothesis by correlating the vitamin D
level with the risk category of MGUS and markers of bone
metabolism, RANKL and OPG. We further evaluated the
impact of vitamin D supplementation on RANKL and
OPG levels, as well as markers of disease activity,
including serum protein electrophoresis (SPEP) and free
light chains (FLCs).
In this open-label trial, 50 patients with MGUS or SMM

per the International Myeloma Working Group criteria3

who were older than 18 years of age were recruited to this
study from a plasma cell dyscrasia clinic between June
2012 and November 2014. Patients with a history of
osteoporosis, or other bone diseases, bisphosphonate
usage within 1 year or glucocorticoid use within
3 months, pregnant patients, patients on bile acid
sequestrants, anticonvulsive, or antiretroviral therapy, and
patients with a history of malignancy other than in situ
cancers within 5 years were excluded. Patients were
stratified into two groups based on risk of disease pro-
gression, those with 0 or 1 risk factor for progression (low
risk or intermediate-1 risk) vs. those with 2 or 3 risk
factors (intermediate-2 or high risk), or SMM. Per the
Mayo risk stratification system, possible risk factors
include a non-IgG isotype, an IgG paraprotein level >1.5
g/dL, and an abnormal FLC ratio4. Ethical approval for
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this study was granted by the University of Kansas Ethics
Committee and all patients provided informed consent.
Only patients with 25 hydroxyvitamin D (25(OH)D) <

20 ng/mL were asked to take cholecalciferol 6000 IU daily
for 8 weeks followed by 2000 IU daily. Patients purchased
their own cholecalciferol from a local pharmacy and were
asked to complete a medication log documenting daily
compliance. Patients were followed for 12 weeks.
Blood samples were collected as fasting morning labs at

baseline and at 12 weeks after the initial blood sample.
Full blood count, creatinine, serum paraprotein, serum
FLCs, electrophoresis with immunofixation, and 25(OH)
D levels were determined at each visit. Additional blood
was collected in EDTA and stored at −80 degrees for
plasma analysis of sRANKL, OPG, and interleukin-6 (IL-
6). Total sRANKL (BioVendor), OPG (Raybiotech), and
IL-6 (Raybiotech) levels were determined using enzyme-
linked immunosorbent assay kits in duplicate with the
lower limits of detection at 25, 1, and 0.7 pg/mL, respec-
tively. All assays were calibrated using standard curves
following the manufacturer’s instructions.
Patients were grouped according to the risk group of

MGUS or SMM, and further analyzed as vitamin D-
deficient vs. replete. The study planned to enroll 50 patients,
30 with low risk and 20 with low-risk MGUS to provide
~80% power to detect a 0.8 s.d. of the RANKL/OPG ratio
between low- and high-risk patients for a two-sized, two-
sample t-test with a type I error rate of 0.05 (nQuery
Advisor 7.0, 1995–2007). Group values are expressed as the
mean±SEM. Group comparisons were made using the
unpaired Student’s t-test. Data within groups, pre vs. post-
therapy were compared using paired Student’s t-test. Sta-
tistical significance was assigned as a P value < 0.05.
In all, 50 patients were enrolled into the study (patient

characteristics Supplementary Table 1). A total of 31
patients completed the study, 5 patients were lost to follow-
up prior to the initial lab draw and 14 after. There were no
adverse events related to vitamin D administration.
The characteristics of low- vs. high-risk group MGUS

patients, patients with low or replete vitamin D, and
deficient patients prior to and after 12 weeks of supple-
mentation are presented in Table 1. At baseline, 15
patients had MGUS with 0 risk factors, 12 with 1 risk
factor, 9 with 2 risk factors, and 9 patients had SMM. Of
the 31 patients completing the study, 3 patients had 0 risk
factors, 7 had 1 risk factor, 9 had 2 risk factors, and 7 had
SMM. At the end of 12 weeks, 2 patients who maintained
25(OH)D> 20 ng/mL went from 2 to 1 risk factor and 1
patient who developed vitamin D deficiency gained a risk
factor for MGUS at 12 weeks.
A total of 32 (71%) patients were either found to be

vitamin D-deficient or had a history of vitamin D defi-
ciency requiring vitamin D supplementation at baseline.
Patients with vitamin D deficiency had higher levels of

RANKL and the RANKL/OPG ratio than replete patients
(Table 1). Seventy percent of patients had improvement in
their 25(OH)D level with supplementation. After sup-
plementation, the vitamin D-deficient patients had
decreases in RANKL, RANKL/OPG ratio with an increase
in the OPG levels (Table 1). A decrease in the involved
FLC (iFLC), FLC ratio, and SPEP were seen after chole-
calciferol supplementation, but improvements were
greatest for patients who had improvements in 25(OH)D
levels. After 3 months, 76% of patients with 25(OH)D >
20 ng/mL had decreases in their 25(OH)D levels, (37.58
vs. 34.81, P= 0.07) with an increase in the iFLC (7.84 vs.
10.75, P= 0.06) and RANKL (7987.5 vs. 13351.0, P=
0.07). Figure 1 summarizes the differences between the
FLC ratio and RANKL/OPG ratio amongst the patients in
our study.
In this prospective study, we have demonstrated a cor-

relation between progressive alteration in bone metabo-
lism via RANKL and OPG with an increased risk of

0.0

100.0

200.0

300.0

400.0

500.0

Ratio of RANKL to OPG

B C D

0.0

20.0

40.0

60.0

80.0

100.0

Ratio of involved to uninvolved free light chains

B C DA

A

Fig. 1 Graphic representation of FLC ratio and RANKL/OPG ratio A at
baseline between patients with low- vs. high-risk MGUS, B patients
with vitamin D > 20 vs. < 20 ng/mL, C patients with low vitamin D
prior to and after 12 weeks of repletion, and D patients with replete
vitamin D at baseline and after 12 weeks without supplementation
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progression from MGUS to MM as determined by the
Mayo risk stratification criteria4. We further demonstrate
that supplementation with vitamin D can improve mar-
kers of bone metabolism, RANKL, and OPG, while
reducing markers of disease activity. To our knowledge,
this is the first study to correlate bone metabolism and
vitamin D supplementation with a known risk for disease
progression.
We further demonstrate that RANKL and RANKL/

OPG are increased with high-risk MGUS and SMM vs.
low risk. These data support a link between disease
activity and bone metabolism for patients without clini-
cally relevant plasma cell disorders and may provide a
mechanism for the bone abnormalities and increased risk
of fracture that is seen in patients with MGUS. In our
study, vitamin D deficiency was independently linked to
bone metabolism. Our study was confounded by the high
baseline rate of vitamin D supplementation within our
patient population. Based on patient history and the
observed 25(OH) D levels within our study, 71% of
patients were vitamin D-deficient, consistent with prior
data14. Within our study, several patients who reported
taking vitamin D supplementation (6 patients) had 25
(OH)D levels < 20 ng/mL. Additionally, several patients
within our study who were assigned to take cholecalci-
ferol, failed to have restoration of their 25(OH)D levels.
Despite medication logs, it is impossible to exclude poor
compliance, seasonal variation, or malabsorption as a
mechanism for the failure of cholecalciferol supple-
mentation. However, the correlation between vitamin D
status and bone metabolism independent of supple-
mentation, suggests a possible difference in disease biol-
ogy amongst patients whose 25(OH)D levels improve with
supplementation vs. those who do not.
The iFLC, FLC ratio, and SPEP represent surrogates for

disease activity in plasma cell dyscrasias, including MGUS
and SMM4. Within our study, supplementation with
cholecalciferol improved 25(OH)D levels and correlated
with a decrease in markers of bone metabolism and dis-
ease activity as measured by iFLC, FLC ratio, and the
SPEP. Since baseline supplementation status was not
correlated with disease activity, our study suggests a direct
action of cholecalciferol on disease biology that may be
mediated through improvements in bone metabolism.
In our study, a large number of enrolled patients failed

to complete the study. Likewise, it is impossible to
determine if low 25(OH)D levels contribute to altered
bone metabolism and disease progression or if alterations
in disease biology lead to altered 25(OH)D levels. How-
ever, our data do suggest a role for vitamin D in plasma
cell mediated bone disease and disease progression that
should be further studied in a larger study across the
spectrum of disease activity.
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