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Abstract
We conducted a phase II trial of doxercalciferol, a vitamin D2 analogue, in 15 patients with MDS.
Each received doxercalciferol 12.5 μg orally daily for 12 weeks. Nine of 15 patients completed the
prescribed course and of these, six had stable disease. No patient had a response (IWG criteria)
and overall eight patients experienced progressive disease while on therapy. Two patients with
chronic myelomonocytic leukemia (CMML) had a marked rise in monocytes on study. Overall the
treatment was well tolerated. One patient was removed from study due to hypercalcemia. We
conclude that short-term treatment with doxercalciferol has limited activity in patients with MDS.
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Introduction
The myelodysplastic syndromes (MDS) are a group of disorders characterized by one or
more peripheral blood cytopenias secondary to bone marrow dysfunction [1]. Prognosis is
directly related to the number of bone marrow blasts, the degree of peripheral blood
cytopenias, and findings on cytogenetic analysis [2].

Small phase II studies have suggested that calcitriol may improve the blood counts in
patients with MDS, but may cause hypercalcemia or hypercalciuria. Doxercalciferol, a
synthetic analog of vitamin D2, has equivalent affinity for the vitamin D receptor (VDR),
can safely be given to human subjects [3,4], and has demonstrated a lower propensity to
cause hypercalcemia and hypercalcuria [3]. Given the lower likelihood of toxicity compared
to calcitriol, we reasoned that the higher tolerable doses of doxercalciferol would result in a
greater likelihood of benefit to those with MDS. To address this question, we performed a
small pilot study to test the short-term efficacy and toxicity of doxercalciferol in patients
with MDS.
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Methods
Patients

The research protocol was approved by the Institutional Review Board of the University of
Wisconsin Hospitals and Clinics. Adult patients with MDS as defined by the World Health
Organization or French-American-British Classification were considered eligible. Eligibility
required: morphologic evidence of disease on bone marrow examination; one or more
cytopenia; creatinine clearance >50 mL/min/1.73 M2; ECOG performance status 0 – 2; and
no cytokine treatment within 4 weeks. Patients with CMML or secondary MDS were
permitted to participate.

Patients were excluded for a history hypercalcemia or any condition that may predispose to
hypercalcemia or hypercalciuira (renal stone disease within 5 years of study entry, thiazide
diuretic use, calcium or vitamin D supplements, glucocorticoids, fluoride, or lithium).
Patients with uncontrolled malignancy or prior exposure to doxercalciferol were also
excluded.

Treatment
At enrollment, patients received 12.5 μg of doxercalciferol daily for 12 weeks, and were
advised to take the medication orally prior to the morning meal. Patients could not receive
erythropoietin. Therapy was terminated for the following reasons: development of grade 4
nonhematologic toxicity; recurrence of grade 3 nonhematological toxicity after dose
reduction; three episodes of grade 1 or 2 hypercalcemia or creatinine elevation; or treatment
failure (defined as worsening cytopenias, increase in bone marrow blasts, or rising
monocytosis in those with CMML). Patients who experienced a ≥ 50% drop in their
baseline platelet or neutrophil count and those who required a ≥ 50% increase in RBC or
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platelet transfusion requirements from baseline were removed from study and considered to
have progression. Patients who did not demonstrate improvement of peripheral blood counts
by the completion of 12 weeks of therapy were not required to undergo repeat bone marrow
biopsy evaluation.

Assessment of efficacy and safety
Response criteria used were those set forth by an international working group for MDS
(IWG criteria) [5]. Patients were followed with baseline and monthly examinations, toxicity
assessments (NCI CTC, version 2.0), blood counts (including reticulocytes), and serum
chemistries.

Statistical analysis
The primary objective of this phase II study was to evaluate the response rate and to further
evaluate the safety of doxercalciferol in patients with MDS. A two-stage Simon’s minimax
design [6] was implemented in which if there were fewer than 2 responses among the initial
16 patients, the study was to be terminated due to lack of efficacy. Otherwise the study was
to continue with an additional nine patients. This design tests the null hypothesis that the
true probability of response is no more than 0.1 at a one-sided significance level of 0.1
against the alternative hypothesis that it is at least 0.3 with a power of 0.9.

Results
Study population

The characteristics of the study population are presented in Table I. Because of the lack of
responses, the study was terminated early after enrollment of 15 patients between January
2003 and October 2004. The patients were between 51 and 92 years of age (median 77
years) and each FAB MDS subtype was represented including one patient with refractory
anemia with excess blasts in transformation (RAEB-t). Seven patients had normal
cytogenetics, two had monosomy 7, and three had 5q deletions (two of whom had 5q minus
syndrome). Twelve of 15 patients had international prognostic scoring system (IPSS) scores
of low or intermediate-1. All but one patient was red-cell transfusion dependent at the time
of study entry.

Toxicity
Overall, doxercalciferol was well tolerated. One patient had significant nonhematologic
toxicity (grade 3 rash, grade 3 hypercalcemia), increasing red cell transfusion requirements,
and was removed from study after 4 weeks of therapy. All toxicity resolved within 2 weeks
of discontinuing doxercalciferol. No other patient underwent dose-reduction or
discontinuation for nonhematologic side effects.

Eight patients experienced disease progression while on doxercalciferol. Two patients with
CMML developed marked monocytosis while on study, which improved after discontinuing
doxercalciferol. The patient with RAEB-t experienced worsening blood counts and a bone
marrow performed after 6 weeks showed increasing blasts. The other five patients
experienced a fall in the peripheral blood counts while on doxercalciferol. Two patients had
worsening hemoglobin, three patients developed worsening neutropenia, and two patients
developed worsening thrombocytopenia. The fall in blood counts lead to the early removal
of the patients from the study in four of the five cases. In all cases, the blood counts did not
improve of off therapy and the deterioration in blood counts was attributed to disease
progression.
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Efficacy
Nine of 15 patients completed a full 12-week course of doxercalciferol. Of these, six had
stable disease, with the remainder showing progression based upon changes in the peripheral
blood counts. There were no hematologic responses. As noted above, a total of six patients
were taken off study before completion, five of whom were taken off for MDS progression
or transformation to AML and one due to toxicity. In all, eight of the 15 patients on study
showed evidence of disease progression due to worsening peripheral blood counts (six
patients), symptomatic monocytosis (two patients with CMML), or increasing blast
percentage in the bone marrow (one patient). There were a few instances of apparent
response in reticulocyte counts (see Figure 1), although none of these translated into
hemoglobin responses.

Discussion
Naturally occurring vitamin D and analogues have been found to induce the maturation of
various leukemia cell lines through the action on the VDR [7], and vitamin D metabolites
appear to play an important role in the regulation of growth and promotion of differentiation
of these tissue types and the malignant cells derived from them [8–10]. Unfortunately,
vitamin D3 (calcitriol or 1α,25 dihydroxyvitamin D3) at doses that may influence
hematopoiesis also may cause hypercalcemia and hypercalcuria. Doxercalciferol, a synthetic
analog of vitamin D2, has equivalent affinity for the VDR [7], and clinical trials have shown
that it has a lower propensity to cause hypercalcemia and hypercalcuria [3]. Furthermore, a
phase II trial of doxercalciferol has shown safety with chronic daily dosing at ≥ 10 mcg
daily [4].

Several studies have examined the use of calcitriol to treat MDS. Motomura et al. [11]
performed a nonrandomized clinical trial of calcitriol in MDS at a dosage of 4 – 6 μg per
day for a median of 17 months. Although overall survival was not affected, the patients who
received calcitriol had a significantly lower chance of developing AML in a Kaplan-Meyer
survival analysis. Slapak et al. [12] treated 29 elderly patients with AML using a protocol
that combined low-dose cytarabine and hydroxyurea for 21 days with calcitriol (0.25 μg
twice per day) until relapse. The CR rate was 45% with median remission duration of 9.8
months. Mellibovsky et al. [13] treated 14 patients with low risk MDS with calcitriol. Ten of
the 14 patients responded to the treatment with either improved blood counts or transfusion
independence. They reported no episodes of hyper-calcemia and no patient stopped
treatment because of toxicity. In addition, at least one other vitamin D2 analog has been
studied for use in MDS. Koeffler et al. [14] found no clinical responses among 12 patients
treated with paricalcitol (which is widely used to treat secondary hyperparathyroidism) in
spite of promising in vitro results [15].

Our study has shown that doxercalciferol, when given for 12 weeks to patients with MDS,
did not lead to hematologic improvement by IWG criteria. In fact, we found that two
patients with CMML experienced a rise in the monocyte count while on therapy, suggesting
the doxercalciferol may encourage monocytopoiesis. Our study design was intended to
explore whether doxercalciferol may improve blood counts over a 12-week period. The
short-term endpoint could miss the possibility that a longer duration of therapy may be
effective or that a short-term fall in counts may reflect a cytotoxic effect that will later result
in the establishment of improved hematopoiesis, such as seen following methyl-transferase
inhibitor therapy, or lenalidomide. Also, we did not follow blood levels of the active vitamin
D metabolites and cannot exclude the possibility that unfavorable pharmacokinetics may
have dampened any potential effect. We can conclude that doxercalciferol in the dose and
schedule studied is unlikely to improve blood counts for patients with MDS.
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Figure 1.
Depicts the changes in peripheral blood counts over the 12 week course of doxercalciferal
treatment: (A) Leucocytes per microlitre, (B) Platelets×1000 per microlitre, (C)
reticulocytes×1000 per microlitre.

PETRICH et al. Page 6

Leuk Lymphoma. Author manuscript; available in PMC 2010 August 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

PETRICH et al. Page 7

Table I

Patient characteristics.

Gender 10 male/5 female

FAB diagnosis

 RA 7

 RARS 3

 RAEB 2

 RAEB-t 1

 CMML 2

Cytogenetics

 Monosomy 7 2

 5q minus 3

 Trisomy 8 2

 Normal 7

 Unavailable 1

IPSS

 Low 5

 Intermediate-1 7

 Intermediate-2 1

 High 1
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