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Abstract
Multiple myeloma (MM) remains an incurable illness affecting nearly 20,000 individuals in the
United States per year. High-dose melphalan (HDM) with autologous hematopoietic stem cell
support (ASCT) is one of the mainstays of therapy for younger patients, but little advancement has
been made with regards to conditioning regimens. We opted to combine 153Samarium
ethylenediaminetetramethylenephosphonate (153Sm-EDTMP), a radiopharmaceutical approved for
the palliation of pain caused by metastatic bone lesions, with HDM and ASCT in a phase II study.
Individualized doses of 153Sm were based on dosimetry and were calculated to deliver 40 Gy to
the bone marrow. The therapeutic dose of 153Sm-EDTMP was followed by HDM and ASCT.
Forty-six patients with newly diagnosed or relapsed disease were treated. Study patients were
compared to 102 contemporaneously patients treated with HDM and ASCT. Fifty-nine percent of
study patients achieved a very good partial response or better. With a median follow-up of 7.1
years, the median overall survival and progression free survival from study registration was 6.2
years (95%CI 4.6–7.5 years) and 1.5 years (1.1–2.2 years), respectively, which compared
favorably to contemporaneously treated non-study patients. Addition of high-dose 153Sm EDTMP
to melphalan conditioning appears to be safe, well tolerated and worthy of further study in the
context of novel agents and in the phase III setting.
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Introduction
Multiple myeloma (MM) is a chemotherapy-responsive, but incurable disease. Prior to the
advent of proteosome inhibitors and immune modulatory drugs, standard chemotherapy
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provided response rates of only 50–70% with a median survival of 30–40 months.(1, 2) The
observation that dose intensification of melphalan resulted in higher response rates, even in
patients who were refractory to standard dose melphalan (3) summoned the era of high dose
chemotherapy with stem cell transplantation (SCT).(4, 5) Prior to incorporation of novel
therapies into induction regimens, application of either single or tandem autologous SCT
have provided complete response rates ranging from 19 to 44%, but all patients eventually
relapsed. (4–7) The lack of survival benefit with transplants utilizing CD 34 selected
autologous stem cells(8) and the high incidence of relapse after allogeneic SCT (9, 10)
reflect the inadequacy of the current conditioning regimens for eradicating the neoplastic
clone in vivo.

153Samarium ethylenediaminetetramethylenephosphonate (153Sm-EDTMP; Quadramet®) is
a radiopharmaceutical approved for the palliation of pain caused by metastatic bone lesions.
The compound consists of 153Sm, a beta emitter of medium energy with a physical half-life
of 46.3 hours, and EDTMP, a diphosphonate compound, that avidly concentrates in bone. It
is chemically and biologically stable and is rapidly cleared from non-osseous tissues (alpha
t1/2 14 minutes; beta t1/2 11.5 hours). 153Sm-EDTMP has a beta emission range of 0.5 to
1.01 mm and emits a 103 keV gamma photon allowing for gamma camera imaging studies
of the distribution of the radionuclide.(11–14) Use of low dose 153Sm-EDTMP in humans
has demonstrated an excellent therapeutic ratio in carcinoma metastatic to bone (14–18)
with myelosuppression as the major dose limiting toxicity. We aspired to exploit this
“toxicity” in the context of a hematologic malignancy in the SCT setting as has been done in
murine models. (19) We sought to capitalize on three observations: 1) myeloma cells are
radiosensitive (20, 21); 2) melphalan 200 mg/m2 is as—if not more—effective as melphalan
140 mg/m2 with external beam total body irradiation;(22) and 3) 153Sm-EDTMP provides
irradiation to the marrow since it localizes to bone and bony trabeculae.(18, 23, 24)

In our phase I study, we found that the standard myeloablative dose of melphalan could be
administered safely with escalating doses of 153Sm-EDTMP. (25) Twelve patients were
treated with escalating doses of 153Sm-EDTMP (N=3/group; 6, 12, 19.8, and 30 mCi/kg)
and a fixed dose of melphalan (200 mg/m2). No dose limiting toxicity was seen. To better
standardize the marrow compartment radiation dose, the study was modified such that an
additional 6 patients were treated at a targeted absorbed radiation dose to the red marrow of
40 Gy based on a trace labeled infusion one week prior to the therapy. No dose limiting
toxicity was seen, and overall response rate was 94% including 7 very good partial
responses and 5 complete responses. Addition of 153Sm EDTMP to melphalan conditioning
appeared to be safe, well tolerated, and worthy of further study.

Methods
Patient selection

Patients with multiple myeloma referred to the Mayo Clinic (Rochester, MN) for high dose
chemotherapy with peripheral blood stem cell transplantation (PBSCT) were potentially
eligible for this protocol. Between May 2001 and May 2003, 46 such patients were entered
on a phase II study evaluating 153Sm EDTMP, followed by melphalan 200 mg/m2 with
autologous stem cell support. Eligibility criteria included: Durie and Salmon criteria Stage II
or III at diagnosis of MM; age greater than 18 years; Eastern Cooperative Oncology Group
performance status less than or equal to 2; direct bilirubin less than or equal to 2.0 mg/dL;
alkaline phosphatase less than or equal to 2.5 times the institutional normal; serum
creatinine less than or equal to 3.0 mg/dL; cardiac left ventricular ejection fraction greater
than or equal to 45%; a lung diffusing capacity of oxygen of greater than or equal to 50%; a
forced vital capacity of greater than or equal to 50%; and a forced expiratory volume of
greater than or equal to50%. Patients were also required to have greater than or equal to 2 ×
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106 CD34 cells/kg available for infusion after high dose therapy. No bisphosphonate drugs
were allowed within 2 weeks prior to treatment. Patients signed a protocol specific consent
form (MC9981) approved by the Institutional Review Board of the Mayo Clinic.

Study Design
This Phase II study was an extension of our previously reported Phase I trial. According to
design, the 6 patients treated at the MTD on the Phase I trial were included in the Phase II
analysis.(25) A total of 46 patients were treated at a uniform dose level—a targeted absorbed
radiation dose to the red marrow of 40 Gy based on a trace labeled infusion one week prior
to the therapy.

With the exception of engraftment, toxicity was defined according to National Cancer
Institute Common Toxicity Criteria, version 2.0 toxicity criteria, including its bone marrow
toxicity criteria. The Eastern Cooperative Oncology Group Autologous Bone Marrow
Toxicity Criteria were used to define engraftment toxicity. Engraftment of granulocytes and
platelets was defined as maintenance of respective counts of 0.5 × 109/L and 20 × 109/L for
3 consecutive days without transfusion support. The first day of the 3 consecutive days was
considered the day of engraftment. For the purposes of toxicity reporting, each patient's
treatment course was divided in two: the 153Sm-EDTMP period and the HDM period.
The 153Sm-EDTMP period included the day of the 153Sm-EDTMP infusion up until the day
of the HDM infusion, and the HDM period included the period of time from the HDM
infusion until the time of their dismissal from Transplant Center.

Treatment
For the biodistribution study, 153Sm-EDTMP (30 mCi tracer dose) was injected
intravenously. Details of biostribution calculations are as previously described.(25) Patients
subsequently had two quantitative whole body gamma camera images obtained: shortly
following injection (10 minute scan) and at 24 hours (30 minute scan). The therapeutic dose
of 153Sm-EDTMP was infused intravenously over 30 minutes into well hydrated patients at
the Mayo Clinic General Clinical Research Center in a lead-lined room. Patients were
monitored for a goal urine output of at least 300 cc/2 hours and for initial dosimetry studies.
Blood samples for drug clearance were taken at 0, 0.5, 1, 4, 48, and 72 to 120 hours. Gamma
camera imaging was done at 0, 4, 24, 48, and 72–120 hours post 153Sm-EDTMP infusion.
Patients were dismissed from the General Clinical Research Center after 48 hours. At 9 days
post 153Sm-EDTMP infusion and prior to the high dose melphalan (HDM) and PBSCT, the
patients had the residual whole body 153Sm measured as previously described (25) to assure
that patients had less than 3.6 mCi at the time of PBSC infusion. The target red marrow dose
of 40 Gy was achieved by administering doses ranging from 12 mCi/kg to 27 mCi/kg.

Melphalan 200 mg/m2 was administered IV over 1 hour on day -1 and PBSC were infused
on day 0. Patients received GM-CSF 500 mcg subcutaneously beginning 6 days after the
PBSC infusion. The GM-CSF was continued until the absolute neutrophil count (ANC) was
greater than 500/uL on 2 consecutive days. Patients received antibiotic prophylaxis
including fluconazole, a quinolone, penicillin, and valcyclovir and were treated on an
outpatient basis as tolerated. Central parenteral nutrition, narcotics, IV antibiotics,
transfusions, and hospitalization were used when clinically necessary.

Response Definitions
Response was as defined by Blade et al(26) with the addition of the very good partial
response (VGPR) category which was defined as greater than or equal to 90% reduction of
myeloma protein from serum, urine M-spike to be less than or equal to100 mg/24 hours, and
less than or equal to 5% bone marrow plasma cells in the absence of bony progression.
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Responses were calculated from diagnosis among newly diagnosed patients and
immediately prior to transplantation for relapsed or refractory patients.

Control group
The group of patients used for comparison consisted of 102 consecutive patients with MM
who underwent autologous stem cell transplant at Mayo Clinic during the same interval
(May 2001 and May 2003) as those who were enrolled in the trial. Data pertaining to the
transplant patients were captured prospectively into a database, which is continuously
updated. Complete follow-up was available for all the patients. All patients had provided
written informed consent for use of their medical records.

Statistical Analysis
A Fleming’s 2-stage design—one-stage with interim analysis—was employed to assess
response. The primary endpoint was a best response of complete response (CR) or VGPR.
The chosen design required 46 evaluable patients to test that the true CR/VGPR rate was at
most 30% versus the alternative that it was at least 50%. The design had 90% power and a
0.10 level of significance to test this hypothesis. If there were at least 18 responses (out of
the first 46 evaluable patients), the trial regimen was to be considered promising. All
patients meeting the eligibility criteria who had signed a consent form and began treatment
were considered evaluable for response. Duration of follow-up and survival were calculated
from the date of transplant. Follow-up is through December 18, 2009. Progression free
survival (PFS) was defined as the time from the date of transplant to the earlier of the dates
of death from any cause or disease progression. Overall survival (OS) was defined as the
time from the date of transplant until the date of death. Time to engraftment was defined as
the number of days from transplant until engraftment. Fisher’s exact tests and Wilcoxon
rank-sum tests were used to compare the baseline characteristics between the database and
trial patients. The distributions of time to event data were estimated using the Kaplan-Meier
method, and compared between the trial and the database using the stratified log rank test
statistic.

RESULTS
Patient characteristics

The characteristics of patients treated with 153Sm-EDTMP and melphalan are listed in Table
1. Ten (22%) patients were treated for relapsed disease, 5 with chemoresistant relapse.
Seven patients (15%) were transplanted for primary refractory myeloma. Ten of 46 patients
had a high plasma cell labeling (>1.0%) index prior to transplant. Eighty-six percent of
patients had myelomatous bone disease. One patient had a treatment related myelodysplastic
syndrome and severe neutropenia before study entry.

Adverse Events
Table 2 shows all the toxicity attributable to the single agent 153Sm-EDTMP alone. With the
exception of myelosuppression, the toxicity of the 153Sm-EDTMP was minimal. The median
time between administration of the 153Sm-EDTMP and of the HDM was 11 days, range 9 to
14 days. Times to an ANC of less than or equal to 0.5 × 10(9)/L and platelet count of 20 ×
10(9)/L were day 3 and 4 post PBSCT. Sixty-seven percent of patients had nausea, 39%
fatigue, and 20% vomiting. Seventeen percent of patients experienced grade 1 or 2 anorexia,
headache, or bone pain. Thirty-five percent had asymptomatic transient hypocalcemia. Six
patients had microscopic hematuria detected on scheduled urinalysis. Three patients had
culture negative neutropenic fever and 4 patients had minor infections requiring oral
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antibiotics. Eight patients required red cell transfusion and one patient required a platelet
transfusion prior to melphalan infusion.

After the HDM, all but one patient had grade 3 or 4 myelosuppression (Table 3). Seventy
percent had grade 3–4 nausea, vomiting, stomatitis, and/or diarrhea. Thirty-six patients had
febrile neutropenia and/or documented infection, the majority of which were line associated
bacteremias. Seven patients had microscopic hematuria <100 red blood cells per high power
field during their transplant course. In all instances, the hematuria occurred during periods of
platelet count less than 50 × 109/L. None had gross hematuria. With a median of 7.1 years of
follow-up, none have developed microangiopathy or radiation nephritis.

One patient died related to CMV pneumonitis. His treatment with 153Sm-EDTMP and
HDM was without incident. He engrafted his white cells on day 11 post-stem cell infusion,
and had a nine day hospitalization from day 8 through day 17 for a culture negative
neutropenic fever, mucositis, and dysuria. He was clinically improved on dismissal, but on
day 18 developed fever, nausea, vomiting, and pulmonary infiltrate of the right upper lobe
(on 5/9/02) for which he was re-hospitalized. CT scan showed consolidation right upper lobe
and patchy infiltrates bilaterally. He became increasingly dyspneic and fever persisted. A
BAL was performed on day 21, and both CMV and candida albicans grew from the
washings. Antibiotic coverage was broadened to include liposomal amphotericin and
ganciclovir, but pulmonary infiltrates and gas exchange worsened. There was concern that
there was a component of periengraftment syndrome and high dose methyl prednisolone was
administered. Patient and family refused intubation so BiPAP was initiated. Despite these
efforts, the patient expired 27 days post stem cell infusion.

Hematopoietic Engraftment
The median time to ANC greater than or equal to 0.5 × 10(9)/L was 13 days (95%CI 12–14).
The median time to unsupported platelet count of 50 × 10(9)/L was 30 days (95%CI 20–53).
Two patients had a second stem cell aliquot infused at days 38 and 43 due to delayed platelet
engraftment, and two patients never achieved a platelet count of 50 × 10(9)/L. These values
were comparable to those of 102 patients treated at our Transplant Center during the same
time period, who received melphalan 200 mg/m2 alone as their conditioning regimen. In this
control group, the median time to a neutrophil count of 0.5 × 10(9) was 15 days (95%CI:
14–18) and a platelet count of 50 was 35 days (95%CI: 28–40). The percent of patients in
the study group versus routine practice requiring re-infusion was also no different (p=0.46).

Response to therapy
Forty-five of the forty-six patients have been assessed for response. The one patient who
died prior to day 100 was not assessed for response but has been classified as a non-
responder. Post-transplant, fifteen patients (33%) had achieved a CR and another 12 (26%)
had achieved a VGPR. Eighteen additional patients were in partial response after transplant.

Overall survival and progression free survival
Median follow-up of surviving patients is 7.1 years (range 6.1 to 7.8). Thirty-two patients
have progressed and 28 have died. Eight patients were censored for progression events when
they enrolled onto maintenance trials (8 dendritic cell therapy and 1 2-methoxydiesterol).
Median overall survival (OS) and progression free survival (PFS) from transplantation for
all patients treated was 6.2 years (95%CI 4.6–7.5 years) and 1.5 years (1.1–2.2 years),
respectively. OS from time of diagnosis was 7.1 years (95%CI 5.9–8.5).

One hundred and two patients with myeloma were treated contemporaneously off study with
single agent high dose melphalan conditioning. The baseline characteristics of these two
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groups were no different (data not shown). There was no significant difference in CR rates,
OS or PFS among the patients treated with or without 153Sm-EDTMP (Figure 1). The
respective OS and PFS rates for the control group were 4.8 years (95%CI 4.2–6.0), and 1.5
years (1.3–2.0 years). The 6-year OS rates were 54% (95%CI 42–71%) versus 43% (95%CI
35–54%) for the study and control groups respectively.

DISCUSSION
HDM with autologous stem cell transplant has been an important addition to the treatment
armamentarium for patients with MM.(27, 28) With regards to conditioning regimens,
however, very little progress has been made. Only one randomized study evaluated the role
of conditioning for MM, i.e. melphalan 200 mg/m2 versus melphalan 140 mg/m2 and total
body irradiation.(22) That study showed that despite radiation’s utility against malignant
plasma cells in vivo, the toxicity overrode the benefit. Others have tried other conditioning
combinations like busulfan and melphalan, but so far these combinations do not appear to be
superior to HDM alone. Incorporation of radiotherapeutics into transplantation conditioning
regimens is an attractive approach which is being explored in MM, lymphoma, and
leukemia. (29–34) For MM, skeletal targeted radiation is of special interest. When Giralt et
al incorporated holmium-166 1, 4, 7, 10-tetraazcyclododecane-1, 4, 7, 10-
tetramethylenephosphonate (166Ho-DOTMP) into a transplant conditioning regimen, initial
results were promising with CR rates of 35%.(29) Unfortunately there was unexpected renal
toxicity related to dosimetry issues, which initially lessened the enthusiasm for developing
that isotope further. However, upon further analysis, it was demonstrated that for patients
receiving an optimum dose—no more than 2400 mCi—there was a trend toward better EFS
and OS compared to patients receiving the higher doses of 166Holumium-DOTMP or HDM
alone.(30)

We have combined 153Sm-EDTMP with full dose melphalan in an attempt to optimize the
therapeutic window for radiation and chemotherapy in patients with MM. Adverse events
were manageable. Prior to HDM infusion the only AEs attributable to the radioisotope were
mild, but manageable, nausea and vomiting in a minority of patients, microscopic hematuria
in a minority, and prolonged myelosuppression that translated into a pre-transplant
neutropenic fever rate of 4%. Engraftment of neutrophils was comparable to that seen in
MM patients transplanted with standard HDM alone during the same time period.

Our primary endpoints for this trial were met, i.e. manageable AEs and a combined CR/
VGPR rate of 59%, which was an impressive rate during the time in which this protocol was
conceived and conducted. These results may appear less remarkable in the era of novel
therapies, a time in which more than 50% of patients proceed to transplant with rates of
VGPR or better, but for its time, these response rates after steroid-based induction were
notable. For example, in the IFM94 study, which compared a single ASCT versus a tandem
ASCT strategy, CR/VGPR rates for one and two transplants were 42% and 50%,
respectively, and the 7-year overall survival rates were 21% and 42% (p=0.01), respectively.
(6) Moreover, our cohort contained 37% of patients who were transplanted with relapsed or
refractory disease, a setting in which one would expect median OS and PFS of 20 and 11
months, respectively.(35) With a median follow-up of over 7 years, survival rates are
comparable to what was seen in other patients transplanted with single agent high dose
melphalan although it appears that there is a trend toward superior survival in the trial
patients. In conclusion, the combination of 153Sm-EDTMP and HDM is active, tolerable,
and warrants further study.
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Figure 1. Overall and progression free survival
A. Overall survival for study (153Sm-EDTMP and high-dose melphalan) patients versus
contemporaneously treated transplant patients
B. Progression free survival for study (153Sm-EDTMP and high-dose melphalan) patients
versus contemporaneously treated transplant patients
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Table 1

Patient characteristics

Characteristic All Phase II, n=46

Male gender, n (%) 25 (54)

Age, median (range) 58 (38 – 74)

Prior # of regimens, n (%)

 1 / 2 / ≥ 3 36 / 7 / 4 (78 / 15 / 7)

Disease status, n (%)

 Primary responsive 29 (63)

 Primary refractory 7 (15)

 Relapsed 10 (22)

Response status at entry, n (%) 1 / 2 / 25 / 2 / 12 / 3

 CR / VGPR / PR / MR / NR / Prog (2 / 4 / 54 / 4 / 26 / 7)

ECOG PS, n (%) 11 / 27 / 7

 0 / 1 / 2 (24 /61 / 15)

BMPC >10%, n (%) 10 (21.7)

Creatinine >1.5, n (%) 3 (6.5)

PCLI >1%, n (%) 10 (22.7)

Abnormal cytogenetics, n (%) 8 (17.4)

Beta 2-M >2.7 mg/dL, n (%) 23 (50)

CR, complete response; VGPR, very good partial response; PR, partial response; MR, minimal response; NR, no response; and PD, progressive
disease.
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Table 3

Adverse events subsequent to high dose melphalan

Body system Grade 3 Grade 4 Any 3–5

Bone marrow myelosuppression 0 45 45

 Anemia 30 1 31

 Neutropenia 0 45 45

 Thrombocytopenia 22 23 45

Gastrointestinal 13 18 31

Allergy/Immunologic 0 1 1

Cardiovascular 4 0 4

Constitutional 2 0 2

Dermatologic 0 0 0

Hemorrhage 13 0 13

Hepatic 1 0 1

Infection/febrile neutropenia 33 0* 35*

Metabolic/laboratory 17 0 17

Neurology 4 0 4

Pain 2 0 2

Pulmonary 2 1* 3*

Renal 1 0 1

Any grade 3–5 adverse events (CTC 2.0) subsequent to high dose melphalan regardless of attribution, maximum grade per organ system per patient

*
There was an additional patient who died of CMV pneumonitis.
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