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Abstract
Background—This study was designed to evaluate toxicity and preliminary efficacy of 2 cycles
of concomitant standard dose/schedule of 153Sm-lexidronam plus Q 3 weeks schedule escalating
doses of docetaxel in metastatic castration-resistant prostate cancer (mCRPC).

Methods—mCRPC patients with progressive bone metastases were treated in 4 cohorts.
Docetaxel doses were escalated from 50, 50, 0 mg/m2 (on days 1, 22, 43, per 12-week cycle) to
75, 75, 75 mg/m2. 153Sm-lexidronam was administered on days 2 (Q 12 weeks) at dose of 1 mCi/
kg/cycle (maximum of 2 cycles).

Results—Thirteen patients received an average of 3.6 doses of docetaxel (range, 2–6 doses,
median 4) and 1.5 doses of 153Sm-lexidronam (range, 1–2, median 2). Toxicity was primarily
hematologic. There were total 35 episodes grade 3/4 neutropenia with a median 7 (range 7–14)
days to recovery to ≤grade 1. One dose limiting grade 3 thrombocytopenia occurred on cohorts 3
and 4. Eight of 13 (62%) patients had PSA > 50% decrease as best response during the treatment.
Median time to bone disease progression was 5.2 months (range 91 days–10 months+); 6/13
(46%) patients had stable/improved bone scans at 6 months and 6/6 (100%) symptomatic patients
had improvement in pain.

Conclusions—Concurrent 6-month administration of 4 doses (75 mg/m2) of standard Q 3 weeks
schedule of docetaxel with 2 Q 3 months infusions of 1 mCi/Kg 153Sm-lexidronam is feasible with
reversible bone marrow suppression, and deserves further testing in mCRPC patients with
extensive bone metastasis.
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1. Introduction
Bone metastases in prostate cancer cause considerable morbidity and dramatically reduce
patients’ quality of life [1]. Bone targeted therapy holds great promise for improving
outcomes in metastatic castration-resistant prostate cancer (mCRPC) (reviewed in [2–4]).

At the present time, the combination of docetaxel and prednisone represents the standard
chemotherapy approved for patients with mCRPC [5]. Sm-153 lexidronam (Samarium-153
Lexidronam, 153Sm-lexidronam, 153Sm-ethylene diamine tetramethylene
phosphonate, 153Sm-EDTMP, Sm-153) is a complex of radioactive samarium and a
tetraphosphate chelator, approved by FDA for the palliation of pain for patients with
mCRPC. This bone-seeking radiopharmaceutical has special affinity to skeletal metastasis
[6,7]. Previous trials showed that 153Sm-lexidronam at the dose of 1.0 mCi/kg was safe and
effective for the palliation of painful bone metastases [8,9]. 153Sm-lexidronam has a
relatively short half life, thus allowing a high dose of radioactivity resulting in fast palliation
and probably a strong biological effect. In addition, bone marrow recovery is relatively
quick, making it possible to re-treat or to start other therapies early. Analysis of data from 55
patients receiving 2 or more doses of 153Sm-lexidronam showed that repeated dosing of 1.0
mCi/kg of Sm-153 was both safe and effective, and a reasonable treatment option in patients
whose bone pain responds and then recurs after an initial dose, provided that adequate
hematologic function is present at the time of drug administration [10]. Furthermore, the β
particles of Sm-153 have a lower energy than those emitted from strontium 89, for example,
and with less bone and bone marrow exposure. The major toxicity associated with 153Sm-
lexidronam treatment is myelosuppression [11]. Other side effects are mild and less
common, including a flare reaction which is an exacerbation of the pre-existing pain in the
first hours to days from receiving the drug [12].

Ongoing clinical experience with the combination of bone-seeking radiopharmaceuticals and
systemic chemotherapy indicate that this approach is feasible and potentially effective
[13,14].

The combination regimen in this study was designed to explore the possible interactions
between repeated doses of docetaxel and 153Sam-lexidronam. The radiosensitizing
properties of docetaxel are well documented in preclinical and clinical experiments [15–17].
The most likely underlying mechanism is a G2/M block in the cell cycle induced by
docetaxel and this will result in cycling cells at the most radiosensitive phase of the cell
cycle [18,19]. Our preclinical in vitro data suggest that 24 hours following a dose of
docetaxel, there was a maximum G2/M arrest, which significantly sensitizes cells to low
dose rate radiation like that from Sam-153. (DeWeese et al., unpublished data). Other
investigators have also documented synergistic effects between taxanes and radiation when
the taxane is delivered to cancer cells prior to radiation, and have surmised the benefits are
primarily a result of taxane-induced arrest of cells in the radiosensitive G2M phase [20].
Based on these observations, 153Sam-lexidronam was infused 24 hours after the
administration of escalating doses of docetaxel, a sequencing schedule different from the
studies mentioned above.

2. Patients and methods
This study was designed as a nonrandomized, open label, phase I trial consisting of 4 dose
cohorts with 3 to 6 patients in each cohort depending on toxicity.

Lin et al. Page 2

Urol Oncol. Author manuscript; available in PMC 2012 October 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.1. Patient eligibility
Patients aged 18 or older with mCRPC were eligible for study. Progression after
conventional systemic treatments including docetaxel did not preclude eligibility. Other
eligibility criteria included ECOG PS ≤ 2, life expectancy of 12 weeks or longer, adequate
bone marrow (WBC ≥ 3500/mm3, ANC ≥ 1500/mm3, and platelet count ≥ 150,000/mm3 and
hemoglobin ≥ 8.0 g/dl), hepatic, and renal function, and no evidence of CNS metastasis.
Patients treated with chemotherapy or radiation therapy were required to be off treatment for
≥4 weeks prior to entry, with recovery from all toxicities (to grade 1 or grade 0). Patients
without significant pain (pain score < 2) were allowed for the study. Peripheral neuropathy
must be <grade 1. Patients were required to provide written informed consent prior to study
enrollment. The study was approved by the Cancer Review Committee and the Institutional
Review Board of The Sidney Kimmel Cancer Center at Johns Hopkins University.

2.2. Treatment and dose escalation
The 153Sm-lexidronam vial was stored frozen in a shielded container and thawed prior to
use. 153Sm-lexidronam was administered intravenously over a 1-minute period. Standard
radiation exposure precautions were applied to ensure minimal exposure to patients and
health care workers. 153Sm-lexidronam was given in 12-week intervals. Each dose of
docetaxel was infused IV over approximately 1 hour. Dexamethasone 8 mg PO was
administered 12, 3, and 1 hour prior to each dose of docetaxel. The dose of docetaxel was
escalated between patient cohorts, and doses of 153Sm-lexidronam were fixed (1 mCi/kg).
The dose escalation scheme is listed in Table 1. Docetaxel was administered on days 1, 22
for cohort 1 to 3, and 1, 22, 43 for cohort 4; 153Sm-lexidronam was administered on day 2.
A maximum of 2 cycles (12 weeks each) of treatment was given. Disease status was
reassessed (with bone scan and PSA or CT scan) after every cycle of therapy (every 3
months).

2.3. Toxicity and response evaluation
CBC with differential was obtained within 48 hours prior to each dose of docetaxel; then
weekly while on study. An ANC > 1500/mm3 and platelets ≥ 150,000/mm3 were required
prior to docetaxel or 153Sm-lexidronam infusion. Follow-up study included weekly CBC
with differential, toxicity notation, pain medication diary, and PSA Q 3 weeks. Toxicities
were graded according to the National Cancer Institute Common Toxicity Criteria, version
2.0. After completion of protocol, patients were monitored every 3 months with PSA and
bone scan or CT scan, and pain medication diary until progression of disease.

2.4. Definition of dose-limiting-toxicity (DLT)
DLT was defined as follows: (1) grade 4 febrile neutropenia with documented infection; (2)
grade 4 neutropenia lasting >7 days; (3) grade 3 hematological toxicity not recovered to
grade 1 in 4 weeks; (4) grade 4 thrombocytopenia (platelet counts < 20,000/µl) > 7 days; (5)
grade 3 or 4 nonhematologic toxicity, except manageable nausea, vomiting, diarrhea, or
fatigue. The maximal tolerated dose (MTD) was defined as the dose where <2/6 patients
(initially enrolled + 3 additional patients) developed DLT.

2.5. Dose reductions for docetaxel toxicity
Patients developing grade 4 neutropenia lasting ≤7 days or grade 4 thrombocytopenia that
recovered within 4 weeks, remained on study and had a 50% dose reduction of docetaxel.
No growth factors were employed. Patients were removed from the study for any of the
following reasons: (1) withdrawal of consent; (2) disease progression, which is defined by a
confirmed PSA rise at least 1 week apart and/or evidence of disease progression on bone
scan, CT scan or physical examination; (3) development of DLT; (4) grades 3 or 4
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thrombocytopenia not recovered to ≤ grade 0 after 4 weeks; (5) treatment delay of more than
4 weeks due to toxicity; (6) grade 4 hypersensitivity reactions to docetaxel; and (7) violation
of the study protocol or patient noncompliance.

2.6. Pain assessment
Pain medication was recorded daily for patients on the sheet provided. Pain score was
calculated using the following point system: 1 point: standard tablet or capsule of non-
narcotic analgesic; 2 points: standard tablet or capsule of narcotic analgesic (i.e., codeine 30
mg, morphine 5 mg, hydromorphone 2 mg, anileridine 25 mg, or oxycodone 15 mg). For
parenteral or transdermal narcotics, doses of 1 mg/h of morphine, hydromorphone 1 mg/h,
or fentanyl patch 25 µg/h receive a score of 2 per hour of narcotic administration. The daily
score is the sum of the points for all medications taken by a patient in 1 day. The pain diary
was completed (in patients who initially present with pain) daily while on study drugs and
was checked by a research nurse on a regular basis.

2.7. Statistical analysis
No statistical analysis was performed. All the data are primarily descriptive.

3. Results
3.1. Patient characteristics

A total of 13 patients were enrolled from May 2005 to February 2008 (see Table 2). All
patients had castration resistant adenocarcinoma of prostate cancer with progressive
metastatic disease in the bone upon entry in the study. Seven patients (54%) had more than 3
hormonal manipulations. Three patients had prior docetaxel and another 3 patients had prior
palliative bone radiation treatment.

All patients received at least 1 cycle of treatment. Four (31%) patients completed 2 cycles of
treatment as planned. All data from the patients enrolled were used for toxicity analysis.

Thirteen patients received total 20 cycles in 4 cohorts, with total 47 doses of docetaxel and
20 doses of 153Sm-lexidronam. An average of 3.6 doses of docetaxel per patient was
administered (range, 2–6 doses, median 4) and 1.5 doses of 153Sm-lexidronam (range, 1–2,
median 2).

3.2. Toxicity
Overall the toxicities were expected. No grade 3/4 toxicities occurred except bone marrow
suppression. Two patients in cohort 4 required dose reduction for docetaxel to 50%. Three
of 13 (23%) patients (in cohort 3 and cohort 4) received 4 full doses (75 mg/m2) docetaxel
and 2 doses of 153Sm-lexidronam without DLT.

The most common nonhematologic grade 1 or 2 toxicities included fatigue, alopecia, altered
taste, skin rash, and GI discomfort such as nausea, anorexia, and constipation. Toxicity was
primarily hematologic (shown in Tables 3 and 4). Only 1 pt in cohort 4 came off study
because of G3 thrombocytopenia (nadir 28,000) with duration of 9 weeks (DLT). This
patient was taxane naïve and 70 years old with normal platelet count at the baseline. No
serious unexpected adverse events were seen. There were total 35 (cycle 1) and 11 (cycle 2)
episodes grade 3/4 neutropenia with a median 7 (range 7–14) days to recovery to ≤grade 1 in
all cohorts (Table 4).

Three patients (23%) received docetaxel prior to enrollment of the study. Two of 3 (67%) in
cohort 1 and cohort 3 were able to tolerate all full doses per protocol. One patient in cohort 3
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(full dose docetaxel) developed prolonged grade 1 thrombocytopenia (>9 weeks) after cycle
1. This prevented him from receiving second dose of 153Sm-lexidronam and he was taken
off the study. No further cohort expansion was planned. However, we proceeded to add
cohort 4 with additional full dose of docetaxel on day 43 of each cycle. One patient was
added to cohort 3 prior to approval of the amended protocol proposing the addition of cohort
4. One patient in cohort 4 showed prolonged grade 3 thrombocytopenia (>4 weeks), which
was defined as DLT as well. There were no DLT seen at cohort levels 1 and 2.

The nadirs and the duration of neutropenia are listed in Table 4. Patients were not allowed to
receive growth factors. No blood or platelet transfusions were needed for any patients.

3.3. Antitumor activity
Thirteen patients were enrolled and all of them completed at least 1 cycle of therapy. All
patients showed progressive bone metastases prior to the study entry. Seven of 13 (54%)
patients demonstrated evidence of progression after the first cycle of treatment. Nine
patients did not complete the 24 week study due to progressive disease or toxicity. Six of 13
(46%) patients had stable bone scans at 6 months. The median time to bone progression was
5.2 months (range 91 days–10 months+).

3.4. Pain response
Six patients had symptomatic bone pain with pain score ≥ 2 at the time of study entry, while
7 patients had pain score <2. Two patients had pain scores between 2 and 5, while 4 patients
had pain score > 5. All these 6 patients (100%) had reduced pain score from baseline lasting
for more than 2 weeks. The median duration of narcotic analgesics use in these patients was
9 weeks (range, 3–20).

3.5. PSA changes
Figure 1 shows the waterfall plot analysis of the percent changes in PSA from baseline at 12
weeks after the initiation of treatment and the best response during the study. The median
baseline PSA was 100.4 ng/ml (range 8.6 –1064). At the 12 weeks time point, 5/13 (38%)
patients achieved 50% decrease. Eight of 13 (62%) patients achieved more than 50%
decrease as best response during the study.

4. Discussion
The main purpose of this phase I study was to evaluate the safety of concurrent
administration of standard dose schedule of docetaxel (75 mg/m2) with 2 full doses at every
3 months of 153Sm-lexidronam for the treatment of mCRPC.

Our experience confirms recent reports that the combination of 153Sm-lexidronam and
docetaxel is safe and potentially effective [21]. Suttmann et al. reported their clinical
experience with the combination in 12 mCRPC patients with diffuse bone metastases treated
with a single standard dose of 1 mCi/kg 153Sm-lexidronam plus 6 weekly infusions of 35
mg/m2 docetaxel [14]. The overall toxicity was reported moderate, but 1 patient died due to
neutropenic sepsis. Docetaxel was infused on days 1, 8, 15, 22, 29, and 36, and the only
dose of 153Sm-lexidronam was given on day 7.

Tu et al. reported their experience in a heavily pretreated group of patients with mCRPC
[22,23]. Patients were treated with 28 day cycles (docetaxel on days 1, 8, 15, and 153Sm-
lexidronam was given on day 1 of each cycle of the combination) employing escalating dose
of docetaxel from 25, 30, to 35 mg/m2 with a fixed dose (1 mCi/kg/cycle) of 153Sm-
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lexidronam. They concluded that weekly administration of docetaxel in combination with 2
cycles of 153Sm-lexidronam did not result in DLT.

Recently Morris et al. reported a phase I study with standard dosing schedule for docetaxel
(Q 3 weeks between doses of 65 to 75 mg/m2) plus 153Sm-lexidronam (Q 6 weeks at
escalating doses from 0.5 to 1 mCi/kg) [24]. 153Sm-lexidronam was given 6 hours before
infusion of docetaxel at day 1. They concluded that docetaxel and 153Sm-lexidronam could
be combined safely at full doses over repeated cycles. Incidence of neutropenia (68% for
grade 3 and 18% for grade 4) and thrombocytopenia (0% for grade 3 and 4) was lower than
what was observed in our study.

The design of this study is different from that of Tu et al. in that the docetaxel dose and
schedule are different. We designed to use the accepted effective dosing and schedule of
docetaxel for mCRPC [5]. Our design of this trial is very similar to that of Morris et al.,
although there are some differences in terms of scheduling. To maximize the radio-
sensitivity of docetaxel, 153Sm-lexidronam was given on day 2 for a total of 2 cycles. We
did see 1 patient with prolonged G3 thrombocytopenia in cohort 4 and also significant but
transient bone marrow suppression in all cohorts. MTD was not determined in this study as
well. In our study we determined that 3 to 4 full doses (75 mg/m2) of docetaxel at every 3
weeks cycle could be given concurrently with 2 doses of 153Sm-lexidronam.

The factors that may explain the difference in toxicity between our study and that of Morris
et al. are (1) differences in patient populations; (2) the lower dose of 153Sm-lexidronam in 4
of 6 cohorts in their study; (3) prednisone 5 mg orally twice a day was given in their study
vs. not given in ours; and (4) the different sequencing/timing between 153Sm-lexidronam
and docetaxel (153Sm-lexidronam given 6 hours prior to docetaxel by Morris et al. vs. given
24 hours after docetaxel in ours). This is consistent with our hypothesis that docetaxel
possesses radiosensitizing activity when given prior to the infusion of 153Samarium.

In summary, in this study we demonstrate that co-administration of docetaxel and Sm-153-
lexidronam is feasible and results in reversible bone marrow suppression. Our preliminary
data on efficacy confirms recent reports with this combination and the overall experience
strongly suggests that this approach may be further explored as a first line treatment for
patients with mCRPC.
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Fig. 1.
Waterfall plot of PSA declines per subject in this study, with each bar representing 1
patient’s lowest percent decline 12 weeks after initiation of treatment (left) and best
response during the study (right) n = 13.
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Table 1

Dose escalation scheme

Cohort Docetaxel dose mg/m2

(days 1, 22, 43)
Samarium 153-
EDTMP mCi/
kg IV (days 2)

Patient
number (n)

Cycle 1 Cycle 2
(week 13)

Cycles 1 and 2

1 50, 50, 0 50, 50, 0 1 3

2 75, 75, 0 50, 50, 0 1 3

3 75, 75, 0 75, 75, 0 1 4

4 75, 75, 75 75, 75, 75 1 3
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Table 2

Patient characteristics (n = 13)

No. of patients 13

Age, years

  Median 69

  Range 58–76

ECOG performance status

  0   6

  1   7

Baseline PSA (ng/ml)

  Median 57.1

  Range   9–832.5

Site of metastasis

  Bone 13

  Soft tissue   2

    Lung   0

    Liver   0

    Lymph nodes   2

  Pelvic mass   2

Prior hormonal manipulations 13

  1   2

  2   4

  ≥3   7

Prior palliative radiation treatment   3

Prior immunotherapy (vaccine)   3

Prior docetaxel-based chemotherapy   3
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