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177Lu-labeled ethylenediaminetetramethylene phosphonic acid
('"""Lu-EDTMP) is an agent that concentrates in areas of en-
hanced osteoblastic activity. The potential of 177Lu-EDTMP for
palliation of metastatic bone pain has been documented in the
recent literature. The objective of the present work was to study
the efficacy and safety of the agent after administration to a lim-
ited number of patients. Methods: Ten patients (median age,
68.5 y) with disseminated skeletal metastases received a single
bolus infusion of 77Lu-EDTMP (3.7 GBq). All patients had pain-
ful bone metastases in more than one anatomic region that
were not relieved by narcotic analgesics. The efficacy of the
agent was studied by following pain scores assessed at base-
line and at 4, 8, and 12 wk after therapy, by using Karnofsky
indices and mobility scores, and by determining the require-
ment for analgesics at baseline and 4 wk after therapy. The
toxicity of the agent was assessed by analyzing complete blood
counts. Results: A significant reduction in the mean pain score
was noted in all patients. The initial mean pain score of 8.44
dropped to 5.73 within 1 mo of treatment. Six patients who
required analgesics for pain management had either reduced
or completely withdrawn from their use by 4 wk. Compared with
initial scans, scans obtained 1 mo after therapy also showed
a decreased uptake of the radiotracer. The mobility scores of all
patients were higher at 4 wk. The mean Karnofsky performance
score of all patients was initially 45 and increased markedly to
69 at 4 wk. None of the patients experienced blood-related
toxicity. Conclusion: '77Lu-EDTMP, with only low bone marrow
toxicity, provided significant pain relief to patients and consid-
erably increased their mobility, resulting in an overall improve-
ment in the quality of life. The results of the preliminary clinical
studies indicate that '77Lu-EDTMP can be considered an effec-
tive and safe therapeutic radiopharmaceutical for pain palliation
of patients with disseminated skeletal disease.

Key Words: "7Lu-EDTMP; therapeutic radiopharmaceutical;
bone pain palliation; osseous metastases

J Nucl Med Technol 2014; 42:1-7
DOI: 10.2967/jnmt.113.132266

Received Sep. 9, 2013; revision accepted Nov. 15, 2013.

For correspondence contact: Ajit S. Shinto, Nuclear Medicine Department,
KMCH, Avanashi Rd., Coimbatore, Tamil Nadu-14 641014, India.

E-mail: ajitshinto@gmail.com

Published online unesesssEsnn.

COPYRIGHT © 2014 by the Society of Nuclear Medicine and Molecular
Imaging, Inc.

77 u-EDTMP IN METASTATIC BONE PAIN  ©

Copyright%lalMRﬂggggg gf

Skeletal metastases are common in many malignancies.
Patients with disseminated skeletal metastases often expe-
rience severe and refractory pain, and their condition is
complicated by fractures, which may impair quality of life.
Chemotherapy is ineffective in more than 50% of patients
with multiple skeletal metastases. Although external-beam
radiation therapy can provide significant palliation in up
to three fourths of patients with osseous metastases, the
amount of radiation the body can be subjected to in such
therapy, even with regional fields, is limited. Furthermore,
when one site is being treated for pain relief, other areas
outside the radiation field may become symptomatic.

A second viable option for palliative therapy of bone
pain is the use of radiopharmaceuticals. In patients with
more than one metastatic bone site, the systemic adminis-
tration of a radiotherapeutic substance has the potential to
treat multiple metastases simultaneously. This approach has
the advantage of presenting both an antitumoral effect and
a secondary analgesic effect (/). The most commonly used
radiopharmaceuticals in the treatment of bone are 39SrCl,,
32P-orthophosphate, and !33Sm-labeled ethylenediamine-
tetramethylene phosphonic acid (EDMTP). A characteristic
of these radiopharmaceuticals is their affinity for skeletal
tissue, especially in areas undergoing construction. Low
radiation (3 emissions) irradiates tumor cells while having
only minimal effect on normal bone (/). The actual process
by which pain palliation takes place is still unknown, but
there are reports of patients experiencing a dramatic allevi-
ation of their pain in a short period. The response is ob-
served typically 1-3 wk after injection, and the response
duration has a wide range from 2 to 12 mo, with a median
response of 3—4 mo (2).

All 3 radiopharmaceuticals mentioned above are regu-
larly used for the treatment of patients with metastatic bone
pain and have already proven to be efficacious in alleviating
the pain (3). Nonetheless, there is a need to develop radio-
pharmaceuticals with more favorable characteristics. The
nuclear decay characteristics of '7’Lu are quite attractive
for developing newer agents for bone pain palliation as it
emits lower-energy 3~ radiation along with vy photons ca-
pable of being imaged and has an adequately long half-life,
making it suitable for wider distribution (4). In the present
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TABLE 1
Demographic and Clinical Parameters in the 10 Patients of the Study Population

Parameter

Data

Median age (y)
Mean duration of cancer (mo)
Type of cancer (n)

Lung

Prostate

Breast

Esophagus
Prior radiotherapy (n)
Median time since last radiotherapy (mo)
Prior chemotherapy (n)
Median time since last chemotherapy (mo)
Prior radionuclide therapy (n)
Median time since last radionuclide therapy (mo)
Median baseline scores

Skeleton-based pain

Mobility

Karnofsky performance
Median 4-wk scores

Skeleton-based pain

Mobility

Karnofsky performance
Median 8-wk skeleton-based pain score
Median 12-wk skeleton-based pain score

68.5 (range, 52-78)
30 (range, 3-120)

N W

6 (60%)
8 (range, 4-10)
4 (40%)

18 (range, 2-34)
6 (60%)
8 (range, 5-27)

8.44 (range, 7.2-9.8)
2.99 (range, 2-4)
45 (range, 40-50)

5.73 (range, 4.8-6.9)
1.3 (range, 1-2)
69 (range, 60-80)
3.82 (range, 3.3-4.8)
1.71 (range, 1.2-2.2)

paper, we report our experience with and results from using
77Lu-EDTMP in the treatment of bone pain in patients
with disseminated skeletal metastases.

MATERIALS AND METHODS

Patients

The study group comprised 10 patients (7 men and 3 women)
between 52 and 78 y old (mean age, 68.5 y). There were 4 patients
with lung cancer, 3 with prostate cancer, 2 with breast cancer, and
1 with esophagus cancer. Among them, 6 patients had already
undergone prior radionuclide therapy (4 with 3Sm-EDTMP and 2
with 32P-orthophosphate). The institutional review board approved
this study, and all subjects signed a written informed consent form.

Eligibility Criteria

To be eligible for inclusion in the present study, patients
had to have histologically proven carcinoma and be diagnosed
with disseminated skeletal metastases through °°™Tc-methylene
diphosphonate whole-body scans. All patients also had to have
consistent bone pain (baseline mean pain scores greater than 6
on the visual analog scale (5)) and insufficient response or intol-
erance to opioid analgesics. Adequate bone marrow function, in-
cluding a hemoglobin level of less than 14 g/dL, total leukocyte
counts greater than 3.5 X 10%/L, and platelet counts greater than 100 x
10%/L, was required. Performance status based on the Karnofsky
score (6) needed to be 40 or above, and estimated life expectancy
had to be at least 3 mo. Exclusion criteria included chemotherapy or
radiotherapy within 4 wk before enrollment in this study; a super-
scan finding on bone scintigraphy, pathologic bone fractures or
spinal cord compression, age younger than 18 y, and pregnancy.

177Lu-EDTMP Therapy
177Lu-labeled EDTMP was prepared in the Radiopharmaceut-
icals Division (presently known as Isotope Applications and

Radiopharmaceuticals Division) of Bhabha Atomic Research Cen-
tre following the protocol approved by the Radiopharmaceutical
Committee. 7’Lu was produced by irradiating an enriched Lu,O3
target (82% in '7°Lu) in the “Dhruva” reactor of the Bhabha
Atomic Research Centre and was radiochemically processed using
a reported procedure (4). EDTMP was also synthesized in-house
following a procedure documented in the literature (7). A single
patient dose of 3.7 GBq (100 mCi) of !7’Lu-EDTMP was prepared
by incubating 7’LuCl; with an aqueous solution containing 35 mg
of EDTMP and 84 mg of sodium bicarbonate at room temperature
for 15 min. The volume of the preparation was adjusted to 5 mL
using normal saline, and the final preparation was subjected to
Millipore filtration before its dispatch to Kovai Medical Center
and Hospital for clinical applications. The agent was administered
as a slow intravenous injection. Patients were examined and fol-
lowed up at baseline and at 4, 8, and 12 wk after administration,
usually as outpatients.
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FIGURE 1. Individual bone-specific pain scores for 10 patients
with skeletal metastases before and after treatment with 177Lu-
EDTMP.
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FIGURE 2. Comparison of mean pain score of study group.

Efficacy and Safety Assessments

Whole-body images of each patient were obtained on a dual-
head y camera (Symbia T-200; Siemens) at 1 d, 1 wk, and 1 mo
after therapy. The 1-d image was used to determine the biologic
distribution of the agent, whereas the 1-wk and 1-mo images were
used to assess retention of the tracer in the body. Records of bone
pain were evaluated at baseline and at 4, 8, and 12 wk after
treatment. The pain score was calculated by taking the average
score of all pain sites in each patient using a visual analog scale
(5). A score of 0 indicated no bone pain, and a score of 10 in-
dicated constant, severe bone pain. Use of analgesics was assessed
by multiplying a score for the type of medication by the frequency
of administration.

Data on analgesic use and quality of life were taken at baseline
and at 4 wk. Regarding use of analgesics, a score of 0 indicated no
analgesic use; a score of 1, use of nonsteroidal antiinflammatory
drugs; a score of 2, mild narcotics; and a score of 3, strong
narcotics. Regarding frequency of administration, a score of
0 indicated use of no analgesics; a score of 1, 1 tablet a day; a score
of 2, 2 tablets a day; a score of 3, 3 or 4 tablets a day; and a score of
4, more than 4 tablets a day. Quality of life was assessed by mobility
scores and Karnofsky (6) performance scores. A mobility score of
0 indicated pain-free mobility; a score of 1, mobility with some pain;
a score of 2, mobility with moderate pain; a score of 3, mobility with
severe pain; and a score of 4, complete immobility.

At baseline and at 2, 4, and 6 wk after therapy, vital parameters
(e.g., blood pressure, pulse, and weight) were taken and a complete
blood count (erythrocyte, leukocyte, and platelet counts) was
performed. Toxicity was graded according to Common Terminol-
ogy Criteria for Adverse Events, version 4.0.

Data Analysis

SPSS, version 20 (IBM) was used to calculate mean and SD.
For each patient, the posttreatment data were compared with the
pretreatment data (baseline) using a paired-sample # test. Assump-
tion for using such statistics has been checked and found to be
appropriate for this analysis. Values are presented with 95% con-
fidence interval, and the P value for each comparison was mea-
sured, with a value of less than 0.05 being considered statistically
significant. An error plot comparing the mean values of the 3
analyses was obtained.

RESULTS

177Lu-EDTMP

The !"7Lu-labeled EDTMP was prepared with high
radiochemical purity (mean, 99.41%; SD, 0.47%) as deter-
mined using paper chromatography with saline as the mo-
bile phase (7).

Patient Characteristics

Patient characteristics are shown in Table 1. All patients
had widespread skeletal involvement with painful metasta-
ses. In most patients, opioids were ineffective, and many
patients had received prior palliative radiotherapy or sys-
temic chemotherapy. Six patients had also undergone
prior radionuclide therapy. The length of follow-up was
12 wk.

Pain and Performance Assessment

The individual pain scores showed a significant decrease
in pain over the 12 wk of the study (Fig. 1). The mean pain
score was 8.4 (SD, 1.0; range, 7.2-9.8) at baseline, 5.7 (SD,
0.81; range, 4.8-6.9) at 4 wk, 3.8 (SD, 0.46; range, 3.3—4.8)
at 8 wk, and 1.7 (SD, 0.44; range, 1.2-2.2) at 12 wk. The

[

[

Table 1]

Fig. 1]

score at 12 wk was 20.2% of the score at baseline (Fig. 2). [Fig. 2]

The difference between the mean pain score at 4, 8, and
12 wk and the mean pain score at baseline was statistically

significant (P < 0.001) (Table 2). All patients who were on [Table 2]

analgesics before therapy had reduced or complete with-
drawn from them by 4 wk.

The observed relief in bone pain was accompanied by
an improvement in the mobility score and the Karnofsky
performance score. The mean mobility score was 2.9 (SD,
0.56; range, 2—4) at baseline and decreased markedly to 1.3
(SD, 0.48; range, 1-2) at 4 wk (Fig. 3), corresponding to
44.8% of the baseline score, primarily because of improved
mobility. The mean Karnofsky performance score was 45
(SD, 5.27; range, 40-50) initially and increased signifi-

TABLE 2
Comparison of Mean Scores

Paired differences

Type of score Mean SD 95% confidence interval of difference P
Mean pain (baseline) — mean pain (week 4) 2.7 1.2 1.8t0 3.6 <0.001
Mean pain (baseline) — mean pain (week 8) 4.6 1.1 3.8to5.4 <0.001
Mean pain (baseline) — mean pain (week 12) 6.7 1.3 5.8t0 7.7 <0.001
Karnofsky (baseline) — Karnofsky (week 4) -24 6.9 -29 to -18.9 <0.001
Mobility (baseline) — mobility (week 4) 1.6 0.6 1.1to 2.1 <0.001
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FIGURE 3. Comparison of mean mobility score of study
group.

cantly to 69 (SD, 5.67; range, 60-80) at 4 wk, corre-
sponding to 65.2% of the baseline score (Fig. 4). These
differences between the mean scores at 4 wk and the
mean scores at baseline were also statistically significant
(P < 0.001) (Table 2).

Safety Assessment

The major limiting factor of '7’Lu-EDTMP was bone mar-
row suppression, which resulted in a reduction of peripheral
blood counts. No significant change was seen in hemoglobin
counts. The decrease in platelet and leukocyte counts
began at 2 wk after radiopharmaceutical administration,
reached a nadir at 4 wk, and quickly recovered by 6 wk.
Two patients (20%) developed grade I platelet toxicity,
and 1 patient developed grade II (10%) platelet toxicity.
Four patients (40%) developed grade I leukocyte toxic-
ity, and 2 patients (20%) developed grade II leukocyte
toxicity. No clinically significant adverse reactions were
noted. The changes in hemoglobin, platelets, and leuko-

[Table 3] cytes during follow-up are illustrated in Table 3.

DISCUSSION

Bone pain is a major clinical challenge in most met-
astatic cancers, especially when the pain becomes resistant
to opioid analgesics. The primary goal of palliative care is
to provide these patients with a better quality of life while
using minimum drugs, which otherwise might compromise
their daily activity. Although local palliative radiotherapy
is suitable for localized lesions, it is less applicable in
patients with widespread skeletal metastases. Radiophar-
maceutical therapy using bone-seeking therapeutic agents
has been the prime choice of treatment for bone pain in
such cancer patients. Although a few radiopharmaceuticals
such as 3?P-orthophosphate, 8°SrCl,, and '>3Sm-EDTMP
are regularly used for palliative care and have been proven
efficacious, there is a need to develop radiopharmaceuticals
with both better nuclear decay characteristics and better
biologic behavior and make them available at a reasonable

cost to ensure greater accessibility to patients. Both 3?P and
89Sr emit B~ radiation of comparatively high energy,
thereby causing bone marrow toxicity; both are also pure
B~ emitters, making it difficult to perform simultaneous
scintigraphy and pharmacokinetic studies (8,9). Moreover,
the high cost of 8°Sr, because of its limited production
feasibility, is another drawback in its widespread use
(10).153Sm-EDTMP is another effective bone pain pallia-
tive agent that is chemically and biologically stable and
selectively accumulates in skeletal lesion sites (/7-13).
153Sm-EDTMP also results in lethal hemotoxicity at high
doses (14) and may not be readily available, as >3Sm has
a short physical half-life of 1.9 d.

In recent years, '7’Lu-EDTMP has emerged as a potential
candidate for palliation of metastatic bone pain. Major advan-
tages of using !"’Lu as a radionuclide include a lower B
energy (maximum, 497 keV), which results in little hemotox-
icity, and the presence of vy energies (113 and 208 keV),
which can be used for imaging and dosimetry studies. There
is also a production advantage, as it can be produced in large
scale with sufficiently high specific activity and an excellent
radionuclidic purity using medium-flux research reactors.
Moreover, !77Lu has a half-life of 6.73 d, which provides
logistic advantages (4). On the other hand, the use of EDTMP
as the carrier moiety while formulating bone-specific radio-
therapeutic agents using radiolanthanides is already well
established. It has been reported that EDTMP forms stable
complexes with various radiometals and that these localize in
the skeleton in proportion to the osteoblastic activity and
exhibit other favorable biologic characteristics (/5). The bi-
ologic behavior of '7’Lu-EDTMP studied in animal models
such as mice, rats, and dogs has shown encouraging results
(7,16) and prompted us to study the clinical behavior of the
agent initially in a limited number of cancer patients with
disseminated skeletal metastases.

In the present study, a notable reduction in pain was
observed within a week in all 10 patients, and complete

4 wk—

Baseline | s

T T T T T
40 50 60 70 80

FIGURE 4. Comparison of mean Karnofsky performance
score of study group.
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TABLE 3
Toxicity of 177Lu-EDTMP for Painful Bone Metastases

Grade HGB PLT LEU
I 0 2 (20) 4 (40)
I 0 1 (10) 2 (20)
I 0 0 0
\Y 0 0 0

HGB = hemoglobin (x g/L); PLT = platelets (x 10%L); LEU =
leukocytes (x 109/L).
Data are number followed by percentage.

pain relief was seen in all patients by 12 wk (Fig. 2). At 4
wk, all patients had reduced or completely withdrawn from
analgesics. Whole-body images taken at 1 d after therapy
showed excellent biologic distribution and minimal soft-
tissue uptake, similar to that seen in a corresponding

et al. also demonstrated the ease of preparation as well as
the feasibility and efficacy of !77Lu-EDTMP as a safe agent
for pain palliation in metastatic bone involvement (/8). The
major dose-limiting factor with bone-seeking radiopharma-
ceuticals is bone marrow toxicity, which results in periph-
eral blood cell counts (/9). In our study, grade I platelet
toxicity was seen in 2 patients and grade II platelet toxicity
was seen in 1 patient. In addition, grade I and II leukocyte
toxicity was seen in 4 and 2 patients, respectively. The
hemotoxicity caused was mild, acceptable, and fully revers-
ible without the use of replacement therapies or stem cell
growth factor support. Our study also found immediate and
efficacious pain relief with '”7Lu EDTMP, similar to other
studies, and our dosing of 3.7 GBq (100 mCi) proved to be
well tolerated by all patients and had the added advantage
of earlier and sustained pain relief even at 12 wk without
significant hematologic toxicity (17,18).

[Fig. 5] ™Tc-methylene diphosphonate scan (Fig. 5). This scan

was also comparable to that obtained using '33Sm-EDTMP
[Fig. 6] (Fig. 6). The whole-body scans obtained at 1 mo showed
[Fig. 7] significant tracer retention (Fig. 7). Our study also demon-

Randomized, controlled trials have shown that pain relief
induced by radioisotopes is not significantly different from
external palliative radiotherapy (20,21). However, the im-
pact of radionuclides on survival of patients is controver-

strated that the benefits of our treatment using '7’Lu-
EDTMP lasted for more than 4 mo. Pain relief along with
a higher Karnofsky performance score and mobility score at
4 wk indicates a definite improvement in the patient’s qual-
ity of life, which is the major goal of palliative care. All
differences between scores were statistically significant.

A recent study by Yuan et al. indicated that '7Lu-
EDTMP was an effective and safe treatment for palliation
of metastatic bone pain in patients with prostate or breast
cancer and showed that a dose as low as 1,295 MBq (35
mCi) was sufficient for bone pain palliation; however, the
percentage of patients showing early pain relief was com-
paratively less when a lower dose was administered than
when the dose was higher (2,590 MBq [70 mCi]) (/7). Sola

sial. A notably reduced survival was reported with 8°Sr
versus local-field radiotherapy for bone pain in metastatic
prostate cancer in a European randomized, multicenter trial
(20). These data are in direct contrast to data reported from
a similar trial from the United Kingdom, which noted no
difference in survival rates in patients who received 3°Sr
and palliative radiotherapy (27). On the other hand, im-
proved survival has been reported with radioisotopes in
randomized, placebo-controlled trials (22).

Recent or concurrent systemic chemotherapy has thus far
been regarded as a contraindication to radionuclide therapy.
However, the combined use of radionuclides and chemo-
therapy may act synergistically and improve pain palliation
(23). Several reports have documented improvement in pain
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FIGURE 5. 99mTc-methylene diphos-
phonate bone scan (A) and correspond-
ing '77Lu-EDTMP scan (B) showing
excellent tracer localization in osteo-
blastic areas. A color version of this fig-
ure is available as a supplemental file
at http://tech.snmjournals.org.
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FIGURE 6. °°mTc-methylene diphos-
phonate scan (A) and corresponding
177Lu-EDTMP images (B-D) of same

1d 1wk 1mo

patient.

relief, prolonged duration of response, reduced develop-
ment of new painful sites, and improved progression-free
and overall survival in patients treated with radioisotopes
along with chemotherapy versus chemotherapy alone in
various cancers (24-26). The combination of radioisotopes
and chemotherapy, including docetaxel, is currently being
pursued in several clinical trials.

This study was limited by the small sample size, absence
of a control group, and lack of long-term follow-up.
Survival rates could not be assessed because of our short
observation period. Further studies of longer duration and
a larger population group are needed to assess survival
rates, safety, and efficacy of '”’Lu-EDTMP.

CONCLUSION

This study indicated that systemic administration of
177 Lu-EDTMP was an effective, well-tolerated, feasible,
and safe treatment option for palliation of metastatic bone
pain in patients with disseminated skeletal metastases. All
patients in the study benefited from this therapy. Best
results were seen at 4 wk after treatment. The imaging
possibilities, mild hemotoxicity, and economic factors
make '7"Lu-EDTMP stand out among other radiopharma-
ceuticals used for palliative therapy of metastatic bone
pain. 77Lu-EDTMP shows promising results and should
be considered the preferred option among other palliative
modalities.

FIGURE 7. '77Lu-EDTMP image (B) dem-
onstrating biologic distribution similar to
153Sm-EDTMP (A) in same patient.
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