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Abstract

77Lu-ethylenediaminetetramethylene phosphonic acid (EDTMP) is presently suggested as an excellent bone seeking radionuclide
for developing metastatic bone pain (MBP) palliation agent owing to its suitable nuclear decay characteristics. To find the
exact dosage and its efficiency, this clinical study was performed on the human being, using "’Lu-EDTMP for MBP palliation.
77Lu-EDTMP was prepared by Iran, atomic energy organization. Thirty consecutive patients with determined tumors, incontrollable
MBP, and positive bone scan at 4 weeks before the beginning of the study participated in this study in the nuclear medicine
ward. "7Lu-EDTMP in the form of sterile slow IV injection was administered with a dose of 29.6 MBqg/kg. Short form of brief
pain inventory questionnaire was used to evaluate the efficiency of the intervention. Questionnaires were filled out by an expert
nuclear physician every 2 weeks while the cell blood count was also checked every 2 weeks up to 12 weeks for evaluation of bone
marrow suppression and hematological toxicity. Furthermore, whole body scan was done at days 1, 3, and 7. Twenty-five patients
showed a significant pain relief since 2 weeks after the injection, and continued until the end of the follow up period (12 weeks).
There were no significant early complications such as bone marrow suppression, hematological toxicity, and no systemic adverse
effects. No complication was observed in renal function. Twenty one patients showed flare phenomenon that was started after
the 12.2 + 1.78 h lasting for 38.4 + 23.08. Sixteen patients (53%) were completely treated; nine patients (30%) showed a patrtial
response, and five patients (17%) had no response to treatment. Total response to treatment was achieved in 25 patients (83%).
At the end of the evaluation, no bone marrow suppression or hematologic toxicity was observed. "’Lu-EDTMP has shown suitable
physical and biological properties with good results in long term bone pain relief for patients with bone metastasis.

Keywords: ""Lu-ethylenediaminetetramethylene phosphonic acid, bone pain palliation, metastasis, nuclear medicine, targeted
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Introduction

Metastatic bone pain (MBP) is the most common form
of pain syndrome among patients with breast, lung
and prostate cancers."? MBP often leads to other
related symptoms such as lack of mobility, neurological
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deficits, fear of death, anxiety and depression, so it could
significantly affect the quality of life (QoL).** MBP
control is an essential step in all cancer management
programs; although conventional treatment modalities
such as external beam radiotherapy and analgesics are
prevalent practices, they have many disadvantages and
also multiple side effects.

Systemic administration of beta emitting radionuclides
has been introduced in 1940s; it was demonstrated as
an effective treatment modality, with lesser side effects
while improving the QoL of the patients significantly.>”!
The main goals in MBP palliation using beta emitters are
maximizing the radiation dose to the bone lesion with
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simultaneous minimization of the radiation dose in the
bone marrow.’? Systemic radioisotope therapy has
many advantages including alleviating pain, improving
QoL, reducing the request for analgesics, radiotherapy,
and chemotherapy, and improving patients” prognosis
and survival. It also decreases the overall cost of MBP
palliation in addition to applicability in an outpatient
setting without the need for expensive high-technology
equipment. More than half of the patients treated
experience relief of pain, which may be achieved within
2-7 days depending on the agent and may last for several
months after a single injection.['%!

A variety of radioinulclides are used in MBP palliation.™!
In this modality of treatment, radiation from radio-drug
doesn’t target the tumor itself, but the main target is
tumor’s surrounding bone, so the delivered dose varies
depending on physical properties of radionuclide and
tumor.

Physical characteristics such as half-life and the ability
of radioisotope to simultaneously emitgamma ray while
beta radiate is very important in successful MBP palliation
therapy. For example, while phosphorous-32 (*?P)
and strontium-89 (¥Sr) have longer half-lives, 12 and
50 days, samarium-153 (***Sm) or rhenium-186 have a
short half-life of 2 and 4 days, respectively. To study
the distribution of the radioisotope among different
tissues, gamma ray emitting is beneficial. **P phosphate
doesn’t emit gamma rays; therefore, their distribution
and uptake are not detectable through gamma cameras.

177Lu, a beta emitter lanthanide discovered in 1907, is
currently used for somatostatin receptor radiotherapy,*
radio-immunotherapy,™! bone palliation therapy,™
and radiosynovectomy.'>!! Due to its 6.7-day half-life,
maximum beta energy of 497 keV, and reliable gamma
emission (Ey = 112 keV [6.4%], 208 keV [11%]) for
imaging [Figure 1], ’Lu has been considered for a
number of therapeutic roles. Preclinical studies of
77Lu-ethylenediaminetetramethylene phosphonic
acid (”Lu-EDTMP) have shown a specific accumulation
within the bones of rats.l"”*1”7Lu-EDTMP use has been
reported in humans for imaging purposes.™”!

77Lu has a longer half-life, in comparison to *Sm,
presenting a radiopharmaceutical with better shipment
quality and longer shelf-life. Large-scale production in
adequate specific activity and radionuclide purity using
amoderate flux reactor make it a promising radionuclide
to make compounds for MBP palliation drugs.

The purpose of this study was to determine the feasibility
and efficacy of "Lu-EDTMP for palliative treatment
of MBP. This is the primary report of clinical trial of
7"Lu-EDTMP for MBP palliation.
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Figure 1: Correlation between positive or negative flare
phenomenon and mean scores of routine activities in brief
pain inventory form of the patients after the injection of
77Lu-ethylenediaminetetramethylene phosphonic acid (lower score
equals to better response of items to treatment)

Materials and Methods

In this randomized controlled trial (RCT) study,
30 eligible patients had clinically confirmed multiple bone
metastases, recent positive whole body bone scan (during
past 4 weeks) presented by intolerable bone pain to the
radiotherapy department of Namazee Hospital. They
didn’t respond to routine antianalgesic drugs. They
referred to nuclear medicine department of the hospital by
the radiotherapists. These patients had following criteria:
Oncology group performance status 0-2; life expectancy
of longer than 3 months; adequate hematological
counts (neutrophils 1.5 x 10°/L; platelets 2100 x 10°/L;
haemoglobin [Hb] >100 g/L); normal renal function
tests (creatinine <1.5 x upper limit of normal); and
normal hepatic function tests (normal bilirubin [within
institutional limits], aspartate aminotransferase and
alanine aminotransferase <2.5 x upper limit of normal).

The exclusion criteria were: The patients with pregnancy,
breastfeeding, other active malignant disease, acute
compression fracture, those received chemotherapy,
immunotherapy, or external-beam radiotherapy within
the past 6 weeks; treatment by bisphosphonates within
3 months; any previous systemic radiotherapy with
radioactive strontium, samarium, or rhenium. The
clinical trial was approved by Ethics committee of Shiraz
University of Medical Sciences. All the patients gave
verbal and also written informed consent.

77Lu-ethylenediaminetetramethylene phosphonic

acid was prepared by Atomic Energy Organization of
Iran (AEOI) regarding international standards.” Quality
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control and sterility tests were also performed in AEOI
for the first human clinical study in the Shiraz University
of Medical Sciences.?"

The form of brief pain inventory (BPI)*? has been
validated for use in patients suffering from advanced
cancer. BPI is a self-reporting pain score system
between 0 and 10, 0 for no pain and 10 for the worst
pain ever experienced by the patient. In addition to pain
assessment, functional interference resulting from BMP
was also estimated, such as a general activity, mood,
sleep, ability to walk, and relationship with others.*!

Persian validated brief BPI questionnaire®! was filled
out just before starting and also every 2 weeks after
the injection of the drug by a nuclear physician. Higher
scores show that the activities are more impaired, and
lower score is representative for better response to
treatment. According to an animal study, intravenous
injection of 9.25 through 37 MBq/kg body weight of
7Lu-EDTMP was suggested for MBP palliation.!"]
Another human study suggested 29.4 £12.5 MBq/ kg for
imaging purpose.l'”) Hence, slow intravenous injection
of 29.6 MBq/kg was selected for this study.

This is the phase I clinical trial for ""Lu-EDTMP, so the
safety of this radionuclide compound was the most
important task. Patients were under close observation by
the medical staff for either hypersensitivity, skin reactions
or any early side effect of the drug for 6 h after injection
of radionuclide in nuclear medicine ward. Blood and
urine samples were collected for dosimetric study and
to confirm bio-distribution of radionuclide in the body
8, 24, and 72 h after the injection. Whole body scan was
also performed 24, 72 h and also 7 days after the injection
using single photon emission computed tomography/
computed tomography infinia hawkeye4 GE gamma
camera with low-energy high-resolution collimator at
108 keV peak gamma energy and windows of 15%."!
Flare phenomenon was considered for intensifying bone
pain after the injection of the drug. At this time, the
patients were asked about flare phenomenon and the
data were recorded including the start time of the flare
phenomenon and its long-time.

Renal function test was evaluated during 1 week before
the injection of the drug and 4 weeks after that and
blood samples were taken for complete blood count
measurements just before the injection and every 2 weeks
after the injection up to 12 weeks for evaluation of
bone marrow suppression and hematological toxicity.
Complete palliative pain response was achieved when
visual analog pain score (VAS) was about 0-3.When
AVAS (change in the amount of pain palliation/VAS)
was 0-2 (VAS =8-10), no response was achieved. Other
amounts of AVAS were considered as a partial response
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to palliative treatment. VAS data were collected by
BPI form.

Statistical methods

The data were analyzed in statistical software statistical
package for the social sciences, version 20.0, using student
t-test and one way analysis of variance; P value < 0.05
was considered significant.

Results and Discussion

Results

Thirty patients, 8 (26%) males and 22 (74%) females,
with the age of 41.7 £ 12.3 (mean + standard deviation)
participated in this study. Demographic data are shown
in Table 1. According to the results, no skin reaction or
systemic adverse effects were observed in the patients
after the injection of the drug. Flare phenomenon was
observed in 21 (70%) patients while 9 patients (30%)
did not show this phenomenon. Start time of the flare
phenomenon was 12.2 + 1.78 h and its long time was
38.4 £ 23.08 h [Table 2]. Routine activities of the subjects
were evaluated considering flare phenomenon; the
patients that had positive flare phenomenon had more
pleasure in most of their activities [Figure 1].

Whole body scan 24, 72 h and also 7 days after the
injection of radiotracer showed high bone to soft tissue

Table 1: Demographic data of the patients with bone
metastasis eligible for treatment with '”’Lu-EDTMP

ltems MeantSD Minimum-maximum
Age (years) 4671123 25-74
Weight (kg) 62.319.4 40-92
Sex (%) Male 8 (26)
Female 22 (74)
Cancer origin (%) Breast 22 (73.3)
Prostate 4(13.3)
Colon 2 (6.6)
Chondroma 1(3.3)
Bladder 1(3.3)
Previous Radiotherapy and Complete courses
treatments chemotherapy

Different antianalgesic
by different mechanisms

Routine analgesics

SD: Standard deviation; EDTMP: Ethylenediaminetetramethylene phosphonic acid

Table 2: Flare phenomenon in patients after
injection of '”’Lu-EDTMP

Positive Flare phenomenon 21 (70%)
Start time (hrs.) Long time (hrs.) Frequency (%)
12 72 5(16.6)

10 24 4(13.3)

12 12 4(13.3)

12 36 2 (6.6)

15 48 6 (20)

EDTMP: Ethylenediaminetetramethylene phosphonic acid
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ratio of radiotracer uptake with more concentration of
radiotracer in metastatic bone lesions. Corresponding to
bone scan findings, no significant differences were seen.
The number of defects was the same in the serial taken
scan scintigraphies. The other interesting result was that
no radiotracer uptake was seen in the lung or liver in any
patient [Figure 2].

Biokinetics study using the collected blood and urine
samples 8, 24 and 72 h after the injection of the drug
shows that the biologic half-life of Lu-EDTMP for an
average person with normal renal function test were in
the range of 3.8 £ 1.7 days. The remaining radioactive
material reduced to <37 kBq/ml in blood samples
and <740 kBq/ml in the urine samples after 72 h [Table 3].

Pain relief began 2.53 + 2.08 weeks after the injection,
and the response lasted for 4.38 + 3.34 weeks.
Among the 30 patients treated with ’Lu-EDTMP,
16 patients (53%) showed complete palliative pain
response; 9 patients (30%) revealed partial response and

Table 3: Biokinetic study of various organs in the
patients 8 h, 24 h and 72 h after the injection
of 7’Lu-EDTMP

Organ %IA/g

Time 8 h 24 h 72 h
Blood 0.01 (0.00) 0.00 (0.00) 0.00 (0.00)
Liver 0.13 (0.02) 0.07 (0.01) 0.08 (0.00)
Intestine 0.43 (0.19) 0.15 (0.02) 0.13 (0.01)
Kidneys 0.35 (0.08) 0.26 (0.03) 0.27 (0.03)
Stomach 0.05 (0.06) 0.00 (0.00) 0.03 (0.02)
Heart 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Lungs 0.00 (0.00) 0.01 (0.00) 0.00 (0.00)
Tibia 5.23 (0.77) 5.50 (0.59) 6.54(0.12)
Muscles 0.01 (0.00) 0.00 (0.00) 0.00 (0.00)
Spleen 0.06 (0.02) 0.05 (0.02) 0.00 (0.00)
Excretion 47.79 (1.30) 55.99(1.51) 55.99(0.95)

EDTMP: Ethylenediaminetetramethylene phosphonic acid

5 (17%) showed no response to treatment. Total response
to treatment was achieved in 25 patients (83 %) [Figure 3].

Results of BPI questionnaire are summarized in Table 2.
According to short form of BPI among the studied criteria
including walking ability, ability for doing normal daily
work, mood, and sleep were promoted respectively more
than the other criteria, where almost all of the cases
reported that pain didn’t interfere in these aspects of their
life during the follow up period [Table 4 and Figure 4].

Comparison of alkaline phosphatase before
(419.4 £ 270.46) and after (434.7 £ 162.35) the injection
of the drug showed that the amount of the enzyme
decreased after the injection, but there was no significant
difference before and after the treatment (P = 0.19).
Moreover, white blood cells (WBC) dropped earlier than
Hb and platelet count (PLT). A significant reduction of
Hb and PLT occurred 4 weeks post-injection (P = 0.031),
but not in WBC count 4 weeks after the injection of the
drug (P =0.01 and P = 0.024). Furthermore, about WBC,
after a slow decrease of counts at 2 weeks post-injection,
a slow increase of counts occurred and then its levels
reached the normal levels. Blood parameters in eight
patients at 4-6™ week’s post-injection were too low,
and they were treated by subcutaneous injection of
granulocyte colony stimulating factor (GCSF). Finally,
no significant hematologic defects were observed, and
blood parameters were normal at the end of the study
[Figure 5 and Table 5]. Furthermore, no disorder was
seen in renal function test in any patient [Figure 6].

Discussion

Selecting a suitable radiopharmaceutical for bone
pain metastasis (BPM) palliation is a multi-factorial
question which needs awareness not only about physical
properties of radioisotope, but also about biological
properties like bio-distribution, biological half-life and
mechanism of targeting through the tissue. Among the
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Figure 2: Whole body scans with "’Lu-ethylenediaminetetramethylene phosphonic acid from a patient at the day 1 (a) and 3 (b) after the
injection
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Figure 3: Mean pain assessment by brief pain inventory
scoring in the patients before the injection of the
"7Lu-ethylenediaminetetramethylene phosphonic acid and every
2 weeks up to 12 weeks
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Figure 4: Response to treatment by
77Lu-ethylenediaminetetramethylene phosphonic acid of the patients
with bone metastasis
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Figure 5: Mean changes in hematologic parameters in the
patients after the injection of ’Lu-ethylenediaminetetramethylene
phosphonic acid

rare earth elements '“Lu seems to have good physical
properties because of long half-life, better logistic
from reactor to hospital, longer effect with single
administration, adequate beta emission to kill the
adjacent cells, and good gamma photon for imaging in
regard to checking the bio-distribution and metastatic
lesion follow up.

World Journal of Nuclear Medicine/Vol 14/Issue 2/May 2015

Dosimetric and imaging studies show the possibility of
using this radioisotope for BPM palliation therapy in
terms of physical properties; in contrast to other studies
using ’Lu just for imaging of metastatic bone lesions,
we found that for using this radioisotope therapeutically
with the dose of 29.6 MBq/Kg, the best time for imaging
is 24 h.

Biological specifications of "”Lu-EDTMP is also studied,
showing that it has a good affinity to metastatic bone
lesions while the lung and liver uptake is low enough
although effective half-life of ’Lu-EDTMP seems to
be <4 days in normal patients.[*?!

Routine activities were more pleasurable in patients
with positive flare phenomenon; it may be because of
less pain after the injection of the drug in such patients.
Furthermore, MBP decreased dramatically after this
intervention; however, there were not any side effect
reported according to our early close observation or
12 week follow up. Routine activities were improved
after treatment with "Lu-EDTMP, especially in patients
with positive flare phenomenon.

In one study, Samarium-EDTMP therapy with 36.5%
complete response rate was reported to be an effective
and safe solution for MBP palliation. Their study showed
a significant reduction in all three types of blood cell
counts (WBC, red blood cell [RBC] and PLT) and grade 3
bone marrow toxicity was not observed for RBCs.*"]
Two other retrospective studies on the clinical role of
13Sm-EDTMP on a large group of patients with different
kinds of malignancies showed 21% and 40% complete
response, respectively.?*! In another study, "Lu-EDTMP
and 'Lu-tetramethylene-phosphonic acid (DOTMP) were
evaluated as potential agents for palliative radiotherapy
of bone metastasis, revealing that ’Lu-EDTMP has
marginally higher skeletal accumulation in comparison
to that of ”Lu-DOTMP, while the latter has slightly faster
blood clearance along with lower retention in the liver and
kidneys in animal models.” Furthermore another study
reported that the treatment with ["Lu-DOTAQ, Tyr3]
Octreotate has few adverse effects.l*"!

Treatment with “Lu-octreotate is also reported to result
in tumor remission in a high percentage of patients with
gastroenteropancreatic tumors.*¥Sr with response rates
ranging from 60% to 84%,% but no survival benefit, even
when a dose of 399.6 MBq (10.8 mCi) is used®?4 and
1Sm with pain palliation rates of 62%-74 %> that may
have myelotoxicity are comparable with ”Lu ~-EDTMP
in bone pain palliation.

Hematological factors, such as WBC or PLT drop which
was seen in the case, in Nadir period could be managed

by subcutaneous injection of stimulating growth factor
such as GCSF.
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Table 4: Mean response to treatment by patients with bone metastasis treated with *””Lu-EDTMP

4 weeks after
intervention

2 weeks after
intervention (P)

Preintervention
mean (mode)

6 weeks after
intervention

8 weeks after 10 weeks after 12 weeks after

intervention intervention intervention

Worst 9.8 (10) 7.2 (8) 5.3 (6)
Least 9.1(9) 3.5 (4) 2.4 (3)
Average 7.8 (9) 6.8 (7) 5.9 (6)
Right now 8.5(10) 8.4 (8) 4.3 (4)
60% 40% 72%

9.3(10) 8.9 (10) 7.1 (7)

8.1 (10) 7.8(10) 6.2 (7)

6.7 (5) 4.4 (3) 3.9 (3)

7.7 (8) 7.4 (6) 5.8 (5)

5.6 (6) 5.2 (4) 3.8 (3)

8.9 (9) 8.6 (9) 7.2 (6)

9.7 (10) 9.2 (9) 6.9 (6)

5.5 (7) 4.6 (5) 3.2 (3) 2.9 (3)
2.8 (3) 3.2 (3) 2.6 (2) 27 (2)
4.4 (4) 3.8 (4) 2.8 (3) 2.9 (3)
3.5(3) 4.3 (4) 4.2 (4) 3.8 (3)
65% 90% 89% 90%
6.3 (5) 4.2 (5) 3.8 (5) 3.9 (4)
6.5 (5) 43 (2) 3.8 (3) 3.2(2)
3.2 (2) 2.6 (2) 1.3 (0) 1.1(0)
3.1(2) 3.1(2) 1.5 (0) 1.6 (0)
3.1(3) 3.7 (3) 2.8 (3) 2.2 (2)
2.8 (3) 2.5 (2) 3.2 (4) 3.6 (3)
4.2 (5) 3.9 (4) 4.5 (4) 3.2 (3)

EDTMP: Ethylenediaminetetramethylene phosphonic acid

Table 5: Mean amount of blood parameters before and after the injection of the drug (mean+SD)

Before the injection 2" week 4" week 6™ week 8" week 10" week 12" week
Hb (g/dl) 11.63+1.66 11.05+1.74 10.60+1.87 10.87.2.26 10.67+1.95 10.62+2.79 12.6£1.55
Platelets (X103%/pl) 250.92%£119.38 201.81£70.93 183£84.51 171.351£62.59  218.58%59.51 191.6£41.10  171.5£40.30
WBC (x10°/4l) 5.589+1.526 4.044+1.548  3.665+1.3549  3377.5+1.469  3.896+0.935  4.120+1.570  5.350+1.626
Hb: Hemoglobin; WBC: White blood cell; SD: Standard deviation
1.00. 14.20 dose of 29.6 MBq/Kg in the long term follow up. At the
B 14.09 end of the evaluation, no bone marrow suppression or
0.95- ' 14.00 hematologic toxicity was observed.
i =090 0.91 13.
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Figure 6: The results of renal function tests before and 3 weeks
after the injection of '’Lu-ethylenediaminetetramethylene
phosphonic acid

It is recommended that another study should be
conducted with longer follow up times (6 months) while
performing RCT among cases and control groups and
also quantitative dosimetric calculation using acquired
images.

Because of better physical properties of ’Lu compared
to Sm and acceptable bio-distribution results of the
compound, "“Lu-EDTMP seem to be an interesting new
candidate for clinical trials for a bone pain palliation
therapy.P®!

Conclusion

This clinical trial of "Lu-EDTMP for MBP palliation
therapy shows good performance in pain relief with the
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