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[Abstract] The increasing use of Lutetium-177 (“"Lu) radiopharmaceuticals in targeted radionuclide therapy necessitates
effective management of high-concentration radioactive excreta, primarily urine. Conventional protocols relying solely
on storage and decay often lead to limitations in the administered radioactivity due to insufficient hospital beds and
drainage tank capacity, frequently requiring costly infrastructure expansion. This study evaluated the efficacy of BSL-
177, a portable radioactive wastewater adsorption system. Urine samples (collected 15.8-21.9 hours post-administration)
from three patients who received ""Lu-oxodotreotide treatment were processed using BSL-177. The results showed a
high radionuclide removal efficiency, ranging from 99.47% to 99.95% across all cases. BSL-177 is a facile, active processing
alternative to passive decay protocols, requiring no special construction for installation and significantly reducing the
load on storage tanks. This eliminates the need for long-term storage of highly radioactive urine, thereby mitigating
risks associated with infectious waste management and radiation exposure. The BSL-177 system presents a viable
solution for both facilitating the smooth provision of targeted radionuclide therapy and enhancing radiation safety in
medical facilities.

19



UEERGHREFMT $6E

[Introduction]

In recent years, the field of targeted radionuclide therapy
has emerged as a crucial pillar of cancer treatment. In
particular, with the increasing clinical use of therapeutic
radiopharmaceuticals utilizing Lutetium-177 (“'Lu), such as
'""Lu-oxodotreotide™” and ""Lu-PSMA-617 *°, medical facilities
must prepare to provide these treatments. Traditionally,
targeted radionuclide required patient isolation in shielded
radiotherapy rooms to manage radioactive wastewater and
exhaust. However, since "Lu preparations release very little
radioactive material into the exhaust air %/, treatment can be
conducted in authorized specialized rooms (special measures
patient rooms) ° and the shortage of hospital beds is gradually
improving. Nevertheless, the management of high-concentration
radioactive excreta remains an urgent issue for radiation safety
management in medical facilities °.

""Lu has a physical half-life of 6.7 days, and its excreta
possesses different characteristics from shortlived diagnostic
nuclides, necessitating effective disposal methods. ""Lu is
administered in a chelated state, and its excretion depends
heavily on the patient's renal function and receptor binding
affinity. In patients administered ""Lu-oxodotreotide or "Lu-
PSMA-617, most of the substance is excreted in the urine.
Quantitative data indicate that approximately 70% of the total
administered radioactivity is excreted from the body via urine,
primarily within the first 24 hours post-administration'*".
Radioactive wastewater is temporarily stored in storage tanks
(decay tanks) via septic tanks and discharged into the general
sewage system after decay or dilution. However, if storage tank
capacity is insufficient, reliance solely on conventional protocols
of storage and decay limits the amount of "Lu radioactivity that
can be administered. Furthermore, installing new storage tanks
or expanding existing ones is often difficult due to space and
cost constraints. While methods exist to store urine for decay
through solidification or freezing without discharging it into
the controlled area drainage system, these approaches present
challenges regarding storage space, necessary equipment, and
radiation exposure during processing. This situation strongly
suggests the need for active processing systems rather than
passive decay protocols that depend solely on physical half-
life. Among active processing systems, advanced adsorption
technology is attracting attention as the most sustainable
solution for ""Lu excreta management.

"BSL-177" is a portable radioactive wastewater treatment

system capable of adsorbing and recovering ""Lu from excreted
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urine using a relatively small column. Its introduction requires
no special construction work, and it eliminates the need to
discharge patient urine directly into storage tanks, thereby
minimizing the load on such infrastructure. In this study, we
evaluated the "Lu removal performance of BSL-177 using urine

from patients administered ""Lu-oxodotreotide.

[Materials and Methods]

This prospective observational study was conducted with
the permission of the Director of Hokkaido University Hospital,
following approval by the Hokkaido University Hospital
Institutional Review Board (Approval No. SEIL: 024-0262).
Written informed consent was obtained from all patients using

an explanation document.

Subjects and Samples

The study targeted patients aged 18 years or older scheduled
for 177Lu-oxodotreotide therapy for unresectable somatostatin
receptor-positive neuroendocrine tumors at our hospital.
Patients who did not consent or were deemed inappropriate due
to complications or their treatment course were excluded. Urine
collection was performed from the time of ""Lu-oxodotreotide
administration until the end of isolation or 24 hours post-

administration, whichever occurred first.

Treatment Protocol
Administration was performed according to the standard
method described in the package insert. Granisetron was

intravenously administered over 30 minutes, 1 hour prior

Figure 1. Appearance of BSL-177.

The BSL-177 unit measures 900 mm (W) X 500 mm (D) X
850 mm (H), weighs approximately 150 kg, and requires a
power supply of 100V AC, 50/60 Hz, rated within 1500W.
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Table1. Patients’ characteristics

No| Age | Sex |BMI (kg/m? |eGFRcreat (ml/min) | Primary tumor| Ki-67 (%) Metastases PRRT Number (n)

1] 70's | Male 19.3 59.5 Lung About 20 Liver, Lung, Bone 1

2 | 60's | Male 22.8 68.6 Pancreas 3.3 Liver 4

3 | 50's | Male 24.8 66.9 Rectal <1 Liver, Bone 4
BMI, body mass index; PRRT, peptide receptor radionuclide therapy
Table2. Results of the adsorption by BSL-177

- N Excretion | Excretion i .__|Pre-adsorption| BSL-177 |Post-adsorption| Radioactivity
No Addorrswénl(?\’j\%re)d Liir:::tgﬁ)n radioactivity [radioactivity P;iﬂﬁgr(aglgn radioactivity Work radioactivity |Removal Rate
9 (MBQ) ratio (%) (MBQ) Hours (h) (MBQ) (%)

1 7236.5 15.8 2815 38.9 2695 2214 19.0 10.42 99.53

2 7072.1 21.9 5690 80.5 2366 5266 17.1 2.69 99.95

3 7165.4 21.0 5658 79.0 2492 4873 22.2 25.88 99.47
to "Lu-oxodotreotide (Lutathera®, Novartis Pharma) [Results]

administration. Subsequently, 1000 mL of lysine/arginine
infusion (LysaKare®, Novartis Pharma) was intravenously
administered over 4 hours for renal protection. Thirty
minutes after the amino acid infusion started, 74 GBq of “"Lu-
oxodotreotide was administered intravenously over at least 30
minutes using the gravity drip method. Patients were isolated
in a radiotherapy room or a special measures patient room

immediately after the start of administration.

The “BSL-177” System

The external appearance of the device is shown in Figure 1.
The BSL-177 unit measures 900 mm (W) X 500 mm (D) X 850
mm (H), weighs approximately 150 kg, and requires a power
supply of 100V AC, 50/60 Hz, rated within 1500W. A lead-
shielded space (6 sides) at the bottom of the main unit houses
the urine collection container, the adsorption column, and an
empty container for storing the processed urine. The disposable
column is approximately 30mm in diameter X 150mm in
length and is replaced after processing the pooled urine from
one patient. Liquid transfer is performed automatically via a
single switch to conduct adsorption processing. The processing
speed is 5-10 mL/min, with almost no noise generated during
operation. The collected urine samples were processed using
the BSL-177 adsorption column at a rate of 5-10 mL/min to

remove radionuclides.

Sample Measurement

Aliquots were sampled from the urine before and after
removal. The ""Lu radioactivity was measured using a
calibrated dose calibrator, and the total radioactivity before and
after removal was calculated. The removal rate was determined

from the radioactivity levels before and after processing.

The characteristics of the subjects are shown in Table 1.
The analysis included three male patients. Case No. 1 presented
with a pulmonary atypical carcinoid with a Ki-67 index of
approximately 20%. Following resection of the primary tumor,
multiple metastases appeared in the lymph nodes, lungs, bone
and liver. The patient underwent cisplatin and etoposide as
first-line therapy, everolimus as second-line, amrubicin as third-
line, and carboplatin and etoposide as fourth-line therapy, before
commencing ""Lu-oxodotreotide as fifth-line therapy. Case No.
2 had a pancreatic neuroendocrine tumor (WHO grade 2) with
synchronous multiple liver metastases. First-line therapy with
everolimus plus lanreotide resulted in disease progression,
leading to the initiation of ""Lu-oxodotreotide as second-line
therapy. Case No. 3 had a rectal neuroendocrine tumor (WHO
grade 1) with synchronous multiple liver metastases. Disease
progression occurred after first-line everolimus and second-
line lanreotide, leading to the initiation of "Lu-oxodotreotide as
third-line therapy. The treatment cycles evaluated in this study
were the 1st, 4th, and 4th cycles for the respective patients.
Renal function, estimated glomerular filtration rate from blood
tests on the day prior to "Lu-oxodotreotide administration,
was 59.5 mL/min, 686 mL/min, and 66.9 mL/min, respectively,
all within the normal range. Whole-body planar scintigraphy
images obtained after "Lu-oxodotreotide administration are
shown in Figure 3.

Table 2 presents the results regarding the collected urine
samples and removal efficiency by BSL-177. All radioactivity
values were decay-corrected to the time of "Lu-oxodotreotide
administration.

The urine collection time ranged from 15.8 to 21.9 hours, with
the total collected volume spanning 2366 to 2695 mL. The total
radioactivity excreted in the urine was 2214 to 4873 MBq, and
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Figure 2. Schematic diagram of the BSL-177 system.

Urine from the collection container is pumped into the column, where radionuclides (RI) are
adsorbed. The processed urine then flows into an empty container. Only the column containing
the adsorbed RI requires replacement and disposal. UV; ultraviolet.

the percentage of administered radioactivity excreted in the
urine ranged from 389% to 80.5%. Although not all collected
urine was processed by BSL-177 due to the disposal of some
samples for measurement, the removal processing time using
BSL-177 was 17.1 to 222 hours. The radioactivity remaining in
the urine after processing was 2.69 to 2588 MBq, resulting in a
radioactivity removal efficiency of 99.47% to 99.95%.

[Discussion]

In urine samples collected 15.8 to 21.9 hours after ""Lu-
oxodotreotide administration, the urinary excretion rate of
radioactivity was 38.9%-80.5%. Adsorption processing using
BSL-177 over 17.1-22.2 hours achieved removal rates of 99.47%-
99.95%, successfully reducing urinary radioactivity to less than
1%.

While dose reduction equivalent to 99% decay of "Lu
typically requires approximately 44 days (over 1000 hours), the
BSL-177 system completed the process in approximately 20
hours of operation, running from the end of urine collection until
the following morning or afternoon. Storing high-concentration
radioactive urine until it decays requires addressing issues
related to infectious waste, hygiene management, and space
allocation. In contrast, the BSL-177 device is compact and
requires no special construction or renovation for installation.
It eliminates the need for large-scale construction to install or
expand storage tanks and is easily introduced into general
hospitals. The operation requires only changing the cap of
the urine collection bottle, setting the inflow tube, and turning
on the switch, all of which can be completed in less than one
minute.

The introduction and dissemination of ""Lu-oxodotreotide and

"Lu-PSMA-617 in Japan remain insufficient. Mizowaki et al.
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reported that simulations based on the Japanese model predict
a significant backlog of patients awaiting targeted radionuclide
therapy °. While increasing the number of radiotherapy rooms
and special measures patient rooms, as well as strengthening
regional hospital collaborations, are necessary solutions, these
alone are insufficient; the expansion of drainage systems is
also cited as a critical element. While expanding drainage
infrastructure requires significant resource investment, this
device offers an alternative solution by reducing the load on
storage tanks. Although the task of urine collection is still
required, the system minimizes the risks of environmental
and public exposure caused by the accidental discharge of
urine containing high-concentration radioactivity into general
drainage systems.

Furthermore, it facilitates cost reduction in radioactive waste
management, reduces workload, and simplifies regulatory
compliance. The enhancement of radiation protection measures
also provides the added benefit of increasing the peace of
mind of medical staff. It is also anticipated that by integrating
advanced technology like this device into operational standards,
the institutional capacity for patient intake can be expanded,
thereby improving the overall supply capability of targeted
radionuclide therapies. In the future, installation in outpatient
settings could potentially expand options for outpatient targeted
radionuclide therapy.

Although the removal rate exceeded 99% in this study, the
evaluation was limited to three cases; therefore, continuous data
collection is necessary to confirm validity and reproducibility.
However, the mechanical design principle is simple—using a
pump to flow urine from the collection container through an
adsorption column—suggesting high reproducibility, durability,

and ease of maintenance, with simple troubleshooting in
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Figure 3. Post '’Lu-oxodotreotide therapy planar scintigraphy for each case.
Patient No. 1 had a higher amount of residual radioactivity in the body compared to the other

two cases.

the event of malfunction. Additionally, measurements were
performed on the premise that the adsorbed nuclide was "Lu,
without assuming the presence of other nuclides or "™Lu
contamination. Therefore, the adsorption rates for other nuclides
or agents other than ""Lu-oxodotreotide remain unknown.
As "Lu-PSMA-617 utilizes a "Lu-labeled preparation with a
similar chelator, it is anticipated that the adsorption rate would
not differ significantly.

A significant variation in the urinary *"Lu excretion rate
was observed among the three cases. While two cases showed
excretion rates of approximately 80%, one case showed
389%, roughly half that of the others. Since excretion of "Lu-
oxodotreotide is largely completed within 24 hours and renal
function was within the normal range for all patients with no
significant differences, this variation is unlikely to be due to
renal function. The "Lu-oxodotreotide remaining in the body
after 24 hours is bound to normal or tumor tissues. Therefore,
this difference in excretion is predicted to depend on the
amount of binding to these tissues. Post therapeutic scintigraphy
(Figure 3) also showed that Case No. 1 had a higher amount of
residual radioactivity in the body compared to the other two
cases. This suggests a strong relationship between the amount
of excreted radioactivity and the uptake by tumors in the body.
Wakabayashi et al. demonstrated a direct relationship between
the total accumulated ""Lu on scintigraphy and the external
dose rate % the amount of urinary ""Lu excretion could serve
as an indirect indicator. If tumor uptake can be evaluated, it

could become a predictor of therapeutic efficacy, providing

clinically useful data. Although this study involved a small
number of cases and other confounding factors likely affect
excreted radioactivity, further in-depth research on this clinical

correlation is desired.

[Conclusion]

The radioactivity adsorption rate from collected urine after
" u-oxodotreotide administration using BSL-177 was over 99%
in all three cases studied. As BSL-177 can serve as an active
alternative to passive methods such as storage and decay
in tanks for radioactive wastewater management, it has the
potential to become an essential element for nuclear medicine
facilities. It facilitates the appropriate provision of nuclear
medicine therapy while balancing patient safety through

radiation management with public reassurance.

[Acknowledgments]
We would like to thank the nurses at the 52 Nurse Station
of Hokkaido University Hospital, the assistants, and the patients

for their cooperation in this study.

[References]

1. Strosberg, J.; El-Haddad, G.; Wolin, E.; Hendifar, A.; Yao,
J.. Chasen, B, Mittra, E; Kunz, P. L.; Kulke, M. H.; Jacene,
H.; Bushnell, D.; O'Dorisio, T. M.; Baum, R. P.; Kulkarni,
H. R,; Caplin, M.; Lebtahi, R.; Hobday, T.; Delpassand, E
Van Cutsem, E.; Benson, A.; Srirajaskanthan, R.; Pavel, M,
Mora, J.; Berlin, J; Grande, E: Reed, N;; Seregni, E; Oberg,

23



UEERGHREFMT $6E

K. Lopera Sierra, M,; Santoro, P,; Thevenet, T Erion, J. L;
Ruszniewski, P; Kwekkeboom, D.; Krenning, E; NETTER-1
Trial Investigators. Phase 3 Trial of "Lu-Dotatate for
Midgut Neuroendocrine Tumors. N Engl ] Med 2017, 376 (2),
125-135. https://doiorg/10.1056/NEJMoal607427.

2. Singh, S; Halperin, D.; Myrehaug, S.; Herrmann, K,; Pavel,
M. Kunz, P. L; Chasen, B.; Tafuto, S, Lastoria, S;; Capdevila,
J; Garcia-Burillo, A.; Oh, D-Y.; Yoo, C,; Halfdanarson, T. R;
Falk, S; Folitar, I; Zhang, Y.; Aimone, P.; Herder, W. W.
de; Ferone, D. [""Lu]Lu-DOTA-TATE plus Long-Acting
Octreotide versus High-dose Long-Acting Octreotide for
the Treatment of Newly Diagnosed, Advanced Grade 2-3,
Well-Differentiated, Gastroenteropancreatic Neuroendocrine
Tumours NETTER-2): An Open-Label, Randomised, Phase
3 Study. The Lancet 2024, 403 (10446), 2807-2817. https://doi.
org/10.1016/S0140-6736(24)00701-3.

3. Sartor, O.; Bono, J. de; Chi, K. N.; Fizazi, K; Herrmann, K,
Rahbar, K,; Tagawa, S. T.; Nordquist, L. T.; Vaishampayan,
N. El-Haddad, G, Park, C. H; Beer, T. M.; Armour, A.; Pérez-
Contreras, W. J.; DeSilvio, M.; Kpamegan, E.; Gericke, G.;
Messmann, R. A,; Morris, M. J; Krause, B. J. Lutetium-177-
PSMA-617 for Metastatic Castration-Resistant Prostate
Cancer. New England Journal of Medicine 2021, 385 (12),
1091-1103. https://doi.org/10.1056/NEJMoa2107322.

4. Hofman, M. S; Emmett, L; Sandhu, S, Iravani, A; Joshua, A.
M.; Goh, J. C; Pattison, D. A,; Tan, T. H; Kirkwood, I. D; Ng,
S. Francis, R. J; Gedye, C.; Rutherford, N. K;; Weickhardt, A,
Scott, A. M, Lee, S-T,, Kwan, E. M,; Azad, A. A, Ramdave,
S Redfern, A. D.; Macdonald, W.; Guminski, A.; Hsiao, E,
Chua, W, Lin, P; Zhang, A. Y., McJannett, M. M.; Stockler,
M. R; Violet, J. A; Williams, S. G; Martin, A. J; Davis, L. D;
TheraP Trial Investigators and the Australian and New
Zealand Urogenital and Prostate Cancer Trials Group.
["Lu]Lu-PSMA-617 versus Cabazitaxel in Patients with
Metastatic Castration-Resistant Prostate Cancer (TheraP):
A Randomised, Open-Label, Phase 2 Trial. Lancet 2021, 397
(10276), 797-804. https://doiorg/10.1016/S0140-6736(21)00237-3.

5. Morris, M. J.; Castellano, D.; Herrmann, K.; de Bono, J. S;
Shore, N. D.; Chi, K. N.; Crosby, M.; Piulats, J. M.; Fléchon,
A Wei, X. X; Mahammedi, H; Roubaud, G Studentova, H;
Nagarajah, J.. Mellado, B; Montesa-Pino, A; Kpamegan, E.;
Ghebremariam, S, Kreisl, T. N; Wilke, C,; Lehnhoff, K,; Sartor,
0. Fizazi, K; PSMAfore Investigators. ""Lu-PSMA-617 versus
a Change of Androgen Receptor Pathway Inhibitor Therapy

for Taxane-Naive Patients with Progressive Metastatic

24

Castration-Resistant Prostate Cancer (PSMAfore): A Phase
3, Randomised, Controlled Trial. Lancet 2024, 404 (10459),
1227-1239. https://doiorg/10.1016/S0140-6736(24)01653-2.

6. Takano S.; Ogawa M.; Kobayashi N.; Ichikawa Y., Hosono
M.; Hata M. Radioactivity Concentration in the Air during
Peptide Receptor Radionuclide Therapy with [""Lu]Lu-
oxodotreotide. RADIOISOTOPES 2022, 71 (2), 135-140.
https://doi.org/10.3769/radioisotopes.71.135.

7. Inaki, A, Hirata, K.; Kambara, H.; Nomura, S.; Hattori, T,
Hosono, M. Measurement of Airborne Radioactivity in the
Inpatient Room after Administering [""Lu]Lu-PSMA-617
to Humans. Kaku Igaku 2022, 59 (1), 51-55. https://doi.
org/10.18893/kakuigaku.oa.2201.

8. Takano, S; Kobayashi, N.; Ichikawa, Y., Hata, M. [Indications
and Practice of a New Radionuclide Therapy, ""Lu-
DOTATATE in Japan]. Gan To Kagaku Ryoho 2022, 49 (8),
813-820.

9. Mizowaki, T.; Hosono, M.; Uemura, H.; Eto, M.; Oya, M,
Miyake, H.; Ikeda, M.; Kanegasaki, A.; Sakuragi, S.; Oida,
Y.; Kinuya, S. Evaluation of Appropriate Treatment
Infrastructure for Radionuclide Therapy Through Discrete
Event Simulation. Kaku Igaku 2025, 62 (1), 59-70. https://doi.
org/10.18893/kakuigaku.oa.2503.

10. Kobayashi, N.; Takano, S.; Ito, K; Sugiura, M.; Ogawa, M,
Takeda, Y., Okubo, N.; Suzuki, A.; Tokuhisa, M.; Kaneta,
T, Utsunomiya, D.; Hata, M,; Inoue, T, Hosono, M.; Kinuya,
S.; Ichikawa, Y. Safety and Efficacy of Peptide Receptor
Radionuclide Therapy with ""Lu-DOTAO0-Tyr3-Octreotate in
Combination with Amino Acid Solution Infusion in Japanese
Patients with Somatostatin Receptor-Positive, Progressive
Neuroendocrine Tumors. Ann Nucl Med 2021, 35 (12), 1332-
1341. https://doi.org/10.1007/s12149-021-01674-9.

11. Takano, S.; Inaki, A.; Hirata, K.; Sparks, R. B.; Sato, M.;
Nomura, S.; Hattori, T.; Kambara, H; Nguyen, Q. Shiga, T,
Kinuya, S.; Hosono, M. Pharmacokinetics and Dosimetry
of [""Lu]Lu-PSMA-617 and [68Ga]Ga-PSMA-11 in Japanese
Patients with PSMA-Positive mCRPC. Ann Nucl Med 2025,
39 (11), 1201-1212. https://doi.org/10.1007/s12149-025-02079-8.

12. Wakabayashi, N.; Watanabe, S.; Takeuchi, S.; Tsuchikawa,
T.; Munakata, Y.; Hirata, K.; Kimura, R.; Takenaka, J.;
Ishii, H; Kudo, K. Factors and Predictors Affecting Late
External Dose Rates and Isolation Period in Patients after
Lutetium-177-Labeled DOTA-Tyr3-Octreotate Treatment
for Neuroendocrine Tumors. Ann Nucl Med 2025, 39 (7),
696-706. https://doi.org/10.1007/s12149-025-02044-5.





