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ORIGINAL ARTICLE

Evaluation of Safety, Biodistribution, and Dosimetry of a

Long-Acting Radiolabeled Somatostatin Analog

1771 u-DOTA-EB-

TATE With and Without Amino Acid Infusion

Yuanyuan Jiang, MDD, *71 Qingxing Liu, MD,} Guochang Wang, MD,*1 Jingjing Zhang, MD,$//9Y
Zhaohui Zhu, MD,*1 and Xiaoyuan Chen, PhDg//]**

Purpose: Kidney is considered to be one of the dose-limiting organs in pep-
tide receptor radionuclide therapy (PRRT). Amino acid cocktail infusion has
been applied to reduce renal absorbed dose by inhibiting the proximal tubu-
lar reabsorption of the radiopeptide. An Evans blue-modified ' "Lu-labeled
octreotate ('"’Lu-DOTA-EB-TATE) has an extended circulation in the
blood, which may make the amino acid infusion unnecessary. The aim of
this study was to evaluate the safety, biodistribution, and dosimetry of
'7"Lu-DOTA-EB-TATE with and without amino acid infusion.

Patients and Methods: Ten patients with metastatic neuroendocrine tumors
were randomly divided into 2 groups. The effect of amino acid infusion on
renal uptake was assessed in a crossover randomized setting. Group A re-
ceived '""Lu-DOTA-EB-TATE at a dose of 3.7 GBq without amino acid in-
fusion for the first cycle and with amino acid infusion for the second cycle;
group B received '7’Lu-DOTA-EB-TATE at a dose of 3.7 GBq with amino
acid infusion for the first cycle and without amino acid infusion for the sec-
ond cycle. All patients underwent serial whole-body planar imaging at 1, 24,
96, and 168 hours and SPECT scan at 24 hours after radioligand administra-
tion. Abdominal CT was performed 2 days before PRRT for SPECT/CT fu-
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sion. The dosimetry was calculated using the HERMES software. Dosime-
try evaluation was compared on a between-group and intrapatient basis.
Results: Administrations of '”’Lu-DOTA-EB-TATE with or without amino
acids were well tolerated. No grade 4 hematotoxicity was observed in any of
the patients. Grade 3 thrombocytopenia was reported in 1 patient. No neph-
rotoxicity of any grade was recorded. No significant difference was ob-
served in creatinine (75.1 £ 21.7 vs 67.5 £+ 18.1 umol/L, P = 0.128), blood
urea nitrogen (4.5 + 0.8 vs 5.1 + 1.4 mmol/L, P = 0.612), or GFR
(109.3 £25.2 vs 100.9 + 24.9 mL/min, P = 0.398) before and after PRRT.
For each cycle, there was no significant difference in whole-body effective
dose, kidney effective dose, as well as residence time of the kidneys between
group A and B (P > 0.05). By intrapatient comparison, without and with
amino acid infusion also did not show significant difference in whole-body ef-
fective dose (0.14 + 0.05 vs 0.12 + 0.04 mSv/MBgq, P = 0.612), kidney effec-
tive dose (1.09 £ 0.42 vs 0.73 = 0.31 mSv/MBgq, P = 0.093), and residence
time of the kidneys (2.95 + 1.58 vs 3.13 £ 1.11 hours, P = 0.674).
Conclusions: '’Lu-DOTA-EB-TATE PRRT with and without amino acid
infusion demonstrated a favorable safety profile in neuroendocrine tumor
patients. Administration of '”’Lu-DOTA-EB-TATE without amino acid in-
fusion has acceptable slightly increased kidney absorbed dose and residence
time of the kidneys, and does not affect kidney function. Further investiga-
tion in a larger cohort and long-term follow-up are warranted.

Key Words: '""Lu-DOTA-EB-TATE, peptide receptor radionuclide therapy,
neuroendocrine tumors, amino acid infusion

(Clin Nucl Med 2023;00: 00-00)

N euroendocrine tumors (NETS) are a heterogeneous group of neo-
plasms arising from diffuse neuroendocrine system cells and are
characterized by a high level of expression of somatostatin receptors. In
somatostatin receptor—positive NETSs, peptide receptor radionuclide
therapy (PRRT) with targeted radiolabeled somatostatin analogs
(SSAs) such as **Y-DOTATOC and '""Lu-DOTATATE produced
a selective treatment effect by delivering radionuclides directly to
tumor cells.

During PRRT, the kidney is the dose-limiting organ since it
excretes and reabsorbs radiolabeled SSA, leading to a high renal ra-
diation dose, which may cause kidney injury."* Megalin/cubilin
play an important role for renal proximal tubule reabsorption of
the radiolabeled SSA.>* Studies have shown that infusion of amino
acids (lysine and arginine) significantly reduced the renal reuptake
of radiolabeled SSA, by competing with the megalin/cubilin com-
plex on the membrane of proximal tubular cells.”®

However, amino acid infusion may also have some disadvan-
tages, for example, their hy7perosmolarity and their propensity to
cause nausea and vomiting.” The coadministration of amino acids
also complicates the PRRT procedure. The radiopharmaceutical in-
fusion alone is usually completed within 30 minutes. While with
amino acid infusion, the whole procedure takes more than 4 hours.
Atpresent, '”"Lu is the most frequently used radionuclide in PRRT,
and the renal toxicity with '7’Lu-PRRT is much less common than

www.nuclearmed.com | 1

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
This paper can be cited using the date of access and the uniqgue DOI number which can be found in the footnotes.


mailto:chen.shawn@nus.edu.sg
mailto:13611093752@163.com
mailto:j.zhang@nus.edu.sg
www.nuclearmed.com

€202/6T/¥0 U0 8SWAPSIHAdeNY+NdSZATIPIBIF09I0OYUoAg M|+ VAUSbWI L1 YHAMHJ®SINAUE Ag Wwoiy papeojumod

Jiang et al

Clinical Nuclear Medicine ¢ Volume 00, Number 00, Month 2023

TABLE 1. Demographic and Clinical Characteristics of the Enrolled Patients

Patient No. Age,y Sex Primary Site Grade (Ki-67 Index)

Previous Treatment

Injected Dose for the Injected Dose for the
First Cycle, GBq  Second Cycle, GBq

1 49 M Pancreas G2 (5%) SSA, chemotherapy 3.96 3.77

2 41 F Pancreas G2 (15%) Surgery, SSA 4.14 3.77

3 45 F Pancreas G3 (25%) Surgery, chemotherapy, tyrosine 4.07 NA
kinase inhibitor

4 34 M Pancreas G2 (10%) Surgery, SSA, chemotherapy, everolimus, 3.85 3.81
tyrosine kinase inhibitor

5 39 M Pancreas G2 (3%) SSA, TACE, PRRT 3.74 NA

6 60 M  Rectum G2 (9%) SSA 3.19 3.33

7 57 F Pancreas G2 (5%) Surgery, SSA, everolimus 3.40 3.29

8 43 M Pancreas G2 (10%) SSA, chemotherapy, tyrosine 3.17 3.37
kinase inhibitor

9 60 M Pancreas G2 (3%) SSA, chemotherapy, tyrosine 342 3.67
kinase inhibitor

10 55 F Pancreas G2 (20%) Surgery, SSA, PRRT 332 3.11

M, male; F, female; SSA, somatostatin receptor; TACE, transarterial chemoembolization; NA, not applicable.

%OY.PRRT.5'? A study of 807 patients reported that PRRT with
"7"Lu was less likely to result in renal toxicity than PRRT with
%Y. The rate of occurrence of renal toxicity in patients treated with
"7"Lu-PRRT was 13.4% in comparison to 33.6% with *°Y-PRRT."?
This is because '”’Lu emits lower energy P-particles with shorter
range than *°Y, leading to lower irradiation of the kidneys. '”’Lu-
DOTA-EB-TATE is based on a modification of '”’Lu-DOTATATE
with Evans blue (EB), which binds reversibly to serum albumin to
greatly extend the circulation half-life."*'> Compared with '""Lu-
DOTATATE, '"’Lu-DOTA-EB-TATE will have much less renal
clearance due to the larger size of the EB-TATE/albumin complex.
Taken together, the amino acid infusion in'”’Lu-DOTA-EB-TATE
PRRT seems unnecessary. We thus hypothesize that '’’Lu-DOTA-
EB-TATE PRRT without amino acid infusion may also demonstrate
acceptable renal toxicity profile. The aim of this study was to eval-
uate the safety, biodistribution, and dosimetry of 77 u-DOTA-EB-
TATE with and without amino acid infusion.

PATIENTS AND METHODS

Patients

This study was approved by the Institutional Review Board
of Peking Union Medical College Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, and regis-
tered at the Clinicaltrials.gov (NCT03478358). A total of 10 pa-
tients with advanced metastatic NETs were prospectively recruited
in this study. All patients gave written informed consent. The inclu-
sion criteria were the same as in our prior study.'® The patients were
randomly divided into 2 groups: group A (n = 5; male/female = 3/2;
mean age, 43 + 7 years) and group B (n = 5; male/female = 3/
2; mean age, 56 + 8 years).

Treatment Regimen and Safety Evaluation
The preparation of DOTA-EB-TATE and labeling of '”"Lu
were performed as published previously.!” The treatment was
Planned for 2 cycles at 8-12 weeks intervals. Group A received
""Lu-DOTA-EB-TATE without amino acid infusion for the first
cycle (IV administration of 500 mL of 0.9% NaCl starting
30 minutes before '’’Lu administration) and with amino acid infu-
sion (25 g lysine + 25 g arginine diluted in 2 L of normal saline in-
fused over 4 hours, starting 30 minutes before '’"Lu administration)

2 | www.nuclearmed.com

for the second cycle; group B received '”’Lu-DOTA-EB-TATE
with amino acid infusion for the first cycle and without amino acid
infusion for the second cycle. '""Lu-DOTA-EB-TATE diluted in
100 mL of normal saline was coadministered slowly in an IV infu-
sion for over 30 minutes. The dose of '”’Lu-DOTA-EB-TATE was
empirically set to be 3.7 GBq/cycle. The average administered ac-
tivity was 3.58 + 0.32 GBq per cycle.

Hematological parameters, liver, and renal function (creati-
nine and blood urea nitrogen [9BUN]) at baseline, 1 week, and
4 weeks after PRRT were tested. °*™Tc-DTPA dynamic renal imag-
ing for the determination of the GFR was performed at baseline and
8 weeks after each cycle of PRRT. Treatment-related adverse events
were graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 5.0.

SPECT/CT

Administration of '”’Lu-DOTA-EB-TATE was followed by
serial whole-body planar imaging at 1, 24, 96, and 168 hours with
a standard marker of 11.1 MBq at the level of lateral malleolus.
SPECT imaging at 24 hours was acquired. Whole-body scintigra-
phy and SPECT imaging were performed with a dual-head SPECT
scanner (E.CAM; Siemens Medical Solutions), a low-energy high-
resolution collimator, a 20% energy window, a peak at 140 keV, a
scan speed of 15 cm/min for whole-body imaging, and 32 frames
with a 40-second exposure time per frame for each tomographic
scan. Abdominal CT was performed 2 days before PRRT for
SPECT/CT image fusion.

Dosimetry Calculation

Dosimetry calculations were performed using the HERMES
software (HERMES Medical Solutions, Stockholm, Sweden) based
on the hybrid planar-SPECT/CT method. The quantitative dosime-
try analysis was performed on the 24 hours whole-body images by
drawing regions of interest manually over the source organs, includ-
ing kidneys, liver, spleen, and urinary bladder. The regions of
interest drawn on the 24 hours images were then replicated on the
remaining whole-body images acquired at different times. Source
organ volumetric contours were delineated manually on SPECT/
CT fusion images. The time-activity curves obtained were using
biexponential functions. The integration of these curves provided
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FIGURE 1. Changes in creatinine, BUN, and GFR at baseline, 1 week, and 4 weeks after each cycle of PRRT.

the residence times of the region. Absorbed dose for kidney and
whole-body effective dose were determined with HERMES software.

Statistical Analysis

Calculations were performed using SPSS Statistics for Win-
dows version 26.0 (IBM Corp, Armonk, NY). Quantitative data
were expressed as mean + standard deviation. Two sample ¢ tests
were used to evaluate differences between the 2 groups. Intrapatient
comparisons within each group were performed using the nonpara-
metric Wilcoxon signed rank test. A P value less than 0.05 was con-
sidered statistically significant.

RESULTS

Patients

All 10 patients received the first cycle of PRRT. Eight pa-
tients received the second cycle, including 3 in group A and 5 in
group B. One patient in group B died of pulmonary infection
1 month after the second cycle, thus hematological parameters,
and liver and renal function after therapy were not available. This
patient was included for dosimetry calculation but excluded from
the safety analysis of the second cycle. The details of patients’ clin-
ical characteristics were listed in Table 1.

Safety

Administrations of '”’Lu-DOTA-EB-TATE with or without
amino acids were well tolerated. No life-threatening grade
4 hematotoxicity was observed in any of the patients. Grade 3
hematotoxicity (thrombocytopenia) was reported in 1 patient. No
nephrotoxicity or hepatotoxicity of any grade was recorded. There
was also no nephrotoxicity of any grade observed during the
follow-up after the completion of PRRT (follow-up period,
8 months). Compared with baseline, no significant change was ob-
served in creatinine, BUN, or GFR after the first cycle (creatinine:
75.9 £23.2 vs 67.0 £ 13.9 umol/L, P =0.114; BUN: 4.8 + 1.5 vs
5.6 + 3.3 mmol/L, P =0.515; GFR: 105.2 + 26.1 vs 109.9 £+ 33.0
mL/min, P = 0.953) and the second cycle (creatinine: 75.1 + 21.7

Kidney effective dose

vs 67.5 = 18.1 umol/L, P = 0.128; BUN: 45 + 0.8 vs 5.1 + 14
mmol/L, P = 0.612; GFR: 109.3 £+ 25.2 vs 96.9 £+ 29.0 mL/min,
P = 0.237). The mean creatinine, BUN, and GFR at baseline,
1 week, and 4 weeks after each cycle are shown in Figure 1.

Dosimetry

For the first cycle, whole-body effective dose (0.13 £ 0.25 vs
0.11 + 0.31 mSv/MBq, P = 0.117) and kidney effective dose
(1.10£0.43 vs 0.62 £0.26 mSv/MBq, P=0.076) in group A (with-
out amino acids) were not significantly different from those in
group B (with amino acids). The residence times of the kidneys
were 3.72 + 1.49 hours in group A and 2.12 + 0.96 hours in group
B (P =0.076). As to the second cycle, there was also no significant
difference in whole-body effective dose (0.15 £ 0.02 vs
0.14 £ 0.07 mSv/MBq, P = 0.881) and kidney effective dose
(0.91 £ 0.34 vs 0.98 + 0.41 mSv/MBq, P = 0.655) between group
A (with amino acids) and group B (without amino acids). The res-
idence times of the kidneys were 2.98 + 0.97 hours in group A and
3.23 £ 1.29 hours in group B (P = 0.881). By intrapatient com-
parison, without and with amino acid infusion also did not show
significant difference in whole-body effective dose (0.14 £ 0.05
vs 0.12 = 0.04 mSv/MBq, P = 0.612), kidney effective dose
(1.09 £ 0.42 vs 0.73 = 0.31 mSv/MBq, P = 0.093), and residence
time of the kidneys (2.95 + 1.58 vs 3.13 + 1.11 hours, P = 0.674)
(Fig. 2). A representative example of '”’Lu-DOTA-EB-TATE with
and without amino acid infusion is shown in Figure 3. Estimated ef-
fective doses of '"’Lu-DOTA-EB-TATE with and without amino
acid infusion in normal organs are shown in Figure 4.

DISCUSSION

"""Lu-DOTA-EB-TATE was based on the modification of
"""Lu-DOTATATE with EB motif, which binds reversibly to serum
albumin, leading to extended circulation half-life and much in-
creased tumor uptake.'* Our prior dosimetry study showed that ab-
sorbed dose to the kidneys from '”’Lu-DOTA-EB-TATE was
1.15 £+ 0.92 mSv/MBgq, which is 3.2 times higher than that of
771 u-DOTATATE, "> but still far less than the maximum absorbed

Residence time of the kidneys
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FIGURE 2. Intrapatient comparison of effective dose and residence time of the kidneys of ' /Lu-DOTA-EB-TATE with and without

amino acid infusion.
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without amino acid infusion

1h 24h 96h 168h

’ s €y €

without amino acid infusion.

doses.'®2° The subsequent dose escalation study with multiple cy-
cles further supported the safety of '”’Lu-DOTA-EB-TATE. In that
study, none of the patients experienced grade 2/3/4 nephrotoxicity,
suggesting that """Lu-DOTA-EB-TATE is well tolerated and pro-
duces no nephrotoxicity with a cumulative activity of up to
11 GBq.?' In the present study, similarly, none of the patients had
nephrotoxicity of any grade during PRRT or on follow-up. This in-
dicated that '"’Lu-DOTA-EB-TATE without amino acid infusion is
also safe with no renal toxicity observed. This finding was expected
as '”’Lu-PRRT generally induces very low rate of nephrotoxicity in
comparison to ~ Y-PRRT. As the radiosensitive glomerulus is ap-
proximately 6 mm far from the inner cortex boundary, its crossfire
irradiation by the radioactivity reabsorbed by the proximal tubules
& depends on the radionuclide [3 range.”? The range of R-particles
% emitted by '7’Lu is shorter than that of *°Y (0.2 vs 1.1 ¢cm), thus

/6T/70 U0 8SWAPSHATRNY+NdSZTATIPBIZ09IOYUOAGIIM|+VAUSDWI LI yHAMHJ®SHAIQUE Aq woly papeojumod

B with amino acid infusion
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FIGURE 3. Representative whole-body posterior projection images of a 41-year-old woman at 1, 24, 96, and 168 hours after IV
administration of '””Lu-DOTA-EB-TATE with and without amino acid infusion. The renal uptake was somewhat lower at 1 hour
after administration with amino acid infusion, but the accumulation in the kidneys from 24 hours to 168 hours was similar with or

leading to lower irradiation of the glomerulus and overall lower risk
of nephrotoxicity.

In this study, between-group and intrapatient comparisons re-
vealed that, without amino acid infusion, the absorbed dose to the
kidneys was slightly increased, but the difference was not statisti-
cally significant. A probable explanation was that, as the inhibitory
effect of amino acids on renal uptake of radioactivity dramatically
decreased over time, '’Lu-DOTA-EB-TATE was still retained in
the kidneys due to prolonged circulation time, renal clearance,
and reabsorption in the proximal tubule, thus, the absorbed dose
to the kidneys after amino acid infusion was stopped might not be
influenced. Our data showed that, without amino acid infusion,
the absorbed dose to the kidneys was 1.09 + 0.42 mSv/MBq. On
the basis of a generally accepted maximum absorbed dose of
23-29 Gy to the kidneys, a maximal dose of 21 GBq of '""Lu-

I 177Lu-DOTA-EB-TATE with amino acid
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FIGURE 4. Estimated effective dose of '”/Lu-DOTA-EB-TATE with and without amino acid infusion in normal organs.
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DOTA-EB-TATE can be given to a patient if the amino acid cocktail
was not administered. Our prior study showed that 1.85 GBq or
3.7 GBg/cycle of '""Lu-DOTA-EB-TATE appeared as effective as
the standard '"’Lu-DOTATATE PRRT of 5.5-7.4 GBg/cycle.'®?!
Therefore, !"’Lu-DOTA-EB-TATE without amino acid infusion
was able to achieve satisfactory therapeutic efficacy with an admin-
istered activity, which is much lower than the dosage that delivers
the maximum absorbed dose of 23 Gy to the kidneys. Without
amino acid infusion, the infusion period is shortened by 3 hours;
the procedure is thus greatly simplified and clinically more suitable.
Although conventional amino acid infusion regimen seems not to
show enough effect on inhibiting the renal reuptake of radioactivity
in '""Lu-DOTA-EB-TATE PRRT, other strategies are still needed to
be investigated to reduce renal retention, thus enabling even higher
dose of '""Lu-DOTA-EB-TATE to be administered.

One limitation of this study is that the number of patients is
rather small. Future studies with more patients treated with '”’Lu-
DOTA-EB-TATE without amino acid infusion are necessary to
consolidate our findings. Another limitation of this study is that
whole-body and SPECT imaging were performed using a
low-energy collimator rather than a medium-energy collimator.
The dose calculation of kidneys may be somewhat affected. Even
so, our results were still valid to reflect insignificant difference in
kidney dose calculated with and without amino acid infusion.

CONCLUSIONS

The administration of '"’Lu-DOTA-EB-TATE without
amino acid infusion has acceptable slightly but insignificantly in-
creased kidney absorbed dose and residence time of the kidneys,
which does not affect kidney function. Without amino acid infusion,
the infusion period could be considerably shortened, the procedure
is thus greatly simplified, and the adverse effects of amino acid in-
fusion might be avoided. Further investigation in a larger cohort and
long-term follow-up are warranted.
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