
 

 
 

 

 
Cancers 2022, 14, 5212. https://doi.org/10.3390/cancers14215212 www.mdpi.com/journal/cancers 

Article 

Amino Acid Solutions for 177Lu-Oxodotreotide Premedication:  

A Tolerance Study 

Pierre Courault 1,2,†, Agathe Deville 1,†, Vincent Habouzit 1, Frédéric Gervais 3, Claire Bolot 1, Claire Bournaud 1  

and Elise Levigoureux 1,2,* 

1 Hospices Civils de Lyon, Groupement Hospitalier Est, 69677 Bron, France 
2 Lyon Neuroscience Research Center, CNRS UMR5292, INSERM U1028, Université Claude Bernard Lyon 1, 

69677 Bron, France 
3 Service de Pharmacie, Groupement Hospitalier Centre, Hospices Civils de Lyon, 69003 Lyon, France 

* Correspondence: elise.levigoureux@chu-lyon.fr 

† These authors contributed equally to this work. 

Simple Summary: [177Lu]oxodotreotide (Lutathera®) was approved by the European Medical 

Agency in 2017 and the Food and Drug Administration in 2018 for the treatment of somatostatin 

receptor-positive gastroenteropancreatic neuroendocrine tumors as the first radiopharmaceutical 

for peptide receptor radionuclide therapy (PRRT). PRRT premedication using an amino acid solu-

tion is the standard regimen for renal protection. In this way, our nuclear medicine department used 

two types of amino acid perfusion. Firstly, a commercial solution containing a mixture of amino 

acids and, next, a lysine–arginine preparation. We aimed to estimate the tolerance profile and risk 

factors of adverse events with both solutions. In our large cohort of patients (76 patients for 236 

cycles), we confirmed the better tolerance of the lysine–arginine preparation. The risk factors iden-

tified were being of the female sex and the use of the commercial solution. To our knowledge, this 

is the first study to evaluate the tolerance of amino acid solutions with real-life patient data in a 

large cohort. 

Abstract: Background: The co-infusion of amino acid solutions during peptide receptor radionu-

clide therapy reduces the tubular reabsorption of 177Lu-oxodotreotide, thus minimizing nephrotox-

icity. In our nuclear medicine department, the patients received two different types of amino acid 

perfusion over time: a commercial solution (CS) containing 10% amino acids, and a 2.5% lysine–

arginine (LysArg) hospital preparation, produced by a referral laboratory. The aim of the present 

study was to analyze the tolerance of the two amino acid solutions. Methods: The patient files were 

analyzed and double-checked. The study parameters comprised the gender, age, primary tumor 

site, type of amino acid perfusion, adverse events (AE) and WHO AE grades, antiemetic premedi-

cation, creatinine, and serum potassium level. Results: From February 2016 to February 2019, 76 

patients were treated, for a total 235 cycles. AEs occurred in 71% of the CS cycles (n = 82/116), versus 

18% (n = 21/119) in the LysArg group (p < 0.0001). In the CS group, the AEs were mostly WHO grade 

4 (n = 24/82), and mostly grade 1 in the LysArg group (n = 13/21). Poisson regression showed a 

higher risk of AE overall and of grades 3 and 4 in the females and with CS. The mean creatinine 

clearance was identical before and after the PRRT cycles, whichever amino acid perfusion was used. 

Conclusion: The lysine–arginine preparation showed better tolerance than the commercial solution. 

The change to LysArg reduced the antiemetic premedication from four molecules to one. 

Keywords: 177Lu-oxodotreotide; peptide receptor radionuclide therapy; premedication; amino acid 

perfusion 
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1. Introduction 

Neuroendocrine tumors (NETs) are part of a heterogeneous group of neoplasms de-

veloping from the neuroendocrine system. Their incidence and prevalence have been 

steadily rising in recent decades, due to better diagnostic methods, early-stage disease 

detection and improved survival [1]. According to a recent retrospective epidemiologic 

study by the National Cancer Institute’s Surveillance, Epidemiology and End Results 

(SEER) program, the incidence is around 6.98/100,000 per year [2]. The most common gas-

trointestinal NETs are those developed from the small intestine or rectum, pancreas and 

stomach or appendix. From 12% to 22% of patients are metastatic at presentation. Gastro-

intestinal NETs are associated with <50% 5-year survival in the cases of metastatic disease 

[3]. However, there are no prognostic classifications at the metastatic stage, except for the 

distribution of the metastatic extensions [4]. The survival for all NETs has improved over 

time, reflecting the improvement in therapies [5,6]. Recently, the experts suggested clas-

sifying NETs into two main categories, well or poorly differentiated, according to the mi-

totic and genetic features [7,8]. According to the current 2017 ENETS guidelines [9], the 

first-line systemic therapy usually consists of somatostatin analogues to control both the 

hormonal secretion and tumor growth. Other therapeutics have been developed: chemo-

therapy, targeted therapy or, in tumors overexpressing somatostatin receptors, peptide 

receptor radionuclide therapy (PRRT) [5,6,10,11]. The NETTER-1 study first showed that 

PRRT using 177Lu-oxodotreotide provided increased progression-free survival as com-

pared to double-dose octreotide in patients with metastatic and progressive midgut NET 

[3]. Although the difference in the final overall survival was not significant, the 11.7-

month difference seen in the median overall survival seems clinically relevant [12]. 177Lu-

oxodotreotide is indicated for the treatment of unresectable or metastatic, progressive, 

well-differentiated (G1 and G2), somatostatin receptor-positive gastroenteropancreatic 

NET. However, the clinical studies also report adverse events (AEs) such as nephrotoxi-

city with PRRT. Thus, in the 177Lu-oxodotreotide summary of product characteristics, the 

administration procedure stipulates that an amino acid solution must be administered 

intravenously, 30 min prior to the 177Lu-oxodotreotide administration, for 4 h to prevent 

nephrotoxicity. The manufacturer recommends that the standard amino acid solution 

should be compounded with 25 g/L lysine and arginine in a 0.9% sodium chloride solution 

for injection. 

Our nuclear medicine department used two types of amino acid perfusion. Firstly, 

due to the unavailability of a solution based only on lysine and arginine, and unduly re-

strictive manufacturing specifications by the French authorities, we performed the 

nephroprotection using a commercial solution (CS) containing a mixture of amino acids. 

However, due to the almost systematic digestive AEs, an alternative was subsequently 

developed. A lysine-arginine preparation (LysArg) was subcontracted to a laboratory and 

used in place of the CS. The present study describes the use of these two solutions in a 

large cohort of patients. The main aim of the study was to analyze the tolerance for the 

two amino acid perfusions. 

2. Material and Methods 

2.1. Patients 

The patients were recruited from our nuclear medicine department. The treatment 

decision was approved by a multidisciplinary regional NET board (RENATEN), certified 

by the French National Institute of Cancer. The criteria for the PRRT comprised: a well-

differentiated, progressive NET on the RECIST criteria, under octreotide treatment, in pa-

tients with a Karnofsky index ≥ 60, inoperable or metastatic tumors (grade 1 or 2, Ki67 < 

20%), and an overexpression of somatostatin receptors. The exclusion criteria were similar 

to those in the NETTER-1 study, including a serum creatinine level above 150 μmol per 

liter, severe medullary insufficiency and hepatocellular failure, treatment with octreotide 

LAR, any surgery, liver-directed transarterial therapy, or chemotherapy within 12 weeks 
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before randomization [3]. The PRRT consisted of four cycles of 177Lu-oxodotreotide every 

8 weeks. After providing informed consent, the patients treated by 177Lu-oxodotreotide 

PRRT for somatostatin receptor-positive gastroenteropancreatic NET between February 

2016 and February 2019 were included. In accordance with French legislation, all the pa-

tients were informed about the use of their clinical data. One patient declined the collec-

tion of his data. 

2.2. Data Collection 

The clinical and paraclinical data were recorded prospectively during the hospital 

stay, then analyzed retrospectively with double-checking by two operators. The pre-treat-

ment data were recorded the day before the PRRT. The clinical data were collected from 

the paper or computerized medical files and nursing traceability forms. The patients were 

monitored throughout their hospital stay, and all the AEs were recorded. The paraclinical 

data comprised: a pre-treatment electrocardiogram (EKG) and blood sample (complete 

blood count, serum electrolytes, creatinine and creatinine clearance and liver function). A 

post-treatment EKG was performed the day after the PRRT. The same biological parame-

ters were assessed twice a month after discharge. The study parameters comprised: gen-

der, age, primary tumor site, type of amino acid perfusion, liver metastasis, AEs and WHO 

grades, antiemetic premedication, creatinine clearance and kalemia. 

2.3. Assessment of Adverse Events 

In the light of the ERASMUS and NETTER-1 studies [3,12,13], the following AEs were 

systematically investigated: nausea/vomiting, diarrhea, flush, headache and nephrotoxi-

city. The most frequent were graded on the WHO scale [14]: nausea/vomiting (grade 0 = 

none; 1 = nausea; 2 = transient vomiting; 3 = treatment-seeking vomiting; 4 = intractable 

vomiting), diarrhea (grade 0 = none; 1 = transient < 2 days; 2 = tolerable > 2 days; 3 = intol-

erable requiring treatment; 4 = dehydration/hemorrhagic diarrhea), flushes (grade 0 = 

none; 1 = mild; 2 = moderate; 3 = interfering with activities of daily life) and headache 

(grade 0 = none; 1 = mild; 2 = moderate, interfering with usual functioning; 3 = impaired 

activities of daily living). The AE grade data were analyzed and checked double-blind; in 

case of a discrepancy, a third evaluation was performed. 

2.4. Amino acid Composition 

Two types of amino acid solutions were administered during the study period. The 

first, used from February 2016 to November 2017, was a commercial solution only (CS) 

containing a 10% amino acid mixture. After November 2017, the second was a 2.5% L-

lysine and L-arginine hospital preparation only (LysArg), produced by a referral labora-

tory. Figure 1 summarizes the timeline use of the amino acid solutions. The amino acid 

solutions were administered according to the recommendations, i.e., 30 min prior to the 
177Lu-oxodotreotide administration, for 4 h to prevent nephrotoxicity. The details of the 

composition and characteristics of these solutions are summarized in Table 1. 
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Figure 1. Flow-chart representing timeline use of different amino acid solutions (CS: commercial 

solution; LysArg: L-lysine L-arginine). From February 2016 to February 2019, all patients were 

treated with CS solution. After November 2017, all patients were treated with LysArg preparation. 

PPRT consisted of 4 cycles (1 to 4) of [117Lu]oxodotreotide every 8 weeks. 

Table 1. Composition of the two solutions. 

Characteristics Commercial Solution 10% Lysine-Arginine 2.5% Preparation 

A
m

in
o

 A
ci

d
 C

o
m

p
o

si
ti

o
n

 (
g

/L
) 

L-Lysine 11.00 25 

L-Arginine 8.40 25 

L-Isoleucine 6.70 - 

L-leucine 10.00 - 

L-Valine 7.60 - 

L-Methionine 2.40 - 

L-phenylalanine 4.20 - 

L-Threonine 3.70 - 

L-Tryptophan 2.00 - 

L-Histidine 3.80 - 

L-Alanine 8.00 - 

L-Aspartic acid 6.00 - 

L-Cysteine 1.89 - 

L-Glutamic Acid 10.00 - 

Glycine 4.00 - 

L-Proline 3.00 - 

L-Serine 4.00 - 

L-Tyrosine 0.45 - 

L-Ornithine hydrochloride 3.18 - 

L-Taurine 0.60 - 

Osmolarity (mOsm/L) 780 420–480 

Volume administered (L) 2 1 

2.5. Data Analysis 

Student’s t-tests assessed the intergroup homogeneity for age and antiemetic use. 

Chi-square tests compared the primary tumor site distribution and AE WHO grade dis-

tribution. Chi-square tests with Yates’ correction compared the gender. Fisher exact tests 

compared the AE grade frequency. A Poisson regression model assessed the influence of 

2.5% LysArg PreparationCommercial Solution

February 2016 November 2017 February 2019

1 2 43

1 2 43

1 2 43

CS premedication

LysArg premedication

Patient A

Patient B

Patient C
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various factors (gender, age, amino acid solution, number of cycles, presence of liver me-

tastasis) on the occurrence of AE (any grade) versus no AE, and serious AE (grades 3 and 

4) versus other conditions (no AE, or grade 1 or 2), overall and on the subgroup analysis, 

according to the amino acid solution (CS, LysArg). The results were expressed as the rel-

ative risk (RR). Chi-square tests with Yates’ correction assessed the intergroup differences 

in the onset of transient kidney failure or dyskalemia. For all the analyses, the significance 

threshold was set at p < 0.05. 

3. Results 

From February 2016 to February 2019, 76 patients (M/F sex ratio = 1.22) were treated, 

for a total 235 cycles. Two groups were distinguished, according to the nephroprotective 

premedication: 46 patients received ≥1 LysArg administration, for a total of 119 cycles, 

and 40 received ≥1 CS administration, for a total of 116 cycles. Ten patients received both 

solutions. No statistical differences were found between the groups for age (p = 0.678), 

gender (p = 0.531) and primary site (p = 0.884). Tables 2 and 3 show the epidemiologic data 

and primary site distribution, respectively, per group. 

Table 2. Demographic data. There were no significant differences between groups for age and sex-

ratio. 

Amino acid Group LysArg Preparation Commercial Solution Total 

n patients 46 40 76 

n cycles 119 116 235 

Mean Age 64 ± 9 65 ± 11 64 ± 10 

Gender M/F 27/19 20/20 42/34 

Table 3. Primary tumor site distribution in the two groups (n = 86; 10 patients received both solu-

tions and are counted in both groups). 

Primary Tumor Site LysArg Preparation Commercial Solution Total 

Intestine 32 (70%) 30 (74%) 62 (72%) 

Pancreas 7 (15%) 6 (15%) 13 (15%) 

Bronchi 3 (6.5%) 2 (5%) 5 (6%) 

Rectum 3 (6.5%) 1 (2.5%) 4 (5%) 

Unknown 1 (2%) 1 (2.5%) 2 (2%) 

3.1. Adverse Events 

AEs occurred in 71% of the cycles (n = 82/116) in the CS group, versus 18% (n = 21/119) 

in the LysArg group (p < 0.0001; Figure 2A,B). The most frequent were nausea and vomit-

ing (n = 83/103), flush (n = 9/103), diarrhea (n = 6/103) and headache (n = 5/103). One patient 

declined to continue the PRRT after the first cycle, due to grade 4 vomiting after the CS 

injection. Table 4 summarizes the individual adverse events that occurred in the patients, 

per group, and the statistical subgroup analyses, per the adverse event. 
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Figure 2. Percentage adverse events (AEs) in all patients (n = 76) treated with the commercial solu-

tion (CS) or the lysine–arginine preparation (LysArg) (A), in 10 patients who received both solutions 

(B) and distribution according to WHO grade (C). Significant levels: * p<0.05; ** p<0.01; *** p< 0.001 

and **** p<0.0001. Bars plot SD values. 

Table 4. Individual adverse event occurring in patients per group. 

Adverse Events LysArg Preparation Commercial Solution p-value Total 

Nausea-vomiting 13 (11%) 70 (60.5%) <0.001 83  

Flush 6 (5%) 3 (2.6%) 0.50 9  

Diarrhea 2 (2%) 4 (3.4%) 0.44 6  

Headache 0 5 (4.5%) 0.02 5  

Total 21 (18%) 82 (71%) <0.001 103  

In the CS group, the AEs were WHO grade 1, 2, 3 and 4 in, respectively, 20% (23/116), 

20% (23/116), 10% (12/116) and 21% (24/116) of the cycles. In the LysArg group, the AEs 

were grade 1, 2 and 3 in, respectively, 11% (n = 13/119), 4% (n = 5/119) and 3% (n = 3/119) 

of the cycles. Figure 2C displays the significant intergroup difference in the AE distribu-

tion (p = 0.008). Significant differences in frequency were found for AE grades 2, 3 and 4 

(p = 0.0002, 0.016 and <0.0001, respectively) but not for grade 1 (p = 0.07). Interestingly, 10 

patients, for a total of 36 cycles, received both solutions; 65% (n = 11/17) of the CS cycles 

were complicated by an AE, versus 16% of the LysArg cycles (n = 3/19) (p = 0.0077) (Figure 

2B). Poisson regression showed a higher risk of AE of any grade in the females (RR = 1.75; 

95%CI, 1.19–2.57) and with CS (RR = 4.09; 95%CI, 2.41–6.95) (Figure 3A). In the CS sub-

group analysis (Figure 3B), Poisson regression again showed higher risk of an AE in the 

females (RR = 1.67; 95%CI, 1.15–2.41). In the LysArg subgroup analysis (Figure 3C), the 

gender showed no influence on the AEs, and the patients experienced significantly fewer 

AEs in the second than in the first cycle, showing the second cycle to be a protective factor 

(RR = 0.35; 95%IC, 0.13–0.91). Poisson regression showed a higher risk of a grade 3 or 4 

AE in the females (RR = 7.64; 95%CI, 2.90–20.18) and with the CS (RR = 12.90; 95%CI, 2.97–
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56.00) (Figure 4). No differences emerged according to the number of cycles, presence of 

liver metastasis or age. 

 

Figure 3. Relative risk calculated with Poisson regression for (A) all types of AE in the LysArg group, 

compared to the CS group; (B) all types of AE in the CS only and (C) LysArg only. Determinants 

were age, gender, number of cycles and presence of liver metastasis. 

A

B

C
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Figure 4. Relative risk calculated with Poisson regression for grades 3 and 4 in the LysArg group 

compared to the CS group. Determinants were age, gender, number of cycles and presence of liver 

metastasis. 

3.2. Paraclinical Parameters 

Short-term follow-up of nephrotoxicity showed that three patients (one in the CS 

group and two in the LysArg group) experienced a transient aggravation of kidney fail-

ure, from stage 2 to stage 3. A post-PRRT dyskalemia was observed in 31 and 40 cycles for 

the LysArg and CS, respectively (p > 0.05), mainly in the form of hyperkalemia (26 out of 

31, and 36 out of 40 cycles). No difference was found between the pre- and post-PRRT 

EKGs. 

3.3. Antiemetic Use 

The antiemetic premedication combined ondansetron, methylprednisolone, cloraze-

pate, aprepitant, alprazolam, hydroxyzine and metoclopramide. In the CS group, the 

mean antiemetic use was 3.3 molecules, versus 1.4 in the LysArg group (p < 0.0001). 

4. Discussion 

The present study compared the tolerance for two amino acid solutions to prevent 

the nephrotoxicity induced by 177Lu-oxodotreotide PRRT. Short-term nephroprotection 

was equivalent for both solutions. However, the LysArg preparation dramatically re-

duced the onset of clinical AEs as compared to the CS. This may be explained by various 

factors discussed below: predisposing factors according to group, and the amino acid so-

lution composition and osmolarity. 

As described previously, nausea and vomiting were the most common clinical AEs. 

In a review, Warr reported the well-established risk factors for chemotherapy-induced 

emesis [15]: vomiting during the previous cycle, the type of chemotherapy, type of antie-

metic, gender, age, alcohol consumption and pregnancy. In the present study, only vom-

iting during the previous cycle, the gender, presence of liver metastasis and age were rel-

evant; the first-line antiemetics were similar in all the patients and pregnancy was a con-

traindication to the PRRT. Poisson regression showed that the gender and type of amino 

acid were the only two factors influencing an AE onset. Roila showed that emesis in chem-

otherapy becomes more likely with successive cycles [16], but the present study did not 

find similar results, excluding a cycle-number effect. Interestingly, the LysArg subgroup 

analysis showed that cycle 2 had a protective effect on an AE onset compared to cycle 1. 

This result should be interpreted with caution, due to the possible confounding factor of 

the adaptation of antiemetic treatment after cycle 1, rather than a real cycle effect. The 
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gender effect was also not consistent in the subgroup analysis: for CS, being female was a 

risk factor for AEs, whereas the LysArg was not influenced by gender. The group de-

mographics showed no differences, excluding any selection bias. Thus, the LysArg prep-

aration should be preferred for all patients, and especially for females. 

Concerning the composition of the amino acid solutions, the CS was our first choice 

in the absence of other approved formulae. Its main indication is for parenteral nutrition, 

and CS thus contains amino acids that are wholly non-contributive for nephroprotection 

in PRRT. Some are known to have an influence on the lower esophageal sphincter and 

induce nausea and vomiting [17]. For example, aromatic amino acids, such as tryptophan 

and phenylalanine, have a direct effect on the gastric wall [18]. In addition, unnecessary 

amino acids increase the osmolarity of the solution. It is well known that hyperosmolar 

solutions lead to many adverse effects, such as nausea and vomiting [19,20] or hyperkale-

mia [21,22]. Finally, the CS was administered at a flow rate of 250–500 mL/h, much higher 

than that recommended for parenteral nutrition, for which it should be administered over 

a minimum of 12 h. In contrast, the LysArg was developed expressly for 177Lu-oxodotre-

otide premedication and contains only amino acids useful for nephroprotection: L-lysine 

and L-arginine. Radiolabeled somatostatin analogues undergo reuptake in the proximal 

tubules of the kidney [23]. A co-infusion with amino acid solution during PRRT aims to 

decrease this reuptake, for which L-arginine and L-lysine have been demonstrated to be 

effective [19,24,25], as they undergo glomerular filtration and, via competition, interfere 

with the renal resorption of the somatostatin analogues [26]. The mechanism involves 

competition between the positive charges of the amino acid or radiolabeled octreotide, 

binding the negative charge of the renal tubule cells [27–29]. Several clinical and preclini-

cal studies have suggested that megalin protein may be involved [30–32]; this negative 

protein is known to bind with and take up cationic compounds [33]. Therefore, a co-infu-

sion with L-arginine and L-lysine significantly reduces the kidney exposure and risk of 

kidney failure during PRRT. The use of specific amino acids reduces osmolarity, which, 

in our opinion, underlies the lower AE rate in the present study, with a positive impact 

on the quality of life (QoL). In the modern integrative approach, health-related QoL counts 

as a favorable outcome, or even a crucial endpoint, in evaluating new cancer treatments. 

Reducing nausea and vomiting significantly improves wellbeing, with clinical benefits 

[34,35]. 

Interestingly, in the NETTER-1 study, nausea and vomiting occurred in 59% (n = 

65/111) and 47% (n = 52/111) of the cycles. However, most of these cases were attributed 

to the particular amino acid solutions used [3]. The solutions in the NETTER-1 study had 

characteristics similar to the CS used in the present study (i.e., unnecessary for nephro-

protective purpose, with high osmolarity). Our results showed similar AE rates using the 

CS to those observed in NETTER-1. Therefore, the AEs may be largely due to the amino 

acid composition. Double-checking data by two operators showed a match rate of 73.5%, 

confirming accurate AE collection and evaluation; discrepant data were discussed to reach 

the correct classification. 

Concerning serum potassium, the dyskalemia mainly consisted of hyperkalemia and 

did not differ between groups. The presence of lysine in both solutions could explain this 

hyperkalemia. As described in other studies consistent with the present results, lysine can 

induce hyperkalemia by ketogenic acidosis [19,20,22]. However, the dyskalemia was not 

associated with clinical or EKG signs. Other causes than amino acids could be considered 

for hyperkalemia, such as tumor cell death. 

The LysArg preparation significantly reduced the antiemetic use, from four mole-

cules to only one (ondansetron). Because of their various pharmacodynamic actions, anti-

emetics are implicated in many unsafe drug–drug interactions [36]. Economically, the re-

duction was not significant, due to the relatively low cost of these drugs. However, the 

hospital stay was shortened by reducing the AE rate, and thus the necessity of follow-up. 

It should be borne in mind that the LysArg preparation is more expensive than the CS. 

Limitations can be raised in this study. The influence of clinical data such as liver tumor 
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burden or performance status were not evaluated, despite the fact that they might influ-

ence the results. The PS was not recorded and evaluated according to the subgroups; all 

the patients treated had a Karnofsky index ≥ 60%, as required according to the NETTER 

inclusion criteria. The liver tumor volume could not be addressed in this cohort, consti-

tuted of patients referred from various centers: MRI or CT imaging was not always avail-

able for a centralized assessment. Furthermore, it was not required in daily practice, as far 

as it has been demonstrated that it does not influence PRRT efficacy [37]. It may neverthe-

less have an influence on the AA solution tolerance. 

The present study demonstrated the superiority of the LysArg preparation in terms 

of an AE onset. However, the prime aim of amino acid perfusion is to reduce the long-

term risk of kidney failure. We previously reported that L-lysine and L-arginine were the 

only amino acids needed for nephroprotection, but this study did not conclude whether 

the LysArg or CS protects the patient against long-term PRRT nephrotoxicity. Further 

data and studies are required to compare the long-term nephroprotection between these 

two solutions. The present results highlight the need to use an adequate amino acid per-

fusion as a 177Lu-oxodotreotide premedication. Although the AE rate was lower with the 

LysArg, it was still 18%. Regarding the NETTER-1 study, and excluding the AEs caused 

by the amino acid perfusion, the rates of AEs caused by the PRRT were 20% for nausea (n 

= 23/111) and 13% for vomiting (n = 14/111). Interestingly, a recent study using LysArg as 

a premedication also showed important differences in vomiting compared to the NET-

TER-1 study (8% vs. 47%) [38]. Thus, the 18% AE rate observed with the LysArg prepara-

tion in the present study could be mainly attributed to the 177Lu-oxodotreotide administra-

tion, rather than to the amino acid solution. 

5. Conclusions 

The LysArg preparation significantly reduced the occurrence of AEs; the AEs were 

also less severe, mostly grade 1 or 2 on the WHO scale. The change in amino acid premed-

ication also reduced the antiemetic use. The LysArg preparation has been authorized by 

the European Medicines Agency for use in the European Union. 

Author Contributions: Conceptualization, P.C., A.D., V.H., C.B. (Claire Bolot), C.B. (Claire 

Bournaud) and E.L.; methodology, C.B. (Claire Bournaud), E.L. and F.G.; software, P.C., A.D. and 

F.G.; validation P.C., A.D., V.H., C.B. (Claire Bolot), C.B. (Claire Bournaud) and E.L.; formal analysis, 

P.C., A.D. and F.G.; investigation, P.C., A.D., V.H. and C.B. (Claire Bolot); resources, C.B. (Claire 

Bolot), C.B. (Claire Bournaud) and E.L.; data curation, C.B. (Claire Bolot) and E.L.; writing—original 

draft preparation, P.C. and A.D.; writing—review and editing, P.C., A.D., V.H., F.G., C.B. (Claire 

Bolot), C.B. (Claire Bournaud) and E.L.; supervision, C.B. (Claire Bolot), C.B. (Claire Bournaud) and 

E.L.; project administration, P.C., A.D., C.B. (Claire Bournaud) and E.L.; funding acquisition, C.B. 

(Claire Bolot), C.B. (Claire Bournaud) and E.L. All authors have read and agreed to the published 

version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-

tion of Helsinki. In accordance with French legislation at the time of the study, submission to an 

ethic committee was not required owing to the observational nature of the study. 

Informed Consent Statement: Informed consent was obtained from all the subjects involved in the 

study. 

Data Availability Statement: The data presented in this study are available on request from the 

corresponding author.  

Acknowledgments: We thank all the patients who gave their consent for this study, Nadia 

Bouzehouane, François Bour, Luciana Mele for their assistance for data collecting and Iain McGill 

for the English proofreading. 

Conflicts of Interest: The authors declare no conflict of interest. 



Cancers 2022, 14, 5212 11 of 12 
 

 

References 

1. Hallet, J.; Law, C.H.L.; Cukier, M.; Saskin, R.; Liu, N.; Singh, S. Exploring the Rising Incidence of Neuroendocrine Tumors: A 

Population-Based Analysis of Epidemiology, Metastatic Presentation, and Outcomes. Cancer 2015, 121, 589–597. 

https://doi.org/10.1002/cncr.29099. 

2. Dasari, A.; Shen, C.; Halperin, D.; Zhao, B.; Zhou, S.; Xu, Y.; Shih, T.; Yao, J.C. Trends in the Incidence, Prevalence, and Survival 

Outcomes in Patients With Neuroendocrine Tumors in the United States. JAMA Oncol. 2017, 3, 1335–1342. 

https://doi.org/10.1001/jamaoncol.2017.0589. 

3. Strosberg, J.; El-Haddad, G.; Wolin, E.; Hendifar, A.; Yao, J.; Chasen, B.; Mittra, E.; Kunz, P.L.; Kulke, M.H.; Jacene, H.; et al. 

Phase 3 Trial of 177Lu-Dotatate for Midgut Neuroendocrine Tumors. N. Engl. J. Med. 2017, 376, 125–135. 

https://doi.org/10.1056/NEJMoa1607427. 

4. de Mestier, L.; Lepage, C.; Baudin, E.; Coriat, R.; Courbon, F.; Couvelard, A.; Do Cao, C.; Frampas, E.; Gaujoux, S.; Gincul, R.; 

et al. Digestive Neuroendocrine Neoplasms (NEN): French Intergroup Clinical Practice Guidelines for Diagnosis, Treatment 

and Follow-up (SNFGE, GTE, RENATEN, TENPATH, FFCD, GERCOR, UNICANCER, SFCD, SFED, SFRO, SFR). Dig. Liver 

Dis. Off. J. Ital. Soc. Gastroenterol. Ital. Assoc. Study Liver 2020, 52, 473–492. https://doi.org/10.1016/j.dld.2020.02.011. 

5. Oronsky, B.; Ma, P.C.; Morgensztern, D.; Carter, C.A. Nothing But NET: A Review of Neuroendocrine Tumors and Carcinomas. 

Neoplasia N. Y. N. 2017, 19, 991–1002. https://doi.org/10.1016/j.neo.2017.09.002. 

6. Kaderli, R.M.; Spanjol, M.; Kollár, A.; Bütikofer, L.; Gloy, V.; Dumont, R.A.; Seiler, C.A.; Christ, E.R.; Radojewski, P.; Briel, M.; 

et al. Therapeutic Options for Neuroendocrine Tumors: A Systematic Review and Network Meta-Analysis. JAMA Oncol. 2019, 

5, 480. https://doi.org/10.1001/jamaoncol.2018.6720. 

7. Rindi, G.; Klimstra, D.S.; Abedi-Ardekani, B.; Asa, S.L.; Bosman, F.T.; Brambilla, E.; Busam, K.J.; de Krijger, R.R.; Dietel, M.; El-

Naggar, A.K.; et al. A Common Classification Framework for Neuroendocrine Neoplasms: An International Agency for Re-

search on Cancer (IARC) and World Health Organization (WHO) Expert Consensus Proposal. Mod. Pathol. 2018, 31, 1770–1786. 

https://doi.org/10.1038/s41379-018-0110-y. 

8. Nagtegaal, I.D.; Odze, R.D.; Klimstra, D.; Paradis, V.; Rugge, M.; Schirmacher, P.; Washington, K.M.; Carneiro, F.; Cree, I.A. The 

WHO Classification of Tumours Editorial Board The 2019 WHO Classification of Tumours of the Digestive System. Histopathol-

ogy 2020, 76, 182–188. https://doi.org/10.1111/his.13975. 

9. Hicks, R.J.; Kwekkeboom, D.J.; Krenning, E.; Bodei, L.; Grozinsky-Glasberg, S.; Arnold, R.; Borbath, I.; Cwikla, J.; Toumpanakis, 

C.; Kaltsas, G.; et al. ENETS Consensus Guidelines for the Standards of Care in Neuroendocrine Neoplasms: Peptide Receptor 

Radionuclide Therapy with Radiolabelled Somatostatin Analogues. Neuroendocrinology 2017, 105, 295–309. 

https://doi.org/10.1159/000475526. 

10. Cives, M.; Strosberg, J.R. Gastroenteropancreatic Neuroendocrine Tumors. CA. Cancer J. Clin. 2018, 68, 471–487. 

https://doi.org/10.3322/caac.21493. 

11. Pavel, M.; Öberg, K.; Falconi, M.; Krenning, E.P.; Sundin, A.; Perren, A.; Berruti, A. Gastroenteropancreatic Neuroendocrine 

Neoplasms: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol. 2020, 31, 844–860. 

https://doi.org/10.1016/j.annonc.2020.03.304. 

12. Strosberg, J.R.; Caplin, M.E.; Kunz, P.L.; Ruszniewski, P.B.; Bodei, L.; Hendifar, A.; Mittra, E.; Wolin, E.M.; Yao, J.C.; Pavel, M.E.; 

et al. 177Lu-Dotatate plus Long-Acting Octreotide versus High‑dose Long-Acting Octreotide in Patients with Midgut Neuro-

endocrine Tumours (NETTER-1): Final Overall Survival and Long-Term Safety Results from an Open-Label, Randomised, Con-

trolled, Phase 3 Trial. Lancet Oncol. 2021, 22, 1752–1763. https://doi.org/10.1016/S1470-2045(21)00572-6. 

13. Lutathera, INN-Lutetium (177Lu) Oxodotreotide—European Medicines Agency—Assessment Repot; 2017, Available online: 

https://www.ema.europa.eu/en/documents/assessment-report/lutathera-epar-public-assessment-report_en.pdf, accessed on 7 

May 2020. 

14. WHO Handbook for Reporting Results of Cancer Treatment. WHO Offset Publication No. 48 Neoplasma; WHO: Geneva, Switzerland, 

1980; Volume 20. 

15. Warr, D. Prognostic Factors for Chemotherapy Induced Nausea and Vomiting. Eur. J. Pharmacol. 2014, 722, 192–196. 

https://doi.org/10.1016/j.ejphar.2013.10.015. 

16. Roila, F. Control of Acute Cisplatin-Lnduced Emesis over Repeat Courses of Chemotherapy. Oncology 1996, 53, 65–72. 

https://doi.org/10.1159/000227643. 

17. Gielkens, H.A.; Lamers, C.B.; Masclee, A.A. Effect of Amino Acids on Lower Esophageal Sphincter Characteristics and Gas-

troesophageal Reflux in Humans. Dig. Dis. Sci. 1998, 43, 840–846. https://doi.org/10.1023/a:1018834618682. 

18. McArthur, K.E.; Isenberg, J.I.; Hogan, D.L.; Dreier, S.J. Intravenous Infusion of L-Isomers of Phenylalanine and Tryptophan 

Stimulate Gastric Acid Secretion at Physiologic Plasma Concentrations in Normal Subjects and after Parietal Cell Vagotomy. J. 

Clin. Invest. 1983, 71, 1254–1262. https://doi.org/10.1172/JCI110875. 

19. Rolleman, E.J.; Valkema, R.; de Jong, M.; Kooij, P.P.M.; Krenning, E.P. Safe and Effective Inhibition of Renal Uptake of Radio-

labelled Octreotide by a Combination of Lysine and Arginine. Eur. J. Nucl. Med. Mol. Imaging 2003, 30, 9–15. 

https://doi.org/10.1007/s00259-002-0982-3. 

20. Barone, R.; Pauwels, S.; De Camps, J.; Krenning, E.P.; Kvols, L.K.; Smith, M.C.; Bouterfa, H.; Devuyst, O.; Jamar, F. Metabolic 

Effects of Amino Acid Solutions Infused for Renal Protection during Therapy with Radiolabelled Somatostatin Analogues. 

Nephrol. Dial. Transplant. Off. Publ. Eur. Dial. Transpl. Assoc. Eur. Ren. Assoc. 2004, 19, 2275–2281. 

https://doi.org/10.1093/ndt/gfh362. 

https://www.ema.europa.eu/en/documents/assessment-report/lutathera-epar-public-assessment-report_en.pdf


Cancers 2022, 14, 5212 12 of 12 
 

 

21. Sartori, S.; Nielsen, I.; Pennacchio, G.; Pazzi, P.; Trevisani, L. Hyperkalaemia during Infusion of Hyperosmolar Amino Acid 

Solutions Enriched with Branched Chain Amino Acids. Report of Two Cases. Recenti Prog. Med. 1991, 82, 275–277. 

22. Pfob, C.H.; Eiber, M.; Luppa, P.; Maurer, F.; Maurer, T.; Tauber, R.; D’Alessandria, C.; Feuerecker, B.; Scheidhauer, K.; Ott, A.; 

et al. Hyperkalemia in Patients Treated with Endoradiotherapy Combined with Amino Acid Infusion Is Associated with Severe 

Metabolic Acidosis. EJNMMI Res. 2018, 8, 17. https://doi.org/10.1186/s13550-018-0370-z. 

23. Melis, M.; Krenning, E.P.; Bernard, B.F.; Barone, R.; Visser, T.J.; de Jong, M. Localisation and Mechanism of Renal Retention of 

Radiolabelled Somatostatin Analogues. Eur. J. Nucl. Med. Mol. Imaging 2005, 32, 1136–1143. https://doi.org/10.1007/s00259-005-

1793-0. 

24. Jamar, F.; Barone, R.; Mathieu, I.; Walrand, S.; Labar, D.; Carlier, P.; de Camps, J.; Schran, H.; Chen, T.; Smith, M.C.; et al. 86Y-

DOTA0)-D-Phe1-Tyr3-Octreotide (SMT487)—A Phase 1 Clinical Study: Pharmacokinetics, Biodistribution and Renal Protective 

Effect of Different Regimens of Amino Acid Co-Infusion. Eur. J. Nucl. Med. Mol. Imaging 2003, 30, 510–518. 

https://doi.org/10.1007/s00259-003-1117-1. 

25. Hammond, P.J.; Wade, A.F.; Gwilliam, M.E.; Peters, A.M.; Myers, M.J.; Gilbey, S.G.; Bloom, S.R.; Calam, J. Amino Acid Infusion 

Blocks Renal Tubular Uptake of an Indium-Labelled Somatostatin Analogue. Br. J. Cancer 1993, 67, 1437–1439. 

https://doi.org/10.1038/bjc.1993.266. 

26. de Jong, M.; Rolleman, E.J.; Bernard, B.F.; Visser, T.J.; Bakker, W.H.; Breeman, W.A.; Krenning, E.P. Inhibition of Renal Uptake 

of Indium-111-DTPA-Octreotide in Vivo. J. Nucl. Med. Off. Publ. Soc. Nucl. Med. 1996, 37, 1388–1392. 

27. Mogensen, C.E.; Sølling, null Studies on Renal Tubular Protein Reabsorption: Partial and near Complete Inhibition by Certain 

Amino Acids. Scand. J. Clin. Lab. Invest. 1977, 37, 477–486. https://doi.org/10.3109/00365517709101835. 

28. Behr, T.M.; Goldenberg, D.M.; Becker, W. Reducing the Renal Uptake of Radiolabeled Antibody Fragments and Peptides for 

Diagnosis and Therapy: Present Status, Future Prospects and Limitations. Eur. J. Nucl. Med. 1998, 25, 201–212. 

https://doi.org/10.1007/s002590050216. 

29. Krenning, E.P.; de Jong, M.; Kooij, P.P.; Breeman, W.A.; Bakker, W.H.; de Herder, W.W.; van Eijck, C.H.; Kwekkeboom, D.J.; 

Jamar, F.; Pauwels, S.; et al. Radiolabelled somatostatin analogue(s) for peptide receptor scintigraphy and radionuclide therapy. 

Ann. Oncol. 1999, 10, S23–S29. https://doi.org/10.1093/annonc/10.suppl_2.s23. 

30. Christensen, E.I.; Birn, H.; Verroust, P.; Moestrup, S.K. Megalin-Mediated Endocytosis in Renal Proximal Tubule. Ren. Fail. 1998, 

20, 191–199. https://doi.org/10.3109/08860229809045102. 

31. Barone, R.; Van Der Smissen, P.; Devuyst, O.; Beaujean, V.; Pauwels, S.; Courtoy, P.J.; Jamar, F. Endocytosis of the Somatostatin 

Analogue, Octreotide, by the Proximal Tubule-Derived Opossum Kidney (OK) Cell Line. Kidney Int. 2005, 67, 969–976. 

https://doi.org/10.1111/j.1523-1755.2005.00160.x. 

32. Gotthardt, M.; van Eerd-Vismale, J.; Oyen, W.J.G.; de Jong, M.; Zhang, H.; Rolleman, E.; Maecke, H.R.; Béhé, M.; Boerman, O. 

Indication for Different Mechanisms of Kidney Uptake of Radiolabeled Peptides. J. Nucl. Med. Off. Publ. Soc. Nucl. Med. 2007, 

48, 596–601. https://doi.org/10.2967/jnumed.106.036020. 

33. Christensen, E.I.; Birn, H. Megalin and Cubilin: Multifunctional Endocytic Receptors. Nat. Rev. Mol. Cell Biol. 2002, 3, 256–266. 

https://doi.org/10.1038/nrm778. 

34. Ballatori, E.; Roila, F. Impact of Nausea and Vomiting on Quality of Life in Cancer Patients during Chemotherapy. Health Qual. 

Life Outcomes 2003, 1, 46. https://doi.org/10.1186/1477-7525-1-46. 

35. Strosberg, J.; Wolin, E.; Chasen, B.; Kulke, M.; Bushnell, D.; Caplin, M.; Baum, R.P.; Kunz, P.; Hobday, T.; Hendifar, A.; et al. 

Health-Related Quality of Life in Patients With Progressive Midgut Neuroendocrine Tumors Treated with 177 Lu-Dotatate in 

the Phase III NETTER-1 Trial. J. Clin. Oncol. 2018, 36, 2578–2584. https://doi.org/10.1200/JCO.2018.78.5865. 

36. Umar, R.M. Drug-Drug Interactions between Antiemetics Used in Cancer Patients. J. Oncol. Sci. 2018, 4, 142–146. 

https://doi.org/10.1016/j.jons.2018.07.003. 

37. Strosberg, J.; Kunz, P.L.; Hendifar, A.; Yao, J.; Bushnell, D.; Kulke, M.H.; Baum, R.P.; Caplin, M.; Ruszniewski, P.; Delpassand, 

E.; et al. Impact of liver tumour burden, alkaline phosphatase elevation, and target lesion size on treatment outcomes with 

177Lu-Dotatate: an analysis of the NETTER-1 study. Eur. J. Nucl. Med. Mol. Imaging 2020, 47, 2372–2382. doi: 10.1007/s00259-

020-04709-x. Epub 2020 Mar 2. PMID: 32123969; PMCID: PMC7396396. 

38. Khatami, A.; Sistani, G.; Sutherland, D.E.K.; DeBrabandere, S.; Reid, R.H.; Laidley, D.T. Toxicity and Tolerability of 177Lu-

DOTA-TATE PRRT with a Modified Administered Activity Protocol in NETs of Variable Origin—A Phase 2 Registry Study. 

Curr. Radiopharm. 2021, 14, 123–133. https://doi.org/10.2174/1874471014666210810100435. 


