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Abstract

Purpose: To evaluate the safety and efficacy of 177Lu-DOTA-EB-TATE, a radiolabeled 

somatostatin analogue modified by Evans Blue, at escalating doses, to increase tumor retention in 

patients with progressive metastatic neuroendocrine tumors (NETs).

Methods: Thirty-three patients with metastatic NETs were prospectively enrolled into four 

groups: Group A (n=6, 43±12y) administered approximately 3.7 GBq (100 mCi) 177Lu-

DOTATATE as controls; Group B (n=7, 55±7y) administered approximately 1.11 GBq (30 mCi) 
177Lu-DOTA-EB-TATE; Group C (n=6, 55±10y) administered approximately 1.85 GBq (50 mCi) 
177Lu-DOTA-EB-TATE; Group D (n=14, 50±10y) administered approximately 3.7 GBq (100 

mCi) 177Lu-DOTA-EB-TATE. Treatment-related adverse events were graded according to the 
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CTCAE v.5.0. 68Ga-DOTATATE PET/CT were performed at baseline and 2–3 months after 

treatment for response evaluation.

Results: Administration was well tolerated. No CTC 3/4 hematotoxicity, nephrotoxicity or 

hepatotoxicity was observed during or after treatment in groups A-C. In group D, CTC-3 

hematotoxicity was recorded in 2 patients with multicourse chemotherapy previously. After one-

cycle treatment, the SUVmax decreased in group C (Δ%=−17.4±29.3%) and group D (Δ%=

−15.1±39.1%), but greatly increased in Group B (Δ%=30.0±68.0%) and mildly increased in group 

A (Δ%=5.4±45.9%). Referring to EORTC criteria, 16.7% (1/6), 0% (0/7), 50% (3/6) and 50% 

(7/14) were evaluated as partial response in groups A, B, C and D, respectively. When selecting 

lesions with comparable baseline SUVmax ranging from 15 to 40, SUVmax showed no significant 

decrease in group B (Δ%=−7.3±24.5%) (P=0.214), significant decrease in group C (Δ%=

−34.9±12.4%) (P=0.001) and in group D (Δ%=−17.9±19.7%) (P=0.012) as compared to group A 

with increased SUVmax (Δ%=8.4±48.8%). SUVmax significantly decreased in the EBTATE 

groups (groups B-D combined) (Δ%=−19.0±21.5%) as compared to the TATE group (P=0.045).

Conclusion: 177Lu-DOTA-EB-TATE is well tolerated and is more effective than 177Lu-

DOTATATE. Both 1.85GBq (50 mCi) and 3.7 GBq (100 mCi) doses appear to be more effective 

than 1.11 GBq (30 mCi) dose. Further investigation with more cycles of 177Lu-DOTA-EB-TATE 

treatment and longer follow-up is warranted.
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Introduction

Neuroendocrine tumors (NETs) are a group of heterogeneous tumors originated from the 

diffuse neuroendocrine system, and their occurrence has been increasing in recent years [1]. 

However, due to its insidious onset and heterogeneity, NET is often at late stage when 

diagnosed. Well-differentiated NETs are not sensitive to chemoradiotherapy with a moderate 

response rate at the level of 20–35% [2], and only effective in small number of patients with 

poorly differentiated NETs. More than 70% NETs express somatostatin receptors (SSTRs), 

which enables the receptor imaging with radiolabeled somatostatin analogs and 

somatostatin-based peptide receptor radionuclide therapy (PRRT) for NETs [2–4].

SSTR2-targeted PRRT has been used in the clinic for more than two decades as an option 

for the treatment of NETs. 111In and 90Y were the most important therapeutic radioisotopes 

used in the past, but the applications have not in general been particularly successful due to 

low efficacy and/or toxicity [5–7]. 177Lu, a β- and γ-emitting radionuclide with a maximum 

particle range of 2 mm and a half-life of 160 h, is currently the most successfully 

radionuclide for both well tolerability and tumor response. 177Lu-DOTATATE is now the 

most widely clinically used radiopharmaceutical. The results of the milestone phase III 

Neuroendocrine Tumors Therapy (NETTER-1) trial showed favorable outcomes with 

respect to the primary endpoint of progression-free survival and a host of secondary 
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objectives, including overall survival, objective response rate, and quality of life [8], which 

paved the way for approval of clinical application.

However, somatostatin analog octreotide or octreotate can be quickly cleared from the blood 

through the kidneys, showing suboptimal retention within tumors. 177Lu-DOTA-EB-TATE, 

compared with 177Lu-DOTATATE, with Evans blue motif, uses endogenous albumin as a 

reversible carrier to effectively extend the half-life in the blood and substantially increase 

targeted accumulation and retention within the tumor [9]. Our previous dosimetry study 

demonstrated that, compared with 177Lu-DOTATATE, 177Lu-DOTA-EB-TATE showed 

extended circulation in the blood and achieved 7.9-fold increase of tumor dose delivery [10]. 

Based on these promising preliminary results, we assume that 177Lu-DOTA-EB-TATE has 

great potential to be a highly effective radiopharmaceutical, requiring lower dose of 

administration than 177Lu-DOTATATE. In this study, we aim to evaluate the safety and 

efficacy of 177Lu-DOTA-EB-TATE with escalating doses after one cycle treatment.

Materials and methods

Patients

This study was approved by the Institute Review Board of Peking Union Medical College 

Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College and 

registered at the Clinicaltrials.gov (NCT03478358). All patients gave written informed 

consent. From August 2017 to February 2019, 33 patients with histological confirmed NETs 

were enrolled in the study. The inclusion criteria were: (a) high tracer uptake in tumor on 
68Ga-DOTATATE PET/CT, evaluated within 1 week before inclusion, (b) histological 

confirmed or inoperable/metastatic NETs, (c) white blood cell (WBC) ≥ 3 × 109/L, (d) 

platelet (PLT) ≥ 60 × 109/L, (e) hemoglobin (Hb) ≥ 10 g/dL, (f) serum creatinine clearance 

(SCr) > 40 mL/min, (g) no pregnancy or lactation, (h) age > 18.

Patients were randomly divided into four groups using sequentially numbered, opaque 

sealed envelopes. Randomized sequence was generated by computer and was put into 

opaque, sealed envelopes by the one who wasn’t the investigator or assessor of the study. 

Qualified patients were divided into four groups with these sequences secretly (allocation 

concealment) by different people. The setting number of patients was 7 per group in groups 

A-C and 14 in group D. Finally, group A consisted of 6 patients (4 men/ 2 women, 43 ± 12 

years old) were treated with approximately 3.7 GBq) 177Lu-DOTATATE. Group B consisted 

of 7 patients (5 men/2 women, 55 ± 7 years old) were treated with approximately 1.11 GBq 

(30 mCi) 177Lu-DOTA-EB-TATE. Group C consisted of 6 patients (4 men/2 women, 55 ± 10 

years old) were treated with approximately 1.85 GBq (50 mCi) 177Lu-DOTA-EB-TATE. 

Group D consisted of 14 patients (7 men/7 women, 50 ± 10 years old) were treated with 

approximately 3.7 GBq (100 mCi) 177Lu-DOTA-EB-TATE. Participant flow chart of the 4 

randomized groups was showed in Fig 1.

Treatment

DOTA-TATE/DOTA-EB-TATE (100 μg dissolved in 20 μL absolute ethyl alcohol) was 

added to 200 μL 0.5 M NaOAc (pH 5.6) and then 177LuCl3 purchased from LuMark®, IDB, 
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Holland was added. The mixture was heated for 30 min at 100 °C and then purified by C18 

cartridge and passed through a 0.22-μm aseptic filtration membrane. The quality control was 

performed with analytical thin-layer chromatography (Bioscan, USA). CH3OH:NH4OAc 

(v/v 1:1) was used as the developing solution. The radiolabeling yield was greater than 90% 

and the radiochemical purity was more than 95%.

Radiopharmaceutical administration was performed in the ward and was preceded by oral 

medication of an antiemetic (ondansetron 8 mg) to prevent vomiting. For renal protection, 

arginine was added to 5% glucose solution (25 g/L, 1000 mL). The mixture was 

administered concomitantly for at least 4 h, starting 30 min before infusion of the 

radiopharmaceutical. All patients received pre-set dosage of 177Lu-DOTATATE/177Lu-

DOTA-EB-TATE via intravenous infusion over 30 min. The mean administered 

radioactivities in groups A, B, C, D were 110.0 ± 7.5 mCi, 30.0 ± 3.0 mCi, 49.1 ± 5.4 mCi 

and 102.9 ± 15.9 mCi, respectively.

Safety Evaluation

Treatment-related adverse events (AEs) were recorded over a period of 2 months after the 

administration of PRRT. Hematological parameters, liver and renal function at baseline, 1 

week and 4 weeks post-therapy were tested. Toxicity was graded according to National 

Cancer Institute Common Terminology Criteria for Adverse Events version 5.0 (CTCAE 

5.0).

68Ga-DOTATATE PET/CT Response Evaluation
68Ga-DOTATATE PET/CT were performed at baseline and 2–3 months post-therapy for 

response evaluation. No specific preparation was requested before intravenous injection of 
68Ga-DOTATATE at a dosage of approximately 1.85 MBq (0.05 mCi) per kilogram body 

weight. PET/CT scan was performed at 40 min after tracer administration. After a low-dose 

CT scan, whole-body PET was performed with 2 min/bed position (5–6 bed positions 

depending on the height of the patient) from the pelvic bottom to the skull base. The 

emission data were corrected for randoms, dead time, scattering and attenuation. A Siemens 

MMWP workstation was used for post-processing.

All images were measured by the same physician who was masked to the clinical data. The 

regions of interest (ROI) of tumor lesions were drawn manually and the software 

automatically obtained the radioactivity concentration and standard uptake of value (SUV) 

in the ROI. The SUVmax of lesions with longest diameter ≥2.0 cm was calculated and no 

more than 5 lesions (no more than 2 lesions in an organ as well) in one patient were 

measured. Molecular tumor response was evaluated referring to EORTC criteria.

Statistical Analysis

ΔSUVmax of tumor lesions between baseline and post-therapy were calculated. Percentage 

of tumor SUVmax decrease (ΔSUVmax%) was obtained by dividing the ΔSUVmax by 

baseline SUVmax. Quantitative data were expressed as means ± standard deviations. 

Differences between two independent groups were performed by Student’s t-tests. 

Differences among four independent groups were compared with one-way ANOVA analysis. 
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All statistical tests were 2-tailed, and P< 0.05 were considered to be statistically significant. 

Statistical analyses were performed using SPSS 23.0 software (IBM SPSS, Chicago, IL, 

USA).

Results

Patients

In group A, 3 patients were diagnosed with pancreatic NET, 1 patient with pulmonary NET, 

1 patient with ovary NET and 1 patient with carcinoma of unknown primary (CUP). In 

group B, 3 patients were diagnosed with pancreatic NET, 2 patients with duodenum NET, 1 

patient with rectal NET, and 1 patient with pheochromocytoma. In group C, 3 patients were 

diagnosed with pancreas NET, 1 patient with duodenum NET, 1 patient with pulmonary 

NET and 1 patient with multiple endocrine neoplasia (MEN 1). In group D, 7 patients were 

diagnosed with pancreatic NET, 3 patients with duodenum NET, 2 patients with rectal NET, 

1 patient with CUP, and 1 patient with paraganglioma.

According to the World Health Organization grades of tumor differentiation, group A 

included grade 1 (Ki-67 index 2% or less) in 3 patients, grade 2 (Ki-67 index 3% to 20%) in 

2 patients and grade 3 (Ki-67 index greater than 20%) in 1 patient. Group B included grade 

1, grade 2 and grade 3 in 2, 4 and 1 patients respectively. Group C included grade 1 in 1 

patient, grade 2 in 4 patients and grade 3 in 1 patient. Group D included grade 1 in 3 

patients, grade 2 in 10 patients and grade 3 in 1 patient.

In group A, 6 patients had liver metastases, 2 patients with bone metastases, 4 patients with 

lymph node metastases and 1 patient with pulmonary metastases. In group B, patients with 

liver, bone, lymph node and lung metastases were 7, 3, 3 and 1 patients respectively. In 

group C, patients with liver, bone, lymph node and lung metastases were 5, 2, 2 and 1 

patients respectively and in group D, 14, 6, 5 and 3 patients respectively.

In group A, 1 patient underwent surgical resection of primary lesion or metastases, 5 patients 

received somatostatin analog and 3 patients received chemotherapy before PRRT. In group 

B, 5 patients were pretreated with surgery, 2 patients with somatostatin analog and 3 patients 

with chemotherapy. In group C, 2 patients underwent surgery, 5 patients received 

somatostatin analog and 3 patients received chemotherapy previously. In group D, 7, 5 and 6 

patients underwent surgery, somatostatin analog and chemotherapy respectively.

Detailed baseline characteristics were listed in Table 1 and there was no statistical difference 

in the listed comparable parameters.

Safety Evaluation

Patients tolerated PRRT procedures well and no irritating pain, allergy or fever occurred 

during administration. No life-threatening AEs (CTC-4) were reported during the 

observation period. Only 1 patient had tolerable nausea and vomiting after administration 

but recovered within 2 weeks.
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Hematological parameters, liver and renal functions at baseline, 1 week and 4 weeks after 

administration were recorded except for 1 patient in group A who died within 1 month after 

receiving 3.9 GBq 177Lu-DOTATATE. No CTC 3/4 hematotoxicity, nephrotoxicity or 

hepatotoxicity was observed during or after treatment in groups A-C. As for 

thrombocytopenia, reversible CTC-3 thrombocytopenia) occurred in 14.3% (2/14) patients 

in group D, both of whom had poor bone marrow function due to previous multi-courses of 

chemotherapy. In group C, one patient with CTC-2 thrombocytopenia at baseline, 

administration of approximately 2.0 GBq 177Lu-DOTA-EB-TATE did not affect platelets. As 

for anemia, one patient in group D with CTC-3 anemia at baseline, administration of 

approximately 4.1 GBq did not worsen the condition either. As for leukopenia, all patients 

were maintained at CTC-0 after treatment. Details were shown in Table 2.

The percentage of changes in WBC, PLT, Hb, alanine aminotransferase (ALT), aspartate 

transferase (AST), alkaline phosphatase (ALP) and Scr between baseline and 4 weeks after 

administration were listed in Table 3. Significant difference in ΔHb% was observed among 

four groups with Hb significantly increasing in group C when compared with group B 

(P=0.019) and group D (P=0.015). No significant change was observable in other 

parameters.

Response evaluation

The rates of partial response (PR) were 16.7% (1/6), 0% (0/7), 50% (3/6) and 50% (7/14), 

respectively; stable disease (SD) were 50% (3/6), 42.9% (3/7), 50% (3/6) and 42.9% (6/14); 

progressive disease (PD) were 33.3% (2/6), 57.1% (4/7), 0% (0/6) and 1 (7.1%) in groups A, 

B, C and D. Details were shown in Table 4. Examples of treatment efficacy on 68Ga-

DOTATATE were shown in Fig 5 and 6. In group A, 1 patient died within 4 weeks and 

another patient died shortly before the 2nd PRRT. We believe one death occurred due to high 

tumor burden with extensive involvement of liver, spleen, lymph nodes and bones. The other 

death had low tumor burden, but was complicated with extremely dangerous 

cholangiocarcinoma. The other five patients with PD had new tumor lesions or increased 

SUVmax.

The SUVmax of tumor lesions with longest diameter ≥2.0 cm was calculated and no more 

than 5 lesions (no more than 2 lesions in an organ as well) were measured in one patient. 

The number of qualified lesions detected by 68Ga-DOTATATE PET/CT in groups A, B, C 

and D were 20, 18, 20 and 39, respectively. In a lesion-by-lesion analysis, the changes of 

SUVmax between baseline and post-therapy were shown in Fig 2. Baseline SUVmax in 

groups A, B, C and D were 29.3±13.0, 39.0±32.0, 41.4±51.9 and 29.6±19.5, respectively 

(P>0.05). The percentages of tumor lesions with decreased SUVmax were 50.0% (10/20), 

50.0% (9/18), 75.0% (15/20) and 76.9% (30/39) in groups A, B, C and D, respectively.

Fig 3 showed the comparison of ΔSUVmax% between 177Lu-DOTATATE group and 177Lu-

DOTA-EB-TATE groups (groups B-D combined). In all qualified tumor lesions, ΔSUVmax

% in 177Lu-DOTATATE group was 5.4±45.9 and in 77Lu-DOTA-EB-TATE groups was 

−5.2±49.0 (P =0.387). When selecting comparable baseline SUVmax ranging from 15 to 40, 

SUVmax significantly decreased in 177Lu-DOTA-EB-TATE groups, but increased in 177Lu-

DOTATATE group (ΔSUVmax% is −19.0±21.5 and 8.4±48.8, respectively, P=0.045).
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By taking all qualified lesions into account, the SUVmax decreased in group C (Δ%= 

−17.4±29.3%) and group D (Δ%= −15.1±39.1%), but increased in group B (Δ%= 

30.0±68.0%) and group A (Δ%= 5.4±45.9%) with no statistically significant difference. But 

when selecting lesions with comparable baseline SUVmax ranging from 15 to 40, SUVmax 

showed no significant decrease in group B (Δ%= −7.3 ± 24.5%, P=0.214), significant 

decrease in group C (Δ%= −34.9±12.4%, P=0.001) and in group D (Δ%= −17.9±19.7% , 

P=0.012) as compared to group A with increased SUVmax (Δ%= 8.4±48.8%). Details were 

shown in Fig 4.

Discussion
177Lu-DOTATATE is effective in treating patients with neuroendocrine tumors, but their 

doses of radiation being delivered to the tumor is relatively low (23–29 Gy) due to the rapid 

blood clearance[11–13]. Albumin makes up approximately 55–60% of the serum proteins in 

the body with a biological half-life of 19 days[14]. Evans blue (EB) as a typical reversible 

albumin binding molecule with good affinity (Kd = 2.5 μ M), is predicted to have 14 binding 

sites for albumin[15–18]. Thus, we hypothesized that 177Lu-DOTATATE could be further 

improved therapeutic efficacy by incorporating EB dye molecule to leverage the circulation 

half-life of albumin to prolong the blood-circulation time.

One preclinical study performed in mice bearing A427–7 human non-small-cell lung 

carcinoma xenografts was for 177Lu-DOTA-EB-TATE in comparison with 177Lu-

DOTATATE[19]. The tumor uptake of 177Lu-DOTA-EB-TATE was significantly greater than 

that of 177Lu-DOTATATE. For 177Lu-DOTA-EB-TATE, it reached a maximum of 78.8 ± 

4.1% ID/g at 24 h and had a slight decrease with 64.5 ± 7.39% ID/g at 48 h. Whereas for 
177Lu-DOTATATE, it reached its peak at 4h with 9.25 ± 0.81% ID/g and then decreased to 

3.02 ± 0.20% ID/g at 24 h. As expected, the therapeutic effect of the 177Lu-DOTA-EB-TATE 

was superior to that of the 177Lu-DOTATATE. Complete remission of tumors was achieved 

in four out of five mice after administration of 177Lu-DOTA-EB-TATE (1 × 18.5 MBq), and 

tumor volumes were similar to the starting volumes after administration of 177Lu-DOTA-

EB-TATE (1 × 7.4 MBq). But tumors continued to grow even with the higher dose of 177Lu-

DOTATATE (1 × 18.5 MBq). In another preclinical study, similar results showed that 86Y-

DOTA-EB-TATE had approximately 35-fold higher uptake in HCT116/SSTR2+ tumor 

xenografts than that of 86Y-DOTATATE[9]. What’s more, significantly greater tumor growth 

inhibition was observed when using 90Y-DOTA-EB-TATE compared with 90Y-DOTATATE 

at the same dose of 7.4 MBq. However, in the meantime, the prolonged circulation time also 

leaded to increase uptake in normal tissues.

Our previous dosimetry study demonstrated that 177Lu-DOTA-EB-TATE had significantly 

higher retention in circulation compared to 177Lu-DOTATATE with relatively long 

circulation half-life with t1/2α around 9.47 h and t1/2β around 236 h in the blood [10]. As a 

result, tumor uptake of 177Lu-DOTATATE reached the peak at 3 h after injection with 

average SUVs of 8.37±5.63 and decreased over time, whereas that of 177Lu-DOTA-EB-

TATE kept increasing from 2 to 120 h with maximum average SUVs of 22.46±12.95 and 

remained high at 168 h after injection with average SUVs of 21.94±11.63. Consequently, 
177Lu-DOTA-EB-TATE delivered 7.9-fold higher dose to tumor than 177Lu-DOTATATE. 
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Prolonged blood retention of 177Lu-DOTA-EB-TATE led to significant increase of dose 

delivery to the kidneys and red marrow, which is 3.2 and 18.2-fold, respectively more than 

those of 177Lu-DOTATATE [10], but still far less than the general accepted maximum 

absorbed doses [12, 20, 21].

As expected, none of our patients receiving 177Lu-DOTA-EB-TATE experienced life-

threating AEs (CTC-4). Only 14.3% (2/14) patients in group D had reversible 

thrombocytopenia of CTC-3, both of whom had poor bone marrow function due to previous 

multi-courses of chemotherapy. This rate is in accordance with other cohort studies with 

3.1%–12% CTC 3/4 haematotoxicity in patients who underwent standard 177Lu-PRRT [22–

26]. Heavy pretreatment with alkalizing chemotherapeutics is likely one of the most 

important risk factors for long-term haematotoxicity of PRRT for NET patients [27]. 

Notably, in one patient with CTC-2 thrombocytopenia at baseline, administration of 

approximately 2.0 GBq 177Lu-DOTA-EB-TATE did not affect platelets. In another patient 

with CTC-3 anemia at baseline, administration of approximately 4.1 GBq did not worsen the 

condition either. What’s more, there was significant difference in ΔHb% among four groups 

with Hb significantly increasing in group C compared with group B (P=0.019) and group D 

(P=0.015). For 177Lu-labeled somatostatin analogues, the rate of nephrotoxicity is typically 

less than 3 % [28–30]. In a large cohort of 323 patients, 3 (1%) developed CTC-2 

nephrotoxicity and no CTC-3/4 nephrotoxicity was observed [31]. However, in another large 

cohort study, 13.4% patients suffered nephrotoxicity [22]. In this study, no nephrotoxicity of 

any grade was reported. Nephrotoxicity and hematotoxicity are of the greatest concerns 

regarding PRRT and as for hepatotoxicity, the occurrence is rare. In a large cohort with 504 

patients, only 3 (0.6%) patients had severe hepatotoxicity [11]. In this study, only 2 patients 

with extensive liver metastases and normal baseline liver function, had transient 

simultaneous rises in serum ALT, AST and ALP (CTC-1/2 hepatotoxicity) and recovered 

before the 2nd PRRT. However, we tend to believe this is a transient reaction due to 

compression of normal liver tissue after edema and necrosis of tumors, rather than 

radiotoxicity.

Our preliminary study with single low dose (approximately 0.66 GBq) 177Lu-DOTA-EB-

TATE demonstrated that compared with 3.7 GBq 177Lu-DOTATATE, no significant 

difference in efficacy was observed [32]. Based on these inspiring results, we assumed that 

higher dosage of 177Lu-DOTA-EB-TATE would achieve better efficacy. Patients with NET 

treated with 177Lu-DOTATATE had a low response rate. GEP-NETs have a better response 

rate, with as much as 31% objective response (CR plus PR) with high cumulative activity of 

29 GBq [11]. This study showed PR in 16.7% cases and SD in 50% cases in group A, which 

were in line with existing literatures [8, 33]. In 177Lu-DOTA-EB-TATE groups (groups B-D 

combined), the rates of PR and SD were 37.0% and 44.4%, respectively, which were much 

higher than those in group A. When selecting comparable baseline lesions with SUVmax 

ranging from 15 to 40, SUVmax significantly decreased in 177Lu-DOTA-EB-TATE groups 

(ΔSUVmax%= −19.0 ± 21.5%), but increased in 177Lu-DOTATATE group (ΔSUVmax

%=8.4 ± 48.8). The rates of SD among groups B, C and D were similar, but the rates of PR 

in groups C and D were significantly higher than that in group B. It appears that 1.85GBq 

and 3.7 GBq doses are more effective than 1.11 GBq dose.
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Despite all the encouraging findings, there are several limitations to this study. One is the 

relatively small scale of patients with just one single dose. Second is the large variations of 

baseline characteristics of patients, such as the origin of primary tumor and tumor burden.

Conclusion
177Lu-DOTA-EB-TATE was well tolerated in NET patients and more effective than 177Lu-

DOTATATE. Both 1.85 GBq (50 mCi) and 3.7 GBq (100 mCi) doses appear to be more 

effective than 1.11 GBq (30 mCi) dose. Further investigation with more cycles of 177Lu-

DOTA-EB-TATE and longer follow-up is warranted.
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Fig.1. 
Participant flow chart of the four randomized groups.

Liu et al. Page 12

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Changes of SUVmax between baseline and post-therapy in each group. (A-D) 50.0% 

(10/20), 50.0% (9/18), 75.0% (15/20) and 76.9% (30/39) tumor lesions had decreased 

SUVmax in group A-D, respectively

Liu et al. Page 13

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Comparison of ΔSUVmax% between 177Lu-DOTATATE group and 177Lu-DOTA-EB-TATE 

groups (group B-D combined). (A) In all qualified lesions, ΔSUVmax% in 177Lu-

DOTATATE group is 5.4 ± 45.9 and in 177Lu-DOTA-EB-TATE groups is −5.2 ± 49.0 

(P=0.387); (B) Selecting comparable baseline SUVmax ranging from 15 to 40, mean 

ΔSUVmax% in 177Lu-DOTATATE group is 8.4 ± 48.8, in177Lu-DOTA-EB-TATE group is 

−19.0 ± 21.5 (P=0.045).
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Fig. 4. 
When selecting lesions with comparable baseline SUVmax ranging from 15 to 40, SUVmax 

showed no significant decrease in group B (Δ%= −7.3 ± 24.5%, P=0.214), significant 

decrease in group C (Δ%= −34.9 ± 12.4%, P=0.001) and group D (Δ%= −17.9 ± 19.7%, 

P=0.012) as compared to group A with increased SUVmax (Δ%= 8.4 ± 48.8%).
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Fig. 5. 
A 65-year-old woman with G2 duodenum NET, had extensive involvement of liver. (A-C) 

Baseline 68Ga-DOTATATE PET/CT before administration with 1.96 GBq 177Lu-DOTA-EB-

TATE. (D-F) 2 months post-therapy 68Ga-DOTATATE PET/CT showed diffuse decreased 

uptake in primary tumor and liver metastases from 21.3 to 10.8 (lower arrow) and 38.3 to 

22.2 (upper arrows), respectively.
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Fig. 6. 
A 45-year-old man with pancreatic neuroendocrine tumor (G2, primary tumor removal), was 

accompanied with diarrhea, flushing and hyperglycemia. (A-C) Baseline 68Ga-DOTATATE 

PET/CT before administration with 4.14 GBq 177Lu-DOTA-EB-TATE. (D-F) 2 months post-

therapy 68Ga-DOTATATE PET/CT showed volume reduction and decreased uptake of 

metastatic liver lesions(arrows) from 54.4 to 26.5.
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Table 1.

Demographic and baseline clinical characteristics of NET patients.

Characteristic 100mCi TATE (n=6) 30mCi EBTATE (n=7) 50mCi EBTATE (n=6) 100mCi EBTATE (n=14)

Male/Female 4/2 5/2 4/2 7/7

Age-y 43 ± 12 55 ± 7 55 ± 10 50 ± 10

Primary tumor site

 Pancreas 3 3 3 7

 Duodenum 0 2 1 3

 Rectum 0 1 0 2

 Lung 1 0 1 0

 Ovary 1 0 0 0

 CUP 1 0 0 1

 MEN1 0 0 1 0

 Paraganglioma 0 0 0 1

 Pheochromocytoma 0 1 0 0

Tumor grade

 G1 3 2 1 3

 G2 2 4 4 10

 G3 1 1 1 1

Number of lesions

 1–10 1 4 2 6

 11–20 2 1 2 1

 >20 3 2 2 7

Metastases

 Liver 6 7 5 14

 Bone 2 3 2 6

 Lymph node 4 3 2 5

 Lung 1 1 1 3

Prior treatment

 Surgery 1 5 2 7

 Somatostatin analog 5 2 5 5

 Everolimus 1 0 3 1

 TKI* 1 3 5 9

 Chemotherapy 3 3 3 6

 Radiotherapy 0 0 1 1

 TACE 1 1 1 3

Disease course(month) 51 ± 28 51 ± 36 58 ± 26 55 ± 25

*
Tyrosine kinase inhibitor
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Table 2.

Hematotoxicity, hepatotoxicity and nephrotoxicity after PRRT according to CTCAE v.5.0.

Group Status WBC PLT Hb ALT AST ALP Cr

100mCiTATE Baseline 5 CTC-0 5 CTC-0 5 CTC-0 5 CTC-0 5 CTC-0 5 CTC-0 5 CTC-0

Post-therapy 5 CTC-0 5 CTC-0 5 CTC-0 5 CTC-0 5 CTC-0 5 CTC-0 5 CTC-0

30mCi EBTATE Baseline 7 CTC-0 7 CTC-0 7 CTC-0 7 CTC-0 7 CTC-0 7 CTC-0 7 CTC-0

Post-therapy 7 CTC-0 6 CTC-0
1 CTC-1

7 CTC-0 6 CTC-0
1 CTC-2

6 CTC-0
1 CTC-2

7 CTC-0 7 CTC-0

50mCi EBTATE Baseline 6 CTC-0 5 CTC-0
1 CTC-2

6 CTC-0 6 CTC-0 6 CTC-0 6 CTC-0 6 CTC-0

Post-therapy 6 CTC-0 5 CTC-0
1 CTC-2

6 CTC-0 6 CTC-0 6 CTC-0 6 CTC-0 6 CTC-0

100mCi EBTATE Baseline 14 CTC-0 14 CTC-0 13 CTC-0
1 CTC-3

14 CTC-0 14 CTC-0 14 CTC-0 14 CTC-0

Post-therapy 14 CTC-0 12 CTC-0
2 CTC-3

12 CTC-0
1 CTC-1
1 CTC-3

13 CTC-0
1 CTC-2

13 CTC-0
1 CTC-2

13 CTC-0
1 CTC-1

14 CTC-0
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Table 3.

Changes of hematological parameters and liver and renal function between baseline and 4 weeks after 

administration.

Group 100 mCi TATE 30 mCi EBTATE 50 mCi EBTATE 100 mCi EBTATE

ΔWBC% 9.5 ± 28.6 −0.4 ± 31.7 −3.4 ± 42.1 −12.2 ± 29.8

ΔPLT% −6.5 ± 10.4 −27.7 ± 24.9 −0.1 ± 23.0 −26.3 ± 27.0

ΔHb%* −1.1 ± 2.9 −8.7 ± 9.9 2.8 ± 8.5 −7.7 ± 8.5

ΔALT% 0.8 ± 18.6 37.0 ± 98.2 −22.4 ± 25.1 53.0 ± 102.2

ΔAST% −4.2 ± 20.0 65.0 ± 163.2 −24.9 ± 27.5 35.1 ± 120.2

ΔALP% 4.1 ± 16.2 15.7 ± 33.2 −0.8 ± 19.5 −0.5 ± 31.8

ΔScr % 2.7 ± 12.4 7.4 ± 19.3 −6.6 ± 16.7 −6.4 ± 19.0

*
P value= 0.044.
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Table 4.

Response evaluation by molecular imaging (68Ga-DOTATATE PET/CT) referring to EORTC criteria

Group CR PR SD PD

100 mCi TATE 0% (0/6) 16.7% (1/6) 50% (3/6) 33.3% (2/6)

30 mCi EBTATE 0% (0/7) 0% (0/7) 42.9% (3/7) 57.1% (4/7)

50 mCi EBTATE 0% (0/6) 50% (3/6) 50% (3/6) 0% (0/6)

100 mCi EBTATE 0% (0/14) 50% (7/14) 42.9% (6/14) 7.1% (1/14)
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