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A B S T R A C T 

Currently, radiolabeled DOTA-[Tyr3]-octreotate (DOTA-TATE) is most commonly used in the clinic to 

image and treat neuroendocrine tumors. To further improve tumor uptake, and thus treatment, the amount 

of radiotracer that can accumulate in the tumor might be increased by prolonging the blood circulation time 

of the radiotracer. To achieve this, we designed Albutate-1, with both DOTA and an albumin-binding 

domain coupled to TATE via a suitable linker. The aim of this study was to determine the characteristics of 

the novel radiotracer Albutate-1. A competition binding assay was performed using [111In]In-DOTA-TATE 

on fresh-frozen SSTR2+ tumor sections. In vitro cell-uptake and internalization of [111In]In-Albutate-1 and 

[111In]In-DOTA-TATE were determined. The stability of [177Lu]Lu-Albutate-1 was tested. A 

biodistribution study was performed to provide tumor and organ uptake of [177Lu]Lu-Albutate-1. The 

biodistribution data was used to determine time-activity curves and the radiation dose for each organ and 

the tumor. The in vitro IC50 value of Albutate-1 was 1.2 nM. A higher amount of the tracer was found in the 

Introduction 

 

Neuroendocrine tumors (NETs) originate mostly from 

gastroenteropancreatic (GEP) and bronchial tissue [1]. NETs are rare 

tumors and are often metastasized at the time of diagnosis [2]. NETs 

typically express high levels of somatostatin receptor subtype 2 

(SSTR2). Hence the SSTR2 represents an excellent target for diagnosis 

and treatment of the disease using high-affinity radiolabeled peptide 

ligands. For nuclear imaging of NETs [111In]In-DTPA-octreotide 

(Octreoscan) has long been the radiotracer of choice. With the aim to 

improve diagnostic sensitivity, new octreotide analogs were developed 

that are suitable for labeling with gallium-68 and fluor-18 and applied 

for positron emission tomography (PET), for example, [68Ga]Ga-DOTA-

Tyr3-octreotide ([68Ga]Ga-DOTA-TOC), [68Ga]Ga-DOTA-Tyr3-

octreotate ([68Ga]Ga-DOTA-TATE), [68Ga]Ga-DOTA-1-Nal3-

octreotide ([68Ga]Ga-DOTA-NOC) and [18F]F-FET-βAG-TOCA [3, 4]. 

intracellular fraction than in the membrane fraction ([111In]In-Albutate-1 14.0 vs 1.9% of the added amount; 

[111In]In-DOTA-TATE 11.0 vs 1.5% of the added amount). After radiolabeling [111In] In-Albutate-1 was 

stable up to 3 days (93.1-88.9%) in labeling solution and very stable in mouse serum (90-94%) for at least 

24 h. In vivo, [177Lu]Lu-Albutate-1 was cleared slowly from the circulation (1 h p.i. 58%ID/g, 168h p.i. 

2%ID/g). The addition of an albumin-binding domain to DOTA-TATE extended the blood circulation to 

T1/2= 27.5h. The tumor absorbed dose was raised to 1455 mGy/MBq. Bone marrow, the dose-limiting organ 

in the mouse spine, unfortunately, received 765 mGy/MBq. All other organs also received a high radiation 

dose, reducing the therapeutic index. 
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A 

B 

For therapy two radiotracers are most commonly used, [90Y]Y-DOTA-

Tyr3-octreotide and ([177Lu]Lu-DOTA-Tyr3-octreotate ([177Lu]Lu-

DOTA-TATE) [5-7]. Disease-control rates for these therapies are 

between 68-94% [8]. An increase in progression-free survival and 

overall survival was reported when compared to the values after 

chemotherapy and targeted therapy with everolimus and sunitinib [9]. 

An advantage of [90Y]Y-DOTA-octreotide or [177Lu]Lu-DOTA-TATE 

therapy is that prior to the therapy the target (SSTR2) can be identified 

and quantified using PET (68Ga) or SPECT (111In) with the tracer. This 

way, the therapeutic dose delivered to the tumor can be calculated 

accurately [8, 10]. 

 

As there is no 100% complete response rate, there is room to enhance 

the therapeutic efficacy with e.g. higher doses of the 

radiopharmaceutical, but this is restricted by concomitant higher 

radiation doses to other organs. The organs at risk for long-term toxicity 

are predominantly the kidneys and the bone marrow. The renal radiation 

dose can, however, be reduced by co-infusion of cationic amino acids 

(i.e. lysine, arginine) or with the use of a gelatin-based plasma expander 

(Gelofusine), leaving the bone marrow, the main dose-limiting organ for 

treatment [11, 12]. The blood clearance of [177Lu]Lu-DOTA-TATE in 

humans is rapid (<10%ID in blood at 3 h post-injection) [13]. Reversible 

plasma protein-binding represents a promising strategy to prolong the 

circulation time and thus improve the target-localization of rapidly 

clearing drugs, including small-size radiopharmaceuticals [14]. A series 

of albumin-binding entities have been proposed as pharmacokinetic 

modifiers to enhance the accumulation of small, radiolabeled vectors on 

target-sites. Amongst these agents is Evans Blue (EB). EB and its 

analogs exhibit a modest affinity for serum albumin [15-17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Chemical structure of A) DOTA-TATE and B) Albutate-1, 

carrying the albumin-binding domain (4-(p-iodophenyl) butyric acid-

DLys) to TATE via the diglycolate-Lys (DOTA) linker with DOTA 

attached on the pendant ε-amine of Lys. 

 

Another agent is 4-(p-iodophenyl) butyric acid-Dlys (I-PBA), previously 

discovered from a DNA-encoded chemical library, has been used for 

such purposes. After coupling I-PBA with antibody fragments, folic acid 

radioconjugates, DOTA-based bisphosphonates, and PSMA-directed 

radioligands, the desired effect of enhancing blood circulation was 

shown for the modified compounds [18-24]. Hence, as a first effort to 

prolong the blood circulation time of [177Lu]Lu-DOTA-TATE to better 

match the half-life of 177Lu, we have selected I-PBA-Dlys for coupling 

to DOTA-TATE. The above-described studies have shown that 

conjugation of I-PBA-Dlys and DOTA to a lysine is possible without 

abolishing the interaction of the molecule with albumin. Following this 

approach, we have incorporated I-PBA-Dlys and a diglycolic acid-Dlys 

spacer carrying DOTA on its pendant ε-amine of Lys at the N-terminus 

of TATE as depicted in (Figure 1) (Analytical data sheet in supporting 

information). We studied its binding capacity to the SSTR2 in vitro and 

its in vivo behaviour in tumor-bearing mice, thereby also focusing on 

potential radiotoxicity in normal organs. 

 

Materials and Methods 

 

I Labeling of DOTA-TATE and Albutate-1 

 

A typical reaction mixture for radiolabeling is 60 MBq of 177Lu- (Lu-

Mark, 80 GBq/mL, AAA, IDB Holland) or 111InCl3 (740 MBq/mL, 

CURIUM) in 0.01-0.05 M HCl, 1 nmol peptide dissolved in Milli-Q 

water, and sodium acetate as buffer (<2µL of 2.5M), 10µL of ascorbic 

acid and gentisic acid (0.05 M) and 10 µL of ethanol in a final volume 

of 140 µL (final pH 4-4.5). Labelling solutions were heated for 20 min 

90oC in a heating block [25]. Quality control was performed after the 

addition of 5 µL 4 mM DTPA post radiolabeling. Quality control 

includes radiochemical yield (RCY) of In-111 or Lu-177 as measured by 

ITLC-SG and radiochemical purity (RCP) of radiolabeled peptides were 

measured by HPLC [26]. For each measurement of RCY, two strips were 

prepared, each being 1 cm wide and 10 cm long. On each strip an aliquot 

(~ 1 μL) of the sample of interest was applied on circa 1 cm from the 

bottom of the strip, after which the strip was placed into the eluent. After 

the eluent had been displaced to the top of the strip, the strip was cut into 

two parts. Each piece was measured in a gamma counter separately and 

RCY was calculated. RCP was determined at the end of the synthesis. 

TLC-SG samples and calculate RCY. 

 

RCP measurements were conducted with an instrument setup that 

consisted of a Waters Alliance HPLC system (Etten-leur, The 

Netherlands) and radio measurement setup. HPLC system is comprised 

of an e2690/5 separation module, W2998 PDA detector in combination 

with a Waters symmetry C18 column (5 μm, 4.6 mm × 250 mm) (Etten-

Leur, The Netherlands). Radio measurements were performed with an 

1ʺ NaI(Tl) Scionix crystal (Bunnik, The Netherlands) connected to a 

Canberra Osprey multichannel analyser and signal amplifier (Zellik, 

Belgium). The signal connection between radio measurement setup and 

HPLC was obtained via a Waters E-satin Interface. Samples for analysis 

(also for stability studies) were diluted to a volumetric activity of 0.8-

1.0 MBq per 100 μL for Lu-177 and 0.2-0.3 MBq for In-111 and 

separated using 0.1% trifluoroacetic acid (TFA, eluents A) and methanol 

(Eluents B) in combination with the gradient profile shown in (Figure 2). 
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Figure 2: Gradient profile. 

 

II Stability Study 

  

[111In]In-Albutate-1 was added (18 µL, 50 MBq/nmol) to 300 μL of 

mouse plasma and this mixture was incubated at 37°C for 1 hour in an 

Eppendorf ThermoMixer heating block (Eppendorf, Nijmegen, The 

Netherlands). After incubation of the radioligand, with different time 

interval (1,4, and 24h), with mouse serum, precipitation was performed 

with ethanol (1:1 v/v) and after centrifugation (5 min, ~10.000 g), plasma 

stability of [111In]In-Albutate-1 was measured by HPLC at 1, 4 and 24 h. 

The stability of [111In]In-Albutate-1 in the labeling buffer was also 

determined by HPLC at 1 h, 1, 2 and 3 days. 

 

III Competition Binding Assay 

 

A competition binding assay was performed in triplicate on SSTR2-

positive H69 tumor cryosections (10 µm). The sections were incubated 

for 1 h with [111In]In-DOTA-TATE (100 µL, 10-9 M) in the presence of 

unlabeled Albutate-1 (range: 10−6-10-12 M). After incubation, excess 

radiotracer was removed and the sections were exposed to super-

resolution phosphor screens for 3 days (PerkinElmer, Rotterdam, The 

Netherlands). Binding of [111In]In-DOTA-TATE to SSTR2-containing 

regions was quantified using OptiQuant (Perkin Elmer, Rotterdam, The 

Netherlands) and expressed in density light units/mm2 (DLU/mm2). 

Binding of 10-12 M [111In]In-DOTA-TATE to the tissue slices was set at 

100%, and the percentage of binding relative to the unblocked tissue 

sample was calculated for the (partially) blocked tissue sections. These 

values were used to determine the IC50 value of unlabeled Albutate-1. 

 

IV Cell-Uptake and Internalization of [111In]In-Albutate-1 and 

[111In]In-DOTA-TATE 

 

Uptake and internalization of the tracers in adhering U2OS-SSTR2 cells 

was determined as previously reported [27]. U2OS-SSTR2 cells were 

cultured in Dulbecco modified Eagle medium (Lonza, Geleen, The 

Netherlands), supplemented with 10% v/v fetal bovine serum (Biowest, 

Amsterdam, The Netherlands) and 5 mL of penicillin (5,000 

units/mL)/streptomycin (5,000 μg/mL) (Sigma Aldrich), at 3°C and 5% 

CO2. Twenty-four hours after seeding (12-well plates, 8 × 

104 cells/well), the cells were incubated with 10-9 M of [111In]In-

Albutate-1 or [111In]In-DOTA-TATE in 1 mL of culture medium for 1 h 

at 37°C. Cellular uptake was stopped by removing the medium from the 

cells, followed by washing twice with 2 mL phosphate-buffered saline 

(PBS; Gibco, Carlsbad, USA). By incubating cells for 10 min with an 

acid solution (50 mM glycine and 100 mM NaCl, pH 2.8) the membrane-

bound radiotracer fraction was separated from the intracellular fraction. 

Then the cells were lysed using 0.1 M NaOH to collect the internalized 

fraction of the radiotracer. Activity levels of both fractions were counted 

in a γ-counter (1480 WIZARD automatic γ counter: PerkinElmer) using 

a radionuclide-specific energy window, a counting time of 60 s, and a 

counting error of 5% or less. Data are expressed as a percentage of added 

activity (%AA). The experiment was performed in triplicate and gamma-

counter measurements were corrected for decay. 

 

V In Vivo Biodistribution 

 

The in vivo experiments were done according to the ARRIVE guidelines 

and approved by the Animal Welfare Committee of the Erasmus MC 

(AVD101002017867) [28]. In vivo biodistribution studies were 

performed for [177Lu]Lu-Albutate-1. Male Balb/c nu/nu mice of 4-5 

weeks old (Envigo, Horst, The Netherlands) were inoculated 

subcutaneously with 4 X 106 H69 tumor cells. When a tumor volume of 

on average 200 mm3 was reached, the mice were injected with 30 

MBq/240 pmol of [177Lu]Lu-Albutate-1 intravenously via the tail vein. 

Two minutes prior to this injection 4 mg Gelofusine (B. Braun Medical 

BV, Oss, The Netherlands) was injected i.v. to reduce renal uptake [12]. 

Four mice were injected with block; 50 ug Albutate-1, 1 minute prior to 

an injection with gelofusin and 30 MBq/240 pmol of [177Lu]Lu-Albutate-

1. Mice were euthanized at different time points (1, 24, 48, 72 and 168 

h, n=4 per time point) post-injection (p.i.). Blood, various organs and 

tumor were collected, weighed and radioactivity contained in the tissue 

samples was measured in a gamma counter (Wallac, 1480 Wizard 3”, 

PerkinElmer, Turku, Finland). The percentage injected dose per gram of 

tissue (%ID/g) was calculated. Mice were housed at the Experimental 

Animal Facility of the Erasmus MC with a 12 h light-dark regimen in 

individually ventilated cages including extensive cage enrichment. The 

mice received acidified tap water and standard chow ad libitum. In vivo 

studies with [177Lu]Lu-DOTA-TATE were previously performed at our 

department [29-32]. 

 

VI Dosimetry 

 

The biodistribution data for [177Lu]Lu-Albutate-1 was used to determine 

time-activity curves (TAC) for each organ and the tumor. A single 

compartment distribution model was assumed for the fit of the TAC data 

with a bi-exponential curve A(t): 

A(t) =  Amax (exp(−λclrt) − exp(−λuptt)) 
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with coefficients for uptake (upt = ln(2)/Tupt) proceeding with a half-life 

of Tupt and for clearance (clr= ln(2)/Tclr), proceeding with a clearance 

half-life of Tclr. The blood TAC was fitted with a single exponential 

function. The total number of disintegrations Ã in each organ was 

calculated by integration to infinity of the exponential curves multiplied 

with the 177Lu decay curve. The absorbed doses were determined 

according to the MIRD equation Dk = ∑ Ãh × S(k ← h).h  The S-values 

for 177Lu in a 22 g mouse were obtained from Monte Carlo calculations 

in the Realistic Moby phantom, kindly provided by Erik Larsson [33]. 

The blood contents in each bone marrow compartment were determined 

with the blood TAC and the marrow cellularity, according to Colvin et 

al. [34]. The distribution of the blood Ã in each marrow compartment 

was based on the fractional cellularity CBM. 

 

VII Statistics 

 

Prism software (version 5.01, GraphPad Software) was used for 

statistical analyses. P values < 0.05 were considered statistically 

significant. To compare the uptake and internalization of both tracers, 

we used a two-tailed student t-test. Curve fitting for kinetic profiling was 

performed according to the least/square fit with the Pearson R2 to 

quantify its goodness of fit. 

 

Results 

 

I Stability Study 

 

After radiolabeling [111In]In-Albutate-1 was stable up to 3 days (day 1 

93.1% - day 3 88.9%) in the labeling buffer. [111In]In-Albutate-1 was 

found very stable in mouse serum (between 90-94% within 24h) (Figure 

3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Stability of 0.2-0.3 MBq/100 µL [111In]In-Albutate-1 injected after incubation 1h (red), 4h (green), 24h (blue) after injection in serum. 

 

II Binding Affinity of Albutate-1 

 

[111In]In-DOTA-TATE was displaced from somatostatin binding sites in 

H69 tumor sections by Albutate-1 in a monophasic, dose-dependent 

manner. The IC50 value calculated for Albutate-1 was 1.2 nM (95% CI: 

0.21nM to 6.99nM) (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Displacement curve of [111In]In-DOTA-TATE from 

somatostatin binding sites on H69 tumor sections by increasing 

concentrations of Albutate-1. 

 

 

III Cell-Uptake and Internalization of [111In]In-Albutate-1 and 

[111In]In-DOTA-TATE 

 

The internalization rate of [111In]In-Albutate-1 was assessed in 

comparison to that of [111In]In-DOTA-TATE (Figure 5). The total uptake 

was respectively 15.97 ± 0.58% AA and 12.81 ± 1.1% AA (p<0.05). We 

also distinguished between the internalized (intracellular fraction) and 

the membrane-bound fraction (membrane fraction). Most radioactivity 

was found to be internalized: 88.25 ± 0.87% for [111In]In-DOTA-TATE 

and 88.3 ± 0.99% for [111In]In-Albutate-1 (p=0.97). Both [111In]In-

Albutate-1 and [111In]In-DOTA-TATE could be blocked by co-

incubation with an excess of their corresponding unlabeled peptide. 

 

IV In Vivo Biodistribution 

 

Biodistribution studies were performed at 5 different time points after 

injection of [177Lu]Lu-Albutate-1 (30 MBq/240 pmol) (Figure 6). At 1 h 

post-injection the activity level of [177Lu]Lu-Albutate-1 in the blood was 

58.59 ± 6.30%ID/g and gradually decreased down to 2.51 ± 0.22%ID/g 

at 168 h with a Tclr of 27.5  2.6 h. (Figure 7). The measured tumor 

uptake was 7.07 ± 1.87%ID/g at 1 h p.i.. At 24 h p.i. the tumor uptake 

was 24.42 ± 1.44%ID/g and reaching 8.82 ± 1.92%ID/g at 168 h p.i. 

(Figure 8). The tumor-to-kidney absorbed dose ratio of [177Lu]Lu-

Albutate-1 is 1.5  0.5. The tumor-to-pancreas absorbed dose ratio is 3.9 

 0.4 and the tumor-to-bone marrow absorbed dose ratio is 2.4  0.9. 
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Figure 5: Uptake and internalization of [111In]In-Albutate-1 and [111In]In-DOTA-TATE in U2OS-SSTR2 cells.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Biodistribution of [177Lu]Lu-Albutate-1 in blood, organs and tumor. 30 MBq/240 pmol [177Lu]Lu-Albutate-1 (for 24h +/- block) was injected i.v. 

in mice and biodistribution was determined at 1, 24, 48, 72 and 168 h after injection (n=4 per group). The amount of radioactivity in the tissue samples was 

determined and calculated per gram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Blood residence of [177Lu]Lu-Albutate-1 as a function of time 

(n=4). The Albutate-1 data was fitted (R2=0.98) with a one phase decay 

curve with Tclr = 27.5  2.6 h. The error bars indicate 1 standard deviation 

and the shaded regions indicate the 95% confidence interval. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Tumor uptake of [177Lu]Lu-Albutate-1 as a function of time (n 

= 4). The Albutate-1 data was fitted (R2=0.87) with a bi-exponential 

curve with Tupt = 2.52  0.98 h and Tclr = 80  19 h. Error bars indicate 

1 standard deviation and 95% confidence interval of the fits are 

indicated. 
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V Dosimetry 

 

All organ time-activity curves could be fitted with an exponential 

function for parameters and goodness of fits. The blood curve of 

[177Lu]Lu-Albutate-1 followed a single exponential clearance pattern 

with T1/2 = 27.5  2.6 h. The blood concentration and the total number 

of disintegrations in the bone marrow cavities were calculated (Table 1). 

In (Table 2), the absorbed dose per administered activity to the major 

organs is described. SSTR2 positive organs (such as intestines, pancreas, 

adrenals, etc.) encountered a high absorbed dose per administered 

activity. 

 

Table 1: Dosimetry to bone marrow cavities, CF cellularity factor, time-

integrated activity coefficient of blood in BM compartment Ãblood/IA, 

blood self-dose Dself and cross dose Dcross by activity in other organs, both 

per injected activity IA. 

 CF Ãblood/IA (s) 
Dself/IA 

(mGy/MBq) 

Dcross /IA 

(mGy/MBq) 

Sternum 8% 41 104 24 

Spine 52% 6617 741 27 

Skull 11% 499 170 26 

Ribs 8% 142 81 47 

Arms 5% 76 74 15 

Lower legs 4% 118 67 11 

Pelvis 7% 272 108 29 

Scapulae 3% 31 42 43 

Femurs 10% 171 169 58 

 

Table 2: Absorbed dose per administered activity to the major organs in 

22g weight mice for [177Lu]Lu-Albutate-1. 

 mGy/MBq 

Tumor 1455 

Adrenals 1073 

Kidney 958 

BM spine 765 

Intestines 566 

Spleen 538 

Liver 422 

Pancreas 373 

Total body 253 

Stomach 247 

Femur 211 

 

Discussion 

 

For optimization of the therapeutic efficacy of the currently used 

[177Lu]Lu-DOTA-TATE therapy for NETs, we chose to enhance the 

circulation time of the radiotracer. An albumin binding domain, 4-(p-

iodophenyl) butyric acid-DLys, was covalently coupled to TATE via a 

diglycolic acid-Lys (DOTA) linker. The latter bears the chelator DOTA 

attached to the free ε-amine of Lys. The forming TATE conjugate, 

Albutate-1, is depicted in (Figure 1). In this study, we evaluated 

Albutate-1 in in vitro and in vivo studies in mice. DOTA-TATE and 

Albutate-1 showed a comparable binding affinity for SSTR2 (IC50 0.2-

1.6 nM), so the attachment of an albumin-binding domain did not affect 

SSTR2 binding [35, 36]. The cell uptake and internalization of [111In]In-

Albutate-1 and [111In]In-DOTA-TATE were similar as well. Most 

radioactivity was found in the intracellular fraction (88%), so the 

addition of the albumin-binding moiety did not hamper the 

internalization of the tracer. Biodistribution studies were performed at 5 

different time points after injection of [177Lu]Lu-Albutate-1 (30 

MBq/240 pmol). 

 

The activity level of [177Lu]Lu-Albutate-1 in the blood was 58.59 ± 

6.30%ID/g at 1h and gradually decreased down to 2.51 ± 0.22%ID/g at 

168 h. The measured tumor uptake was the highest 24 h post-injection, 

24.42 ± 1.44%ID/g. So, in vivo we found that the half-life of [177Lu]Lu-

Albutate-1 was 27.5  2.6 h in blood which is longer when compared to 

[177Lu]Lu-DOTA-TATE that has disappeared from blood within 4h [37]. 

To block the SSTR2, four mice were injected with 50 ug Albutate-1. 

 

The reduced uptake in the SSTR2 positive organs and tumor indicates 

that in these mice, the [177Lu]Lu-Albutate-1 binding is specific to the 

receptor. Since the radioactive dose to normal organs is of utmost 

importance during radionuclide therapy, we performed extensive 

dosimetry calculations. We noticed that there was a tumor absorbed dose 

per administered activity of 1455 mGy/MBq. Normal organs however, 

also encountered a higher absorbed dose, especially bone marrow. We 

calculated that the spine, which has a cellular fraction 52%, received a 

total absorbed dose of 765 mGy/MBq. The blood circulation time is 

extended, compared to [177Lu]Lu-DOTA-TATE and therefore, the high 

normal organ exposure of [177Lu]Lu-DOTA-Albutate-1 is reducing the 

therapeutic index [13]. At a limiting dose to the bone marrow of 2 Gy 

only a 14 Gy absorbed dose to the tumor can be reached, together with 

an absorbed dose to the kidneys of 9 Gy. Looking at our data, we propose 

to make adjustments to further improve our albumin binding tracer 

concept. Like us, other groups also tried to prolong the blood circulation 

time of their tracer.  

 

A search for enhancing the tumor uptake and improving the tumor-to-

kidney ratio took place [38]. They also searched for the best balance 

between high tumor dose and limited organ dose. The structure of the 

tracer can be modified by varying the binding strength to albumin and/or 

varying the spacer length. Rousseau et al. conjugated two different 

albumin binders, Lys-Glu-4-(p-iodophenyl) butyric acid or Lys-Asp-4-

(p-iodophenyl) butyric acid, to the parent compound DOTA-TATE [39]. 

The addition of these albumin binders increased blood residence time, in 

tumor-bearing mice, by a couple of hours. Although their tracer with 

Asp-4-(p-iodophenyl) butyric acid as albumin binder has a more modest 

increase of circulation time than our [177Lu]Lu-Albutate-1 (t1/2 ~ 3 vs 27 

h), also no increase in the therapeutic index was seen. Indicating that the 

albumin binder should not bind too strong and not too weak. 

 

Műller et al. performed preclinical research and found that adding the 4-

(p-iodophenyl) butyric acid albumin-binding entity to a DOTA-folate 

improved the overall tissue distribution significantly [22]. To further 

reduce the renal accumulation of radioactivity, the same group also made 

two other albumin-binding radiofolates to further restrict renal 

accumulation [40, 41]. A longer spacer consisting of a PEG-11 entity 

and a short alkyl chain between the albumin-binding moiety and folic 

acid was investigated [21]. Data shows that the spacer entity between 

folic acid and the albumin binder was of critical importance with regard 

to the tissue distribution profile of the radiotracer, with a preference for 
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a shorter spacer entity. Knowing this, we have to take another look at our 

spacer. 

 

The same group studied three different prostate-specific membrane 

antigen (PSMA) targeting radioligands with a 4-(p-iodophenyl)-based 

albumin binder, the same as applied in our study. They developed three 

ligands with variations in linker length [42]. All radioligands showed an 

enhanced circulation time and a higher tumor uptake, but the one with 

the shortest linker length emerged as the most favourable candidate of 

all ligands, which might be promising for our approach as well. In 

another study, albumin binders were based on a stronger albumin-

binding 4-(p-iodophenyl)-moiety and a weaker albumin-binding p-

(tolyl)-moiety [43]. The weaker albumin-binder affected tumor uptake, 

blood retention time and the therapeutic index more positively, pointing 

out to be more suited as an albumin binder with an optimized tissue 

distribution profile. A weaker albumin binder than we have attached has 

to be used for the new to develop compounds. 

 

Evans Blue (EB) is a compound that can also be used as an albumin 

binder. EB and its analogs exhibit a modest affinity for serum albumin. 

R. Tian et al. describe the addition of EB to DOTA-TATE and performed 

a mouse biodistribution and therapy study [15]. This research was 

continued with a small in-patient study [16]. [177Lu]Lu-EB-DOTA-

TATE showed a 7.9-fold increase of tumor dose delivery and higher 

retention in NETs compared to [177Lu]Lu-DOTA-TATE, but there was 

also a significantly increased accumulation in the kidneys (3.2 fold) and 

red marrow (18.2 fold). This single low dose treatment of [177Lu]Lu-EB-

DOTA-TATE in a small group of patients seemed to be safe and 

effective. Further investigation with increased dose and frequency is 

needed to determine the potential advantages of a longer circulating 

tracer [44]. So, according to our results and the above-mentioned 

literature, albumin binders attached to tracers can improve circulation 

time and increase tumor uptake. If the plasma protein-binding takes a 

long time to reverse, the blood circulation time is extended to a level that 

all other organs also receive a high radiation dose, reducing the 

therapeutic index dramatically. Future perspectives are to create a tracer 

with more optimal pharmacokinetics, applying adaptations in albumin 

binding strength, spacer length and lipophilicity. 

 

Conclusion 

 

The addition of an albumin-binding domain to [177Lu]Lu-DOTA-TATE 

extended the blood circulation to t1/2= 27.5h. The tumor absorbed dose 

is raised to 1455 mGy/Bq. The bone marrow of the mouse spine, as dose-

limiting organ, received 765 mGy/MBq. All other organs also received 

a high radiation dose, reducing the therapeutic index. Making Albutate-

1 not suitable to use as a therapeutic agent. 
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