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Abstract

Purpose: [18F]VM4–037 has been developed as a positron emission tomography (PET) imaging 

marker to detect carbonic anhydrase IX (CA-IX) over-expression and is being investigated for use 

as a surrogate marker for tissue hypoxia. The purpose of this study was to determine the 

biodistribution and estimate the radiation dose from [18F]VM4–037 using whole body PET/CT 

scans in healthy human volunteers.

Procedures: Successive whole body PET/CT scans were performed after intravenous injection 

of [18F]VM4–037 in four healthy humans. The radiotracer uptakes in different organs were 

determined from the analysis of the PET scans. Human radiation doses were estimated using 

OLINDA/EXM software.

Results: High uptake of [18F]VM4–037 was observed in liver and kidneys, with little clearance 

of activity during the study period, with mean standardized uptake values of ~35 in liver and ~22 

in kidneys at ~1 hr after injection. The estimated effective dose was 28±1 μSv/MBq and the 

absorbed doses for the kidneys and liver were 273±31 and 240±68 μGy/MBq respectively, for the 

adult male phantom. Hence, the effective dose would be 10±0.5 mSv for the anticipated injected 

activity of 370 MBq, and kidney and liver doses would be 101±11 and 89±25 mGy, respectively.

Conclusions: [18F]VM4–037 displayed very high uptake in liver and kidneys with little 

clearance of activity during the study period, resulting in these organs receiving the highest 

radiation doses among all bodily organs. Though the effective dose and the organ doses are within 
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the limits considered as safe, the enhanced uptake of [18F]VM4–037 in kidneys and liver will 

make the compound unsuitable for imaging over-expression of CA-IX in those two organs. 

However, the tracer may be suitable for imaging over-expression of CA-IX in lesions in other 

regions of the body such as in the lungs or head and neck region.
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Introduction

Carbonic anhydrase IX (CA-IX) is a cell-surface expressed enzyme which catalyzes the 

reversible transformation between bicarbonate anion and carbon dioxide, a process 

necessary for regulating cellular pH [1–2]. CA-IX protein is also thought to mediate the 

regulation of cell proliferation in response to hypoxic conditions and may be involved in 

ontogenesis, metastasis spread, tumor progression and poor response to therapy [3–5]. 

Normal CA-IX expression in mammals is typically confined to the gastro-intestinal tract, 

including the stomach and gallbladder, and is not normally expressed in the majority of 

bodily organs [2]. The abnormal expression of CA-IX has been detected in many carcinomas 

originating from CA-IX negative tissues including brain, kidney, lung, breast, uterine, and 

cervical tissues. The unique over-expression profile makes CA-IX a particularly attractive 

target for both therapeutics and imaging probes [6].

The ectopic expression of CA-IX is closely linked to both the presence of tumor hypoxia 

and poor patient outcomes. Physiologically, CA-IX expression becomes elevated at oxygen 

tensions below 20 mm Hg [7], and on the molecular level, CA-IX expression is responsive to 

hypoxia inducible factor 1α (HIF1α) transcriptional activation. CA-IX over-expression has 

also been linked to the tumoral uptake of positron emission tomography (PET) hypoxia 

imaging agents, [18F]FMISO and [18F]HX4, in head and neck cancer patients [8]. The over-

expression of CA-IX is a negative prognostic factor for survival in non-small-cell lung 

cancer (NSCLC) [9], brain cancer [10], renal cancer [11], breast cancer [12], and cervical 

cancer [13] and its prognostic significance in head and neck cancer has also been reported 

[14–15]. In certain tumors, such as renal cell carcinoma, CA-IX expression is not directly 

related to hypoxia, but rather to a mutation in the Von Hippel Lindau tumor suppressor gene 

[16].

The development of a wide range of potent and selective CA-IX inhibitors is enabling both 

targeted diagnostic and therapeutic applications in cancer patients. Several CA-IX targeting 

monoclonal antibodies have been developed for immunological based therapies [17]. The 

ability to use radiolabeled CA-IX targeting antibodies for diagnostic purposes has also been 

reported. Recent clinical PET imaging data have shown that 124I-girentuximab is a feasible 

imaging agent for detecting malignant clear cell renal cell carcinomas [18]. As an alternative 

to immunological based approaches, small molecule inhibitors targeting CA-IX have also 

been extensively developed. Small molecules targeting CA-IX are either coumarin-based 

suicide inhibitors or sulfonamides that confer their inhibitory activity by binding metals in 

the CA-IX active site [19–20]. Despite the multiplicity and diversity of developed CA-IX 
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targeting therapeutics, the development of ligands for CA-IX PET imaging remains scarce. 
1[18F]VM4–037 was developed as a small molecule inhibitor of CA-IX utilizing the 

sulfonamide pharmacophore and is a derivative of the promiscuous CA ligand 

ethoxzolamide. The free carboxylate of [18F]VM4–037 at physiological pH (pH = 7.4) 

renders molecule cell membrane impermeable enabling selective targeting of extracellular 

CA-IX protein while avoiding binding to competing intracellular CA isozymes. The 

localization of [18F]VM4–037 into tissues over-expressing CA-IX has been previously 

evaluated pre-clinically [21] warranting further exploration in patients. The main goal of this 

study was to determine the biodistribution and dosimetry of [18F]VM4–037 in humans using 

PET.

Materials and methods

Radiopharmaceutical Preparation

(S)-3-(4-(2-[F-18]fluoroethoxy)phenyl)-2-(3-methyl-2-(4-((2-sulfamoylbenzo[d]thiazol-6-

yloxy)methyl)-1H-1,2,3-triazol-1-yl)butanamido)propanoicacid, also referred to as 

[18F]VM4–037 has the chemical structure shown in Fig. 1. Production of [18F]VM4–037 

was performed in an automated synthesis module. Cyclotron-produced aqueous 

[18F]fluoride ion (~78 GBq) was passed through an anion exchange resin cartridge to 

sequester the [18F]fluoride ion from the target water. The [18F]fluoride was eluted from the 

ion exchange column into the reaction vessel using a solution of tetrabutylammonium 

bicarbonate (13 mg) in water (0.6 mL). An aliquot of acetonitrile (0.9 mL) was subsequently 

added into the reaction vessel. The mixture was dried by heating between 70 to 115°C under 

a stream of inert gas (Ar) under reduced pressure (250 mbar). After the drying procedure 

was completed, a solution of VM4–037 precursor 1 (15 mg, 13.4 μmol) dissolved in 

acetonitrile (0.9 mL) was added to the reaction vessel containing the anhydrous [18F]fluoride 

ion. The vessel was heated to approximately 85°C for 5–10 minutes. After the reaction was 

complete, the product was diluted with water (up to 5 mL total volume). The crude reaction 

mixture was transferred to the HPLC sample loop (5 mL) and purified via semi-preparative 

HPLC (Phenomenex Gemini C18, 5μ 250 × 10 mm, 5.5 mL/min), using 60% MeCN 

(containing 0.1% formic acid (v/v) : 40% of 0.1% aqueous formic acid (v/v). The column 

effluent was monitored using UV (254 nm and radiometric detectors connected in series). 

While the material was being purified, the reaction vessel was rinsed with acetonitrile (1 

mL) to remove residual impurities. The retention time of the 18F-labeled VM intermediate 2 

in this system was approximately 16 minutes. The purified fraction eluted from the HPLC 

purification column was diluted with water (20 mL) and captured onto a C18 SepPak 

cartridge. The C18 SepPak cartridge was rinsed with acetonitrile (1.0 mL) to release the 

intermediate back into the reaction vessel. The purified [18F]VM4–037 intermediate was 

then treated with aqueous lithium hydroxide (0.25N, 0.5 mL) and the mixture stirred at 40°C 

for 5 minutes. Aqueous hydrochloric acid (4N, 0.4 mL) was then added and the reaction 

vessel was heated to 70°C for 5 min. The reaction mixture was then cooled and diluted to the 

HPLC loop volume with 50% aqueous acetonitrile and purified via chromatographic 

separation using a semi-preparative HPLC column (Phenomonex Gemini, 5μ, C18, 250 × 10 

mm) using 34% acetonitrile (containing 0.1% formic acid (v/v), 66% aqueous 0.1% formic 

acid (v/v) as the eluent, at a flow rate of 5.0 mL/min (see Fig. 2). The purified [18F]VM4–
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037 fraction (retention time: 7 minutes) was collected and diluted in 50 mL sterile water for 

injection. This aqueous solution was passed through a C18 Sep-Pak and washed with an 

additional 10 mL of sterile water for injection. [18F]VM4–037 was then eluted from C18 

Sep-Pak cartridge using dehydrated ethanol, USP (0.5 – 1.0 mL), which was diluted with 

sterile water (4.5–9.0 mL) to afford a final formulation of [18F]VM4–037 in a maximum of 

10% ethanol:water (v/v). The solution was then processed through a 0.22 μm sterile filter 

into a sterile vial. The average decay-corrected radiochemical yield of [18F]VM4–037 was 

8.4±3.9% (n=4), and the average specific activity was 548±246 GBq/μmol (n=4).

Subjects:

Approval for the study was obtained from the Research Review Committee, Institutional 

Review Board and Radiation Safety Committee of Fox Chase Cancer Center. The trial was 

registered with Clinicaltrial.gov and given the identified number ClinicalTrials.gov 

identifier: NCT00884520. Two male and two female healthy volunteers (mean age ± SD, 

44±15, range 30–65) were enrolled in the study after obtaining written informed consent. 

The subjects’ weights were 72±10 kg (range, 59–84 kg). The subjects were deemed to be in 

good health based on their clinical history, physical examination, standard blood and urine 

tests, and electrocardiogram.

PET/CT Acquisition—The study subjects were administered 584±143 MBq (range 401–

728 MBq) of [18F]VM4–037 intravenously while laying on the bed of the PET/CT scanner. 

Immediately after the injection, five whole body PET/CT scans were performed in quick 

succession on a Discovery LS PET/CT scanner (GE Healthcare). By using a very low tube 

current setting for attenuation correction CT scans, we kept the radiation dose to the subjects 

as low as reasonably achievable. The CT scans were performed in the helical mode at 140 

kVp, with rotation time of 0.8 sec, slice thickness of 5 mm, slice interval of 4.25 mm, and 

the tube current used was 10 mA.

The PET acquisitions were performed in 2-D mode from the vertex of the head to mid-thigh. 

The five PET scans covered 7 bed positions (with a single slice overlap between the 

positions), and were started at approximately 11, 59, 87, 112 and 133 minutes after injection. 

Also, after the first PET scan, a PET/CT scan of mid-thigh to toes was performed. The 

subjects’ blood pressure, temperature, and pulse were measured before the injection of the 

radiotracer, after the first, second, and final PET scans, and on the following day at about 24 

hours after injection time. Electrocardiograms accompanied vitals before the administration 

of [18F]VM4–037, following the first and second PET/CT scans, and at 24 hrs.

Blood samples for analysis were obtained prior to injection of the tracer and at various time 

points during PET imaging. High-performance liquid chromatography was used for the 

plasma metabolite analysis. Whole blood samples were assayed for radioactivity in counts 

per minute. Separation of plasma from whole blood was accomplished using centrifugation 

(1,274 x g for 5 minutes) and the weight of separated plasma was recorded. Non-radioactive 

VM4–037 standard (20 μl of a 0.53 mg/mL in 14% EtOH in PBS (1x strength)) and 

acetonitrile (400 μL) were added to a sample of plasma (400 μL). After vortexing the sample 

for 30 seconds and subjecting it to high speed centrifugation (11,388 x g for 8 minutes), the 
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protein-free plasma was separately weighed and the radioactivity was assayed. The 

radioactivity of the pellet was also assayed. A sample (100 μl) of the protein-free plasma 

was analyzed by radioHPLC (Agilent 1100 HPLC system equipped with a Gemini C18 

analytical column (5 μm, 150 × 4.6 mm, flow = 1 mL/min) with mobile phase A (water w/ 

0.05% trifluoroacetic acid (TFA)) and B (acetonitrile w/ 0.05% TFA) and a UV detector set 

to 254 nm. Eluent fractions for radioactive analysis were collected from the radioHPLC at 1 

minute intervals and individually counted. The percentage of parent to metabolites was 

extracted from the radioHPLC traces.

Data Analysis—We utilized the ordered subsets expectation maximization iterative 

reconstruction method with 28 subsets and 2 iterations to generate the PET images for a 50 

cm diameter field of view, including corrections for randoms and scatter, and using the CT 

scan for attenuation correction. Since the first two PET scans covered the whole body from 

head to toe before the subject voided, integration of the total activity in these two scans and 

comparison to the administered activity provided a confirmation of activity determined from 

the PET images.

We used MIMVista software (MimVista Corp, Cleveland, OH) to display the PET images, 

draw the volume regions of interest (ROIs) for the major organs, and determine the activity 

in the organs. For the organs well-visualized in the PET scans (brain, gallbladder, liver, 

stomach, lower and upper large intestines, kidneys, and bladder), ROIs were drawn readily. 

Since the small intestine could not be clearly identified, its ROI was inferred using the 

boundaries of the nearby organs. The percentage administered activity (%IA) was then 

calculated for the individual organs for all the PET images.

Normalized Number of Disintegrations—The %IA for each organ in each of the PET 

scans was fitted to an exponential (or sum of exponentials) function in OLINDA/EXM 

(Organ Level Internal Dose Assessment) software [22] to calculate the normalized number 

of disintegrations, i.e. the total number of disintegrations per unit administered activity. For 

the remainder of body activity, we used the injected activity minus the activity in all the 

source organs and in collected urine. The half-times for biological excretion were calculated 

by fitting the injected activity minus accumulated urine activity to an exponential function of 

time. To estimate the normalized number of disintegrations in bladder, 1 hr and 4.8 hr 

bladder voiding models were used. The standardized adult male and female models of the 

OLINDA/EXM were utilized with the above estimated normalized number of disintegrations 

in order to calculate the absorbed doses in the different organs.

Results:

For the four subjects in the study, the amount of [18F]VM4–037 activity injected was 

584±143 MBq (mean±S.D.). There were no clinically significant effects on the vital signs 

that were monitored, i.e. blood pressure, temperature, pulse, and electrocardiogram, or in 

blood tests, during the study period of 2.2 hrs or on the following day’s examination.

The average extraction efficiency of [18F]VM4037 from whole blood was 53.4% (S.D. = 

3.6%). The blood-to-plasma ratio of radioactivity was varied from 1:1.1 to 1:1.9 in the 90-
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min duration of the metabolism samples. The protein-to-plasma ratio of radioactivity varied 

from 1:1 to 1.7:1 in the 90-min duration of the metabolism samples. Test of the plasma 

samples indicated that over 98% of [18F]VM4–037 remained intact in the plasma for 90 

minutes after injection. The plasma clearance half-time of [18F]VM4–037 was ~18 minutes.

Figure 3 shows a maximum intensity projection (MIP) image from the PET scans of one of 

the subjects. Immediately after injection, the liver and kidneys experienced considerable 

uptake while the urinary bladder had considerably lower uptake of the tracer. None of the 

other organs could be visualized above the background level. There was little clearance of 

the liver and kidney activities in later PET images. The standardized uptake values in the 

liver and kidneys at ~60 minutes after injection averaged to nearly 32 and 23, respectively. 

Other areas of the body had lower standardized uptake values. Liver uptake in the four 

subjects was in the range of 32% ID to 54% ID at 11 minutes after injection. The organ with 

the next highest uptake was kidneys, with the uptake in the range of 14% ID to 17% ID. The 

total activity in the urine collected during the 2.2 hour period after injection, as estimated 

from the measurements of urine samples in the well counter, was only ~4% of the injected 

activity. Fig. 4 shows the decay-corrected percent administered activity for the 3 organs with 

the highest activities.

Table 1 shows the normalized number of disintegrations for the various organs. Table 2 

shows the average doses in the organs. The mean effective doses for the adult male phantom 

for the 1 h and 4.8 h bladder-voiding models were 26±1 μSv/MBq and 28±1 μSv/MBq, 

respectively. The adult female phantom doses were ~22% higher. The two organs with the 

highest radiation absorbed doses were the kidneys and the liver, with doses of 273±31 and 

240±68 μGy/MBq respectively. Hence, effective dose for a patient injected with 370 MBq of 

[18F]VM4–037 would be 10±0.5 mSv, and the doses to kidneys and liver would be 101±11 

and 89±25 mGy respectively.

Discussion:

[18F]VM4–037, which has been developed to image CA-IX expression, has been studied in 

healthy subjects. This study provides information on the background uptake levels in normal 

organs and also assesses the potential radiation exposure in humans through whole body 

PET imaging.

[18F]VM4–037 revealed a biodistribution dominated by activity in the liver and kidneys and 

little renal clearance, with only 4% of injected activity excreted within the 2.2 hour duration 

of the study. Urinary bladder showed diffuse uptake. There was no evidence of the tracer 

above background levels in the large intestines during the 2.2 hour imaging period. 

[18F]VM4–037 was found to be intact in human plasma up to 90 minutes post injection.

The plasma half-life of [18F]VM4–037 was calculated to be 18 minutes, which is similar in 

magnitude to that of [18F]RGD-K5 (12 minutes) [23]. Because [18F]VM4–037 exhibits a 

relatively fast plasma clearance profile and low non-specific binding in the muscle, the 

background signal in patients quickly subsides leaving little residual signal. This clearance 
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profile provides an opportunity to visualize metastatic disease or primary tumors in the 

lymph nodes, lung and head and neck region.

The organs that received the highest doses were the kidneys (273±31 μGy/MBq), liver 

(240±68 μGy/MBq) and gallbladder (63±17 μGy/MBq). Adrenals and pancreas had doses of 

31±4 and 26±3 μGy/MBq respectively. The remaining organs had doses in the range of 2 to 

17 μGy/MBq. The effective dose for the 1 hr and 4.8 hr bladder-voiding models were 

26.2±1.3 μSv/MBQ and 27.8±1.4 μSv/MBQ respectively. Hence, effective dose for a patient 

injected with 370 MBq of [18F]VM4–037 in the 4.8 hr bladder voiding model would be 

10±0.5 mSv, the kidney and liver doses would be 101±11 and 89±25 mGy respectively. The 

typical patient effective dose is well below the whole body dose limit of 30 mSv specified by 

FDA for research subjects [24].

Table 3 lists the organ doses for [18F]VM4–037 from the present study and the organ doses 

for [18F]FDG from [25] for comparison. The absorbed doses in kidneys and liver were much 

higher for [18F]VM4–037 than [18F]FDG. This uptake profile is consistent with the notion 

that both naturally occurring metalloenzymes in the liver and organic anion transporters in 

the kidneys are anticipated to non-specifically bind the sulfonamide and carboxylate 

moieties present in [18F]VM4–037 [26]. The absorbed doses in the gallbladder and adrenals 

were higher for [18F]VM4–037 than [18F]FDG consistent with the observed expression 

patterns of CA-IX in these organs [27–29]. Very little of [18F]VM4–037 (~4% in 2.2 hrs) 

was excreted through the urinary system as a result of the high retention of the tracer in the 

kidneys and consequently the urinary bladder had a much lower dose for [18F]VM4–037 as 

compared to [18F]FDG. The uptake of [18F]VM4–037 was elevated in the stomach wall, a 

tissue known for expressing elevated levels of CA-IX. Conversely, we observed that the 

spleen had a relatively low uptake of the tracer relative to [18F]FDG which is compatible 

with the subdued levels of CA-IX noted in spleen tissue [29]. The overall uptake of 

[18F]VM4–037 in the brain was low relative to [18F]FDG as the polar carboxylate and 

triazole functional groups in [18F]VM4–037 hinder the tracer from appreciably crossing the 

blood-brain barrier. For the remaining organs, the calculated organ doses for [18F]VM4–037 

were similar to the [18F]FDG.

The biodistribution profile of [18F]VM4–037 in healthy volunteers provides some insight 

into the possible PET imaging applications of [18F]VM4–037. From the PET images, the 

retention of [18F]VM4–037 in both the kidneys and liver is considerably higher than other 
18F-labeled PET compounds which may hamper imaging CA-IX over-expression in cancer 

patients with clear cell renal cell or hepatic carcinomas [30]. Even though the background 

signal is high, if the tumor accumulates more tracer than the background, it could still be 

detected. Further studies with cancer patients are warranted to clarify this. For other regions, 

the rapid plasma clearance and low background signal of [18F]VM4–037 in the muscle may 

enable detecting metastatic spread into lymph nodes that over-express CA-IX or even 

primary lung, breast or and head and neck cancers, which are known to over-express CA-IX 

[31–34]. As mentioned previously, the overall uptake of [18F]VM4–037 into the human 

brain is low, which would normally preclude using this tracer for brain imaging studies. 

However, glioblastoma patients are reported to have disrupted blood brain barriers [35], 

which would conceivably allow [18F]VM4–037 to enter into the brain for imaging CA-IX 
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over-expression in brain tumors. Lastly, the high urinary bladder uptake of certain PET 

imaging agents limits the practical application of these agents for imaging tumors of the 

human prostate. The low retention of [18F]VM4–037 in the urinary bladder may provide an 

opportunity to image CA-IX over-expression in nearby prostate tumors, a subset of which 

are known to over-express CA-IX. CA-IX targeting inhibitors utilizing a coumarin 

pharmacophore are not expected to strongly bind metalloproteases. 18F-labeled CA-IX 

imaging agents utilizingbuild around this pharmacophore may result in reduced background 

organ uptake with improved CA-IX sensitivity [36]. Ultimately, a correlative pathology 

study comparing intratumoral CA-IX expression against [18F]VM4037 uptake would help 

elucidate the tracer’s ability to accurately target CA-IX overexpression.

Another concern arising out of the present study is the reduction of available radiotracer for 

tumor imaging by almost 50% due to the large retention in kidneys and liver. Further studies 

are needed to clarify whether the resulting reduced sensitivity is acceptable in patient 

imaging. Chemical modifications of the radiotracer may be needed to reduce the retention of 

the radiotracer in these organs and improve the sensitivity.

Comparison to other 18F PET radiopharmaceuticals:

Table 4 lists whole body radiation dose and effective dose from [18F]VM4–037 and from 

some other radiopharmaceuticals labeled with 18F [25, 37–38]. We can observe that the 

radiation dose from [18F]VM4–037 is similar to the radiation doses from other 18F-based 

imaging agents. From a radiation dosimetry perspective, [18F]VM4–037 is suitable for PET 

imaging in humans.

Conclusions:

The biodistribution of [18F]VM4–037 is characterized by very high uptake in liver and 

kidneys, with little clearance of the activity during the 2.2 hr study period. The effective 

dose for a patient injected with the typical 370 MBq injected dose of [18F]VM4–037 would 

be 10±0.5 mSv, and the kidney and liver doses would be 101±11 and 89±25 mGy 

respectively. Though the effective dose and the organ doses are within the limits considered 

as safe, the enhanced biodistribution of [18F]VM4–037 in kidneys and liver may make the 

compound unsuitable for imaging CA-IX over-expression in those two organs in cancer 

patients. The clearance of [18F]VM4–037 from plasma and muscle results in little residual 

background signal. This clearance profile may provide an opportunity to visualize metastatic 

disease or primary tumors in the lymph nodes, lung, and head and neck region. From a 

radiation dosimetry perspective, [18F]VM4–037 is suitable for PET imaging in humans.
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FIGURE 1. 
Chemical structure of [18F]VM4–037
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FIGURE 2. 
Synthesis of [18F]VM4–037
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FIGURE 3. 
Decay-corrected anterior maximum-intensity projections of PET at 10, 60, 86, 113, and 133 

min (from left to right) after injection of [18F]VM4–037 in a female subject. There is little 

clearance of activity through the renal system, and there is high uptake of activity in liver 

and kidneys.
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FIGURE 4. 
Mean percent administered activity and SD for top 3 organs determined on basis of four 

[18F]VM4–037 PET emission scans in human volunteers, as a function of time after 

injection. Little clearance of activity was observed in the organs.
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TABLE 1.

Normalized number of disintegrations of Source Organs for Subjects injected with 18F-VM4–037

Normalized number of disintegrations

Organ (MBq-h/MBq administered)

Brain 0.0061±0.0038

Gallbladder contents 0.010±0.009

Kidneys 0.42±0.05

Liver 1.92±0.56

Lower Large Intestine 0.013±0.011

Small Intestine 0.0055±0.0027

Upper Large Intestine 0.0068±0.0057

Urinary Bladder contents (1 h) 0.021±0.003

Urinary Bladder contents (4.8 h) 0.077±0.011

Remainder 0.50±0.31

Data are mean ± SD; n=4
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TABLE 2.

Radiation dosimetry estimates per Unit Administered Activity for 18F-VM4–037 for the Human Adult Male 

Phantom in 1- and 4.8-Hour Bladder-Voiding Models, Based on Human Biodistribution Data

1 hr Void 4.8 hr Void

Organ (μGy/MBq) (μGy/MBq)

Kidneys 273±31 273±31

Liver 240±68 240±68

Gallbladder Wall 63±17 63±17

Adrenals 31±4.3 31±4.3

Pancreas 26±3.3 26±3.3

Upper Large Intestine Wall 17±1.8 17±1.8

Heart Wall 15±1.6 15±1.6

Spleen 14±1.4 14±1.5

Urinary Bladder Wall 14±2.2 41±5.7

Lungs 13±1.4 13±1.4

Small Intestine 13±1.1 13±1.1

Stomach Wall 13±0.8 13±0.8

Lower Large Intestine Wall 12±7.5 13±7.6

Red Marrow 9.3±0.6 9.4±0.5

Osteogenic Cells 8±1.5 8.1±1.5

Muscle 7.6±0.6 7.8±0.6

Ovaries 6.8±1.6 7.5±1.6

Uterus 6.5±1.5 8.1±1.6

Breasts 6.4±0.3 6.4±0.3

Thymus 6±0.7 6±0.7

Skin 4.7±0.6 4.7±0.6

Thyroid 3.2±1.4 3.2±1.4

Testes 2.9±1.5 3.4±1.5

Brain 1.7±0.7 1.7±0.7

Total Body 15±1.4 15±1.4

Effective Dose (μSv/MBq) 26±1 28±1

Data are mean ± SD; n=4
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TABLE 3.

Organ doses for 18F-VM4–037 and 18F-FDG

_ 18F-VM4–037 18F-FDG

Organ (μGy/MBq) (μGy/MBq)

Adrenals 32 13

Brain 1.7 19

Breasts 6.7 9

GallbladderWall 64 14

Heart_Wall 15 60

Kidneys 273 20

Liver 239 16

LLI_Wall 13 17

Lungs 13 17

Muscle 8.1 11

Osteogenic_Cells 8.6 12

Ovaries 7.9 17

Pancreas 27 26

Red_Marrow 10 13

Skin 5 8

Small_Intestine 13 14

Spleen 15 37

Stomach_Wall 23 13

Testes 4.1 13

Thymus 6.3 12

Thyroid 3.6 10

ULI_Wall 18 13

Urinary_Bladder_Wall 41 190

Uterus 8.6 23
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TABLE 4.

Comparison of Dose per Unit Administered Activity Between 18F-VM4–037 and Other 18F Based Imaging 

Agents

VM4–037 FDG Galacto-RGD HX4

Bladder Voiding Interval 1 hr 4.8 hr 4.8 hr 2 hr 1 hr 4.8 hr

Total Body Dose (μGy/MBq) 15 15 11 5.34 8 10

Effective dose (μSv/MBq) 26 28 19 18.68 14 27
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