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5D3 is a new high-affinity murine monoclonal antibody specific for

prostate-specific membrane antigen (PSMA). PSMA is a target for

the imaging and therapy of prostate cancer. 111In-labeled anti-
bodies have been used as surrogates for 177Lu/90Y-labeled thera-

peutics. We characterized 111In-DOTA-5D3 by SPECT/CT imaging,

tissue biodistribution studies, and dosimetry. Methods: Radiolabel-
ing, stability, cell uptake, and internalization of 111In-DOTA-5D3

were performed by established techniques. Biodistribution and

SPECT imaging were done on male nonobese diabetic/severe com-

bined immunodeficient (NOD/SCID) mice bearing human PSMA(1)
PC3 PIP and PSMA(−) PC3 flu prostate cancer xenografts on the

upper right and left flanks, respectively, at 2, 24, 48, 72, and 192 h

after injection. Biodistribution was also evaluated in tumor-free,

healthy male CD-1 mice. Blocking studies were performed by coin-
jection of a 10-fold and 50-fold excess of 5D3 followed by biodis-

tribution at 24 h to determine PSMA binding specificity. The

absorbed radiation doses were calculated on the basis of murine

biodistribution data, which were translated to a human adult man
using organ weights as implemented in OLINDA/EXM. Results:
111In-DOTA-5D3 was synthesized with specific activity of approxi-

mately 2.24 ± 0.74 MBq/μg (60.54 ± 20 μCi/μg). Distribution of 111In-
DOTA-5D3 in PSMA(1) PC3 PIP tumor peaked at 24 h after injection

and remained high until 72 h. Uptake in normal tissues, including the

blood, spleen, liver, heart, and lungs, was highest at 2 h after in-

jection. Coinjection of 111In-DOTA-5D3 with a 10- and 50-fold ex-
cess of nonradiolabeled antibody significantly reduced PSMA(1)

PC3 PIP tumor and salivary gland uptake at 24 h but did not

reduce uptake in kidneys and lacrimal glands. Significant clear-

ance of 111In-DOTA-5D3 from all organs occurred at 192 h. The
highest radiation dose was received by the liver (0.5 mGy/MBq),

followed by the spleen and kidneys. Absorbed radiation doses to

the salivary and lacrimal glands and bone marrow were low. Con-
clusion: 111In-DOTA-5D3 is a new radiolabeled antibody for imag-

ing and a surrogate for therapy of malignant tissues expressing

PSMA.
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Prostate cancer (PC) is the most frequently diagnosed cancer
and the second most common cause of cancer-related mortality in
men in the United States (1). Prostate-specific membrane antigen
(PSMA) is a well-characterized tumor marker associated with PC
(2–5). Although PSMA expression is high in PC, including within
metastases (6–8), it is also variably elevated in the neovasculature
of solid tumors (9–12).
Small-molecule (#1,000 Da) ligands targeting PSMA have pro-

liferated for detecting, imaging, and treating PC (4,13–16). Many
researchers worldwide currently focus on development of new and
improved therapeutic PSMA small-molecule radioligands that de-
liver b- or a-particle–emitting payloads. Nevertheless, such agents
are fraught with certain side effects, such as damage to salivary
gland tissues (17,18). Renal toxicity may also emerge because more
patients are treated more often and live longer (19,20). PSMA-
targeted monoclonal antibodies (mAbs) have not been shown to
accumulate significantly within off-target sites other than bone mar-
row, suggesting that mAbs may complement or be used in lower
doses with lower doses of the small-molecule therapeutics.
PSMA-targeted mAbs have long been used to image and treat

PC (21). The scintigraphy-based agent 111In-7E11-356 was the
first such agent approved by the Food and Drug Administration
and is specific for an intracellular epitope of PSMA (22). Some
have argued that those binding sites are exposed only after apo-
ptosis or necrosis, suggesting the 7E11-356 scaffold to be sub-
optimal for clinical use (23,24). Bander’s group subsequently
developed the mAb huJ591, which targets an extracellular epitope
of PSMA (9,25–27). Evaluation of 131I- and 111In-DOTA analogs
of J591 demonstrated superior PSMA-specific tumor targeting and
blood clearance compared with those based on 7E11-356 (28).
More recently, a new mAb, 3/A12, which targets an external epi-
tope different from that targeted by J591, was developed for
immunoimaging (29). We characterized 4 new murine PSMA-
specific mAbs, which we compared with J591 (30). We showed
that mAb 5D3 binds to the external epitope of PSMA and at least
partially overlaps with the J591 binding site but has 10-fold higher
affinity. Here, we extend those results by synthesizing a 111In-
labeled analog of 5D3 and test its pharmacokinetics in vivo.
111In was chosen not just for imaging with SPECT but also to
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serve as a surrogate for other DOTA-chelated therapeutic nu-
clides, including 90Y and 177Lu for PSMA-based radiotherapeutics

as a stand-alone agent and in combination with small-molecule

radiotherapeutics.

MATERIALS AND METHODS

Reagents, Cell Lines, and Animal Models

5D3 (in phosphate-buffered saline and 0.01% NaN3; 4.5 mg/mL;
molecular weight, 150,000) was purified by the combination of pro-

tein-affinity chromatography and size-exclusion chromatography as

described previously (30). Chemicals were purchased from Sigma-

Aldrich or Fisher Scientific with 2 exceptions: DOTA-N-hydroxysuc-

cinimide ester was purchased from Macrocyclics, and 111InCl3 was

purchased from Nordion. Sublines of the androgen-independent PC3

human PC cell line, originally derived from an advanced androgen-

independent bone metastasis, were used. These sublines have been

modified to express high levels of PSMA [PSMA-positive (1) PC3

PIP] or are devoid of target [PSMA-negative (2) PC3 flu] (31).

LNCaP cells were purchased from American Type Culture Collection.

Animal studies were performed in compliance with the regulations of

the Johns Hopkins Animal Care and Use Committee. Six- to 8-wk-old

male, nonobese diabetic/severe combined immunodeficient (NOD/

SCID) mice (Johns Hopkins Animal Resources Core) were implanted

subcutaneously with PSMA(1) PC3 PIP and PSMA(2) PC3 flu cells

(2 · 106 in 100 mL of Matrigel [Corning]) at the forward right and left

flanks, respectively. The mice were imaged or used in biodistribution

assays when the xenografts reached about 5 mm in diameter.

Preparation of Radiolabeled 111In-DOTA-5D3

5D3 was reacted with DOTA-N-hydroxysuccinimide-ester at a 1:10
(mAb:DOTA-N-hydroxysuccinimide-ester) molar ratio for 2 h at room

temperature using 0.1 M sodium carbonate (pH 9) as the conjugating

buffer followed by purification using centrifugal filter units (Thermo Sci-

entific) and equilibrated with 0.2 M NH4OAc (;pH 7.4). Conjugation

of DOTA-N-hydroxysuccinimide-ester was confirmed by matrix-assisted

laser desorption/ionization time-of-flight mass spectrometry. The resulting

immuno–chelate conjugate, DOTA-5D3, was obtained in approximately

65% (n 5 5) yield. DOTA-5D3 was radiolabeled with 111In in 0.2 M

NH4OAc (;pH 4) for 1 h at 40�C. The resulting 111In-DOTA-5D3 was

incubated with ethylenediaminetetraacetic acid at a final concentration of

10 mM for 5 min to chelate unbound 111In and then was subsequently

purified on a phosphate-buffered saline preequilibrated Zeba spin desalt-

ing column (Thermo Scientific). Radiochemical purity and stability of
111In-DOTA-5D3 were tested by instant thin-layer chromatography using

ethylenediaminetetraacetic acid solution as a mobile phase. After purifi-

cation, the overall purity was at least 98% starting from a crude purity

of about 70%–80%. Protein concentration was determined using a

NanoDrop spectrophotometer (Thermo Scientific).

Cell Uptake and Internalization, Immunoreactive Fraction,

Flow Cytometry, and Immunohistochemistry

Experimental methods for cell culture, in vitro cell uptake and

internalization studies, flow cytometry, and immunohistochemistry

were performed following our previous report (32,33). The immuno-

reactive fraction of 111In-DOTA-5D3 was determined by the Lindmo

method (34).

Biodistribution

Mice bearing PSMA(1) PC3 PIP and

PSMA(2) PC3 flu xenografts were adminis-

tered 0.37 MBq of 111In-DOTA-5D3 (;10

mg) in 150 mL of saline (n 5 4) via the tail

vein. Additionally, we performed biodistri-

bution studies with healthy immunocompe-

tent CD-1 mice at 2 and 24 h using a similar

dose. Competitive inhibition studies were

performed in vivo using intact 5D3 (100 mg

or 500 mg/mouse) added to the 111In-DOTA-

5D3 formulation, and biodistribution studies

were performed at 24 h (n 5 3).

SPECT/CT Imaging

SPECT/CT imaging of 111In-DOTA-5D3
on a GammaMedica X-SPECTwas used to study

male NOD/SCID mice with tumor xenografts

(n 5 2) following a reported method (31). Data

were reconstructed and fused using commer-

cial software from the vendor (GammaMedica).

Data were analyzed using AMIDE (http://amide.

sourceforge.net/).

Radiation Dosimetry

Radiation doses absorbed by normal tis-
sues and tumor were calculated for 111In and
177Lu, the latter of which is the initial candidate

for therapy. Organ activity concentrations

obtained from the murine biodistribution stud-

ies using 111In-DOTA-5D3 were translated

to human whole-organ percentage of injected

dose and then integrated over time to obtain

the human time-integrated activity coefficients,

which were then input into OLINDA/EXM

FIGURE 1. (A) In vitro binding specificity of 111In-DOTA-5D3 in PSMA(1) PC3 PIP and PSMA(−)
PC3 flu cell lines at 37°C. (B) Immunoreactive fractions of 111In-DOTA-5D3 in PSMA(1) PC3 PIP

cells was determined as 1/y (x 5 0). (C) Cell surface PSMA expression by flow cytometry illus-

trated by overlapping histograms and mean fluorescence intensity (MFI) for 4 different cell lines:

CHO (Chinese hampster ovary cell line with no staining with anti-PSMA mAb), PC3 flu (human

PC3 with no staining with anti-PSMA mAb), PC3 PIP (human PC3 with PSMA-positive staining

with anti-PSMA mAb), and LNCaP (human prostate cell line). Notice shift for no staining (CHO, gray;

flu, green) and staining with PE antihuman PSMA (FOLH1) mAb (LNCaP, blue; PIP, red).

PSMA PE 5 phycoerythrin (PE)-conjugated anti-PSMA antibody.
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software to obtain the organ-absorbed doses

(35). The activity concentration in human red

marrow was estimated using a previously

described method (36). Previously developed

Monte Carlo–based models were used to es-

timate the doses absorbed by the salivary

and lacrimal glands following our previous

report (37). The related equations, explana-
tions, and assumptions for dosimetry calcula-

tions are available on request.

Statistical Analysis

Statistical analysis was performed using a

2-tailed t test (GraphPad). P values were con-

sidered significant if they were 0.05 or less.

RESULTS

Radiolabeling of 111In-DOTA-5D3

5D3 was first conjugated with DOTA-
mono-N-hydroxysuccinimide ester follow-

ing the scheme in Supplemental Figure 1

(supplemental materials are available at

http://jnm.snmjournals.org). Conjugation and

purification chemistry proceeded in an ap-

proximately 65% yield with high chemi-

cal purity ($98%) to generate DOTA-5D3.

Mass spectrometry confirmed conjugation

of an average of 2 molecules of the che-

lator for each antibody (Supplemental

Fig. 2). The final radiochemical yield of

the purified DOTA-5D3 was about 60% 6
10%, with radiochemical purity of more

than 98% and a specific activity of 2.24 6
0.74 MBq/mg (60.54 6 20 mCi/mg). Incuba-

tion of 111In-DOTA-5D3 in phosphate-buff-

ered saline for 7 d at 37�C revealed a less

than 2% decrease in radiochemical purity.

PSMA-Specific Cell Uptake and

Internalization
111In-DOTA-5D3 displayed rapid uptake

in PSMA(1) PC3 PIP cells at 37�C within

10 min after incubation (44.27% 6 1.99%)

(Fig. 1; Supplemental Table 1). A rela-

tively slow but steady increase in cell uptake

was observed over time at 30 min (49.04%

6 1.38%) and 1 h (55.29% 6 1.65%) and

held at that level for 24 h. Cell internaliza-

tion of 111In-DOTA-5D3 was rapid, with

38.23% 6 1.65% of the dose internalized

at 10 min and 50.23% 6 2.72% at 1 h.

Those values remained steady at 24 h. Up-

take of 111In-DOTA-5D3 in LNCaP cells

(Supplemental Table 2) was significantly

lower at 30 min (14.45% 6 0.40%) and

1 h after incubation (23.37% 6 0.80%) than

in PSMA(1) PC3 PIP cells. However, at 24 h

after incubation, 111In-DOTA-5D3 dem-

onstrated comparable uptake (50.71% 6
0.65% in LNCaP vs. 54.64% 6 1.12% in

PSMA(1) PC3 PIP). Control experiments

FIGURE 2. (A) Tissue biodistribution of 111In-DOTA-5D3 in male NOD-SCID mice bearing

PSMA(1) PC3 PIP and PSMA(−) PC3 flu tumors on either flank (n 5 4). (B) Selected PSMA(1)

PC3 PIP tumor-to-normal organ ratios. (C) Binding specificity assessed by blockade with coinjection

of either 10- or 50-fold excess of nonradiolabeled 5D3. (D) Immunohistochemistry of PSMA expres-

sion and negative control (no PSMA staining) of frozen tissue sections of PSMA(1) PC3 PIP

tumor and PSMA(−)PC3 flu tumor at ·10 magnification obtained from biodistribution experiment

at 24 h after injection of 111In-DOTA-5D3 and from blocking experiment at 24 h using 50-fold

excess of 5D3.
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using the PSMA(2) PC3 flu cells showed no specific binding up to

24 h after incubation, further demonstrating the specificity of 111In-

DOTA-5D3. Cell surface expression of PSMA in those 3 cell lines

was evaluated by flow cytometry (Fig. 1C). The PSMA(1) PC3 PIP

cell line displayed approximately 10-fold higher PSMA expression

than LNCaP. The control PSMA(2) PC3 flu cell line displayed

significantly lower expression than PSMA(1) PC3 PIP or LNCaP

cells. The immunoreactive fraction of 111In-DOTA-5D3 was about

75% 6 6% (Fig. 1B).

PSMA-Specific Tumor Uptake and Biodistribution Studies

At 2 h after injection, 111In-DOTA-5D3 uptake was mainly in the
blood (40.70 6 7.16 percentage injected dose per gram [%ID/g]),

liver (52.26 6 13.43 %ID/g), and spleen (16.99 6 4.18 %ID/g)

(Figs. 2A and 2B; Supplemental Table 3). On the basis of mono-

exponential clearance of blood time–activity curves, the half-life

of blood clearance of 111In-DOTA-5D3 was 29.2 h (Supplemen-

tal Fig. 3). PSMA(1) PC3 PIP tumor uptake at 2 h was 5.72 6
0.87 %ID/g. PSMA(1) PC3 PIP tumor uptake was high at 24 h

after injection (36.196 9.00 %ID/g), remained nearly at that level

through 48 and 72 h, and significantly decreased to 5.77 6 3.53 %

ID/g at 192 h. High PC3 PIP tumor accumulation of 111In-DOTA-

5D3 is consistent with prolonged blood-pool activity (24 h, 22.62

6 0.75 %ID/g; 48 h, 11.39 6 4.68 %ID/g; and 72 h, 9.74 6 3.62

%ID/g) and rapid cellular internalization and sequestration of the

complex. Uptake in the PSMA(2) PC3 flu tumors was signifi-

cantly lower at all time points tested (P , 0.05, paired 2-tailed

t test; Supplemental Fig. 4). The ratio of PSMA(1) to PSMA(2)

tumor uptake was about 1.87 at 2 h and remain high (.5) after 24 h

to 8 d after administration.
Competitive inhibition (blocking) studies were performed in

vivo by coinjection of 111In-DOTA-5D3 with a 10-fold (100 mg)

and 50-fold (500 mg) excess of nonradiolabeled mAb (Fig. 2C;

Supplemental Table 4; Supplemental Fig. 5) at 24 h after injec-

tion. Decreased tissue binding was observed for the 50-fold block-

ade. Most normal tissue uptake decreased on blockade; however,

kidney uptake increased to 11.04 6 0.26 %ID/g (P , 0.0005

relative to unblocked). Blocking with a 10-fold excess of non-

radiolabeled mAb also resulted in increased uptake in the kidneys
(12.96 6 0.92 %ID/g) compared with unblocked 111In-DOTA-
5D3. Uptake in the PSMA(1) PC3 PIP tumor was not signifi-
cantly reduced compared with unblocked 111In-DOTA-5D3
(23.20 6 3.56 %ID/g with the 10-fold blockade; P 5 0.07 relative
to unblocked). However, nearly 4-fold lower tumor uptake (8.456
0.53 %ID/g) was observed using 50-fold blockade. Although lac-
rimal gland uptake did not show any significant change with either
10-fold or 50-fold blockade, salivary glands showed significantly
reduced uptake at the higher dose (P , 0.005 relative to
unblocked). No significant changes in radiolabeled mAb were
observed within spleen, muscle, bone, small intestine, or PSMA(2)
PC3 flu tumor using the 50-fold blockade. Low nonspecific uptake in
the PSMA(2) PC3 flu tumor was most likely associated with the
enhanced permeability and retention effect of DOTA-5D3. The com-
petitive inhibition experiments demonstrate the high specificity
of 111In-DOTA-5D3 for PSMA expression in vivo.
Immunohistochemistry of the frozen tissue sections of PSMA(1)

PC3 PIP and PSMA(2) PC3 flu tumors—those that were unblocked
and those subjected to 50-fold blockade—at 24 h is shown in Figure
2D. Significant reduction of PSMA-positive staining was found in the
blocked PSMA(1) PC3 PIP tumor tissue sections compared with the
unblocked tumor sections, in agreement with blocking data shown
in Figure 2C. PSMA(2) PC3 flu cells did not show any change in
PSMA staining, as expected.
We have also performed tissue biodistribution studies of 111In-

DOTA-5D3 in immunocompetent healthy CD-1 mice at 2 and 24 h
after injection and compared the results with those for the tumor-
bearing NOD/SCID mice (Fig. 3). In the immunocompetent CD-1
mice, 111In-DOTA-5D3 demonstrated a biodistribution pattern
similar to that in the tumor-bearing mice, except for the organs
noted below. Liver (18.97 6 1.81 %ID/g), kidney (4.55 6 0.11
%ID/g), and blood (12.51 6 0.58 %ID/g) uptake in the CD-1
mice at 24 h were nearly 2-fold lower than in the tumor-bearing
NOD/SCID mice (P , 0.0001).

In Vivo SPECT Imaging

Whole-body SPECT/CT images depicting the biodistribution of
111In-DOTA-5D3 at 2, 24, 48, 72, and 192 h after injection are
presented in Figure 4. At 2 h, signal intensity was highest in the
liver, spleen, and gallbladder, and signal was also observed in the
region of the spinal column. The signal intensity within the spinal
column likely reflects the high concentration of 111In-DOTA-5D3
in the circulation. From 24 to 72 h after injection, clearance of
111In-DOTA-5D3 from nontarget tissues, including the blood and

FIGURE 3. Biodistribution analysis at 2 h and 24 h after injection of
111In-DOTA-5D3 in male NOD-SCID bearing PSMA(1) PC3 PIP and

PSMA(−) PC3 flu tumors on either flank (n 5 4) and in male CD-1 mice

(n 5 3).

FIGURE 4. Whole-body volume rendering SPECT/CT images in male

NOD-SCID mice showing uptake of 11In-DOTA-5D3 in normal tissues

(e.g., liver, kidneys) and PSMA(1) PC3 PIP and PSMA(−) PC3 flu

tumors.
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liver, allowed visualization of PSMA(1) PC3 PIP tumor. Relative
to 2 h, the radioactivity concentration within the liver was re-
duced, whereas the signal intensity persisted in the PSMA(1)
PC3 PIP tumor for up to 8 d.

Organ-Absorbed Doses

Figure 5 and Supplemental Tables 6 (37–39) and 7 provide a
selected list of the human organ time-integrated activity coeffi-
cients (h) and absorbed doses (mGy/MBq), respectively, for 111In
and 177Lu. For both isotopes, the liver received the highest
absorbed dose per unit activity, as expected from the biodistribu-
tion study. Accordingly, it is likely that the liver would be the
dose-limiting organ, followed by the spleen. The absorbed doses
of 177Lu for the kidneys, lacrimal glands, parotid glands, and sub-
mandibular glands were low, within the range 0.10–0.17 mGy/
MBq, whereas the liver dose was 0.97 mGy/MBq. The estimated
bone marrow dose for both 111In-DOTA-5D3 and 177Lu-DOTA-
5D3 was low, 0.04 mGy/MBq.

DISCUSSION

We previously reported that 5D3 was suitable for the develop-
ment of radioimmunotherapy targeting PSMA-expressing malig-
nancies (30). This study examined the in vitro properties and in
vivo pharmacokinetics and binding specificity of 111In-DOTA-5D3,
which enabled SPECT imaging of PSMA-expressing xenografts
(Fig. 4). 5D3 may also allow the development of new radiopharma-
ceutical therapies—or antibody–drug conjugates—for the treatment
of PSMA-expressing tumors. High tumor uptake and retention of
111In-DOTA-5D3 are most likely related to high internalization of the
radiometal-labeled mAb within the tumor, resulting in metabolism

and trapping of the radioactivity at the tumor site (40). Accordingly,
we anticipate that the longer-lived therapeutic radionuclide, 177Lu
(maximum b2, 0.497 MeV; half-life, 6.74 d), will have longer in
situ tumor irradiation than will 90Y (maximum b2, 2.28 MeV; half-
life, 2.67 d).
For most radioimmunotherapeutic agents, the critical organ is the

red marrow (41). Although liver and spleen demonstrated the high-
est absorbed dose for 111In-/177Lu-DOTA-J591, the major concern
for 177Lu-DOTA-J591 is myelotoxicity for a therapeutically effec-
tive dose (42,43). Our biodistribution data suggest that clearance of
111In-DOTA-5D3 from tumor-bearing NOD/SCID mice and healthy
immunocompetent CD-1 mice is slightly faster than that of 111In-
DOTA-J591, whereas uptake in the liver and spleen has been shown
to be more than 3-fold higher for 111In-DOTA-5D3 than for 111In-
DOTA-J591 after 48 h (28). As a result, the estimated human red
marrow absorbed dose of 177Lu-DOTA-5D3 (0.04 mGy/MBq), was
slightly lower than that of 177Lu-DOTA-J591 (0.3 6 0.1 mGy/MBq)
(43). Although we recognize that such a comparison may not be
appropriate based on the preclinical data, consideration of the liver–
to–red-marrow absorbed dose ratio of 177Lu-DOTA-J591 and 177Lu-
DOTA-5D3 (6 vs. 24) further suggests that the liver might be the
dose-limiting organ for 177Lu-DOTA-5D3.
Salivary gland radiotoxicity is presently a major impediment for

more widespread use of PSMA-targeted a-particle therapy (17),
although various off-target tissue-blocking strategies are currently
being developed (18). Salivary gland uptake of 111In-DOTA-5D3
could be significantly blocked with a 50-fold excess of unlabeled
mAb 5D3, indicating that the uptake of 111In-DOTA-5D3 in the
salivary glands is at least in part mediated by PSMA. This
possibility is also supported by immunohistochemistry (Supplemen-

tal Fig. 6). Although 177Lu-DOTA-J591 did
not display any salivary gland radiotoxicity,
and there is no preclinical report of salivary
gland uptake, we anticipate that the mAb
111In/177Lu-DOTA-5D3 will similarly not
deliver a high radiation dose to the salivary
glands. The estimated dose absorbed by the
salivary glands, 0.24 mGy/MBq, is much
lower than the estimated dose from 177Lu-
PSMA-617, 1.4 mGy/MBq (44). Addition-
ally, the absorbed dose within the lacrimal
glands for 111Lu-DOTA-5D3 (0.12 mGy/
MBq) was significantly lower than that of
177Lu-PSMA-617 (2.82 mGy/MBq) (45).
Anticipating and mitigating off-target

effects is critical for implementing new
radiopharmaceutical therapeutics. Increased
kidney uptake observed using 2 differ-
ent blocking doses indicated that kidney
uptake of 111In-DOTA-J591 was mostly due
to clearance of the mAb and not to PSMA ex-
pression in the kidney (Supplemental Fig. 6).
PSMA-based small-molecule agents developed
by us and others demonstrate significant
renal cortical blocking using competitive,
small-molecule blockers (46,47), underscor-
ing differences in pharmacokinetics between
PSMA-based mAbs and low-molecular-weight
agents.
The largely nonoverlapping off-target

effects of 111In-DOTA-5D3, which would

FIGURE 5. (A) Calculated human organ time-integrated activity coefficients. (B) Estimated hu-

man organ absorbed doses (mGy/MBq). Absorbed doses were calculated on the basis of murine

biodistribution data, which were converted into adult human absorbed doses. Calculated time-

integrated activities were used as input in OLINDA/EXM using adult male phantom for normal

tissues.
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likely be similar for the corresponding 177Lu analog and the small-
molecule PSMA agents such as 177Lu-PSMA-617, may enable their
use in tandem or together, with a concurrent decrease in the dose of
each—perhaps sparing marrow and salivary and lacrimal gland tissue,
respectively. According to the report of a recent meeting organized by
the Prostate Cancer Foundation, ‘‘Simultaneous administration of ra-
diolabeled small molecules targeting PSMA and PSMA-targeted
antibodies are non-competitive and. . .dual administration leads to
additive dose to tumor’’ (Bander et al., unpublished) (48). Signifi-
cantly, the approach is currently being attempted with combination
of 177Lu-J591 and 177Lu-PSMA-617 in patients with metastatic
castration-resistant PC (NCT03545165). Although it is difficult to
predict the therapeutic index for human subjects on the basis of
preclinical studies, the 111In-DOTA-5D3 biodistribution studies
here also justify preclinical radioimmunotherapeutic studies with
177Lu/90Y radionuclides with a tolerable marrow radiation dose.

CONCLUSION

Biodistribution and immuno-SPECT experiments indicate that
111In-DOTA-5D3 demonstrates high potential as a radionuclide-
based agent for specific, noninvasive delineation of PSMA-expressing
tissues, particularly PC, in vivo. 111In-DOTA-5D3 also serves as
a template on which to build PSMA-targeted radiotherapeutics.
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