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Future trends in prostate cancer theranostics with PSMA ligands
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PSMA as a target for theranostics

The term theranostics may have different meanings ranging

from a very broad to a rather narrow scope of activities. In the

broad sense, diagnostics may be used to change therapy

planning where the tools used for diagnosis (a radiopharma-

ceutical) and therapy (radiation therapy, surgery, chemo- or

hormone therapy) may be different. In the narrow sense, the

samemolecule or highly similarmolecules are used in vivo for

both diagnosis and therapy. This is the case for endoradio-

therapy andpre-supposes anappropriate biological target. The

attractive feature of endoradiotherapy is that patientsmay first

be identified as possible candidates for this treatment after

labeling of the carrier molecule with a c or positron emitter.

Upon positive findings, the same molecule can be used for

therapy by labeling it with an a or b-particle emitter. In

addition, a pretherapeutic dosimetry is possible. Further

advantages of endoradiotherapy over traditional therapies can

be expected from the cross-fire effect This effect is induced by

the particles originating from the binding site leading to the

destruction ofmultiple cells in the neighborhood of the tracer-

accumulating cells. The cross-fire effect may compensate to a

certain extent for heterogeneous target expression in tumors.

This is in contrast to non-radioactive targeting treatment,

where usually only the cells binding the therapeutic molecule

are destroyed. Further enhancement of therapeutic effects is

caused by the radiation-induced bystander effect (RIBE).

RIBE describes a situation where cells, which have not been

directly exposed to the ionizing radiation, behave as if they

have been exposed: they die or show chromosomal instabili-

ties or other abnormalities. In this sense, the prostate-specific

membrane antigen (PSMA) is an ideal membrane-bound

structure for imaging and targeted therapy for prostate cancer:

as a transmembrane protein with glutamate-carboxypeptidase

activity and its active site located extracellularly it can be

addressed by rational design of inhibitors mimicking the

binding of the natural substrates, the peptidic neurotransmitter

NAAG. Furthermore, after binding of a ligand internalization

occurs via clathrin-coated pits and subsequent endocytosis.

This results in enhanced uptake and retention in the tumor,

prerequisites for a high contrast in imaging and a high local

dose deposit obtained in therapeutic applications. Finally, the

protein shows high expression in most tumors and low

expression in normal tissues. Possible ligands for PSMA are

antibodies like J591 and small molecule inhibitors. Both have

been used for imaging aswell as for therapy and, therefore, are

candidates for in vivo theranostics. With respect to the influ-

ence of PSMA ligand imaging on the planning of therapies

other than endoradiotherapy, several studies showed changes

in up to 63 %of the cases in the setting of biochemical relapse

and approximately in 25 % in the primary situation [1].

Endoradiotherapy with antibodies and small
molecules

Although phase I and II studies with 90Y- or 177Lu-labeled

J591 revealed benefits with respect to survival and stabi-

lization of PSA and manageable side effects [2], small
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molecule radiopharmaceuticals have some advantages over

antibodies such as better tumor penetration, fast blood

clearance and low background activity. This should result

in a lower dose for normal organs. Dosimetry with the

compound 124I-MIP-1095 revealed that the organs receiv-

ing the highest absorbed doses after administration of 131I-

MIP-1095 are the salivary glands (mean dose 4.6 mGy/

MBq), the liver (1.5 mGy/MBq) and the kidneys

(1.5 mGy/MBq). The mean total whole body absorbed

dose was 0.38 mGy/MBq resulting in 0.76–2.7 Gy based

on the injected activities. Doses obtained with 177Lu-

PSMA-617 were even lower with 1.4 mGy/MBq for the

salivary glands, 0.1 mGy/MBq for the liver, 0.75 mGy/

MBq for the kidneys and 0.03 mGy/MBq for the red

marrow. Consequently, side effects with respect to bone

marrow were mild to moderate. Diffuse bone marrow

involvement was a risk factor for higher grade myelosup-

pression but could be identified by PSMA-imaging in

advance. A therapy response as measured by a decrease in

PSA as well as lesion number and size was seen in

approximately 70 % for both 131I-MIP1095 and 177Lu-

PSMA-617 (Fig. 1, [3]). Furthermore, pain relief was

obtained in almost all patients.

Future aspects

A couple of remaining questions have to be addressed for

further improvement: which radionuclide has to be used for

which situation? In case of endoradiotherapy, should we

use b or a emitters? According to our preliminary experi-

ences with 225Ac there is a clear benefit of 225Ac over
177Lu, especially in patients with disseminated late-stage

disease in the bone marrow. This relates to anti-tumor

effects as well as to hematologic side effects. However,

effects and side effects are a matter of radionuclide, dose

and time. Although more efficient with respect to tumor

cell killing a emitters will destroy the salivary glands with

a reduction of quality of life. For this reason, strategies

need to be developed which reduce the tracer accumulation

in these organs. Quality of life becomes more important

with a longer life expectancy of the patient. This relates to

the next question: should we treat early or late or should we

even engage in the treatment of minimal disease? Is there a

parallel to thyroid cancer? The answer to that question has

to take into account potential risks and, as already men-

tioned, an influence of side effects on the quality of life.

Extrapolation from the experiences obtained from Naga-

saki and Hiroshima and the nuclear plant accident in

Tchernobyl reveals a theoretically increased risk of 2–3 %

for leucemia at 5–15 years after treatment. Furthermore, a

theoretical risk for a decrease in kidney function after

5 years has to be considered. These theoretical risks as well

as a possible xerostomia are not an issue in the final stage

patient, but could be problematic in patients treated earlier.

Therefore, a decision for early treatment should rely on the

identification of high-risk patients, but at present it is

questionable that the criteria needed for such a decision are

in our hands.

In addition, we may ask whether a monotherapy with

PSMA ligands is really the end of the story? Since PSMA

expression may be enhanced by androgen-deprivation

therapy a premedication with antiandrogen drugs may

increase the tracer accumulation and consequently the dose

in tumor lesions. Another aspect to be considered is the

obvious heterogeneity of PSMA expression in primary

tumors and metastases. This heterogeneity may lead to the

selection of clones with low or even no PSMA expression

and, therefore, to resistance to endoradiotherapy with

PSMA ligands. In the latter case, new biological targets

Fig. 1 A patient with

metastasized prostate cancer.

Pretherapeutic PET/CT with
68Ga-PSMA-11 (left) and

intratherapeutic scintigraphy

during the first, second and third

application of 177Lu-PSMA-

617. During the course of

PSMA ligand therapy, the

number of tumor lesions

decreased which was

accompanied by a decrease in

PSA
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and new radiopharmaceuticals have to be identified and

developed for clinical application.
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