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Introduction
At the University Hospital in Malmo, Sweden, we are studying the distribution of
cytostatic agents in the patient, during and after the treatment. Having this knowledge,
we think it is possible to optimise the drug delivery to the tumour and minimise the
adverse effects of the cytostatic agent. The treatment will then be more individualised,
which hopefully will give better result.

Cisplatin is a cytostatic agent widely used in chemotherapy. The antitumour
activity of cisplatin was discovered by Rosenberg et al. (1) in the late 1960:s and the
agent has been used in the clinics since the middle of the 1970:s. It has been most
successful in the treatment of testis cancer (germ cell tumours), where today more than
90 % of the patients treated are cured. It is also used to treat ovarian, oesophageal,
small cell lung, head and neck and bladder cancers.

Renal failure was early considered as the most severe adverse effect of the
treatment with cisplatin. Today, the patients are hydrated in connection with the
infusion of cisplatin and the toxicity to the kidneys is smaller. Other side-effects are
ototoxicity, myelosuppression, nausea and vomiting.

The cisplatin molecule, c/s-dichlorodiammineplatinum(II), is an inorganic
compound which consists of a platinum atom surrounded by two chloride ions and two
ammonia ligands in m-configuration.
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Figure 1. C/s-dicWorodiammineplatinum(II)

By synthesising radioactive cisplatin, the distribution and uptake of the drug in
the patient can be studied. This has been done in our case by synthesising cisplatin
containing trace amounts of the radioactive isotope 191Pt.

Methods
191Pt was produced by irradiating stable gold with protons, with energies 70-75 MeV.
I91Pt decays, with a half-life of 2.9 days, to the stable isotope 191Ir. Among the emitted
photons, the characteristic x-rays with energies 63-73 dominate. Also conversion
electrons and Auger electrons are emitted in the decay.



The synthesis of 191Pt-cisplatin, performed under aseptic conditions, was
started from 191PtCU(IV). Carrier in the form of non-radioactive PtCUCIV) was then
added. To reduce Pt(IV) to Pt(II), hydrazine was used. The synthesis, proceeded as
described by Hoeschele et al. (2), was going on for eight hours and the yield of the
radioactivity was in the range 10-35 %.

To check the identity, the purity and the concentration of the synthesised
product, HPLC was used. Sterility and absence of pyrogens was checked. The activity
and the radionuclidic purity was controlled with a high pure Ge-detector.

The in-house synthesised cisplatin was mixed with ordinary and composed as
maximum often percent of the total amount given. The mixture was given intra-
venously to the patient during a two-hour infusion. The patient was hydrated with
physiological saline before and after the infusion of cisplatin. The urine from the
patient was collected for the first 48 hours after the start of the infusion.

Imaging was performed using a gamma camera, equipped with a high energy
collimator due to the presence of the high energy photons. The 20 % energy window
was centred at 70 keV. Static images over the thorax region and the tumour region as
well as whole-body scanning were performed directly, one day and in some cases,
depending on the condition of the patient, up to ten days after the end of the infusion.
The administered activity was in the range 31-50 MBq.

Eleven patients, 7 male and 4 female, have so far been included in the study.
Their age varied between 32 and 72 years. The diagnoses were one testis, two bladder,
three oral and five lung cancers. All eleven patients gave their written consent to take
part in the study, which was approved by the Human Research Ethics Committee of
Lund University, the Swedish Medical Products Agency and the Isotope Committee of
Malmo University Hospital.

Results
About one percent of the activity of the final product was in the form of 188Pt.
Impurities such as 191Au and 188Ir were present at the start of the synthesis but were not
carried through and were not found in the final product. All batches tested were found
to be sterile and in absence of pyrogens.

The organ who showed the highest uptake of platinum was the liver. Maximum
fractional uptake was on average 9 % of the platinum administered, corresponding to
5.5 % per kg liver tissue. Maximum fractional uptake in the kidneys was 0.5 % of the
platinum administered, corresponding to 1.8 % per kg kidney tissue. Uptake of
platinum was also visible in the gall bladder, spleen, gastro-intestinal tract, neck and
mediastinum and uro-genital region.

For two patients, the visualisation of platinum in areas corresponding to
tumour sites could easily be seen. For two other patients, an uptake was visible but not
so obvious as in the former cases. The tumour sites were verified with CT-images or
bone-scan images, examinations performed close in time to the 191Pt-cisplatin study.
For the other seven patients, the concentration of platinum in the tumour was not high
enough for visualisation.

There was an initial, rapid excretion of platinum via the urine. Already at four
hours after the start of the infusion, 15 to 45 % of the administered platinum had been
excreted. After 48 hours, the amount of platinum excreted varied between 28 and
62 %.

Discussion



The uptake of platinum in the liver seen in our images is consistent with data reported
by Smith et al. (3). The uptake in the kidney was lower than expected from earlier
XRF measurements (4) but consistent with other studies using radioactive cisplatin (5,
6). The uptake of platinum into the gall bladder and the gastrointestinal tract
indicates that part of the platinum was excreted into the gastrointestinal tract and not
only through the kidneys.

The uptake of cisplatin into a tumour is determined by a number of factors.
Although uptake of cisplatin by a tumour is not a guarantee for a cytotoxic effect, the
drug cannot be effective if it does not reach the tumour in sufficient concentration. We
have shown that by using radioactive cisplatin, visualisation of platinum in tumour
tissue is possible.
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