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There are two causes of failure in the surgical
treatment of metastatic tumors : firstly, local
recurrence of the tumour is not always prevented,
even after extra-tumoral surgical exeresis and
systemic chemotherapy, and secondly, failure of
osteosynthesis after surgery. For these reasons,
we thought that it would be helpful to provide
local chemotherapy during and immediately after
surgery, for instance, by adding an antimitotic
to the acrylic cement used to replace the bone
loss or to seal reconstruction prostheses. It was
thought that the antimitotic would be likely to be
released into the surrounding tissues in the same
way as many antibiotics. Diffusion into the sur-
rounding tissues is well established for numerous
antibiotics [1-6].

We performed a number of experiments [7-9]
to assess acrylic cement as a vehicle for local
chemotherapy: (1) Diffusion of antimitotic drugs
from acrylic cement was studied in vitro to deter-
mine that these drugs were released and were still
biologically active after exposure to highly reac-
tive monomer and the exothermic curing reac-
tion. (2) Experiments in vivo were performed on
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two groups of animals. We tested the effect of
such local chemotherapy on experimental osteo-
sarcoma of the rat and on dogs with spontaneous
osteosarcoma. General and local tolerance of the
antimitotic-loaded cement was assessed.

Finally, we report our preliminary clinical
investigations [10—12] with pharmacological data
from patients. It was possible to envisage using
cement/drug mixtures to treat orthopaedic com-
plaints calling simultaneously for mechanical
consolidation of the bone [13] and in-situ release
of a drug: one example would be the strengthen-
ing of bone with cement after resection of a bone
tumour [14] plus the local release of antimitotic
drugs from the implant.

Cement was the first vehicle to be studied
for the purpose of releasing local chemotherapy.
Methyl polymethacrylate (P.M.M.A.) fulfils the
two following criteria: it has good biocompat-
ibility, since the system has to remain in situ
throughout the rest of the patient’s life; it is not
biodegradable, so that it provides mechanical
support for bone which has been weakened by
the surgical exeresis of a neoplastic site.

Many antimitotic drugs are available; for our
first investigations we used methotrexate and
cisplatine. Methotrexate was chosen because
its concentration is easy to determine by spec-
trophotometry, and because there is an antidote
(citrovorum rescue) for adverse effects. We used
the acrylic bone cement currently employed by
the authors for clinical arthroplasty.
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Study of the Release
of Methotrexate (MTX)

The first study investigated the in-vitro release
of antimitotics included in acrylic cement. After
confirming that this release does actually occur,
starts rapidly and is maintained over a prolonged
period, two further studies were then carried out
in vivo: one in dogs suffering from spontaneous
osteosarcoma, in order to investigate the release
of the antimitotic from the cement into the
plasma, the systemic safety and the local activity
of the antimitotic-loaded cement following exer-
esis of the neoplasm.

The second study was conducted in laboratory
rats with implanted osteosarcomas. This type of
tumour was used so that a large number of ani-
mals with tumours could be studied and divided
into uniform groups. Under these experimental
conditions, it was possible to monitor the prog-
ress of the tumours left in situ as well as the histo-
pathological changes brought about by the local
action of antimitotics released from implants.

* Kinetic profile of the release of MTX from
implants

To investigate the release of MTX from a block
of acrylic cement implanted into the tissues, cubic
test pieces were placed in 32 ml of physiological
saline, which was changed every day. The concen-
tration in the elution fluid was measured before
each change. These test pieces were made from a
mixture of 500 mg methotrexate powder, 46.5 g of
polymer, and 20 ml of monomer, poured into 2 cm
cubic moulds. Each cube weighed about 13 g and
contained approximately 100 mg of methotrexate.
Methotrexate elution was evaluated daily for 15
days and then weekly for 6 months for six speci-
mens, the results being given as an average of the 6.

The release profiles from implants containing
1 % w/w have shown that methotrexate is released
more rapidly during the first 2 h and 10 % of the
load is released within the first 18 h. The rate
of release then slows. Implants immersed in an
extraction medium which is changed regularly,
continue to release methotrexate for 6 months;
the quantities released initially being greater the
greater the initial load.
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e The release of methotrexate from acrylic
cement

This has been investigated in vivo in dogs
with spontaneous sarcoma. We therefore chose
an animal with a weight close to that of man,
and a spontaneous tumour with an evolution
like that of human osteosarcoma, similarly
hypervascular because this may influence the
diffusion of cisplatine. In experiments at the
National Veterinary School of Maisons-Alfort,
we used dogs with spontaneous osteosarcoma.
This is a malignant tumour [15, 16] with the
same aggressive properties as the human type. It
affects the very large breeds of dog such as the
Saint Bernard (mean weight 70 kg), the mastiff
(55 kg) and the boxer (30 kg). It progresses rap-
idly in the absence of treatment, and death is the
rule in a few months [17, 18]. Simple resection
of the tumour rapidly leads to local relapse, and
even after amputation 85 % of dogs die within
7 months of diagnosis [15, 19, 20]. The loss
of substance resulting from the exeresis of the
tumour was compensated using freshly prepared
methotrexate-loaded cement. The dose of meth-
otrexate received ranged from 1.6 to 16 mg/kg.
Two hours after being implanted, plasma levels
of methotrexate ranged from 0.08 to 0.02 pmol/l
(1 pmol of methotrexate=0.455 mg). After
24 h, the plasma levels were between 0.1 and
0.02 pmol/l and by the third day were no longer
detectable. Toxic effects were observed on day
4 in the 3 animals which had received a dose of
more than 200 mg of methotrexate. The other
animals, which had received a dose of between
100 and 150 mg, did not display any signs of
toxicity. The survival curve of the animals in this
group seemed to be better than that of the ani-
mals which underwent surgery without adjuvant
treatment, where 85 % of the animals had died
within 7 months.

The Efficacy of Methotrexate-Loaded
Implants

This was investigated using the experimental model
of osteosarcoma in the rat [21, 22]. Using implants
equivalent to 1.5 mg of active constituent, tumour
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growth was temporarily slowed and the survival
time of the animals significantly prolonged.

These experiments have shown that the rise in
temperature which accompanies the polymerisa-
tion of the cement does not destroy MTX and,
like antibiotics, MTX can be released from the
cement. Migration probably occurs as a result
of diffusion; the cement constitutes a network of
pores and micro-fissures which makes it accessi-
ble to the liquid medium in which it is immersed.
This liquid penetrates into the system and dis-
solves the crystals of MTX which then diffuse
into the surrounding medium. This mechanism
is certainly the dominant one at work during the
early stages of MTX release. It probably accounts
for the initial peak which characterises the kinet-
ics of MTX release. It is logical to suppose that
the outer layers of the cement are more accessible
to the liquid medium than the inner layers.

Study of the Release of Cisplatin

Cisplatin is one of the antimitotics which would
be suitable for mixing with cement and it has the
following characteristics : it is often used to treat
primary bone tumours; in the context of bone
metastases from visceral tumours, it is generally
used in multiple-drug therapy of tumours which
are characterised particularly by being radio-
resistant and resistant to other antimitotics [23—
27]: hence the appeal of a local cisplatin-based
therapy, which has the advantage of being radio-
sensitising [28].

Cisplatin takes the form of a whitish-yellow
crystalline powder. It has no melting point as it
decomposes without melting at 270 °C. Cisplatin
has a solubility in water at room temperature of
1 mg/ml.

In the solid state, cisplatin is relatively stable.
In contrast, in solution it forms mono-aquo and
di-aquo derivatives by the successive shedding
of chloride ions. Cisplatin is most stable in solu-
tion at an acid pH and in the presence of chloride
ions, which prevent a shift in the reaction equi-
librium towards the formation of degradation
products. It should also be noted that cisplatin
has a chemically inert structure with few reac-
tive groups. Differential thermal analysis did
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not provide further information in this regard, as
cisplatin decomposes without melting at around
270 °C and parasite peaks from PMMA superim-
pose on the cisplatin peak at these temperatures.
X-ray diffraction did however allow us to dem-
onstrate that there is no difference between the
spectrum of the physical mixture and that of the
cisplatin implants. Moreover, this hypothesis was
supported by a very simple experiment in which
an accurately weighed 5 % cisplatin implant was
dissolved in methylene chloride, a solvent for the
polymer but not the cisplatin. The cisplatin crys-
tals were sedimented and extracted by a 9 p. 1000
solution of sodium chloride in a separating fun-
nel. Assay of this solution revealed that it con-
tained all of the active ingredient present in the
implant. The very slow release of cisplatin does
not therefore appear to be due to a chemical bond
with the polymer, but rather to the fact that a large
proportion of cisplatin is trapped in the matrix.

The mixture was prepared as follows: during
the first step, the active constituent, cisplatin, was
mixed with the polymer. A predetermined weight
of polymer was placed in a porcelain mortar. A
known quantity of cisplatin was then added in
small fractions. In the second step, the monomer
was added, depending on the quantity of polymer
taken, the volume of polymer being that recom-
mended by the manufacturer. The constituents
were then thoroughly mixed for 4 min to form a
homogeneous paste.

This paste was then poured into the barrel of a
stoppered syringe. The mixture was then expelled
by the pressure of the piston into polyethylene
moulds measuring 6.7 mm (inside diameter) by
10.3 mm in height (cylindrical mould, Prolabo,
Paris [France]). The implants were left in the
moulds for 24 h, to allow complete polymerisa-
tion to take place, and then tipped out and kept in
darkness and at room temperature. The in-vitro
release of cisplatin was investigated by placing
the implants in a release medium with the follow-
ing composition : sodium chloride: 9 g. distilled
water, g.s.p.: 1000 ml; 1 N hydrochloric acid,
g.s.p- pH=4. After weighing, the implants were
placed in the release medium at 37 °C and stirred
in darkness. Samples were taken at regular inter-
vals and an equal volume of fresh medium added
to replace the reaction mixture removed. “Sink”
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conditions were maintained, i.e. the concentra-
tion of cisplatin in the release medium was never
more than one-tenth of the saturation concentra-
tion (i.e. 100 mg of cisplatin per litre).

The in-vitro release data obtained from
implants containing various loads of cisplatin
(from 1 to 20 % w/w) are shown as a function of
time : the quantities released were related to the
initial concentration of cisplatin in the implants.
For instance, after 90 days, the implants with the
highest load had released about 12 % of cisplatin,
whereas implants containing 1 % had released
only 3 % under these experimental conditions. It
should also be noted that the release was incom-
plete from all the implants and never reached
100 % of the initial load.

In the case of pure PMMA films, diffusion
experiments have shown that cisplatin in solution
had great difficulty in crossing even a thin mem-
brane. Cisplatin therefore appears to be unable to
cross pure PMMA. In the case of PMMA/MMA
films, we found that up to a certain thickness, cis-
platin was readily able to diffuse across the mem-
brane. This diffusion can be accounted for by the
structure of the polymer, which is not a uniform
matrix, but a layer of spheres of PMMA which are
linked to one another by the polymerised mono-
mer. In solution, cisplatin must be able to diffuse
into the relatively less compact zone between the
spheres, which may have defects of structure and
cohesion. However at thicknesses from 133 pm,
diffusion is slower, as if a thicker layer of spheres
impedes the diffusion of the active constituent.
These findings should be interpreted in the light
of the structure of the cement viewed under elec-
tron microscopy, which reveals areas of regular
polymer and defects, fissures which doubtless
permit the diffusion cisplatin.

Clinical Experience

The clinical research was done at the Henri
Mondor hospital and has confirmed the experi-
mental data obtained in animal studies. It pro-
vided the basis of the protocol for clinical use.
During surgery, a dose of 100 mg of MTX mixed
with a complete dose of cement (46 g of polymer
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and 20 ml of monomer) was administered, fol-
lowed by an intramuscular administration of
folinic acid between 72 and 86 h later. This was
well tolerated by the patient. The local concentra-
tion of MTX found in the drains within the first
few hours may reach levels 10,000 times greater
than the plasma concentration and remained 100
times greater than the plasma concentration for
the next 3 days if the drain was kept in place.
Systemic distribution of this local chemotherapy
was observed, as can be seen from the blood lev-
els of MTX. The release and diffusion of MTX
from the cement was continued well beyond 10
days (when MTX could still be assayed in one
patient), since urinary excretion continued for at
least 3 weeks.

In the time of cisplatin, which has a lower rate
of diffusion from the cement than methotrexate,
a dose of 200 mg of cisplatin mixed with one
packet of cement was used without any post-
operative adverse haematological or renal effects
being observed.

If further developments in the investigations
we have initiated [7-9] confirm these early find-
ings, this method of local neoplastic chemo-
therapy could offer an adjuvant therapy which is
likely to be easier to handle. There is of course no
question that this therapy could offer a substitute
for systemic chemotherapy or radiotherapy when
these therapies are indicated. Several other stud-
ies [29-32] have confirmed the experimental data
of the diffusion of antimitotics from cement.
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