
12 December 1970 Tumours of Bladder-Gosbie Ross MIDIBALTSOURNAL 663

If possible cystectomy should be postponed for a year after
megavoltage irradiation, as healing is defective and slow
within a few months of treatment. For example, the mortality
of complete cystectomy in one series of figures was 45 %
when performed within nine months, whereas it was 15% if
the operation was not carried out until at least nine months
had elapsed.
The overall three-year survival rate after complete cystec-

tomy has been quoted as 30%. The operation presents some
difficulties when carried out after a previous irradiation
owing to fibrosis, but I have the impression that the survival
rate for the operation after megavoltage is better than when
performed de novo, possibly because of the "frozen pelvis"
and the effect of the irradiation on lymph nodes, etc. It is
necessary to remove the prostate and the posterior urethra
in men and the whole of the urethra in women. Because
metastases may appear in the uro-epithelium of the urethra
some authorities advocate removing the whole length of the
male urethra together with the bladder.
The safest and most satisfactory method of dealing with

the ureters is to implant them in the pelvic colon (after hav-
ing first divided the bowel), the lower end being closed and
the upper end being brought out as a terminal colostomy.
The rectal bladder functions well and most patients find that
a colostomy is less troublesome than an intestinal urinary
conduit.

Palliative Measures

Sometimes progressive and intractable pain, dysuria, and
strangury with the frequent painful passage of clots through
the urethra necessitate active palliative measures. One method
is to carry out a simple ureterocolonic implantation of the
ureters, thus eliminating troubles relating to micturition.
In view of the limited expectation of life in such patients
there is no need to be unduly concerned about the dangers of
hyperchloraemic acidosis and ascending infection. Severe and
persistent bleeding from an inoperable malignant growth may
be controlled by bladder instillations of silver nitrate, starting
with a 1/5,000 solution and working up to 1/1,000 if peces-
sary. Similarly, thiotepa 60-90 mg. instilled into the bladder
on alternate days (retained for three hours) may stop the
haematuria. Thiotepa is also useful in cases where there are
multiple, small velvety tumours present. The tiny lesions may
disappear completely but a careful watch is necessary on the
white blood count during the course of treatment.
To sum up, therefore, the principles of management are

cystoscopic diathermy where possible; interstitial irradiation
for circumscribed non-infiltrating malignant tumours;
megavoltage irradiation for large, inoperable infiltrating
lesions; for multiple papillary tumours either megavoltage
or primary complete cystectomy; and for recurrent tumours
after megavoltage-or for lesions failing to respond to
megavoltage-complete cystectomy.

TODAY'S DRUGS
With the help of expert contributors we print in this section
notes on drugs in current use.

Immunosuppressive Drugs-I
British Medical Journal, 1970, 4, 663-665

Immune responses in man may be divided into two
categories: the antibody-mediated and the cell-mediated. The
antibody is thought to be produced by the germinal centres of
lymph nodes, intestinal lymphoid tissue, and spleen. These
lymphoid cells proliferate and produce antibody after
antigenic stimulation. The cell-mediated system probably de-
velops from the embryonic thymus. It comprises cells sur-
rounding the germinal centres of lymph nodes and the
paracortical cords of lymphocytes in those nodes. These cells
are known as "immunologically competent." Rejection of
grafts and delayed hypersensitivity reactions depend on cell-
mediated immunity, while passive transfer of sensitivity
requires immunologically competent cells or their products.
Antibody itself cannot transfer this form of sensitivity, though
antibody may well be implicated in the final destruction of
cells.

In an immunological response antigen is taken up by the
macrophage system. The antigen is altered, and its contact
with small lymphocytes induces a proliferative response result-
ing in the formation of antibody and cells with the capacity to
transfer cell-mediated immunity.
Immunosuppression can affect any of the above processes

(see opposite). Methods of suppressing immune reactions, par-
ticularly those in clinical use, usually entail an attack on the
lymphocyte. Irradiation, splenectomy, thymectomy,
lymphocyte depletion by thoracic duct drainage, cytotoxic
drugs, corticosteroids, and antilymphocyte globulin all seem to
act mainly by interfering with lymphocyte function. There is
no evidence that, in adults, splenectomy, irradiation to the
spleen, or thymectomy potentiate other immunosuppressive
agents. Immunosuppression by interfering with the activity of

the macrophages is possible, but methods with a clinical
application are not yet known.
At present three forms of immunosuppression form the

basis of effective treatment in man-namely, antilymphocyte
globulin, corticosteroids, and cytotoxic agents or antimetabo-
lites. Nevertheless, the dosage, time of administration, and
type of agent required for optimum effect are all largely un-
known. Corticosteroids, purine analogues, folic acid antagonists,
and alkylating agents can all suppress both humoral and
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cellular immunity. Unfortunately they are much less effective
in suppressing established immunity than in preventing the
induction of an immune response."3 A definite species
variation exists, and in different animals one drug may
depress antibody synthesis and delayed hypersensitivity
responses to different degrees.
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Today's Drugs

Corticosteroids

Prednisolone, the most used drug in this group, is an

important and powerful immunosuppressive agent. Corticos-
teroids destroy lymphocytes, are anti-inflammatory, and
they inhibit protein synthesis. Possibly also they reduce the
phagocytic capacity of the reticuloendothelial system. All these
actions mainly depress cell-mediated immunity, though
antibody synthesis may also be affected. Antibody formation
is prevented only when the lymphocytes are destroyed before
induction with antigen, for if steroids are given after the
antigen they have very little effect. Unfortunately corticos-
teroids alone in man have consistently failed to prolong the
survival of skin grafts. High doses of corticosteroids, however-
usually together with cytotoxic immunosuppressive agents-
are helpful in reversing incipient rejection of a kidney graft.
Though steroids have little effect on diminishing established
serum antibody levels, they can be very effective in treating
disease in which antibody is thought to have an important
role (for example, autoimmune haemolytic anaemia and
idiopathic thrombocytopenic purpura).

Cytotoxic Agents and Antimetabolites

Alkylating Agents
The immunosuppressive qualities of these agents were

known before their antitumour effects were discovered.
The cytotoxicity of the alkylating agents probably results
from the inhibition of several enzyme systems as well
as cross-linking and alkylating DNA. Cyclophosphamide (Fig.
1), the most popular agent in this group, is a powerful
immunosuppressive drug with a high "therapeutic index," and
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has been shown to have this action even after antibody
appears in the serum. The daily dose for continuous administ-
ration is 75-100 mg./m.' (2-3 mg./kg. body weight) but larger
doses may be used for short periods. The drug has the
advantage of being given by mouth but may be given
intravenously. Side effects include bone marow depression,
alopecia, nausea, and vomiting; occasionally a haemorrhagic
cystitis may develop on long-term treatment. Fortunately side
effects are not usually troublesome.

Folic Acid Antagonists

Methotrexate (Fig. 2) binds the enzyme dihydrofolate
reductase and thereby inhibits the formation of tetrahydrofolic
acid. Tetrahydrofolic acid is concerned in the biosynthesis
of purines, thymidylate, and several amino acids. The folic
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acid antagonists act primarily by inhibiting the synthesis of
thymidylate. Since thymidylate is found only in DNA,
methotrexate mainly affects dividing cells.
The dose for continuous administration is 2-5 mg. daily by

mouth, but much higher doses may be given for periods up to
72 hours, provided a "rescue" dose of folinic acid is given.
Folinic acid effectively stops the cytotoxic activity of metho-
trexate and provides a means of giving high doses of metho-
trexate at a time most needed for maximum immunosuppres-
sion. The vulnerable period may be quite short following
induction by antigen, and the immune response can be
profoundly inhibited during a 6-8 hour period of methotrexate
activity.4 Allograft survival may be considerably prolonged by
this technique.'

Gastrointestinal side effects and bone marrow depression
may occur with methotrexate, but the most troublesome side
effect is oral ulceration. Cough with pneumonitis has been
described with long-term use and may be accompanied by an
eosinophilia. The drug is more difficult to control than are
purine analogues or cyclophosphamide. Much of it is excreted
by the kidneys, and it must be used with caution in renal
failure.

Purine Analogues
The main effect of these drugs is on the synthesis

and interconversion of purine nucleotides. These agents,
like methotrexate, appear to inhibit the proliferating
lymphoid cells of the immune response. There is little effect
on macrophages or phagocytosis. The two agents most
commonly in use are 6 mercaptopurine (6MP) and
azathioprine (Fig. 3). Both agents can suppress delayed hyper-
sensitivity reactions and the rejection of tissue transplants in
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animals and man. Of the immunosuppressive agents screened
by Calne in kidney transplants in dogs azathioprine was found
to be the best.6 Azathioprine also probably has a higher thera-
peutic index than 6MP when assayed in mice, but this has
not yet been established in man. Azathioprine is a derivative
of 6MP and is slowly hydrolysed in the body to form this.
Both agents have few side effects, but azathioprine is said to
have less gastrointestinal and liver toxicity than 6MP. Bone
marrow depression also occurs with azathioprine. The
daily dose for continuous oral use is 75-100 mg./m.2 (2-3 mg./kg.
body weight), though double this may be used for the first
few days.

Immunosuppressive Effects

The timing of drug administration in relation to antigenic
stimulation is crucial for adequate immunosuppression,
and the optimal time for drug administration is peculiar
to each drug. Antibody formation may be enhanced in some
instances, but the administration of 6MP or methotrexate
during the proliferative phase of antibody synthesis very
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effectively blocks the antibody response. Enhancement of
antibody synthesis appears to be a general property of
immunosuppressive agents; its mechanism is unknown, but
possibly the stimulation is caused by the release of materials
from injured cells.

In both animals and man 6MP or methotrexate inhibit
antibody formation at the most one to two days after immuniza-
tion, but cyclophosphamide is effective whether immunization
occurs one day before, or several days after therapy. The
primary antibody response is inhibited more than the secon-
dary response, and the drugs usually have little effect on
established antibody levels in the serum. For allograft survival
the best results are obtained when the graft is performed five
days before immunosuppression is begun. This is true for
cyclophosphamide, methotrexate, and 6MP.

Certain doses of 6MP, cyclophosphamide, or methotrexate
can interfere with the synthesis of IgG antibody without
appreciably affecting IgM production. The same drugs can
suppress cell-mediated immunity without much effect on
antibody synthesis but this depends on the regimen used. A
definite species variation exists, while in a given species even
if an agent can depress antibody synthesis and delayed hyper-
sensitivity it may not inhibit transplant immunity.

Antilymphocyte Globulin
Antibody against lymphocytes is usally prepared in horses.

Early preparations contained a great deal of unwanted horse
protein, which gave rise to troublesome allergic reactions. The
activity resides in the IgG fraction, and antisera are now
available which are rich in IgG. These are more potent and
have fewer side effects than earlier preparations. Troublesome
antibodies against red cells and platelets can be removed by
careful absorption. Antilymphocyte globulin (A.L.G.) prepared
in this way causes little haemolysis or thrombocytopenia.
These potent antisera can prolong survival of allografts in

both man and animals. A.L.G. is effective as an
immunosuppressive agent used alone in man, but more
usually it has been given together with other immunosuppres-
sive agents in tissue transplantation. Lymphopenia is not nec-
essary for the immunosuppressive effect. Homograft survival
is improved if A.L.G. is given several days before the
transplant, but unfortunately this is not usually possible in the
case of human renal transplantation.
There is evidence that A.L.G. adds to the immunosuppres-

sive effect when used with azathioprine and prednisolone and,
moreover, allergic complications are not then so troublesome.
Starzl7 has used A.L.G. during the first four months after
renal transplantation. Before this, bone marrow depression and
sepsis had been responsible for many of the early deaths after
renal transplantation. He was able to reduce the dose of
azathioprine and prednisolone if A.L.G. was added and found
that this improved the early course after human renal
transplantation, without an excessive risk from the acute and
delayed complications of serum sickness. The introduction of
purified potent antisera will undoubtedly lead to its greater
use in the difficult period following renal homotransplantation.

In Britain caution has governed the use of A.L.G. in view
of the serious complications which can occur. Pain at the site
of intramuscular injection is the most constant side effect.
Swelling and oedema at the site are regularly seen, reaching a
peak at 3-6 hours, when the pain is at its most intense.
Antihistamines may help the numerous allergic reactions
which can occur (angioneurotic oedema, laryngospasm,
bronchospasm, cyanosis, fever, hypotension, and headache). In
animals A.L.G.-- can enhance various tumours both spontane-
ous and induced. Its use in man has been accompanied by an
increased incidence of tumours, but it has usually been given
together with cytotoxic agents. Malignant neoplasms of the
lymphoreticular system seem the most frequent type of
tumour seen. The incidence of carcinoma may well be

increased also, but there are too few cases reported so far to
make a definite statement on this point.
Dosage and treatment schedules cannot be given with any

confidence in view of poor standardization, though work is
going on at present to establish assay systems for use in man.

New Approaches
Antibody
Antibody is the only antigen-specific immunosuppressant

known. It can regulate the normal immune response as well as
act therapeutically. For example, haemolytic disease of the
newborn can be prevented by giving anti-D to rhesus negative
women. The enhancement phenomenon seen in transplanted
tumours is due to immunosuppression by antibody.8 Recently
antisera have been used successfully to prevent rejection of
kidney allografts in rats.9 Combination of antibody with the
antigen appears to prevent the antigen from participating in
immunological reactions. The mechanism of this is unknown,
but possibly antibody exerts its immunosuppressive effects at
the level of the macrophage.10 Very small amounts of
antibody are immunosuppressive. The mechanism may well
vary depending on the nature of the antigen avidity and the
amount of antibody given.

Drug-induced Tolerance
Drugs used for immunosuppression in man are usually

given continuously; in cancer chemotherapy, on the other
hand, similar drugs are used intermittently to minimize
immunosuppression and allow proliferation of normal cells.
The activity of immunosuppressive agents may be enhanced if
potential antibody-forming cells are first stimulated by
antigen. Drug-induced tolerance can occur where there is con-
tinuing lack of reactivity to a specific antigen after a short
course of drug treatment is concluded.11 The mechanism
seems to be that antigen-stimulated cells are destroyed by the
cytotoxic agents. Used alone, cytotoxic drugs cause a transient,
non-specific depression of the immune response, and
immunological recovery occurs within a few days of stopping
the drug. When administered together with antigen the drug
suppresses the primary immune response and immunological
memory is also inhibited. Specific tolerance induced in this way
may last for several months. Surprisingly, its maintenance
seems to depend on repeated contact with the antigen during
this period.'2
Any approach likely to require a short course of drug treat-

ment to aid the induction of tolerance would be an obvious
advance over continuous drug-induced immunosuppression,
with all its complications. Several experiments in animals have
indicated that injections of antigen together with cytotoxic
immunosuppressive agents may prolong allograft survival The
same may be true in man, but proof of this must lie in future
work.
(The conclusion of this article will be published in our next
issue.)
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