






What are fungal infections?
Fungi include both yeasts and moulds. Thousands exist and a few infect humans. Of
these, some invade the skin, causing mild infections, such as ringworm and athlete’s
foot. Yeasts, especially Candida species, infect the mucous membranes of the orifices

of the human body, e.g., mouth or vagina,
and cause thrush. Aspergillus niger, Candida
albicans, Pneumocystis carinii and Cryptococ-
cus can also invade the body in patients with
a compromised or suppressed immune sys-
tem and cause life-threatening systemic
infections, often referred to as opportunistic
infections. 

Who do fungal infections
affect? 

Anyone can pick up minor fungal infections
of the skin or nails. But infections requiring
hospital treatment, especially invasive can-
didiasis and aspergillosis, have doubled in
the past 15 years to around 4 per 1,000
patients – they are the hidden killers, reflect-
ing the increased use of immunosuppressive
therapy in cancer and transplantation, which
allow infections to take hold more easily.

Present treatments: 
One class of powerful antifungal mol-

ecules, the ‘azoles’, hold most of the top
places for antifungal medicines. They work by
blocking the formation of ergosterol, a key

component of fungal cell membranes. One, a halogenated azole-derivative, able to
cure candidiasis with a single oral dose, is active against cryptococcal meningitis in
AIDS patients, and also has a role in preventing infection in transplant recipients.
However, as with bacteria, resistant strains are becoming an increasing problem.

A second key medicine for systemic infections is a polyene antibiotic. Though no
longer new, it still has an important role. Lipid-based versions and the liposome-
encapsulated formulation show less kidney toxicity and can be given at a higher dose
than the conventional preparation. Another orally administered antifungal acts by
inhibiting the enzyme squalene epoxidase, which is also involved in the production of
ergosterol. It is mainly used for the treatment of skin and nail infections. Development
is also underway to test squalene-epoxidase inhibitors as a treatment for systemic fun-
gal infections.

What’s in the development pipeline? 
Finding fungal ‘magic bullets’ depends on pinpointing an essential biochemical step
unique to the fungus which can then be blocked. At the same time, the step must not
be critical for the survival of human cells, or they may also be killed. This combination
of potency and specificity is hard to find, as fungal metabolism is very similar to that
of humans (FIGURE 1).

Fungal infections
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An entirely new class of antifungals is represented by the echinocandins, of which
there are currently three in development. These agents block the production of a major
component of the fungal cell wall (FIGURE 1) called 1-3-beta glucan and are effective in
killing fungi, rather than just stopping them growing. They are effective against yeasts
such as Candida and some (but not all) moulds, such as Aspergillus. 

One of the three compounds of the group of echinocandins has been authorised for
invasive aspergillosis and is tested in Phase 3 trials in Europe for other fungal infec-
tions. The second compound is being developed in Phase 3 trial for oesophageal can-
didiasis, invasive candidiasis and aspergillosis. The third under development is effec-
tive in improving or clearing symptoms of oesophageal candidiasis in people with
AIDS. 

Three new azole antifungals are also in development. They consist of a broad-spec-
trum molecule with fungicidal activity against Aspergillus and Fusarium species, while
also acting against certain types of resistant Candida. The second compound is effec-
tive against a broad variety of pathogens, including Candida and Aspergillus. It is cur-
rently in Phase 3 trial. The third new broad-spectrum azole is in Phase 2 trial. 

The longer-term future: 
In the treatment of local and systemic fungal infections, medicines play a major role.
As with bacteria, the ‘microcosmos’ of yeasts and moulds undergoes steady changes
and resistant strains are a major challenge. Therefore, research into hitherto unknown
structures must and will continue. Recently, several derivatives of sordarin have been
identified, a class of molecules which inhibit a target involved in fungal protein pro-
duction called translation elongation factor 2.

Fungal infections can be
mild or life-threatening.
They can pose a serious
risk to people with a com-
promised immune system.
Some infections are
becoming resistant to cur-
rent treatments. New com-
pounds are being devel-
oped that are active
against a range of fungi,
including resistant
strains. The aim is to
reduce deaths from over-
whelming fungal infection.
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FIGURE 1:  A cell wall surrounds fungal cells (not present in human cells) and
their slightly different biosynthetic pathways provide targets for antifungal
compounds.
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What is hypertension?
Hypertension, or high blood pressure, is often called the silent killer, because most
people with hypertension feel well and have no clinical symptoms. During each
heart beat, there is a fluctuation in the pressure exerted on the inside of the arter-

ies. The normal maximum or systolic
pressure is between 110-140mm mer-
cury (Hg) and the minimum or dias-
tolic pressure is 70-90mm. There is
much individual variation, depending
on time of day, activity, age, general
condition of health. However, a con-
sistent reading of greater than
140mmHg for systolic pressure
and/or 90mmHg for diastolic pres-
sure is considered to indicate hyper-
tension, irrespective of age.

Hypertension can either be classified
as essential or secondary. It is said to
be essential if no specific cause can
be found for it. If untreated, it much
increases the risk of stroke, heart
attack, heart failure, kidney problems
and diabetes. Secondary hyperten-
sion follows from an underlying
pathology which may need separate

treatment, e.g., kidney disease. Only essential hypertension is considered further
here, as it represents more than 95% of cases of high blood pressure.

Who does hypertension affect?
By the current definition, more than 50% of people aged over 55 are estimated to
have elevated blood pressure. For adults as a whole, 40% of men and 33% of
women have hypertension. Strikingly, above the age of 65, about 15% of men and
25% of women are being treated for hypertension but still have blood pressure
levels above the normal range, and about 45 to 50% of both men and women in
this age group have hypertension but are not being treated for it.

Present treatments: 
Anti-hypertensives fall into 8 main classes. Each has strengths, weaknesses and
specific applications, and it is not possible here to list more than the main classes:

• Diuretics act by dilating arterial vessels and increasing sodium excretion and
urine output, which in turn lowers blood volume and pressure;

• Beta blockers are mainly divisible into medicines that are heart-selective, those
that are non heart-selective and those that combine beta-blockade with dilating
peripheral blood vessels. They slow the heart rate and decrease blood output;

• Angiotensin converting enzyme (ACE) inhibitors prevent the formation of
angiotensin 2 (A-2), a powerful vasoconstrictor that raises peripheral resistance;

• Angiotensin 2 receptor blockers (ARBs) stop A-2 binding to its receptor site;
• Calcium antagonists inhibit calcium movement into smooth muscles in the

walls of blood vessels and the heart, causing relaxation of blood vessels’ walls;

Hypertension
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• Alpha1 antagonists block nerve impulses that trigger blood vessel constriction,
• Imidazoline agonists act on receptors in the brain; and
• Central alpha agonists also act in the brain.

Secondary effects occur with all of these, but differ according to the type of medica-
tion and the individual. A doctor will take account of a person’s age and general con-
dition, and medication may be changed if it is not well-tolerated.

What’s in the development pipeline? 
Currently available medicines give satisfactory control of blood pressure in many cases
and, with over 40 chemically distinct compounds in the first five classes of anti-hyper-
tensives listed above, there is a wide choice. The important medical considerations
driving further development are (a) to find the best agent or combination of agents
for a particular situation, and (b) to quantify the benefits of the different classes of
medicine in terms of outcomes other than just hypertension, especially in the elderly,
who are the most in need of blood pressure-lowering treatment.

This typically requires extremely large studies. One such trial has enrolled almost
5,000 patients to determine the effectiveness of one ARB in elderly patients with mild
hypertension in preventing major cardiovascular events, cognitive decline, stroke and
kidney disease. 25,000 patients were enrolled in the study recently completed by
another research group to compare the efficacy of a new class of anti-hypertensive
treatments called vasopeptidase inhibitors, with an established ACE inhibitor. Others
are studying different vasopeptide inhibitors in earlier, smaller trials. In the United
States, a calcium channel blocker is the subject of what is believed to be the largest
clinical study ever performed in hypertension, which involves over 43,000 patients to
clarify the compound’s ability to reduce the long-term complications of hypertension.

An interesting approach is the development of a vaccine against angiotensin 2.
Instead of blocking the formation of A-2 (as ACE inhibitors do) or its action on specific
receptors (as ARBs do), this vaccine stimulates the production of antibodies that bind
to it, preventing it acting, and remove it from circulation. A Phase 2 trial is underway
in Europe to establish an appropriate
treatment dose.

The longer-term future: 
Hypertension is such an important
health problem that research into new
treatments will continue to be lively.
Inhibitors of the production or action
of endothelin and other peptides and
enzymes that may be involved in vaso-
constriction are among the new com-
pounds being tested. 

A particular approach is a thiazolium
compound that breaks the glucose-
protein cross-links that accumulate in
the arteries with age, especially in
people with diabetes. Preliminary
studies show this compound to reduce
arterial pulse pressure significantly,
restoring arterial flexibility, and it is
now in Phase 2 trials.

Hypertension is high
blood pressure. If untreat-
ed, it can lead to a heart
attack, a stroke, heart
failure or kidney damage.
Many people who develop
hypertension do not get
treated for it. Over the
years, the pharmaceutical
industry has developed
many medicines to treat
hypertension. Further
research aims to reduce
the toll of the condition
called the ‘silent killer’.
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What is Ischaemic Heart Disease?
Ischaemia is a shortage of blood-borne oxygen and fuel to an organ due to constric-
tion or blockage (thrombosis) of the blood vessel feeding it. Ischaemic Heart Disease
(IHD), or Coronary Heart Disease (CHD), has two main forms: angina and myocardial
infarction. Ischaemia is usually due to the build-up of plaque and can affect the
brain (stroke) or muscular tissue such as the legs (peripheral vascular disease), as well
as the heart. 

A heart attack, or Myocardial Infarction (MI), is an emergency which results when the
blood (and hence oxygen) supply to part of the heart is suddenly reduced or stopped.
Because the work load on the heart is extremely high, heart muscle deprived of oxy-
gen soon begins to die. MI is most often caused by a blood clot lodging in one of the
major arteries supplying the heart. A loss of normal heart rhythm with subsequent cir-
culatory collapse is a significant risk in MI and rapid hospitalisation is required. 

Angina is a consequence of a constriction rather than a blockage of an artery and
may be due either to atherosclerosis or, less commonly, arterial spasm. In many peo-
ple, it is stable over years and only occurs on exertion or exposure to cold, or after a
heavy meal. In others, however, it progresses and may occur even at rest. This latter
situation is called unstable angina and is serious, as it may be a warning of an
impending heart attack.

Who does IHD affect? 
It is estimated that over 1.8 million people in the European Union have a heart attack
in a given year, and that approximately 8.5 million suffer from angina. In 1998, IHD

Ischaemic Heart Disease
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is estimated to have caused at least 800,000 deaths in the EU. Angina and MI are
uncommon below the age of 45, except where there is a strong family history of heart
disease, but thereafter, incidence rises with age. Some 8% of men and 7% of women
in the age range 65 to 74 experience angina in a given year and for those aged 75 or
over, the corresponding figures are 11% and 10%, respectively. Between 40 and 50%
of patients experiencing a heart attack die within 20 days; in about 30% of cases the
patient dies before reaching hospital.

The risk of IHD can be reduced by modifying lifestyle choices (diet, exercise, not smok-
ing), using medication to lower cholesterol and reduce plaque formation, maintaining
a normal blood pressure, and through prophylactic use of anti-platelet medicines. Peo-
ple with diabetes are especially at risk, and vigorous efforts to normalise blood sugar
are necessary.

Present treatments: 
Treatment of stable angina involves management of acute symptoms by giving fast-
acting aerosolised or sublingual glyceryl trinitrate (GTN), and longer-term prophylac-
tic treatment with low-dose acetylsalicylic acid and an agent such as a nitrate or a
nitrogen oxide-releasing substance, a beta-blocker, or a calcium antagonist, of which
there is a large selection available. Slow-release forms of these preparations are often
used, or transdermal patches in the case of GTN. Tolerance may develop on prolonged
use of nitrates, and headache is a common complaint on first starting treatment. 

Surgical treatment may be considered instead of long-term medication and may be
preferable in elderly patients. Angioplasty – the use of an inflatable catheter to
widen narrowed arteries – and coronary artery bypass grafting (CABG) are the inter-
ventions used.

There are two major aspects in the management of MI – firstly, prevention and, sec-
ondly, emergency therapy if a heart attack occurs. In practice, prevention tends to
mean ‘secondary prevention’, i.e., prevention of another heart attack once one has
already occurred. Thus it represents an attempt to pre-
vent further worsening of already established heart
disease. Primary prevention consists both of identify-
ing and treating those at especially high risk of IHD,
e.g., because of an inherited predisposition, and edu-
cating and motivating the wider public to reduce as
far as possible the lifestyle factors linked with the
development of IHD.

Prevention of blood clot formation and plaque depo-
sition inside blood vessels is a vital approach to reduc-
ing heart attacks and angina. Large studies showed
that cholesterol-lowering medicines effectively reduce
rates of death, stroke and coronary events (MI, etc.)
when used for secondary prevention. At least part of
this effect is due to their ability to stabilise existing
plaques, as well as lowering cholesterol to prevent the
formation of new plaque. More recently, another large
study has shown that an angiotensin converting
enzyme (ACE) inhibitor can significantly decrease
stroke, MI and cardiovascular death rates and can also
inhibit or reverse left ventricular hypertrophy (LVH), a
thickening of the heart muscle in response to raised
blood pressure that may lead to heart failure, in
patients with IHD. A diuretic and an angiotensin 2
receptor blocker (ARB) has been shown to be similarly
effective against LVH. Thus, medical treatment for sec-

Ischaemic Heart Disease
occurs when a blood ves-
sel of the heart is too nar-
row or is blocked.
Research has led to suc-
cessful treatments such
as: medicines that stop
blood clotting, reduce high
blood pressure and lower
cholesterol. Research-
based companies are
working to develop new
agents to try and prevent
the tragedy of people
dying with the condition
called ‘Europe’s number-
one killer’.
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ondary prevention after MI might well involve taking a statin, a beta-blocker, an ACE
inhibitor (or an ARB or diuretic) and low-dose acetylsalicylic acid.

Emergency treatment of a heart attack or unstable angina involves measures in the
first few hours to dissolve the blood clot that is causing ischaemia, re-establishing
blood flow to the heart, to prevent or reverse arrhythmias, and subsequently to pre-
vent formation of new clots. Clot-dissolving agents, which transform plasma-derived
plasminogen into clot-dissolving plasmin are given intravenously over a period of time
while the heparin derivatives and anti-platelet agents are given to prevent new clot
formation.

What’s in the development pipeline? 
New mechanisms are being explored in the search for improved medications. New
compounds are in early development that enhance production of nitric oxide in mus-
cle cells, bringing about a relaxation of blood vessels that reduces resistance to blood
flow and hence the work done by the heart. This, in turn, raises the threshold at which
angina begins to be felt. A new anti-platelet agent, already approved for use after a
stroke or MI, has now also shown benefit in unstable angina, reducing the risk of MI,
stroke and death by about 20%. 

Increasingly, people with unstable angina are undergoing angioplasty. This may
include placing a stent (a small wire tube) inside the affected artery to keep it open.
In more than 10% of cases, this stent later becomes blocked. There is clinical devel-
opment of a stent impregnated with a matrix metalloproteinase inhibitor that can
inhibit this process. Paradoxically, the re-establishment of blood flow in ischaemia can
lead to an inflammatory reaction called reperfusion injury. Activation of the comple-
ment system which is part of the body’s defence against infection has been shown to
be involved in this. Research is underway to study a complement-inhibiting antibody
fragment in angioplasty and CABG to see if this can reduce heart muscle damage.
Patients undergoing CABG may also benefit from a different kind of molecule – sodi-
um-hydrogen-exchange (NaHE) inhibitors. A compound of this type is currently in
Phase 3 trials.

Medical treatments for secondary prevention of MI and other cardiovascular events
have now reached the point where advances are being made through the optimal use
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FIGURE 1: Proportion of all CHD attributable to five different risk factors
Courtesy of the National Heart Foundation
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of existing medications, rather than from the development of further new compounds.
To determine the way to use medicines such as ACE inhibitors, ARBs, calcium antag-
onists and others requires very large
and prolonged clinical studies.

This emphasis on better under-
standing the capabilities of existing
medications does not, however, pre-
clude new developments. An anti-
platelet agent of the GP 2b/3a
type, that has been shown to be
effective in preventing MI after
stent insertion, and which is autho-
rised for prevention of MI in
patients with unstable angina, is
now being developed for use in the
treatment of acute MI. Also, trials
are conducted to test whether giv-
ing macrolide or gyrase inhibitor
antibiotics for a certain time period
following MI in patients who have
been infected with the bacterium
Chlamydia pneumoniae can reduce
the rate of subsequent cardiac
events. Previous small studies based on serological and epidemiological data of an
association between Chlamydia and heart disease have suggested this approach.

Other new developments include a new plasminogen activator in Phase 3 trial as an
injectable clot-buster to be given rapidly in the earliest stages of MI, in the hope of
minimising damage to the heart. Also underway is a Phase 2 trial of an anti-platelet
immunoglobulin being studied for its ability to reduce blood clot formation in people
being treated for acute MI. Furthermore, there is research on an endothelin receptor
antagonist in Phase 2.

The longer-term future:
Cardiovascular disease has been an area of intense new product development by the
pharmaceutical industry over much of the past 40 years, and the range of medications
now available is impressive. Nevertheless, treatment of acute ischaemic conditions
such as unstable angina and heart attack is still associated with significant mortality
and morbidity, some of it related to the period of time before intensive care treatment
can be started. Companies are continuing to devote large resources to improving ther-
apy in the battle against Europe’s number-one killer.
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What is leukaemia, what is lymphoma?
Leukaemias and lymphomas are cancers of subsets of white blood cells. Chronic
leukaemias may progress slowly over years, but acute leukaemias are much more
aggressive and often lead to death within months, or even weeks. Leukaemias are sub-
divided according to the cell type affected. Examples are Acute Lymphoblastic

Leukaemia (ALL), Acute Myeloid
Leukaemia (AML), Chronic Lympho-
cytic Leukaemia (CLL) and Chronic
Myeloid Leukaemia (CML). CML
may convert into an acute form, a
process known as blast transforma-
tion or blast crisis, which is notably
therapy-resistant. Related malig-
nant diseases of the blood cells and
lymphoid tissue include Multiple
Myeloma, Myelodysplastic Syndrome
(MDS), Hodgkin’s disease and Non-
Hodgkin’s Lymphoma (NHL).

Chronic forms of leukaemia cause
symptoms such as a tendency to
recurrent infections and various
signs of immune deficiency. In acute
leukaemia, there is an imbalance in
the ratio of blood cells owing to
infiltration of bone marrow and
symptoms may include bone pain
and enlargement of organs such as
liver, spleen and lymph nodes.

Who does leukaemia and lymphoma affect?
Leukaemias do occur in children, but in general are uncommon under the age of 50.
Each year, about 165,000 people in Europe are diagnosed with some type of blood or
lymphoid malignancy, about 42,000 of them with leukaemias (5,000 cases in chil-
dren), and 59,000 with lymphomas (4,000 cases in children). NHL is the most com-
mon blood cancer (about 50,000 cases per year) and some are associated with HIV
infection.

Present treatments: 
Leukaemias and lymphomas are generally more successfully treatable with medicines
than most cancers, although remission rates vary considerably from one type to
another. Life expectancy is, in many cases, now much increased. Two main approach-
es are used:

• Conventional (cytotoxic) anti-cancer agents, possibly supported by therapy with
naturally occurring proteins called cytokines e.g., interferon or granulocyte colony-
stimulating-factor (G-CSF); and

• Bone marrow transplantation.

A variety of combination chemotherapy regimens have been developed that can
achieve good remission rates, but no ‘standard’ therapies are recognised; instead, spe-

Leukaemias & Lymphomas
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cialised cancer centres are constantly refining treatment procedures. In favourable
cases, e.g., younger patients with ALL, remission rates may be 80% or more, but even-
tual relapse remains a problem, due to the difficulty of eliminating all the malignant
cells. Side effects of cytotoxic drugs, such as vomiting and bone marrow suppression,
may limit the dose that can be used, but newer anti-emetics and G-CSF can minimise
these problems in many cases.

What’s in the development pipeline? 
Particular excitement has been generated by a new medicine for CML which is an
inhibitor of tyrosine-kinase and is now available. The mechanism of action of the new
treatment is the inhibition of exchange of information between chromosomes 9 and
22 (‘Philadelphia chromosome’). Trials in those who had failed prior therapy showed
a durable response in over 90% of patients in the chronic phase of CML. 

In those who had progressed to the accelerated phase of CML, which carries a much
poorer prognosis, 69% showed a response lasting four weeks or more, and 70% of
the responders remained free of progression to blast crisis one year after starting
treatment with the new compound. These results represent a considerable step for-
ward in the management of CML. Also being developed is a poly-ethylene-glycol-cou-
pled (PEG) interferon; a longer-acting form, which is currently in Phase 3 trials.

A new compound is under regulatory review for AML. It is a new class of medication
and consists of a humanised antibody coupled to a cytotoxic antibiotic. The antibody
half of the molecule binds to an antigen which is expressed on the surface of the
leukaemic cells in AML, accurately targeting the medicine to its intended goal, with
the intention of maximising effectiveness and minimising side effects. The medicine
is awaiting regulatory approval in Europe. Also under development is the first diox-
olane nucleoside anticancer agent, which has entered Phase 3 trial as first-line thera-
py in AML.

CLL often progresses slowly and fewer patients are given chemotherapy than in acute
leukaemias. However, those with anaemia or thrombocytopenia, i.e., low platelet
counts, often have a poorer prognosis and may be given treatment with cytotoxic
medicines. There is currently no satisfactory treatment for patients with CLL who
become resistant to them. Therefore, development is ongoing as to whether a specific
inhibitor of protein C kinase could be used for this purpose. Refractory CLL is also the
target for a monoclonal antibody that is directed against an antigen on malignant
lymphocytes.

Another monoclonal antibody is also providing a new therapy in NHL, the most fre-
quent lymphoid malignancy. This antibody is directed against antigens on the malig-
nant B-cells in NHL and acts as a vehicle for radioactive iodine to deliver localised
radiation therapy. 

Recently, a compound has received orphan drug designation in the EU for the treat-
ment of MDS.

The longer-term future: 
Advances in treating leukaemias and lymphomas are typically made in incremental
steps, but recently medicines, cytokine therapy and bone marrow transplantation have
combined to make a very real impact, especially in children, for whom survival
prospects are now greatly improved. Monoclonal antibodies offer valuable opportuni-
ties for targeting cytotoxic drugs to their greatest effect so that side-effects are min-
imised and a continuing refinement of chemotherapy seems likely to continue.

Leukaemias and lym-
phomas are cancers of
white blood cells.
Treatment with medicines
and bone marrow trans-
plantation has greatly
improved the survival and
quality of life for people
with these conditions.
Further advances – includ-
ing the use of antibodies
to target therapy – offer
the hope of continued
improvements in therapy.
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What is migraine? 
Migraine is a severe form of headache
which can last from a few hours to 72
hours or longer. Symptoms are very vari-
able, but five stages are recognised:

• The prodrome, when there may be mood
variations and changes in gut activity;

• The aura – a short-lived period of visual
disturbances such as changing patterns
of flickering lights;

• Severe headache, aggravated by light
and sound, that may be accompanied by
nausea or vomiting;

• Resolution, as the headache declines
and deep sleep may occur; and

• The postdrome, when the patient feels
fatigued and lethargic.

A wide range of factors can precipitate an
attack, such as certain foods, menstruation,
disturbed sleep pattern, stress, and smok-
ing. There have been many theories pro-
posed to provide a mechanism for mi-
graine, mostly involving some aspect of
blood flow or neurological patterns in the
brain.

Who does migraine affect? 
Migraine headaches are thought to affect about 8% of the European population, with
twice as many women affected as men. This means that some 30 million European
citizens suffer from various forms of migraine.

Present treatments: 
Many products are available for migraine, some for prevention (prophylaxis) and oth-
ers to treat an ongoing attack. Prophylactic agents include beta blockers, 5HT-antag-
onists (partly with antihistaminic effects), and a central alpha-agonist. Though useful,
some of these have side effects.

Therapy for an acute attack most often involves analgesics for mild to moderate
attacks, or the non-specific 5HT receptor agonist for more severe attacks, perhaps
combined with an anti-emetic for feelings of nausea. However, in recent years, five
selective 5HT1 receptor agonists, known as ‘triptans’, have been introduced and have
quickly taken a leading position in migraine therapy. 

The first of these was originally given by injection, but is now available in oral and
nasal spray forms as well. Other triptans are now available, partly also in non-tablet
forms that dissolve in the mouth without water. The triptans are thought to act by
shrinking dilated blood vessels in the brain, but may also constrict the coronary arter-
ies and are therefore not suitable for people with hypertension, coronary heart disease
or kidney or liver impairment.

Migraine
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What’s in the development pipeline? 
Further triptans are in clinical development with a longer duration of action. Another
highly selective triptan is in Phase 1 clinical trial. Studies are also in progress to extend
the indications of some currently approved triptans.  

Other types of anti-migraine treatments are also being studied. Nitric oxide may be
involved in migraine headaches, and a benzopyran derivative that inhibits nitric
oxide release is currently in clinical trial. Furthermore, it has been found that anti-
epileptic medicine may be efficacious for the prophylaxis of migraine and this is now
in Phase 3 trial. Another research project explores the feasibility of prophylaxis with
a glycine receptor antagonist, which has reached Phase 1. Finally, there may be the
option with a selective antagonist of calcitonin gene-related peptide – a vasoactive
peptide that may contribute to the neurogenic inflammation seen in migraine, which
is in Phase 2 trial.

The longer-term future: 
Although the therapeutic options for migraine are becoming more abundant, under-
standing of the mechanisms involved in a migraine attack is still limited, and it seems
likely that approaches will continue to be discovered to meet continuing clinical needs
in this common disorder.

Migraine is a severe form
of headache. It makes life
a misery for millions of
people. The pharmaceuti-
cal industry has developed
many products to treat it.
Increased understanding
of migraine could lead to
other effective treat-
ments.  Future advances
could further relieve the
misery and increase the
quality of life in patients
suffering from migraine.
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What is Multiple Sclerosis?
Multiple Sclerosis (MS) is a central nervous system disorder in which nerve cells lose
their insulating sheath, called myelin. Nerves are able to regenerate their myelin
sheath, but its destruction in MS is so rapid that the nerve may die before regenera-
tion can occur. This results in the appearance of plaques (sclera) in the brain and
spinal cord, in which nerve cells are replaced by fibrous connective tissue. Clinical
symptoms depend on the location of the damage, but can include vision loss or dou-

ble vision, speech difficulties, muscular
weakness, abnormal skin sensations,
bladder problems, fatigue, pain and
mood alterations. The disease typically
shows exacerbations and remissions,
although there is often a general wors-
ening over time. Magnetic resonance
imaging (MRI) is a sensitive diagnostic
technique that can be used to measure
its progress.

The cause of MS is unknown and its
progress cannot be predicted with cer-
tainty. No infectious agent has been
definitely linked to MS, but the immune
system is thought to be involved in the
inflammation that accompanies myelin
destruction. A peculiarity of MS is that
its evolution cannot be anticipated and
varies from one person to another. Two
distinct patterns are generally recog-

nised. At diagnosis, about 15% of those affected have primary chronic progressive MS
(CP-MS) and 85% have remitting-relapsing MS (RR-MS). Over time, about half of the
RR-MS patients develop a secondary progressive form (SP-MS). In RR-MS, neurological
problems appear suddenly, followed by slow improvement. About 15 to 20% of these
patients relapse within the first year: the shorter the time to relapse, the poorer the
prognosis. In CP-MS, the deterioration is gradual and the intervals of remitted disease
are absent.

Who does MS affect? 
MS is estimated to affect around 550,000 people in the European Union, with a high-
er incidence and prevalence in northern Europe, and typically strikes young adults in
their 20s and 30s. It is more common in women than in men by a ratio of 3:2. 

Present treatments: 
The main medications used to treat acute exacerbations of MS have traditionally been
anti-inflammatory steroids. These reduce the duration and severity of acute attacks,
but there is no evidence that they are useful in the progressive form of MS, or that
they alter the long-term course of the relapsing type of MS, and their possible adverse
effects (skin reactions, weight gain, osteoporosis, mood alterations) make them
unsuitable for prolonged use. For the management of other symptoms, centrally active
muscle relaxants or tranquillizers may be given to reduce muscular spasms. Anti-
cholinergic drugs can be helpful to treat the complications of the urinary tract of MS
patients. 

Multiple Sclerosis
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Newer treatments for RR-MS include forms of recombinant beta interferon. They are
all given by injection and reduce the frequency and severity of attacks in RR-MS,
although not everyone responds to them. They are, however, not a cure for the disease
and may cause flu-like symptoms in some people. Interferon beta is also used for treat-
ment of the secondary progressive form of MS. Data from Phase 3 studies show vary-
ing effects on the progression of disability in this form of MS, although clinical
benefits have been seen. A topoisomerase II inhibitor, given by injection, has also
been approved for the treatment of worsening RR-MS.

A macromolecular compound recently introduced for the treatment of RR-MS is
believed to work by a quite different mechanism from beta interferons. The drug is
thought to mimic the protein component of the nerve’s myelin sheath and act as a
decoy during acute attacks by immune system cells (T-lymphocytes), which damage
myelin. It reduces the frequency and severity of relapses to a similar extent to beta
interferon and is given by daily subcutaneous injection. Adverse reactions may
include redness and pain at the injection site, flushing, chest pain, muscle weakness
and nausea.

What’s in the development pipeline?
Although the cause of MS is still unknown, attempts continue to find improved dis-
ease-modifying and supportive therapies. Two research groups are currently preparing
Phase 3 trials of a monoclonal antibody that has been shown to reduce the formation
of new brain lesions in MS patients. The antibody binds to alpha-4-integrin receptors
on the surface of lymphocytes and may stop them migrating into the brain to cause
new lesions.

Another potential disease-modifying agent for multiple sclerosis is a monoclonal anti-
interleukin (IL)-12 antibody. IL-12 is known to help activate T-cells that can cause tis-
sue damage, and the antibody might therefore be able to reduce the nerve cell
destruction seen in MS. It is currently in Phase 2 trials.

Supportive treatments for MS are also being actively developed and there are first pos-
itive results in Phase 2 trials to evaluate a cannabis-based preparation (THC:CBD nar-
row ratio) given as a sub-lingual spray for controlling intractable pain, spasticity and
bladder dysfunction in MS.  

The longer-term future:
Other approaches to finding a disease-modifying treatment are at an
earlier stage. Approval has recently been granted for the beginning
of a Phase 2 study of a blood cell-derived human alpha interferon.

Other research laboratories are developing a means of preventing T-
cells from entering the brain, based on fundamental research into
the working of the blood-brain barrier. There is also work underway
to developing glial cell growth factor 2 (GGF2) for the treatment of
MS. This factor stimulates the cells making up the myelin sheath of
nerves and may be expected to help nerve regeneration. While these
therapies are still at an early stage, there is reason to hope that
future therapy for this devastating disease may be more than just
palliative. 

Multiple Sclerosis is a dis-
ease of the central nerv-
ous system. The insulating
sheath around the nerves
is progressively destroyed.
This leads to a variety of
distressing symptoms. 
It typically strikes young
adults. The cause is still
unknown. New approaches
to treatment are being
tested including antibody
therapies and a factor
which may help nerve
regeneration. Hopefully,
future therapies for this
devastating disease 
will be more than just 
palliative.
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What is osteoporosis?
Osteoporosis, or ‘brittle bone disease’, is a disorder of the skeleton in which there is an
imbalance between bone formation and bone resorption, leading to excessive loss of
bone. The weakened bones are eventually unable to support even normal activities and

fractures occur, especially in the hip, wrist and verte-
brae, leading to substantial pain and incapacity. Frac-
tures in the neck of the femur are very often the reason
for a spiral of dependency for elderly persons. Osteo-
porosis is an insidious disease, as the affected individ-
ual feels initially well and is unaware that bone loss is
taking place. 

Bone is constantly being remodelled from birth to
death (SEE FIGURE 1). Many factors influence the maxi-
mum bone mineral density (BMD) reached and the
rate of subsequent decline, including genetic makeup,
race, gender, physical activity, nutrition and exercise
(especially in childhood), and vitamin D intake. Bone
remodelling is under hormonal control and the drop in
level of the sex hormone oestrogen in women after the
menopause greatly accelerates bone loss.

Who does osteoporosis affect? 
In Europe, about one in four women will develop
osteoporosis (post-menopausal women are especially
vulnerable), as will about 1 in 12 (mostly elderly) men.
The prevalence rates are age-dependent. It is estimat-

ed that 30% of women over the age of 50, and 50% of women over the age of 60
are affected. Altogether, some 19 million people in the EU are considered to suffer
from osteoporosis.

Present treatments: 
There are two stages in dealing with the disease: prophylaxis and therapy. Diagnosis
plays a particularly important role, because serious illness can be prevented by timely
treatment. So far, European countries have neither established an age at which the
screening of post-menopausal women for the detection of osteoporosis should be envis-
aged, nor have they laid down consistent criteria when treatment should take place.
The introduction of hormone replacement therapy (HRT) for menopausal symptoms
led to the recognition that it also improved bone density and could protect against
osteoprosis by reducing hip fractures. Several drawbacks were associated with earlier
HRT treatments. Therefore, newer HRT forms have been developed to minimise these
side effects. They include tablets, transdermal patches, nasal sprays, injectable pellets
and pessaries. Most are combinations of oestrogen and progesterone, though oestro-
gen-only medicines are available for women who have had a hysterectomy. There is a
wide range of HRT products available. In addition, a different type of steroid was made
available by combining properties of oestrogen and progesterone in one molecule. The
approval of the first selective oestrogen receptor modulator (SERM) in 1998 added a
new class of treatment for post-menopausal osteoporosis. The therapy has been
shown to reduce the rate of vertebral (but not hip) fractures and to have a favourable
effect on blood lipid levels. It does not act on the uterus (unlike oestrogen) and so can
be used safely in women who have not had a hysterectomy. 

Osteoporosis
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The main class of non-steroidal compounds for osteoporosis are the bisphosphonates.
They act by binding to bone, where they stop cells called osteoclasts, which are
involved in bone cell turnover and remodelling, from digesting the bony tissue. The
first was launched in 1992. Extensive trial data has shown that these medicines are
able to lower substantially the risk of fracture in the hip and spine and are authorised
for both the prevention and therapy of post-menopausal osteoporosis, and for the pre-
vention of bone loss during prolonged systemic steroid therapy. Other medicines for
osteoporosis include vitamin D products and combinations of calcium salts and vita-
min D3, usually given in addition to other medicines such as bisphosphonates. Syn-
thetic injectable forms of the natural hormone calcitonin also prevent bone resorption.
They are mainly used in patients for whom HRT and bisphosphonates are unsuitable.

What’s in the development pipeline?
The new osteoporosis medicines under clinical development include both new com-
pounds in existing classes of medicines that represent new approaches to treating the
disease. There are two further SERMs in clinical trials. If they were able to reduce hip
fracture rates in addition to vertebral fractures, it could expand the role of SERMs in
osteoporosis. A recombinant form of an active sub-fragment of human parathyroid
hormone (PTH), which has recently been approved in the United States, is the first in
an entirely new class of anti-osteoporotic treatments. It stimulates bone formation by
increasing the number and/or activity of bone-forming cells called osteoblasts. Other
medicines, such as the bisphosphonates, work by inhibiting the bone-destroying activ-
ity of cells called osteoclasts. The new medicine has been shown to reduce the rate of
new vertebral and non-spinal fractures in post-menopausal women by more than
50%. It remains to be seen whether the beneficial effect will persist after stopping
treatment, and it has been suggested that it might be necessary to add a subsequent
course of a bisphosphonate to lock in the gain in bone strength. Apart from the trun-
cated formulation of PTH, there is a bio-engineered full-length version of human PTH
in the late stages of clinical development. Another new molecule under investigation
is a naturally occurring protein which regulates the number and activity of osteoclasts
and hence of bone resorption. It is in Phase 3
trial in osteoporosis and may also have applica-
tion in preventing bone destruction in some
types of cancer. Findings in animal experiments
suggest that it might be especially effective in
osteoporosis when used in combination with
PTH. 

The longer-term future: 
Research is continuing to generate new candi-
dates for development, either inhibitors of bone
resorption or stimulators of bone formation.
There is an example of the first category with an
osteoclast vitronectin receptor antagonist, which
is in Phase 1 trial; other types of molecule being
investigated in preclinical research include
cathepsin K inhibitors, p38 mitogen-activated
protein kinase inhibitors, and IL-1 receptor
antagonists. Among the stimulants of bone for-
mation, recombinant bone morphogenetic proteins (BMP) are being studied. Other
studies have suggested that new statins may have promise for stimulating bone for-
mation. The protein BEER – Bone Equilibrium Expression Regulator – is believed to be
responsible for governing bone resorption. Researchers have come up with antibodies
to the BEER protein, which it is hoped will promote redeposition of bone. Substantial
efforts are still being made to seek improved therapies for osteoporosis.

Osteoporosis occurs when
bone breakdown happens
more rapidly than bone
formation. The bones get
weaker, leading to frac-
ture – particularly of the
hip. Post-menopausal
women are particularly at
risk. Pharmaceutical
research has developed
many therapies including
medicines which inhibit
bone breakdown. More
and more treatments to
make old age a happier
time for millions of people
are under investigation.
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What is Parkinson’s disease? 
Parkinson’s disease is a progressive, degenerative brain disorder, characterised by a
loss of specialised nerve cells and their connections in parts of the brain called the
substantia nigra and locus ceruleus. These cells contain the chemical messenger

dopamine and become greatly
depleted in advanced Parkinson’s
disease. Dopamine is involved in
many functions, including the con-
trol of movement and co-ordination
– in other words, Parkinson’s is a
dopamine deficiency disease.

The onset of Parkinson’s disease is
gradual. Common symptoms are
slowness in initiating movement,
muscular rigidity – which may lead
to a loss of facial expression – and
shaking (in about 70% of cases).
More debilitating symptoms, such as
speech and swallowing difficulties,
depression and constipation, may
emerge later. The rate of progression
varies from 3 to 30 years and not all
people develop the more severe
symptoms.

Who does Parkinson’s disease affect? 
Parkinson’s disease affects between 150 and 200 people in every 100,000 popula-
tion. Thus, some 800,000 people in Europe are estimated to have Parkinson’s disease,
and about 75,000 new cases are diagnosed annually. It most commonly affects those
aged 60 or over, but younger people can also develop the disease. 

Present treatments:
Dopamine does not pass from blood to brain, so it cannot be given directly. Instead,
L-dopa is used, which does enter the brain and is converted there into dopamine. This
transformation is brought about by the enzyme aromatic amino acid decarboxylase,
also known as dopa decarboxylase (DDC), which is also present in tissues outside the
brain. Formation of dopamine in the peripheral circulation leads to troublesome side
effects such as involuntary jerky movements (dyskinesia), and L-dopa is therefore
given in combination with a DDC inhibitor that does not cross the blood/brain barri-
er. Such combinations form the mainstay of initial treatment.

Dopamine is broken down through the action of the enzymes catechol-O-methyl trans-
ferase (COMT), and monoamine oxidase-B (MAO-B). Blocking these enzymes, there-
fore, provides a way of enhancing the action of dopamine in the brain. Medicines that
work as a COMT inhibitor or as a MAO-B inhibitor are used for this purpose, general-
ly in combination with L-dopa.

Unfortunately, L-dopa loses its effect in most people within 5 to 10 years, as well as
causing fluctuations in motor ability and dyskinesias (uncontrollable facial and bodi-
ly movement), and alternative strategies are then needed. One is to use compounds

Parkinson’s disease
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that mimic dopamine and stimulate its receptor (dopamine agonists). Such com-
pounds have been available for some time and another has been introduced more
recently. Other more specific dopamine agonists are also available.

What’s in the development pipeline? 
While L-dopa is not likely to be displaced soon from its central role in the manage-
ment of Parkinson’s disease, research continues into ways of improving current med-
ical treatment.

One is to explore the role of alpha2-adrenergic receptor antagonists in countering the
L-dopa-induced dyskinesia that is seen in up to half of patients later in the course of
the disease. In addition, there is development of a transdermal patch containing a
dopamine agonist, currently in Phase 3 trial, which should provide a more constant
blood level of the active ingredient and be convenient to use. Likewise, clinical trials
of a controlled-release formulation of another dopamine agonist are underway.

Several companies are investigating the use of neuro-protective compounds in Parkin-
son’s disease to stem the neuronal cell damage characteristic of disease progression.
A NMDA inhibitor, already approved for motor neurone disease (also known as amy-
otrophic lateral sclerosis or Lou Gehrig’s disease), is one such compound currently in
Phase 3 development. Also in development is a selective inhibitor of the stress-acti-
vated protein kinase pathway involved in neuronal cell death.

The longer-term future: 
At the pre-clinical stage, selective dopamine D1-receptor antagonists, previously unex-
plored because it was believed that they would be likely to have unacceptable side
effects, are being investigated. In addition, clinical candidate compounds from a
series of adenosine A2 receptor antagonists are being investigated. The neuro-modu-
lator adenosine has an important influence on the activity of basal ganglia in the
brain, which are believed to play a central role in generating the characteristic symp-
toms of Parkinson’s disease.

Perhaps the most exciting future prospect is that of using gene therapy to combat
Parkinson’s. There is work on a lentivirus vector system to introduce the genes neces-
sary for dopamine synthesis into non-dividing
cells such as the neuronal cells of the brain. The
technology for this treatment has been shown to
work with model ‘marker’ genes and there are
plans to move into Phase 1/2 trials. 

Another vector is in use to insert genes for glial
cell-derived neurotropic factor (GDNF), a nerve
growth factor, into dopamine-producing neurons
in the substantia nigra and striatum of the brain.
This protects and repairs cells damaged during
progression of the disease and has been demon-
strated to work in tests with monkeys. But a
means will have to be found of ensuring tight
control over the expression of the inserted gene
before human clinical trials can begin. 

Parkinson’s disease is a
progressive brain disorder
in which a messenger mol-
ecule called dopamine is
lost. To treat it, a drug is
given that passes into the
brain where it is converted
into dopamine.
Unfortunately, within 5-10
years, the effect wears
off. Research continues on
ways of slowing down the
nerve damage and into the
role of gene therapy.
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What are peptic ulcers?
A peptic (or gastric/duodenal) ulcer is damage to the inner surface of the stomach or
duodenum, resulting in loss of tissue and inflammation. The defect in the gastric or
duodenal mucosa may be superficial or become deeply erosive if untreated. Ulcers
begin when acidic digestive juices damage the protective mucus lining, exposing the

underlying tissue to a bacterium called
Helicobacter pylori. H. pylori has the excep-
tional ability to survive in the acid envi-
ronment of the stomach and was first dis-
covered in 1982.

A second type of ulcer may occur in peo-
ple who have to take non-steroidal anti-
inflammatory medicines (NSAIDs). Unfor-
tunately, these medicines cause reduced
synthesis of mucus which normally pro-
tects the inner wall of stomach and duo-
denum. H. pylori infection is the cause of
95% of duodenal and 80% of gastric
ulcers, with NSAIDs being responsible for
most of the rest.

Who do peptic ulcers
affect?

Peptic ulcer disease is extremely common
and in developed countries the annual inci-
dence is 1 to 3 per 1,000 of the popula-
tion. It affects about 1 in 10 men and 1 in
15 women in Europe at some stage in their
lives. Some 250,000 hospital admissions

annually are due to the disease. Complications of ulcers still claim the life of some
25,000 patients each year in the EU. Duodenal ulcers are most common in the 45 to
64 age group and are twice as common in men as in women, while gastric ulcers
become more common with age and affect as many women as men. H. pylori infec-
tion is commonly acquired in childhood and is strongly correlated with age. In Europe,
prevalence rates for H. pylori infection range from approximately 30 to 60%.

As socio-economic conditions have improved greatly in recent decades, there has
been a decrease in the prevalence of peptic ulcers. The development of effective
medicines has greatly reduced the recurrence rate of peptic ulcers and made opera-
tions much less frequent. Still, a lot of upper gastrointestinal (GI) endoscopies, which
is the procedure used to diagnose peptic ulcers and related diseases, are performed
all over Europe.

Present treatments:
Progress in medicines to treat and prevent recurrence of peptic ulcers has been dra-
matic. Just remember: in the 1970s, peptic ulcer disease condemned a patient to
dietary restrictions and antacids for a lifetime. Symptom relief, when achieved, was
short-lived. Therefore, surgery, which removed parts or all of the stomach, was often
the only effective remedy.

Peptic ulcers
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Some 25 years ago, histamine was discovered to play a major role in stimulating gas-
tric acid and pepsin secretion, through receptors that differed from histamine H1
receptors in the rest of the body. This enabled the development of selective H2 recep-
tor blockers. The medicines in this category generally are well tolerated and remain
valuable treatments. 

The second important advance was the discovery that inhibition of the enzyme that
pumps acid into the stomach was also highly effective. Proton Pump Inhibitors (PPIs)
have since become one of the world’s biggest-selling medicines. PPIs act faster than
H2 receptor blockers and are generally well tolerated.

The third major advance came with clinical studies that showed that the elimination
of H. pylori by treatment with antibiotics and a PPI prevented recurrences. A great
variety of eradication therapy regimens involving a PPI and a combination of two
antibiotics (triple therapy) have been developed and are effective in eradicating H.
pylori in 90% or more of cases. These regimens are generally taken for 7 or 14 days.
The development of antibiotic-resistant strains of H. pylori is the main concern with
this approach.

What’s in the development pipeline? 
Research into PPIs has now become less intense, although research continues to
explore some molecules in Phase 3 trials for non-erosive oesophageal reflux disease.
There is a reversible acid pump inhibitor under Phase 2 study in acid-related GI dis-
ease and there are new approaches to H. pylori eradication, in Phase 2 studies.
Recently, a team of university researchers in the UK have found a new substance,
which is active against H. pylori and also reduces the activity of the stomach enzyme
pepsin, which is believed to be involved in ulceration.

Lastly, as peptic ulcers usually have an
infectious cause, it is logical that a vac-
cine-based approach be tried to eradi-
cate it. Two European companies are
collaborating to develop such a vac-
cine, and Phase 2 trials have been com-
pleted. Meanwhile, in the United
States, there was completion of Phase
1 trials of a vaccine directed against 
H. pylori.

The longer-term future: 
Peptic ulcers can be seen as an area in
which the development of new medi-
cines over the past twenty years has
been spectacularly successful in
improving outcomes. With the improve-
ments now achievable with the medica-
tions currently available, the somewhat
slower pace of new development can be
taken as a sign of a job well done. 

Peptic ulcers begin when
acid digestive juices dam-
age the protective mucus
lining of the stomach or
duodenum. The bacterium
H. pylori plays a causative
role in the disease. In the
1970s, the only treat-
ments were a diet and
antacids – or even sur-
gery.  Since then dramatic
progress has been made
through medicines which
block acid formation and
antibiotics which destroy
H. pylori.
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What is Rheumatoid Arthritis? 
Rheumatoid Arthritis (RA) is a chronic inflammatory joint disease. Persistent inflamma-
tion affects initially the movable joints of the skeleton. With the passage of time, the
synovium thickens to form pannus tissue which invades cartilage and bone. Among the
earliest joints affected in many people are those of the hand, where small cavities can
be detected using microfocal X-ray methods (FIGURE 1). As well as affecting the joints, RA

can damage connective tissue in many other body systems
such as the skin, lungs, nerves, blood vessels and heart. The
rate of progression of RA is very variable: a few people have
an aggressive form of the disease, leading to disability in
months, while in most people it takes years. Ultimately, the
cartilage is destroyed, causing pain, as bone grates against
bone, bleeding into the joint. There is loss of function as ten-
dons become displaced from their normal position, shorten,
and cause the characteristic joint deformities of the disease.
The cause of RA remains unclear, but it is thought to be an
autoimmune disease, in which damage is caused by the
body’s immune system mistakenly attacking its own tissue.
Some kinds of infection seem to trigger this attack, espe-
cially in people who have a family history of RA, suggesting
that they have predisposing genes.

Who does rheumatoid arthritis affect? 
RA is the most common rheumatic disease in the

world. It affects about 1 in 100 adults, or more than 50% of
people aged over 65. The incidence rate in Western Europe
is estimated at 1 per 10,000 population, i.e., some 37,000
new cases every year. RA is about three times as frequent in
women as in men, and tends to start between the ages of
35 and 50.

Present treatments: 
Three aspects of RA can be distinguished that are relevant for treatment:
1. Inflammation arises through a number of interrelated biochemical and cellular

events, culminating in the release of prostaglandins, complement, and other
inflammatory substances in the synovium that cause pain, tenderness and swelling
around the joints. Over time, the immune system is chronically stimulated and white
blood cells (lymphocytes, neutrophils and macrophages) enter the joint. They release
substances called growth factors, which are involved in the regulation of the growth
and maturation of cells, and cytokines such as interleukin (IL)-1, IL-6, IL-8 and tumour
necrosis factor (TNF)-alpha. This causes: 

2. Cellular proliferation, resulting in synovial thickening and pannus formation. Finally,
enzymes (metalloproteinases, serine proteases) in the joint and at the pannus-carti-
lage interface lead to: 

3. Destruction of the cartilage and underlying bone.

An area of early success for medicines research was the development of compounds to
treat the inflammation in RA. Analgesics were shown to work through inhibition of the
enzyme cyclo-oxygenase (COX), now known to exist in two forms: COX-1 and COX-2.
Inhibiting COX reduces the formation of inflammatory prostaglandins. The new med-
icines designed to do this, called non-steroidal anti-inflammatory drugs (NSAIDs),

Rheumatoid Arthritis
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greatly improved the quality of life for RA patients. Individuals differ in their response
to NSAIDS and as there are many different types, several can be tried until the most
suitable one is found. All are approved for use in the more common osteoarthritis as
well as in RA. Older, non-selective NSAIDS irritate the intestines and can cause seri-
ous stomach bleeding. About 20% of gastric ulcers are caused by NSAIDs. It is now
known that COX-1 protects the lining of the stomach, while COX-2 causes inflamma-
tion. Hence, compounds that specifically block the action of COX-2 but not COX-1
should have convenient properties, controlling inflammation without harming the gas-
trointestinal tract too much. COX-2 selective NSAIDs are also available for the treat-
ment of RA. Attempts to find medicines that slow or halt proliferation have, however,
been disappointing. Several DMARDs (Disease Modifying Anti-Rheumatic Drugs) have
been available for many years. Recently, it has been recognised that they are most
beneficial when given early in the disease process, together with a NSAID. Used in this
way, the combination damps down inflammation and slows down, but does not entire-
ly prevent, the growth of pannus and thickening of tendons.

More recently launched DMARDs are of value in severe active disease. The newest
anti-proliferative medicines inhibit TNF-alpha, an important inflammatory mediator.
The active principles are either a soluble TNF receptor that binds to and inactivates
TNF-alpha, or an anti-TNF-alpha monoclonal antibody. They are authorised for use
late in the disease, in patients who have failed to respond to other DMARDs, and are
given by injection. However, blocking TNF-alpha also has an immunosuppressive
effect and there have been reports of increased infection and cases of lymphoma.
There are no medicines currently on the market which could control tissue destruction
in late-stage RA.

What’s in the development pipeline? 
Efforts continue to develop alternative NSAIDs to widen choice and make
available medications with an improved safety profile. Thus, research is
ongoing with second-generation COX-2 inhibitors with greater selectivity
than their predecessors. All new compounds are said to have better gas-
trointestinal tolerability. Several new approaches to inhibiting inflamma-
tion due to TNF-alpha are also being actively explored. Monoclonal anti-
bodies are being developed for less severe RA, while another antibody,
given by subcutaneous injection every two weeks, showed a reduction in
joint stiffness, pain, etc., in patients with advanced disease who were resist-
ant to DMARDs, and produced a significant lowering of the metallopro-
teinase enzymes that cause destruction of cartilage and bone. Further proj-
ects are a PEGylated humanised anti-TNF monoclonal antibody fragment,
and a PEGylated sTNF-receptor inhibitor. Both are intended for use in mod-
erate to severe RA. There are several approaches that prevent the poten-
tially inflammatory cells ‘talking to one another’. These include compounds
such as IL-1 receptor antagonists and a humanised anti-IL-6 monoclonal
antibody. Other companies have chosen to target cell adhesion molecules,
which influence the infiltration of the synovium and synovial cavity by
inflammatory cells. Lastly, some compounds are now under exploration for
the destructive end-stage of RA, such as a collagenase inhibitor. 

The longer-term future:
Research into treatments for RA is carried out by a large number of insti-
tutions: university laboratories, research foundations, teaching hospitals,
and pharmaceutical companies. With this high level of research activity, it
is likely that the situation of people with RA will be considerably improved
over the next decade, with earlier detection, more selective treatments that
can slow or stop disease progress and prevent much of the deformity, pain
and loss of function that are all too common now.

Rheumatoid Arthritis
leads to inflamed and
painful joints.  It causes
disability in a lot of peo-
ple. Medicines can reduce
the inflammation and the
pain. This helps people to
stay mobile and get on
with their lives. Research
is continuing to develop
even better therapies.

FIGURE 1: Diagram of a normal (A) and an RA
joint (B) 
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What is schizophrenia? 
Schizophrenia is a brain disorder that affects thinking, perception and behaviour. It is
the commonest of a number of diseases called psychoses. About 25% of people with
schizophrenia experience just one episode, experiencing what are called positive
symptoms, and then make a good recovery. ‘Positive’ symptoms of schizophrenia
include:

• Confused, illogical thinking, poor concentration and speech;
• Delusions – belief that one is famous, or being persecuted or controlled by others;
• Hallucinations – hearing voices, seeing visions, smelling or feeling things that are

not there; and
• Inappropriate emotional responses, e.g., laughing at bad news.

Another 50% continue to experience symptoms, with often prolonged intervals of
being well. A remaining 25% develop a chronic form of the disease, often accom-
panied by withdrawal, social isolation and depression (negative symptoms). The
hopelessness felt by many of those with schizophrenia leads to a suicide rate of
around 10%.

Who does schizophrenia affect? 
Schizophrenia affects 1 in 100 people at some point in their lives, with about 1.9 mil-
lion diagnosed cases in Europe at any one time. It is most often diagnosed between
the ages of 18 and 30. The chances of developing the illness are higher if a close rel-
ative is affected. It is 12 times the average for a parent, 40 to 50 times for an identi-
cal twin, suggesting a genetic predisposition (FIGURE 1). However, up to 60% of people
with schizophrenia have no family history of the illness, so that genetic predisposition
is likely to be only one factor in the disease.

Schizophrenia
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Brain scans during a hallucination show activity in both the visual and auditory areas
of the brain. The person experiencing the hallucination is thus not imagining the
sights and voices – to them they are real.

Present treatment: 
Traditional medicines for treating schizophrenia, called neuroleptic medicines, have
been mainly derivatives of phenothiazine, thioxanthene and butyrophenone. They are
still in use, but have serious side effects. Some can be given as injections every two to
four weeks, which may aid compliance. The worst of secondary effects affect a part of
the brain called the extrapyramidal motor tracts. They range from rigidity and trem-
bling to painful spasms, eye rolling and an inner restlessness called akathisia. The
development, sometimes months or even years after starting a particular medicine, of
uncontrollable facial and bodily movement called tardive dyskinesia, is especially seri-
ous and is often irreversible even when the medication is stopped. Anti-Parkinson’s
disease medications may be given to control these extrapyramidal symptoms.

The other principal medications for schizophrenia are the atypical neuroleptics. They
interact with receptors for a variety of neurotransmitters in the brain, including
dopamine and serotonin (5HT), and have much improved side-effect profiles, as well
as providing good control of positive and negative symptoms. However, a need for
improved medications remains.

What’s in the pipeline? 
There are more atypical compounds to treat schizophrenia and schizo-effective disor-
der under investigation. Extra Phase 3 trials have been undertaken to study once-daily
dosing and the safety of switching from other compounds. A selective dopamine D2A
receptor antagonist which showed efficacy on both positive and negative symptoms
has been authorised in the United States in November 2002.
There is ongoing work on a further neuroleptic to test an intra-
muscular depot injection form. Also at this stage is a compound,
which acts preferentially on dopamine D4 and serotonin 5HT2

receptors.

There are several further compounds in clinical trial that act on
neurotransmitter receptors in the brain. These include antago-
nists to dopamine D3, glutamate, neurokinin-3 and 5HT2 recep-
tors. In addition, several research groups are exploring a
dopamine D2 receptor partial agonist, a mixed 5HT agonist/
dopamine D2 antagonist and a mixed dopamine and 5HT antag-
onist. All are attempts to find an optimal balance between max-
imal control of both positive and negative symptoms and the low-
est possible incidence of unwanted effects.

The longer-term future: 
Better understanding of brain chemistry and function will under-
pin the search for better medications for schizophrenia. Recent
research has shown that people with schizophrenia have an
unusually high level of dopamine D1 receptors in the frontal cor-
tex of the brain, and that this is related to short-term memory
dysfunction. A specific dopamine D1 receptor antagonist is in pre-
clinical development and it may be that exploration of this new
pathway may open the way to new classes of improved medica-
tions for schizophrenia in the future.

Schizophrenia is a brain
disorder that affects
thinking and behaviour. 
It can affect up to 1 in
100 people and first
appears between the ages
of 18 and 30. Existing
medicines can have dis-
tressing side effects.
However, recent research
has led to highly effective
medicines with fewer side
effects. Such develop-
ments offer hope of
improved therapies to help
sufferers lead fruitful
lives.
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What is stroke?
A stroke is defined as a vascular
event in the brain that causes abnor-
mal neurological function lasting for
more than 24 hours. About 85% of
strokes in Western countries are
ischaemic strokes, which result from
arterial blockage by a blood clot or
detached plaque from elsewhere in
the circulation. Most of the rest are a
result of brain haemorrhage, often
caused by the rupture of an
aneurysm. Brain damage arises as a
result of oxygen depletion: brain tis-
sue consumes oxygen at a high rate
but has no oxygen reserve. Hence, it
is entirely dependent on a continu-
ous blood supply through the carotid
and vertebral arteries. It is well
recognised that there are risk factors
for stroke apart from age. The clear-
est is high blood pressure, while
smoking, heavy drinking and dia-
betes also play a part.

There is a more insidious side to strokes. Many people experience a series of mild
ischaemic strokes over a period of years. These may be unnoticed – silent ischaemia –
or cause transient symptoms, but over time, the accumulated damage is responsible
for about 25% of cases of pre-senile and senile dementia.

Who does stroke affect?
In the EU, more than 650,000 people a year suffer a first stroke and 400,000 die of
cerebrovascular disease, making stroke the most common cause of death after heart
disease and cancer. Between 15 and 20% of people experiencing a stroke die within
a month. Of those that survive, some do not regain the full use of their faculties. Some
2 million people in the EU are believed to live with disability as a result of stroke.
Although stroke can affect younger people, it is largely a disease of the elderly: 85%
of strokes are in the over-65s.

Present treatments:
Medical treatment for stroke has two different objectives:
• Emergency treatment to limit damage in the hours following an acute stroke; and
• Prevention of a first or subsequent stroke (over a long period).

Emergency treatment is complicated by the fact that there are two different causes of
stroke (clots and haemorrhage) which may be difficult to distinguish in the clinic. A
therapy suitable for a clot-induced stroke (for example clot-busting and blood thin-
ning medicines) would be potentially harmful in a haemorrhagic stroke, as it might
perpetuate bleeding and cause even greater brain damage. In patients suffering from
stroke caused by a ruptured aneurysm, intervention by neurosurgery may apply.

Stroke
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Prevention of stroke includes both minimising risk factors, for example by treating
hypertension, and the long-term use of medication that can prevent causative steps
in ischaemic stroke. Daily low-dose acetylsalicylic acid reduces platelet stickiness and
decreases the risk of recurrent stroke by about 15%. There is another anti-platelet
medicine approved for the secondary prevention of stroke. Anti-platelet medicines are
not recommended in those who have had a haemorrhagic stroke. The cholesterol-low-
ering statins have also been shown to reduce the risk of stroke. Clinical trials to prove
this indication are ongoing, especially in elderly people with hypertension and hyper-
lipoproteinaemia. In February 2003, a recombinant human plasminogen activator has
been authorised for the treatment of clot-induced stroke.

What’s in the development pipeline?
Because of the link between hypertension, atherosclerosis and stroke, many pharma-
ceutical companies are involved indirectly in stroke prevention through their research
programmes in these other areas, and are already contributing significantly to
increased life expectancy. Companies are, however, also studying stroke directly. 

Recently, it has also been shown that treatment with a combination of an angiotensin
converting enzyme (ACE) inhibitor and a diuretic, reduced stroke occurrence, even in
those who did not have hypertension. The largest ever study on the prevention of a
second stroke is going to start in September 2003. In one arm of this trial, an
angiotensin 2 receptor blocker (ARB 2) is also being evaluated, because high levels of
angiotensin 2 appears to be an independent risk factor in stroke.

Brain cell stress in acute stroke results from oxygen and energy deprivation and is
thought to lead to accumulation of the excitatory amino acid neurotransmitter glu-
tamate, activation of the NMDA and other receptors to which it binds, and a massive
influx of sodium and especially calcium ions. This leads to activation of Ca2+-depend-
ent enzymes, the generation of potentially damaging reactive molecules such as free
radicals, and the initiation of programmed cell death (apoptosis), causing neuronal
cell death in a relatively short time. Many attempts have been made to influence this
toxic ‘glutamate cascade’ by treatment with ‘neuroprotectants’ that act on one or
other step in the process. However, although this has been achieved in animal mod-
els, human trials have so far failed to show clinical benefit, perhaps partly because of
inevitable delays in starting treatment, by which time damage may be irreversible. 

Despite earlier disappointments, many companies have potential neuroprotectants in
development. An inhibitor of glutamate release is in Phase 3 trial. There is also devel-
opment of a nitrone that traps reactive oxygen radicals, and of an AMPA receptor
antagonist, both in Phase 2 trials. Another compound, a derivative of an anti-epilep-
sy medicine, blocks sodium and calcium channels and is being developed as an emer-
gency treatment against stroke. Finally, another research group is studying a potential
neuroprotectant.

Stroke prevention is also still a focus of development. One company has progressed a
new oral anticoagulant, the first since the introduction of the principle 50 years ago,
to Phase 3 study in patients with atrial fibrillation, who are at increased risk of stroke.
The new compound’s advantage lies in fixed oral dosing and simple anticoagulation
monitoring. Another thrombin inhibitor has moved to the clinical phase, as well as a
monoclonal anti-Factor IX antibody.

The longer-term future: 
A better understanding of the very complex process of ischaemic cell death may lead
finally to a clinically useful treatment for acute stroke, which would be a great step
forward. However, prevention will remain a cornerstone in the control of this condi-
tion. Aggressive management of hypertension and adjustments to lifestyle, such as
reduction in overweight and blood lipids and an increase in regular exercise, are also
essential parts of any campaign to reduce the burden of stroke in the EU.

Strokes occur when the
blood supply to the brain
is disrupted, leading to
brain damage. They most
often occur in people over
65 years old.  Medicines
to prevent them have
reduced the deaths from
strokes over the past 30
years.  Further research
into brain cell death is
underway.  Preventing or
successfully treating
strokes could reduce 
the need for hospitali-
sation and intensive 
rehabilitation.
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What is transplantation?
Solid organ transplantation is the use of a donor organ to replace a diseased organ
in a recipient. Transplantation can range from a relatively minor procedure, such as
the graft of a cornea in the eye, up to complex operations to replace the heart and

lungs or liver. Because the donor tissue is
immunologically different from that of the
recipient, life-long suppression of the recipi-
ent’s immune system is usually necessary to
prevent rejection of the graft.

Bone marrow transplantation (BMT) is a sim-
ilar procedure in which the tissue trans-
planted is not a solid structure, but is
instead a suspension of stem cells that can
repopulate the recipient’s empty bone mar-
row spaces and recreate a functioning
immune system. This may be done to permit
the use of intensive chemotherapy to elimi-
nate malignant cells completely, as in cer-
tain leukaemias. When the donor bone mar-
row comes from another individual – allo-
geneic BMT – life-long immunosuppression
is required to prevent the newly transferred
immune cells from destroying the recipient’s
organs, a reaction known as graft-versus-

host disease (GVHD). Immunosuppression is not required if the bone marrow cells are
taken from an individual and re-infused after chemotherapy – autologous BMT.

Who needs transplants?
Solid organ transplantation is a last-resort treatment aimed at preserving an accept-
able quality of life when medical and other treatment has failed. When tissue has suf-
fered such damage that it can no longer function (or have its function replaced by a
procedure such as dialysis, in the case of the kidney), transplantation of a donor organ
may be considered. The first successful kidney transplant took place over 50 years ago.
Today, the graft survival rate five years after transplant is typically over 65% for a kid-
ney taken from a dead person and over 75% for one from a living HLA-matched
donor. The five-year patient survival rate after heart transplants is about 70%. Heart-
lung transplantation is a more complex and less common procedure, and today the
survival rate is about 60% per year, although some specialist centres do better than
this. Other organs transplanted are the liver (first achieved in 1967; five-year graft sur-
vival rate is about 65 to 70%), the bone-marrow and, less commonly, the pancreas.

Current practice:
The major success of transplant surgery over the past 30 years would not have been
possible without a battery of new medicines that have become common use in inten-
sive care treatment; in anaesthesia; for pain relief; for the prevention of thromboses;
or to combat bacterial and viral infections. However, without the development of
immunosuppressive agents, essential to prevent host-versus-graft rejection, treatment
outcomes for organ-transplant surgery would have remained rather poor. The earliest
medicines used to suppress rejection, derivatives of DNA nucleotides, were somewhat
toxic when used alone and they now have only a supporting role to play. A key event

Transplantation
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was the introduction in around 1970 of tissue-matching, technically called histocom-
patibility testing. Another major breakthrough was the discovery of a molecule
derived from a naturally occurring fungus, which was able to prevent the body’s
immune system from attacking the graft. It acts as a calcineurin inhibitor that blocks
the activation of T-cells that attack the transplanted tissue and lead to graft rejection.
Together, these two developments greatly enhanced success rates in transplantation.
However, this compound has a narrow ‘therapeutic window’ between working effec-
tively and damaging the body. The original intravenous form also had a somewhat
unpredictable absorption that made it necessary to monitor blood levels carefully,
although the more recently introduced oral suspension gives more predictable blood
levels. The molecule is used together with steroids and/or nucleotide derivative to pre-
vent acute rejection and for the prevention and treatment of GVHD. 

Other immunosuppressive agents have been authorised since then. A macrolide lac-
tone, which acts as an inhibitor of calcineurin is used in kidney and liver transplanta-
tion. A third new compound was authorised to avoid graft rejection in kidney recipi-
ents. Finally, a fourth immunosuppressant is authorised for use in combination with
corticosteroids. Also, two monoclonal antibodies have been authorised for use togeth-
er with immunosuppressive regimens in kidney transplantation. They target a recep-
tor for interleukin-2 (IL-2) which plays a key role in the rejection process. Both reduce
rejection, reducing the need for steroids and the risk of infection.

What’s in the development pipeline?
The focus in transplantation is shifting: increasingly, researchers are looking to devel-
op long-term, low-toxicity strategies that will result in patients retaining the trans-
planted organs for longer while minimising the risk of kidney damage. Closest to
becoming available is another immunosuppressive molecule, which, in Phase 3 trials,
used together with reduced-dose oral calcineurin-inhibitor, steroids and monoclonal
anti-IL-2 antibody, has been found to be associated with acute graft rejection rates as
low as 3.5% at 6 months, as well as a low rate of infection with cytomegalovirus - a
common problem in transplantation. Also in Phase 3 development is a new presenta-
tion to address the gastrointestinal side effects seen at higher doses with the existing
capsule form. Another approach is a myriocin analogue, which achieves immunosup-
pression not by blocking the activation or action of T-cells, but by redirecting them to
body areas away from the graft, such as the lymph nodes. This com-
pound does not prevent normal cellular and antibody responses to
infection, but much reduces the number of circulating lymphocytes
that might cause acute graft rejection. Another compound is a
fusion protein that acts by preventing T-cell proliferation and
cytokine production. It is developed for prevention of transplant
rejection and is also tested in the autoimmune disease rheumatoid
arthritis. Investigation is also going on with a recombinant human
anti-B-7 monoclonal antibody for prevention of graft-versus-host
disease in kidney and bone marrow transplantation.

The longer-term future:
The toxicities of existing protocols for transplantation continue to
be a significant limitation, as do life-threatening infections such as
cytomegalovirus and the increase in malignancies seen with gener-
al immunosuppression. There is thus a continuing stimulus to devel-
op more selective agents. However, the main limitation to therapy is
the lack of availability of matching donor organs, which results in
many patients dying before they can be given a transplant. 

Transplantation is when
an organ from one human
is given to another.
Successful transplantation
of many organs would 
not have been possible
without enormous
advances – particularly
medicines to prevent organ
rejection. Enormous strides
are being made in research
to enable patients to lead
a normal life.
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