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= Articles

What targeted therapy for cancer IS
and how It Is achieved: a review

In this article, Max Summerhayes describes ways in which tumours are targeted by cytotoxic drugs

if it were a new concept but this is clearly

not the case because all cancer treatments
must have a target (known or unknown) and
even “non-selective” cytotoxic drugs must
have a greater impact on malignant cells than
on normal ones. Without some degree of
selectivity, it would be impossible to destroy
tumour cells without killing, or at least caus-
ing unacceptable harm to, the patient.

In the case of conventional cytotoxic
drugs, targeting is often achieved by means of
scheduling. Healthy tissues damaged by cyto-
toxic agents generally recover more quickly
than cancerous ones and this property is
exploited by giving pulses of chemotherapy
every three to four weeks, which allows suffi-
cient recovery of normal tissues between
doses with the minimum possible regrowth of
the tumour. Treatment scheduling is not usu-
ally considered drug targeting, but it is vital to
focus the destructive power of chemotherapy
where it is required. However, it is not the
only way in which “non-selective” cytotoxic
agents are targeted. Some have inherently
greater activity than others against specific
tumour types. For example, among the plat-
inum analogues oxaliplatin, but not carbo-
platin or cisplatin, is a useful drug for treating
colorectal cancer. In addition, nephrotoxicity,
although dose-limiting for cisplatin, is not a
prominent side effect of the other two drugs.
Differences of this type imply that conven-
tional cytotoxic drugs can be, to a significant
degree, targeted to specific types of cancerous
and healthy tissue.

Despite these observations, and the fact
that the concept of targeted therapy is as old
as Paul Ehrlich’s quest for a “magic bullet” in
the early years of the 20th century, conven-
tional cytotoxic drugs are not generally
regarded as targeted therapies. This may
reflect the process that led to their develop-
ment as clinical agents. Generally, conven-
tional cytotoxics emerged from programmes
involving the synthesis and screening of large
numbers of compounds for cytotoxic activity
or the serendipitous discovery that a com-
pound has such activity. In other words, de-
velopment was driven by the properties of
the available agents rather than a knowledge
of the cancerous and healthy tissues with
which they would interact.

In recent years, however, considerable
effort has been expended in exploiting our
growing knowledge of physiological and
pathological processes to design agents with

H|

518  The Pharmaceutical Journal (Vol 277)

Targeted therapy is sometimes discussed as

Max Summerhayes, PhD, MRPharms, is
scientific advisor at Roche Products Ltd

28 October 2006

Intestine Liver
Capecitabine Tumour
Capecitabing =
CE
/
5-DFCR » 5-DFCR
CyD CyD

5-DFUR » 5-DFUR
5'-DFCR = 5'-deoxy-5-fluorocytidine; 5'DFUR = 5'-deoxy=5-fluorouridine; 5-FU
CyD = cytidine deaminase; CE = carboxylesterase

Figure 1: Three step enzymatic conversion of the non-cytotoxic pro-drug
capecitabine to 5-fluorouracil resulting in preferential delivery of capecitabine to

tumour tissue

properties that render them selectively active
against tumour cells. These approaches can be
divided into two main types: pharmaco-
kinetic and pharmacodynamic targeting.

Pharmacokinetic targeting
Pharmacokinetic targeting depends on the
preferential delivery of a non-specific cyto-
toxic agent to tumours. This can be achieved
by harnessing biochemical pathways within
tumour cells to activate a pro-drug, using
physical aspects of drug formulation, employ-
ing tumour specific antibodies as drug deliv-
ery systems or applying an exogenous
stimulus selectively to the tumour in order to
activate an inactive pro-drug in situ. Some
examples of these approaches follow.

Use of tumour biochemistry The fluo-
ropyrimidine pro-drug capecitabine (Xeloda)
was designed to overcome the poor and er-
ratic oral bioavailability of the parent drug
5-fluorouracil (5-FU) and its limited tumour
specificity. Capecitabine is well absorbed after
oral administration and is converted into
5-FU in a three-step enzymatic process.As il-
lustrated in Figure 1, the first step takes place
in the liver while the last step requires thymi-
dine phosphorylase, an enzyme whose levels
are elevated in many common solid tumours.
Following systemic capecitabine administra-
tion this can result in more 5-FU in tumours
than in healthy surrounding tissues.
Preferential delivery of 5-FU to tumour tis-
sues probably explains why, in randomised

trials comparing it with conventional intra-
venous regimens of 5-FU, capecitabine has
produced significantly higher response rates
in advanced colorectal cancer,' and tends
towards improved survival in inoperable gas-
tric cancer?® and in the adjuvant treatment of
colorectal cancer,* while reducing the inci-
dence of key fluoropyrimidine toxicities,
notably leukopenia. However, it should be
noted that capecitabine is associated with a
higher incidence of *“hand-foot syndrome”
(reddening and soreness of the palms of the
hands and soles of the feet) than IV 5-FU,
demonstrating that actions designed to target
a drug to tumour tissue can also exaggerate its
actions on normal tissues with appropriate
characteristics.

Physical formulation The anthracycline
doxorubicin is a potent cytotoxic agent with
a broad spectrum of antitumour activity and
it is widely used. However, its use is compli-
cated by cardiotoxicity, which means that a
cumulative dose of 450mg/m2 cannot be
safely exceeded. In recent years, liposomal
formulations of doxorubicin (and the related
drug daunorubicin) have been developed in
which the free drug is entrapped in lipid vesi-
cles.® This entrapment dramatically modifies
the pharmacokinetic behaviour of the anthra-
cycline, especially when the lipid envelope
incorporates polyethylene glycol as in the
case of Caelyx.® Following IV administration,
the liposomes are largely restricted to the
intravascular space. However, the incomplete
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and leaky tumour vasculature results in their
preferential accumulation in cancers where
they slowly release free drug. This has been
reported to result in increased concentrations
of doxorubicin in some tumour tissues*® and
reduced levels in normal tissues. Thus the cy-
totoxic agent is targeted towards the tumour
and away from normal tissues, including the
heart. This probably explains the reduced car-
diotoxicity of liposomal anthracyclines.

Again hand-foot syndrome — rarely seen
with conventional anthracycline formulations
— emerges as a side effect after liposomal
encapsulation, possibly as a consequence of
prolonged tissue exposure.®

Exogenous activation Exogenous activa-
tion is the principle behind photodynamic
therapy, whereby a light sensitive non-cyto-
toxic pro-drug is administered systemically
and given time to distribute around the bodly.
A laser light source is then directed at super-
ficial cancers, such as those of the head, neck,
oesophagus and lung. This activates the pro-
drug and results in a local cytotoxic action.

Pharmacodynamic targeting
Although all the above approaches are valu-
able, they rely ultimately on the selective
delivery or production in situ of non-specific
cytotoxic agents and, as such, they have an
inherent weakness — completely selective
delivery is impossible, making some degree of
systemic toxicity inevitable. Even when, as in
photodynamic therapy, the activation of the
drug can be well localised anatomically,
there is little or no specificity at cellular level
and treatment will result in the death of
healthy “bystander” cells as well as malignant
ones. For this reason, among others, there has
been great excitement in recent years about
the increasing understanding of cancer biol-
ogy, which has opened up the possibility of
pharmacodynamically targeting malignancies.
The ideal target is one that is found only
in tumour cells and that has a vital role in
sustaining their viability or is essential for cell
replication. However, in cancer therapeutics,
as in other areas, the ideal target is a rare
commodity and the only one of this type to
be successfully identified and exploited, so far,
is the Ber-Abl tyrosine kinase which is found
in 95 per cent of patients with chronic
myeloid leukaemia (CML). CML is charac-
terised by a specific chromosomal abnormal-
ity (the Philadelphia chromosome) caused by
part of chromosome 22 breaking off and ex-
changing with material from chromosome 9.
An entirely novel sequence of DNA is cre-
ated where the genetic material joins after
exchange. This encodes for the Bcr-Abl tyro-
sine kinase. This enzyme is not found in nor-
mal cells and its action drives the malignant
behaviour of CML cells. Once this was
recognised, a search began for selective
inhibitors of the enzyme. These included
imatinib (originally known as CGP57148
and STI571 and now marketed as Glivec),
first described in 1996 by Brian Druker and
his colleagues.
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Figure 2: Possible approaches to disruption of HER receptor mediated signalling

At this year’s annual meeting of the
American Society for Clinical Oncology it
was reported that after a median follow-up of
54 months only 9.5 per cent of 553 patients
randomised to imatinib in the pivotal trial
comparing it with conventional therapy (in-
terferon alfa plus cytosine arabinoside) had
stopped treatment for lack of effect and just
five because of adverse events while 84 per
cent remained free of disease progression on
treatment.” Data such as these highlight the
way in which imatinib has transformed the
treatment and outlook for patients with
CML.

Although the efficacy and tolerability of
imatinib are far better than other treatment
options in CML, it still has side effects, in-
cluding gastrointestinal disturbances, oedema,
myalgia and rash, illustrating the point that
identifying the perfect target is only half the
battle. The other half lies in producing a drug
that can interact with the target specifically, in
order to avoid unexpected effects. In the case
of imatinib its lack of complete specificity —
it also inhibits the platelet-derived growth
factor receptor and c-kit (stem-cell factor re-
ceptor) linked tyrosine kinases — has been
exploited therapeutically. Activation of c-kit
drives the growth of malignant gastrointesti-
nal stromal cell tumours. These are rare
tumours that resist conventional cytotoxic
drugs, and imatinib was the first effective
treatment for inoperable tumours of this type.

Although ideal targets are rare, scientific
endeavour has revealed a number of mole-
cules that have appear to have a much greater
role in cancers than in mature, healthy tissues
stimulating the development of drugs that in-
teract with them. Of these, three groups rep-
resent the overwhelming majority of targeted
cancer therapies to have entered routine
clinical practice so far: hormonal agents,
drugs interacting with the HER family of cell
surface growth factor receptors and those
disrupting angiogenesis (the process of
tumour vascularisation).

Hormonal agents Hormonal agents, such
as anti-oestrogens and anti-androgens, are
much the oldest group of targeted cancer
therapies and are often excluded from discus-
sions. However, this should not be the case
because they exploit the fact that many breast
and prostate cancers have receptors for
oestrogen and androgen, respectively, and that
stimulation of these receptors drives tumour
growth. Consequently, direct and indirect an-
tagonism of sex steroids can inhibit tumour
growth. Moreover, the use of anti-androgens
and anti-oestrogens is, generally, well toler-
ated, reflecting the more minor role of sex
hormones in many normal tissues.

Although well established, the hormonal
treatment of breast cancer has progressed sig-
nificantly in recent years with the introduc-
tion of specific aromatase inhibitors capable
of blocking the synthesis of oestrogen in non-
ovarian tissues. There are now multiple stud-
ies demonstrating that this class of drugs can
improve long-term outcomes when used as
an adjuvant treatment after surgery for early
breast cancer as a substitute for, or in addition
to, the oestrogen receptor anatagonist tamox-
ifen.® The National Institute for Health and
Clinical Excellence has recently reviewed the
evidence for the clinical and cost-
effectiveness of the adjuvant use of aromatase
inhibitors and recommended that they be
made available to NHS patients for this pur-
pose, according to their current marketing
authorisations.®

HER-family antagonists HER 1-4 (also
known as erbB1-4) are a family of structurally
similar transmembrane proteins that act as
receptors for a variety of growth regulating
ligands (eg, heregulins, amphiregulin, trans-
forming growth factor alfa, epidermal growth
factor, etc) that are present in extracellular
fluid. Binding of a growth factor to the extra-
cellular portion of a receptor facilitates
dimerisation with another receptor of the
HER family. Ligand binding and dimerisation
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trigger a chain of biochemical changes within
the cell. These convey the signal encoded by
the ligand from the inner surface of the cell to
the nucleus, where it modulates gene activity
resulting in a variety of biological effects
including increased cell proliferation and
migration, decreased apoptosis (programmed
cell death), angiogenesis and resistance to
cytotoxic drugs and ionising radiation.

As well as controlling processes of funda-
mental importance to the formation and sus-
tainability of cancers, several abnormalities in
the HER receptor-signalling pathways have
been reported in solid tumours. For example,
many solid tumours carry excessive quantities
of HER1 (more commonly known known as
epidermal growth factor receptor; EGFR)
and this overexpression has been associated
with aggressive cancers, poorer prognosis and
worse treatment outcomes. Additionally, a
mutant version of HER1 has been identified
in some tumours. This is permanently acti-
vated, despite lacking a ligand binding do-
main. Similarly, 20 to 30 per cent of breast
cancers have overexpression of HER2 as a
consequence of their DNA containing multi-
ple copies of the relevant gene.*

Survival in women with HER2-positive
breast cancer is reduced by up to 50 per cent
compared with those whose tumours do not
overexpress the protein.’® Again, overexpres-
sion has been associated with early spread of
tumour to the lymph nodes and resistance to
some drug treatments.

In short, the functions of the HER family
suggested that modulation of their activity
might be advantageous to cancer patients.
Additionally, the aberrant HER signalling
seen in many tumours indicated that these
might be particularly sensitive to drugs tar-
geted at this process, conferring a degree of
selectivity on such interventions.

A number of different approaches can be
taken to disrupt HER receptor signalling (see
Figure 2, p519). These include:

Using antibodies raised against the recep-
tors themselves — these might work in
several ways — by physically hindering
ligand binding or receptor dimerisation
or by marking out the cell for attack by
the patient’s immune system

Using specific tyrosine kinase inhibitors
to block the first step in the intracellular
signalling pathway

Starving the receptor of ligand by using
specific antibodies to sequester it.

Using antibodies against the receptors to
deliver drugs or toxins conjugated with
them selectively

Using agents such as inhibitors of Ras
and mitogen-activated protein kinase
(second messengers) to interrupt the bio-
chemical reactions that carry the signal
from the cell surface to the nucleus

Of these, the first two strategies have al-
ready produced drugs that are in everyday
clinical use. Examples of receptor directed an-
tibodies include trastuzumab (Herceptin) and
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Highly vasularised tumour
Tumour blood vessels depend on VEGF released
from the tumour for growth and survival

Effects of bevacizumab

VEGF is neutralised, resulting in changes to
tumour vasculature that may inhibit tumour
growth and lead to tumour regression

Figure 3: Effect of the the anti-VEGF antibody bevacizumab on tumour vasculature

and growth

cetuximab (Erbitux), and an example of a
specific tyrosine kinase inhibitor is erlotinib.

Trastuzumab Trastuzumab is a chimeric
monoclonal antibody created by inserting the
antigen-binding site of a mouse monoclonal
antibody directed against HER2 into a
human immunoglobulin (1gG) skeleton. It
was first described by Carter et al in 1992.*
Early clinical trials in patients overexpressing
HER2 demonstrated that, even in women
with heavily pretreated metastatic disease,
trastuzumab alone is capable of inducing
durable disease remission. Also, when added
to standard first-line chemotherapy for
metastatic disease, it extends median survival
by nine months — an increase of 45 per
cent.”® These findings encouraged develop-
ment of the drug for use as an adjuvant to
surgery. Data are now available from 10,000
women with HER2-positive breast cancer,
who were entered into four randomised con-
trolled trials of standard adjuvant chemother-
apy with and without a year of trastuzumab.
These consistently showed that the addition
of trastuzumab approximately halves the risk
of a “treatment failure event” (recurrence,
new cancer or death), and reduces the risk of
death by 25-33 per cent.**" This high level of
efficacy recently resulted in adjuvant
trastuzumab being recommended by NICE
for use within the NHS.*®

Trastuzumab is generally well tolerated
but, in a few patients, it can produce cardiac
impairment so regular monitoring of cardiac
function is necessary during treatment. It is
unclear whether this toxicity is a conse-
quence of binding to HER2 in non-tumour
tissue or an unrelated action of the antibodly.
Either way, this again shows that it is unreal-
istic to expect targeted therapies to impact
only on specific malignant cells.

Cetuximab Cetuximab is a chimeric antibody
raised against the HER1/EGFR receptor. It
has been tested in a number of solid tumours
(where this receptor is thought to have a role)
and it is currently licensed for use, in combi-

nation with irinotecan, by patients failing
irinotecan-containing cytotoxic chemother-
apy, and in combination with radiotherapy, by
patients with locally advanced squamous cell
cancer of the head and neck. Its activity in the
latter condition is particularly impressive — it
improves median overall survival from 29.3 to
49.0 months (hazard ratio for death, 0.74;
P=0.03).

Erlotinib Erlotinib (Tarceva) is an orally
administered inhibitor of the HER1/EGFR
receptor tyrosine kinase that has been most
extensively investigated in the treatment of
non-small-cell lung cancer where it is licensed
for single-agent use in patients who have re-
lapsed after at least one prior chemotherapy
regimen. The marketing authorisation in this
indication was based on the BR21 study com-
paring erlotinib with placebo. This demon-
strated that, used second- or third-line,
erlotinib improves median survival by 45 per
cent,® while improving or slowing deteriora-
tion of symptoms and improving quality of
life.2 It lacks the sometimes life-threatening
myelotoxicity associated with conventional
cytotoxic chemotherapy, but has its own char-
acteristic side effects: diarrhoea and rash. Of
these, mild-moderate rash is the most com-
mon. Rash affected 76 per cent of patients in
the BR21 study and it is also common after
other HER1/EGFR antagonists (both small
molecules and antibodies®), suggesting that it
is probably a consequence of the disruption of
HER1/EGFR-mediated signalling in normal
tissues.

Agents inhibiting angiogenesis In
1971, Judah Folkman hypothesised that
tumour growth depended on the establish-
ment of a network of blood vessels. This
process represents an attractive therapeutic
target because it has little role in most mature
normal tissues and involves normal vascular
cells that are genetically stable and less likely
than tumour cells to develop drug resistance.
It was established that tumours secrete

Continued on p525
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growth factors that trigger angiogenesis, stim-
ulating nearby blood vessels to bud and infil-
trate the tumour, permitting growth and
metastatic spread via the circulation. Among
these, vascular endothelial growth factor
(VEGF) was identified as having a pivotal
role. Elevated levels of this protein are found
in a wide variety of human tumours. As with
therapeutic disruption of signalling through
the HER family of receptors, more than one
approach can be taken to inhibiting VEGF-
mediated angiogenesis, as the following
examples show.

Bevacizumab Work by Ferrara et al led first to
the development of a murine, VEGF-specific,
antibody designed to sequester VEGF and
neutralise its angiogenic stimulus, as shown in
Figure 3 (p520). This antibody successfully
inhibited the growth of a variety of human
tumours growing as xenografts in mice and it
was subsequently humanised (as beva-
cizumab) to permit its use in humans.?
Currently, the drug is licensed, under the pro-
prietary name Avastin, for use in conjunction
with 5-FU based cytotoxic chemotherapy for
the first-line treatment of metastatic colorec-
tal cancer. In this condition it improves me-
dian survival by 30 per cent when added to
combination chemotherapy with 5-FU,
folinic acid and irinotecan. Recently, it has
also been demonstrated to improve long-
term outcomes in breast”” and lung® cancers
and is being developed for the treatment of a
wide variety of tumours.

Sorafenib and sunitinib Two small molecule
tyrosine kinase inhibitors, sorafenib (Nexavar)
and sunitinib (Sutent), have been recently li-
censed for the treatment of advanced renal
cell cancer relapsing after, or unsuitable for,
cytokine therapy with interferon alfa or
interleukin-2. Both drugs inhibit a selection
of kinase enzymes, including tyrosine kinases
linked to the VEGF receptor family. As such,
they have antiangiogenic activity which
probably contributes to their activity in
relapsed renal cell cancer, where sorafenib has
been shown to double progression-free
survival from 12 to 24 months relative to
placebo® and sunitinib has elicited tumour
responses in cytokine resistant tumours.?

It is currently impossible to say how im-
portant their ability to inhibit non-VEGF-
linked kinase enzymes is to their clinical
activity in this condition. However, it is likely
that the ability of sunitinib to inhibit c-kit
tyrosine kinase is central to its activity in its
other licensed indication: imatinib-resistant
gastrointestinal stromal cell tumours.?

Conclusion

The concept of targeting therapies at cancer-
ous cells is not new, indeed it is implicit in
any attempt to treat malignancy without
causing undue harm to the patient. What is
novel, is the opportunity that scientists now
have to design drugs that interact selectivity
with those processes which underpin malig-
nant transformation.
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In recent years this has led to the develop-
ment of a large number of new, effective and
generally well tolerated anti-cancer agents.
However, few targets are truly tumour spe-
cific and some agents lack absolute target
specificity. This is one of the challenges to
those developing and using targeted anti-
cancer drugs.A second article, to be published
next week, will discuss other challenges.
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