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In this month’s issue of the 

 

Journal

 

 we focus on cancer
pharmacotherapy. The articles provide insights into the
current scientific basis of recently available and poten-
tial anti-cancer drugs, and discuss the current and future
challenges in using classical cytotoxic

 

a

 

 and molecularly
targeted anti-cancer drugs.

Over the past decade the explosion in new and poten-
tial anti-cancer drugs has had its foundation in an
increased scientific understanding of the biology of
cancer [1]. The current oncology drug pipeline of the
pharmaceutical industry contains nearly 400 small mol-
ecules and biological modifiers undergoing clinical
development [2]. Optimal anti-cancer drug treatment,
whether it involves the use of classical cytotoxic agents
or novel molecularly targeted anti-cancer drugs, will
require oncologists to incorporate into their therapeutic
decisions up-to-date knowledge of the factors that con-
tribute to the variability in human drug response [3–6].
The therapeutic armamentarium of 21st century oncol-
ogists when compared with that of the earliest physi-
cians, or for that matter with that available in the mid
20th century, has a greater number of drugs, is more
complex, uses many multi-drug combinations and con-
tinues to expand.

 

Early descriptions of cancer and its treatment

 

The Egyptian papyri which are thought to have been
written between 3000 and 1500 BC are considered by
many to contain the earliest descriptions of human can-

cer. The Edwin Smith papyrus [7] describes several
cases of tumours or ulcers of the breast. The translation
of the heiroglyphic inscriptions in the Smith papyrus, by
Breasted [8], informs us that Egyptian physicians
(known as “swnw” and pronounced 

 

sounou

 

) had no
effective treatments for cancer, but that cauterization
was used as a palliative measure. However, the papyrus,
does describe surgical removal of superficial tumours,
in keeping with current medical practice. The “swnw”
also used compounds of barley, pigs ear and other indig-
enous materials as treatments for cancer of the stomach
and the uterus, although their efficacy was poorly
defined [8].

 

A synopsis of the history of cancer pharmacotherapy

 

The dawn of modern cytotoxic anti-cancer therapy can
be traced back to the investigation of the cytotoxic prop-
erties of nitrogen mustards by Gilman in 1942 [9]. The
dramatic therapeutic success of nitrogen mustard in
patients with Hodgkin’s disease and lymphosarcoma
was initially described by Goodman 

 

et al.

 

 in 1946 [10].
This probably represents one of the first Phase I/Phase
II studies reported in the modern medical literature [11].
However, from the mid 1940s into the 1990s the increas-
ing scientific understanding of cancer biology was not
paralleled by rapid translation of this knowledge into
effective anti-cancer drugs. Nevertheless, during these
50 years there were significant advances in cancer phar-
macotherapy [12]. Anti-folate drugs were used to induce
remission in children with acute lymphatic leukemia and
methotrexate cured patients with choriocarcinoma; 6-
mercaptopurine was synthesized; combination chemo-
therapy was used effectively in acute lymphoblastic
leukemia,  lymphoma  and  as  adjuvant  therapy  for

 

a

 

The term cytotoxic when used in this article to describe drugs, indicates
drugs that have greater cytocidal than anti-proliferative (cytostatic) effects
on cells.
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node-positive breast cancer. Many of these advances in
anti-cancer drug combination therapy were linked to
concomitant advances in laboratory screening and test-
ing of drugs against tumour cell lines, originally begun
by the National Cancer Institute in 1955. In the late
1970s cisplatin was synthesized and found to be effec-
tive in treating ovarian and testicular cancer. The devel-
opment of the cisplatin analogue, carboplatin, quickly
followed. In addition, following an intensive search for
anti-cancer drugs from plant sources, in the 1960s and
the 1990s respectively, the clinical utility and efficacy
of the vinca alkaloids and the taxanes in treating solid
tumours was defined [10].

So into the 21st century, the era of ‘molecularly
targeted’ anti-cancer therapy, which brings to mind
Paul Ehrlich’s concept of the Zauberkugel, the ‘magic
bullet’ for cancer cells [13]. Ehrlich’s concept was devel-
oped into the ‘selective toxicity’ concept by Albert
[14], which was particularly appropriate for the cyto-
toxic anti-cancer drugs. The current focus on molecu-
larly targeted agents that alter cell growth but do not
necessarily kill cells directly, points us to more subtle
forms of bullet. The first major success of molecularly
targeted therapy was imatinib mesylate (Glivec,
Gleevec). Imatinib is an ATP mimetic and competitive
inhibitor of several cellular ABL-kinases, including
the BCR-ABL kinase fusion protein, which is the sin-
gle molecular mutation that drives cellular prolifera-
tion in Philadelphia chromosome-positive chronic
myeloid leukemia (CML). But, as is often the case,
success brings new challenges, imatinib treatment
selects surviving leukemic clones, ultimately produc-
ing resistant disease in a number of patients with
CML [15].

 

Early 21st century cancer pharmacotherapy

 

This issue begins with a series of reviews on anti-cancer
drug treatment. Eastman and Perez [16] provide a timely
and detailed summary of the cellular pathways that have
recently been implicated in the pathogenesis of cancer.
These pathways include growth factor receptors on the
tumour cell membrane involved in cell proliferation,
receptor and non-receptor tyrosine kinases involved in
proliferation and growth and cellular kinases involved
in the control of cell cycle progression. The authors
specifically highlight pathways/molecules that have
either in the recent past or may in the future yield novel
targeted therapies (for example imatinib, epidermal
growth factor receptor tyrosine kinase inhibitors, and
Chk I inhibitors). In keeping with current opinion they
emphasize the need to stratify the patients who will
benefit most from molecularly targeted drugs based on

the propensity of an individual’s tumour expressing the
drug target.

Kummar and colleagues [17] describe how the strat-
egies traditionally used to develop classical cytotoxic
anti-cancer drugs may be sub-optimal for molecularly
targeted agents, particularly in the early exploratory
Phase I and II trials. The determination of the therapeu-
tic anti-cancer drug dose, based on maximum tolerabil-
ity combined with efficacy based on an objective
reduction in tumour burden may not be the best model
for such agents. This is because many of the molecularly
targeted agents have a wide therapeutic index and inhibit
tumour proliferation (cause cytostasis) often without
producing a demonstrable cytocidal effect. Instead,
early-phase drug development studies of molecularly
targeted agents would probably be the most appropriate
investigative arena in which to focus on other pharma-
codynamic endpoints, such as validated disease
biomarkers (while concomitantly defining important
concentration–response relationships), and disease sta-
bilization rather than reduction in tumour burden.

Boddy [18] reminds us that there have been develop-
ments and innovations in the clinical pharmacology of
classical cytotoxic anti-cancer drugs. He correctly draws
attention to advances in bioanalytical methods using
liquid chromatography–mass spectrometry (LC-MS) to
measure drug concentrations in the picogram range; and
medical imaging techniques such as PET and magnetic
resonance spectroscopy to improve our ability to moni-
tor the effects of drugs on tumours. These methods have
guided improved therapeutics for several traditional
cytotoxic anti-cancer drugs. Furthermore, Boddy sug-
gests that integrative physiologically based–pharmaco-
kinetic-pharmacodynamic (PB PK-PD) modeling, may
further enhance our ability to individualize anti-cancer
drug treatment.

Yong 

 

et al.

 

 [19] elucidate in more detail some of the
pharmacogenetic issues also mentioned by Boddy [17]
regarding the genetic contribution to variability in
human anti-cancer drug response. The Chicago group
provide a comprehensive synopsis of current studies of
the effects of germline polymorphisms in important
anti-cancer drug metabolizing enzymes (for example
thiopurine methyl transferase; uridine 5’-diphosphate
glucuronosyltransferase; dihydropyridine dehydroge-
nase) and somatic mutations in tumour targets (e.g.
polymorphisms in tumour thymidylate synthase activity
resulting in altered mRNA stability or protein overex-
pression which affect 5-fluoro-uracil cytotoxicity;
tumour epidermal growth factor receptor tyrosine kinase
domain polymorphisms which confers stabilization of
the receptor tyrosine kinase inhibitor -target complex).
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They emphasize how such genetic variants modulate
anti-cancer drug-related toxicity and therapeutic effects,
a pivotal issue for all drugs especially those with a
narrow therapeutic index.

 

Population pharmacokinetics of anti-cancer drugs

 

Several articles in this month’s issue of the journal
describe studies of different aspects of the population
pharmacokinetics of anti-cancer drugs. Ralph 

 

et al.

 

 [20]
examine the advantages or disadvantages of internal and
external validation of a population pharmacokinetic
model of epirubicin. In keeping with what would be
predicted in principle, they conclude that internal
validation with relatively small numbers of patient is
problematic.

Mould 

 

et al.

 

 [21] report a population pharmacokinetic
study of 24-hour infusional paclitaxel combined with
either cisplatin or doxorubicin in patients with advanced
endometrial cancer. They conclude that in these patients
paclitaxel AUC was an independent predictor of neutro-
penia and patient survival. This is the first study to have
suggested that paclitaxel exposure predicts survival; it
needs confirmation. Docetaxel AUC has been associated
with neutropenia but not with survival [22].

Joerger 

 

et al.

 

 [23] describe the population pharmaco-
kinetics of high dose methotrexate in primarily chorio-
carcinoma and head and neck cancer patients. This study
confirmed the published pharmacokinetic parameters
for high dose methotrexate. In addition, it suggests that
methotrexate and 7-hydroxy methotrexate clearance was
reduced in patients who concomitantly received the ben-
zoimidazoles omeprazole or lansoprazole. The mecha-
nism of this drug–drug interaction is probably by
inhibition of the ABCG2 drug transporter [24].

Perez-Ruixo 

 

et al.

 

 [25] describe a large population
pharmacokinetic study tipifarnib in healthy volunteers
and cancer patients. Tipifarnib is a reversible inhibitor
of farnesyltransferase, an enzyme that is involved in
post-translational protein modification which mediates
protein trafficking and activation. This is especially
important in malignant cells that overexpress growth
signaling molecules such as Rho B, Ras and lamin as is
in hematologic malignancies, for which tipifarnib has
shown promising activity. They conclude that based on
the tipifarnib population pharmacokinetic parameter
estimates there is no need to adjust the dose of tipifarnib
based on weight or total serum bilirubin in cancer
patients.

Widmer 

 

et al.

 

 [26] report a study of the population
pharmacokinetics of chronic oral imatinib in 59 patients
with chronic myeloid leukemia or gastro intestinal stro-
mal tumours (GIST). Their conclusions confirm earlier

studies in leukemia and GIST populations that there was
large interindividual variability in imatinib disposition
(30–35% CV in Vd/F and CL/F) [27, 28]. They also
report that plasma alpha-1 acid glycoprotein (AAG)
markedly influenced imatinib disposition, a finding that
was predictable, as imatinib is approximately 95%
bound by AAG [29, 30]. Based on their data they sug-
gest that therapeutic drug monitoring be used to individ-
ualize imatinib treatment.

We endorse the suggestion initially made by Aarons
[31], and in this issue by Boddy [18], that pharmacoki-
neticists should consider the appropriate use and poten-
tial benefits of more sophisticated integrative PB PK-PD
modeling approaches in such studies.

 

Future challenges in cancer pharmacotherapeutics

 

The literature on classical anti-cancer drug therapy, its
successes and failures, leads one to predict that further
successful development and optimal therapeutic use of
molecularly targeted anti-cancer drugs will not be eas-
ily achieved. But the knowledge base generated over
the past 60 years has provided us with several princi-
ples that will be applicable to molecularly targeted
therapies. First, animal models, while instructive, are
poorly predictive of therapeutic efficacy against human
cancer and data generated from such studies should be
viewed with caution. Secondly, human tumours that
respond to drug treatment still contain subclones
which, can become drug resistant by a broad array of
mechanisms. Therefore the anti-tumour effects of an
anti-cancer drug (or drug combination) probably need
to be monitored regularly and perhaps modified based
on relevant molecular changes identified in the tumour
cells over time. Thus, molecular profiling of a patient’s
tumour before choosing therapy and as a means to
define treatment modifications is likely to become the
standard of care [32].

With currently available anti-cancer drugs and the
molecularly targeted anti-cancer drugs in development
there is clearly the potential to change the outcome of a
cancer into either cure or a more chronic condition, in
marked contrast to the current natural course of the
disease, which for many cancer patients is fatal. From
an academic perspective perhaps the greatest excitement
concerning cancer pharmacotherapy is that in the 21st
century novel paradigms for anti-cancer drug treatment
are evolving for different cancers. One can envision
anti-cancer drug regimens in which initially classical
cytotoxic drugs either alone or in combination with
molecularly targeted drugs are first used to reduce
tumour burden, followed by maintenance treatment with
molecularly targeted drugs either alone or in scientifi-
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cally individualized combinations. The implication of
such therapeutic regimens is that there will always be
new therapeutic challenges for clinical pharmacologists
in collaboration with oncologists.

In conclusion, with the advent of molecular targeted
anti-cancer therapies, it appears that Paul Ehrlich’s
romantic concept of the ‘magic bullet’ [12, 33] against
tumour cells, which is more than a century old, has been
achieved at least for imatinib in chronic myeloid leuke-
mia. With the current large oncology drug pipeline we
are at the dawn of an era during which ‘magic bullets’
may be developed and effectively used to treat a wider
spectrum of cancers. Only by undertaking thoughtful
studies of the clinical pharmacology of these agents,
will molecularly targeted anti-cancer therapy change the

 

natural course of cancer.
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