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Abstract

A precise knowledge of antineoplastic drugs
is an indispensable basis for the care of
patients with cancer. The mechanisms of
action and resistance, cross-resistance pat-
terns, pharmacodynamics and pharmacokinet-
ics, pharmacological interaction, and last but
not least potential adverse effects should be
part of this knowledge. As contemporary can-
cer care requires interdisciplinary and multi-
professional structures, the radiologist is an
important and integral part of the oncological
treatment team. He has several key roles.
Besides the determination of an accurate clini-
cal staging which is the basis for all treatment
recommendations, he evaluates the response
to anticancer treatment and defines the remis-
sion status following treatment. Importantly,
he assesses acute and long-term treatment tox-
icities, both having a tremendous impact on
patients’ safety and quality of life. This article
summarizes the principles of medical antican-
cer treatment and outlines the major side
effects associated with drug classes and spe-
cific antineoplastic compounds.
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1 Basic Principles of Medical
Anticancer Therapy

Besides the locally active treatment modalities
(surgery and radiation therapy), drug therapy is
the third important column of anticancer treat-
ment. Applied via the bloodstream, medical ther-
apy can hit not only the primary tumor but also
lymphatic and hematogenous disseminated tumor
cells and metastases.

“Cytotoxic drug” denominates a compound
that inhibits cell division and kills cells. By its
effects on nucleic acid formation, DNA synthesis
and repair, and protein synthesis and by the inhi-
bition of particular protein functions that are
associated with survival, proliferation, and
migration, these drugs exert antiproliferative
cytostatic effects or cytotoxic effects as pro-
grammed cell death (apoptosis), cell destruction
(necrosis), and induction of senescence. Of note,
all these effects do not only occur in neoplastic
tumor cells but can alter also cells of the healthy
tissue, depending on the susceptibility of particu-
lar organs to the cytotoxic drug effects. Therefore,
cancer chemotherapy has transitioned from the
use of cytotoxic drugs to the era of agents with an
apparent selectivity for a cancer-specific target
(Phelps and Sparreboom 2014). However, targets
which are completely specific for cancer cells
seem to be rare. And even if such characteristics
exist, like the Philadelphia chromosome translo-
cation in chronic myeloid leukemia coding for
the cancer-specific bcr/abl tyrosine kinase
(Heisterkamp et al. 1985), drugs hitting that tar-
get do not work absolutely target specific and do
have an impact on functional structures of healthy
tissue cells as well.

A classification of anticancer treatment into
classical cytostatic or cytotoxic chemotherapy,
antihormonal therapy, monoclonal antibody treat-
ment, or treatment with tyrosine kinase inhibitors
has historic reasons and appears arbitrary as the
cell biological effects of those therapies are pleio-
tropic and have a great overlap. A certain relevance
lies in the discrimination of the mostly non-cancer
selective classical cytotoxic treatment (“chemo-
therapy”) and the so-called selective targeted treat-
ment forms like antihormonal therapy, therapeutic



antibodies, and kinase inhibitors. The therapeutic
index of classical cytotoxic drugs like alkylating
agents is often smaller than that of biologically tar-
geted forms of therapy (Fig. 1).

Classical cytotoxic drugs have different mech-
anisms of action which are outlined in Fig. 2.

Hanahan and Weinberg described the hall-
marks of cancer in a previous landmark article
that was updated in 2011. These hallmarks
include sustaining proliferative signaling, evad-
ing growth suppressors, resisting cell death,
enabling replicative immortality, inducing angio-
genesis, and activating invasion and metastasis.
Conceptual progress in the last decade has added
two emerging hallmarks of potential generality to
this list — reprogramming of energy metabolism
and evading immune destruction. The “tumor
microenvironment” that consists of apparently
normal cells adds to the complexity of current
tumor characteristics which forms the basis for
contemporary drug development and targeted
treatment of cancer (Fig. 3) (Hanahan and
Weinberg 2011).



