HIPPOKRATIA 2012, 16, 3: 196-199

REVIEW ARTICLE

Molecularly targeted drugs for the treatment of cancer: oral complications
and pathophysiology
Dietrich EM, Antoniades K

Department of Oral and Maxillofacial Surgery, General Hospital “G. Papanikolaou”, Thessaloniki, Greece

Abstract

Background: Targeted cancer therapy is a new approach for the treatment of cancer. It involves a specific molecular
target, mainly a receptor that serves as a target for monoclonal antibodies or tyrosine kinase inhibitors. Side-effects of
these new regimens are described to be mild, compared to those of classical chemotherapy. There is a lack in the docu-
mentation and understanding of oral complications related to molecularly targeted drugs.

Methods: In this review, we tried to make a systematic review of the databases Pubmed and Scopus, using “targeted can-
cer therapy” and “oral”, or “mucositis”, or “stomatitis”, or “bleeding”, or “hemorrhage” as search terms. Specific drug
name searches were not conducted. The search yielded 97 results. Only articles related to EGFR and VEGFR inhibition
were selected. Finally 13 articles met the criteria. Results are discussed and possible pathogenetic mechanisms for the
complications of targeted cancer therapy regimens are presented.

Results: It appears that the most serious side-effect is mucositis/stomatitis that may affect the whole gastrointestinal
tract. It rarely results in treatment discontinuation. Reduced saliva secretion, xerostomia and dysphagia can be severe
with some regimens and interfere with food uptake. Osteonecrosis, wound healing impairment, spontaneous gingival
bleeding and dysgeusia were also reported.

Conclusions: Considering these data it is obvious that symptoms related to cancer treatment should be considered in the
context of the holistic management of patients. Oral complications should not be ignored but recorded during physical
examination, because they may significantly impair daily activities and patients’ quality of life. Hippokratia 2012; 16

(3): 196-199
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Introduction

The first to describe a concept of selective uptake of
molecules by tissues was Ehrlich, in the 19" century. He
described the side-chain theory, that formed the basis for
the understanding of the effects of serum and the cou-
pling between an antigen and an antibody, that built the
basis for the discovery of monoclonal antibodies and tar-
geted cancer therapy.

Molecularly targeted drugs interact with a specific tar-
get, mostly a protein, in a selective way. This protein is a
growth factor, a growth factor receptor, a signaling mol-
ecule, a cell cycle protein, an apoptosis mediator, a mole-
cule implicated in cancer cell dispersal and angiogenesis'.

Side effects of molecularly targeted drugs differ on
the severity of reported symptoms compared to classical
chemotherapy agents, because they rarely cause alopecia,
nausea and vomiting. Reports regarding oral complica-
tions are sparse and the most frequently reported sign in
clinical control trials is mucositis/stomatitis. The aim of
this review of the literature is twofold: 1. to present the
oral complications of targeted cancer therapy, in particu-
lar those that are the result of therapies that target EGFR
and VEGFR,

2. to analyze the possible pathogenetical mechanisms.

Molecularly targeted drugs

This general term includes two main categories of
molecules, monoclonal antibodies and tyrosine kinase
inhibitors. Tyrosine kinase inhibitors connect to the cyto-
plasmic side of membrane receptors. They are small mol-
ecules, administered per os, once daily. Because of their
small size they provide enhanced bioavailability.

On the contrary, monoclonal antibodies act on the ex-
tracellular domain side. They are large molecules, given by
intravenous route once a week and show decreased bioavail-
ability in certain compartments, like the CNS. Because of
their size they do not normally pass the basal membrane, thus
they are rarely related to symptoms from the gastrointestinal
tract. They connect to a certain epitope of an antigen/protein.

Receptors: action and side-effects
1. EGFR

EGF receptors are membrane receptors with tyrosine
kinase activity. Like all receptors of this family, they need
ATP for the phosphorylation of their cytoplasmic domain,
that possesses enzymatic activity. They play a major role



HIPPOKRATIA 2012, 16, 3 197

in cancer progression, because they inhibit apoptosis, en-
hance cell cycle progression, angiogenesis, cancer cell
motility and metastasis, malignant transformation and
lead to cancer phenotype®>.

The overexpression of EGFR in various cancer types,
especially in the head and neck cancer, in which an over-
expression is present in 42%-98% of the cases, is related
to an increased transcriptional activity and anticipates a
bad outcome??.

EGFR inhibition and oral complications

Two different ways of EGFR-molecularly targeted
drug interaction offer a more effective inhibition. The
first involves the connection of the drug to the extracel-
lular domain of the receptor that inhibits the connection
of the ligand. The second targets the intracellular portion
that has tyrosine kinase activity and exerts its action by
restricting ATP binding or binding to the active site of the
enzyme®*, Thus both monoclonal antibodies and tyrosine
kinase inhibitors can effectively inactivate EGFR.

EGFR inhibition is related to cancer cell apoptosis
and cell cycle arrest via p27 activation, a cyclin depen-
dent inhibitor, as well as with anti-angiogenic effects. The
last is an interesting aspect of EGFR inhibition and can
be explained through the interaction of this receptor with
the VEGF, the main factor in angiogenesis. In particular,

Frequent oral side-effects of targeted cancer therapy

inhibition of EGFR is related to decreased expression of
VEGF and decreased VEGF expression correlates with de-
creased EGFR levels®®. Nonetheless, an anti-EGFR medi-
cation cannot completely eliminate VEGF plasma levels.

Additionally, EGFRs are present on the endothelium
of cancer vascular cells and are related to the vascular
density of mammary carcinomas”?.

Mucositis

It is interesting that most of the phase I-III clinical
trials, do not thoroughly report oral complications for
cetuximab, a monoclonal antibody that acts as an EGFR
inhibitor®. Stomatitis is a frequent (Table 1)'*", dose inde-
pendent, symptom and it is characterized by generalized
erythema and sensitivity and rarely by ulcerous lesions as
in case of classical chemotherapy®. It mostly affects the
non-keratinized labial and buccal mucosa, the mucosa of
the tongue, of the floor of the mouth and the soft palate
and appears 9-16 days after treatment initiation, as this is
the epithelial cell turnover time.

EGF plays a major role in the maintenance of mu-
cosal integrity, as well as in its rehabilitation, by acting
as a mitogen and by inducing mucus and prostaglandin
synthesis'. This action is harnessed in patients with small
bowel resection®'. Inhibition of squamous epithelium
maturation in the gastrointestinal tract is an additional
explanation for ulcer formation'?2.

Mucositis/stomatitis
Cetuximab Bevacizumab Sunitinib Sorafenib? Axitinibt
0,9% 10% 15% 5,2% 17,7% (12,9%
grade grade grade grade grade
(grade 3/ 4)'° (grade 1)" (grade 1) (grade 1/ 2)'¢ de 1/2)"
93% 23% 30% 17%
(56% grade>3)" (grade 1/2)%13 (grade 1) (grade 1/ 2, 3% grade
g g g g g
3)17
31%!"
(29% grade 1/2)"*
Xerostomia
71%* - 12% 5% 16 -
(3% grade >5)" (grade 1/2)'5 6% "7
Dysgeusia
28%* (grade 1/ 2)! - 46% 22% 22,6%

(grade 1/2)

(grade 1/ 2)"7 (grade 1/ 2)"

Table 1: Frequency of mucositis/stomatitis, xerostomia and dysgeusia after cancer treatment with certain molecularly targeted

drugs. "multiple tyrosine kinase inhibitor, ‘in combination with radiotherapy, ‘in combination with 5-FU and leucovorin, in

patients with previous bevacizumab treatment
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Dysphagia, hyposalivation and dysgeusia

Cetuximab does not increase the risk of dysphagia,
reduced saliva secretion and dysgeusia''.
2. VEGFR

There are three categories of tyrosine kinase receptors in
this family, VEGFR-1, VEGFR-2, and VEGFR-3 and five
possible ligands VEGFA, VEGFB, VEFGC, VEGFD, and
placental growth factor (PGF). VEGFA is mainly related to
carcinogenesis because it is involved in angiogenesis.

VEGF is the main contributor to the process of angio-
genesis®. Angiogenesis in tumor environment is elicited
as a result of tissue hypoxia and is essential for the in-
crease of tumor size over 1-2 mm?*%,

VEGF exerts a protective effect on the vasculature,
mainly through a two-way action:

1. by reducing smooth muscle cell hyperplasia in the in-
ner layer of the vessels®.
2. by promoting NO and PGI, synthesis.

a. this action leads to vasodilation and inhibition of
leukocyte rolling and platelet aggregation®?’,
Crucial for the process of angiogenesis, stimulated by

VEGEF are:

1. the increased vascular permeability that contributes to
the release of plasma proteins? and
2. the expression of tissue metalloproteinases and activa-

tors of plasminogen that support endothelial cell mi-

gration. Thus, extracellular proteolysis is essential for

angiogenesis®.

Bevacizumab is a monoclonal antibody than binds
to VEGF and blocks its binding to the receptor. Other
agents that possess anti-angiogenic activity inhibit ty-
rosine kinase activity (sunitinib) or molecules involved
in VEGFR signaling (mTOR inhibitors).

Oral side effects of VEGFR inhibition

Oral side effects of this category of molecularly targeted
drugs can commence as a result of anti-angiogenic activity
and impaired healing. Hemorrhage is the main side effect that
may appear after interventions in the oral cavity or even spon-
taneously. Other general complications related to the vascula-
ture include hypertension, proteinuria and thrombosis.

Hemorrhage

Hemorrhage may be manifested by intracranial bleed-
ing (1,3%), bleeding of the gastrointestinal tract (16%)
and epistaxis (53%)".

The impact of anti-angiogenic drugs on oral bleeding
has not been investigated yet. Only sparse reports of gin-
gival hemorrhage, severity 1, have been reported in the lit-
erature for patients receiving bevacizumab®. Drug (beva-
cizumab) discontinuation is suggested for at least 28 days
before and 28 after the surgical intervention in the mouth.

Possible mechanisms of bleeding include®':

1. Uptake of VEGF-bevacizumab by platelets.
Within hours after the first administration, almost 97%
of VEGF plasma concentrations are bound to the mono-
clonal antibody and stored in platelets’ alpha granules®>*.
Thus, platelets serve as antibody reservoirs and are in-

volved in the pharmacodynamics of the drug.

2. Interaction with platelet adhesion to the endothelium.

VEGF-platelet interactions are important for platelet migra-
tion. In particular, VEGF binds to receptors on activated
platelets with the mediation of thrombin and enhances
non-activated platelet migration and adhesion through
tissue factor activation and thrombin synthesis**.

3. Impaired endothelial cell turnover.
VEGF-antibody junction results in endothelial cell
apoptosis, through inhibition of molecular pathways®*.
Subendothelial connective tissue exposure destabiliz-
es the endothelium and leads to thrombosis*®.

4. Impaired expression of von Willenbrand factor, tis-
sue plasminogen activator and plasminogen activator
inhibitor!3#37:38,

Osteonecrosis

An increased risk of osteonecrosis of the mandible
has been reported for patients receiving bisphosphonates
and anti-angiogenic medications compared to those re-
ceiving only bisphosphonates®.

Impaired healing

It is related to an impaired synthesis of extracellular ma-
trix in the granulation tissue as a result of tissue transglutam-
inase inhibition, an enzyme that activates TGF-1%.

Dysgeusia
Sunitinib, a tyrosine kinase inhibitor is related to an
increased frequency of dysgeusia (42%)'3(Table 1).

Conclusion

Although reports and clinical trials that address oral
complications of the drugs of targeted cancer therapy are
sparse, stomatitis/mucositis is a severe complication that
impairs food uptake and causes discomfort. There are many
possible mechanisms through which anti-angiogenic med-
ications may cause hemorrhage, however, oral bleeding
has not been reported as a frequent side-effect of targeted
cancer therapy. Reduced saliva secretion, xerostomia, dys-
phagia and osteonecrosis have also been reported. It is un-
clear whether the impairment of wound healing with these
drugs is clinically significant. The consideration of these
side-effects as important complications of cancer therapy,
will result in better quality of life for cancer patients.
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