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Current antiangiogenic agents in oncology and ophthalmology
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Antiangiogenic drugs are approved for many cancer types for longer than a decade. Furthermore, several antiangiogenic
agents are approved for local application in ophthalmology for treatment of macular degeneration, venous retinal occlu-
sion and diabetic retinopathy. Knowing that antiangiogenic agents are active in ocular system, we reviewed the current
literature, whether antiangiogenic drugs may cause ocular side effects in cancer patients by systemic application.

Furthermore, we searched in published papers, if systemic application of antiangiogenic agents in cancer patients may

simultaneously treat their ocular disorders, if they have such.

Finally, we emphasized cooperation between an oncologist and ophthalmologist when treating patients with antiang-

iogenic drugs.
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In a majority of solid tumors in advanced stages, prognosis
after chemotherapy remains poor. Thus, median overall survival
after chemotherapy treatment in unselected patients with non-
small lung cancer is 10 months [1], in patients with colorectal
cancer 15.6 months [2] and with breast cancer 15.4 months [3].

In last decades, new treatment approaches have been sought
to improve overall survivals of patients with solid tumors. It has
been shown that especially inhibition of signal transduction,
antiangiogenesis and tumor-immunotherapy led to prolonging
of overall survival.

As treatment with inhibitors of signal transduction is
beneficial only for small part of patients with defined genetic
alterations, treatment with antiangiogenic agents and im-
munotherapy seems to help a large spectrum of patients with
frequent biomarkers.

Immunotherapeutic agents have been approved during last
two years and many clinical trials are still running. Median
overall survival of several studies has not been reached and
also side effects of these drugs are still analysed.

On the other hand, median survival rates and side effects of
antiangiogenic drugs are better and longer known due to first

approval more than ten years ago. Beside the most frequent
side effects of these drugs, such a hypertension, bleeding,
thromboembolism, renal impairment and others, little is
known about ocular side effects.

Additionally, antiangiogenic drugs are frequently used in
treatment of several opthalmological disorders.

In our minireview, we describe current antiangiogenic
drugs approved for cancer and opthalmological disorders in
Europe. We discuss the ocular side effects of antioangiogenic
agents in oncology and summarize the benefits of these
drugs in ophthalmology. We have also reviewed literature on
ophthalmological benefits by systemic application of antian-
giogenic drugs. This approach can be used in cancer patients
with ocular problems, if they receive antiangiogenic treatment
for their cancer diagnosis.

Antiangiogenic drugs - mechanism of action, approval
studies

The idea of angiogenesis and its role in cancer treatment
came in 1971 from Judah Folkman [4], but the first antiang-
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iogenic drug was approved by Food and Drug Administration
(FDA) 33 years later after results of a phase III study for
colorectal cancer [2,5]

In tumor angiogenesis, vascular endothelial factor
A (VEGF-A, usually called VEGF) and vascular endothelial
growth factor receptor 2 (VEGFR-2) play the key role. The
circulating isoforms of VEGF - VEGF , and VEGF , signal
through VEGFR-2 and support developing angiogenesis [5].

First approved antioangiogenic drug was a humanised
VEGF antibody bevacizumab in 2004. Currently, bevaci-
zumab is approved in combination with chemotherapy for
metastatic stages of colorectal carcinoma, breast, ovarian and
non-small cell lung cancer. Furthermore, bevacizumab is
approved for patient with metastatic carcinoma of the cervix
and in combination with interferon-alfa for advanced renal
cell cancer [6].

The approval phase III study in first line metastatic color-
ectal cancer showed an increase in median overall survival
from 15.6 to 20.3 months by adding bevacizumab to standard
chemotherapy [2]. In non-small cell lung cancer patients, the
gain in median overall survival was 2 months in a phase III
study in metastatic patients, if bevacizumab was added to
standard chemotherapy (10.3 months in the group without
and 12.3 in the group with bevacizumab) [1].

In metastatic breast cancer, adding bevacizumab to chemo-
therapy in phase III trial showed an increase in progression
free survival from 8.0 to 9.2 months comparing to placebo
plus chemotherapy [7].

Patients with metastatic renal cell carcinoma benefited from
adding bevacizumab to standard treatment (interferon-alfa 2a)
and showed an increase in median progression free survival
from 5.4 (placebo group) to 10.2 months (bevacizumab) [8].

In patients with stage III or IV ovarian cancer, the addition
of bevacizumab to standard chemotherapy showed an increase
of median progression free survival of about 4 months (from
10.3 months in the control group to 14.1 months in the beva-
cizumab group) [9].

Bevacizumab in combination with chemotherapy in pa-
tients with recurrent, persistent or metastastatic cervical cancer
showed a median overall survival of 17 months comparing to
13.3 months in the group without bevacizumab [10].

Sorafenib is an oral multikinase inhibitor with activities
against Raf kinase and with inhibition of vascular endothelial
growth factor receptors (VEGFRs) 1/2/3, platelet-derived
growth factor receptor-p (PDGFR-f), c-Kit and RET path-
ways. Inhibition of VEGFR and PDGER activity by sorafenib
contributes to its anti-angiogenic effects [11].

Sorafenib is approved for advanced hepatocellular and renal
cancer and for iodine resistant advanced thyroid cancer [12].

The approval study of sorafenib on advanced hepatocel-
lular carcinoma showed a significantly longer median overall
survival in the sorafenib than in the placebo group (10.7 versus
7.9 months [13].

In advanced renal cell carcinoma, in the phase IIT study
with sorafenib versus placebo, the median overall was 19.3

months in the sorafenib group and 15.9 months in the placebo
group [14].

The recent approval for radioactive-iodine refractory ad-
vanced differentiated thyroid cancer is based on the results of
the phase I1I study with sorafenib versus placebo. The median
progression free survival was 10.8 versus 5.8 months [15].

Sunitinib is a multikinase inhibitor with an activity against
VEGFRs, PDGFRs, the stem cell factor receptor (c-KIT) and
the FLT3 and RET kinases [16]. Sunitinib is approved for
treatment of advanced renal cell carcinoma, not resectable
and/or metastatic gastrointestinal stromal tumor (GIST) and
not resectable/metastatic well differentiated pancreatic neu-
roendocrine tumors (pNET) [17].

In patients with imatinib-resistant advanced GIST, sunitinib
showed time to tumor progression of 27.3 weeks comparing
to 6.4 weeks in the placebo group [18].

In metastatic renal cell carcinoma, the median progression
free survival was 11 months in the sunitinib group comparing
to 5 months in the interferon alfa group [19].

In advanced well differentiated pNET, median progression
free survival was 11.4 months in the sunitinib group and 5.5
months in the placebo group [20].

Nintedanib is a multikinase inhibitor of VEGFRs, Fibrob-
last Growth Factor Receptors (FGFRs) and PDGFRs [21].
Nintedanib is approved in combination with docetaxel for
advanced adenocarcinoma of the lung after first-line treatment
[22]. The approval is based on the results of the phase IIT study
showing an improved median progression free survival of
3.4 months in patients treated with docetaxel and nintedanib
comparing to 2.7 months in patients receiving docetaxel plus
placebo. The analysis on progression free survival concerns all
NSCLC histologies included into the trial. The median overall
survival of patients with adenocarcinoma in the nintedanib
group was 12.6 months comparing to 10.3 months for adeno-
carcinoma patients in the placebo group [23].

Pazopanib is a multikinase inhibitor of VEGFRs, PDGFRs,
FGFRs and c-KIT. It is approved for treatment of advanced
renal cell carcinoma and for several types of second line meta-
static soft tissue sarcoma [24].

In patients with metastatic soft tissue sarcoma, the treat-
ment with pazopanib showed a median progression free
survival of 4.6 months comparing to 1.6 months with placebo
[25].

In advanced renal cell carcinoma, median progression
free survival was 9.2 months for pazopanib comparing to 4.2
months in the placebo group [26].

Axitinib is an inhibitor of VEGFRs, PDGFR and c¢-KIT. It
is approved for treatment of metastatic renal cell cancer after
first line treatment [27]. The approval study showed a median
progression free survival of 6.7 months in axitinib comparing
to 4.7 months in sorafenib group [28].

Ramucirumab is a fully human monoclonal antibody with
high binding affinity to the extracellular domain of VEGFR-2
[29]. Ramucirumab is approved for treatment of second line
advanced gastric cancer [30].. The approval is based on results
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of the phase III study showing an advantage in median over-
all survival in patients receiving ramucirumab (5.2 months)
comparing to placebo (3.8 months) [31].

Aflibercept is a recombinant fusion protein having VEGF-
binding part from the extracellular domain of VEGFR-1 and
2, which is fused to the Fc portion of human immunoglobulin
IgG. Aflibercept as a ligand trap inhibits VEGF and placental
growth factor (PIGF) ligands from binding to their endog-
enous receptors [5,32,33].

Aflibercept is approved for treatment of second line meta-
static colorectal cancer and for treatment of visual impairment
due to diabetic complications, treatment of macular oedema
and wet macular degeneration [34,35].

In the approval study for colorectal cancer, the median
overall survival was improved by adding aflibercept to stand-
ard chemotherapy when compares to placebo (13.50 versus
12.06 months) [33].

The approval study of aflibercept in diabetic macular oede-
ma showed significant superiority in functional and anatomic
endpoints over laser treatment [36].

Side effects of antiangiogenic agents with focus on ocular
toxicity

Except the serious adverse drug reaction such a haem-
orrhage, gastrointestinal perforation, arterial and venous
thromboembolism, posterior reversible encephalopathy
syndrome, the most common side effects of antiangiogenic
drugs are hypertension, fatigue or asthenia, diarrhoea, vomit-
ing, abdominal pain, impaired wound healing, proteinuria,
hand-foot syndrome and other skin disorders (especially in
patients treated with VEGEFR inhibitors), and formations of
fistulas. The cardiac dysfunction/heart failure and QT pro-
longation should also be considered especially in patients
treated with VEGFR inhibitors. Furthermore, proteinu-
ria or other renal disorders, changes in blood cell count,
thyroid dysfunction, hypersensitive and allergic reaction
may be seen in patients treated with antiangiogenic drugs,
[6,30,35,12,17,22,24,34].

Little is known about ocular side effects of these drugs. An-
tiangiogenic drugs are used locally - intravitreal - in treatment
of ocular disorders since several years. Thus, they may affect
eye function and structure by systemic application. However,
it seems that systemic application is associated with some, but
minimal risk of ocular toxicity [37-39].

Mild side effects in terms of increased lacrimation by
bevacizumab, blurred vision or eyelash discolouration by
pazopanib have been seen in some clinical trial with these
drugs [6], [24].

A case of neurosensory retinal detachment has been seen
in patient with metastatic renal cell carcinoma treated with
sunitinib. The patient reported decreased visual acuity in both
eyes. Optical coherence tomography (OCT) revealed neuro-
sensory retinal detachment and diffuse oedema in both eyes.
The treatment with sunitinib was discontinued. Two weeks

later, the OCT showed a complete bilateral resolution of the
neurosensory retinal detachment and retinal oedema [37,40].
Similar case of retinal detachment and retinal tear was seen in
patient treated with pazopanib [24].

Although antiangiogenic drugs do not seem to affect the
eye structure directly, a caution should be related to common
side effects, which may lead to ocular toxicity [37].

Systemic hypertension, a common side effect of antian-
giogenic agents may cause a hypertensive retinopathy [41].
Furthermore, systemic hypertension may increase a risk of
other ocular complications such as retinal emboli, retinal
arterial and venous onclusion and optic neuropathy [41].
Thromboembolism is a common side effect of antiangiogenic
drugs, so a possible synergistic effect should be consider by
patients complaining about vision disturbances [37].

Beside that, arterial and venous thromboembolic events
in patients treated with antiangiogenic agents may lead to
cerebral vascular accidents with interrupted vascular supply
of the visual pathway and cortex [37]. Posterior reversible
encephalopathy syndrome (PRES) was also reported by
treatment with bevacizumab and some VEGFR inhibitors [42-
43]. Except der neurologic symptoms (headache, confusion,
seizures, etc), PRES usually presents with visual disturbances
such a blurred vision or visual loss.

Therefore patients, who developed visual disturbances
during systemic treatment with antiangiogenic drugs should
immediately interrupt their treatment with these agents and
promptly assessed by ophthalmologist and neurologist [37].

Use of antiangiogenic drugs in ophthalmology

The principle of treatment with antiangiogenic drugs in
ophthalmology is a blockade of an inappropriate neovas-
cularization. The neovascularization causes a leakage and
subsequently lost of vision in an affected eye [44].

Comparing to a systemic treatment with antiangiogenic
agents in oncology, ophthalmological patients are treated with
antiangiogenic drugs locally. Intravitreal application with an-
tiangiogenic drugs is frequently used by treatment of diabetic
retinopathy, age-related macular degeneration, retinopathy of
prematurity and retinal vein occlusion (RVO) complications
[45-48), (Fig.1,2).

Drugs approved for ophthalmologic indications are ranibi-
zumab (Fab-fragment of monoclonal humanized antibody)
and aflibercept (a fusion protein from extracellular fragments
of human VEGEFR and Fc fragment of human IgG1) [35-49].

Bevacizumab is frequently used in an oft-label setting. Ac-
cording to the several studies and a meta-analysis, there should
be no difference in efficacy and safety between systemic and
intravitreal application [46,50].

However, intravitreal application is preffered route due to
potential risks associated with systemic anti-VEGF therapy
and the perception that intravitreal therapy is safer [51].

On the other hand, an intravitreal application has an in-
creased risk of ocular inflammation and the side effects in
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Figure 2. Fundus of the Eye: Exudative age related macular degeneration after treatment with intravitreal injection of Bevacizumab

treatment of premature infants has not been fully investigated
yet [52-55].

Systemic treatment of ocular disorders with antiangiogenic
agents. A possible double benefit in cancer patients?

Systemic treatment of ocular disorders with antiangiogenic
agents remains surely an option, if this treatment offers more
benefits than risks.

Michels et al. investigated 9 patients treated with systemic
bevacizumab by age-related macular degeneration. Except
amild elevation of a mean blood pressure, there were no seri-
ous systemic or ocular adverse events. A significant increase in
visual acuity has been seen 1 week after the treatment [56].

Moshfeghi et al. studied 18 patients with age-related
macular degeneration, who were treated with bevacizumab

intravenously. The patients received 5 mg/kg bevacizumab at
baseline with 1 or 2 additional infusions at 2-week intervals.
Despite the mild elevation of mean blood pressure, there were
no other additional adverse events related to bevacizumab. The
treatment was effective for all 18 patients. By six months, most
patients did not require any additional treatment beyond the
2 or 3 infusions [51].

Schmid-Kubista et al evaluated 16 eyes treated with either
with systemic bevacizumab or placebo. Throughout the 24
weeks follow-up, the lesion size and macular sickness de-
creased in bevacizumab group significantly [57].

Shouten et al. pooled results of 26 studies on bevacizmab
in a systemic review. Particularly, he compared intravenously
and intravitreal given bevacizumab. After intravenous applica-
tion, the mean change in visual acuity was +12.8 ETDRS eye
chart letters and the mean change for central retinal thickness
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-129 um. In studies with intravitreal application, the change in
visual acuity was +8.6 letters and the change in mean central
retinal thickness was -90 um [58].

Thus, the systemic application of bevacizumab seems
to have at least the same clinical benefit as the intravitreal
application. Cancer patients with age-related macular de-
generation or diabetic retinopathy may surely benefit from
systemic bevacizumab treatment, if this is indicated for their
oncological diagnosis.

Vice versa, patients with ocular disorders could benefit
from systemic administration of bevacizumab, if there are
risk factors for intravitreal application, or if they prefer the
systemic application. In some studies, systemic bevacizumab
application showed even more benefits than local application
for ophthalmological patients [58]. However, ophthalmolo-
gists are cautious about giving bevacizumab systemic due
to potential systemic side effects (hypertension, bleeding,
thromboembolism, etc).

Treatment of ocular disorders with VEGFR inhibitors

Having a successful treatment of ocular disorders with
VEGEF antibobodies and ligand trap, the question arises, how
successful might be the treatment of these diseases with sys-
temic VEGEFR inhibitors.

Indeed, some data exist, that this treatment might have
a benefit in ocular diseases treated otherwise with VEGF
antibodies or ligand trap.

Kernt et al. showed some preclinical data on cell cultures
incubated with sorafenib indicating that treatment of age
related macular degeneration with sorafenib might be ben-
eficial for affected patients [59]. Furthermore, preclinical data
investigated intravitreal injection of sorafenib in a rat model
of oxygen induced retinopathy showed an ability of sorafenib
to inhibit the retinal neovascularisation in a dose dependent
manner [60].

Preclinical mouse model with peroral axitinib showed an
effective inhibition of progression of choroidal neovascu-
larisation, so that authors suggested axitinib as a potential
therapeutic alternative for age-related macular degeneration
[61].

However, there are still little clinical data on use of VEGFR
inhibitors in patients with ophthalmological disorders. Clinical
trials are desperately needed for further evaluation.

Treatment of ocular disorders with autologous serum eye
drops in cancer patients

For practical reasons we would also like to mention a treat-
ment with autologous serum eye drops especially in cancer
patients treated with bone marrow transplantation.

Similar to tears, human serum contains immunoglobulins,
vitamin A, fibronectin and growth factors [62].

Dry eye disease associated with Sjogren syndrome in cancer
patients after autologous bone marrow transplantation has

a known inflammatory component. The growth factors in se-
rum tears help reduce the inflammation, which is reflected in
increased tear production and increased Schirmer’s scores.

A recently published study investigating 123 patients in-
cluded also 11 patients with dry eye disorders associated with
Graft versus Host disease. The authors used 50% autologous
serum eye drops (serum diluted with 0.9% sodium chloride).
The Schirmer score was still improved at the last follow up
visit (average 12 months, range 3 to 48 months).

Thus, 50% autologous serum eye drops seem to be an ef-
fective for long-term treatment of dry eye disease in cancer
patients after bone marrow transplantation. They are a valuable
option in patients with severe dry disease who have exhausted
conventional forms of treatment options [63].

Conclusion

Several types of antiangiogenic drugs have been well es-
tablished in treatment of many cancer diagnoses since the last
decade. Additionally, two antiangiogenic drugs are approved
for local treatment in ophthalmology. Furthermore, the an-
tioangiogenic treatment is still developing in both medical
fields - in oncology as well in ophthalmology. It has been
shown that systemic treatment of ocular disorders such as
age-related macular degeneration revealed at least the same
benefits as intravitreal application. This might be considered
by treatment of cancer patients having macular changes
by choosing the optimal treatment. Furthermore, there are
some preclinical data indicating that systemic treatment with
VEGEFR inhibitors in peroral form may bring benefits in treat-
ment of ophthalmological disorders.

Concerning the ocular side effects of antiangiogenic drugs
by systemic treatment, they are usually mild and described
such a blurred vision or increased lacrimation. However, it
must be noted that the common side effects of antiangiogenic
drugs such as hypertension or cerebral thromboembolism may
present as visual disturbances. Furthermore, an unusual, but
serious side effect of antiangiogenic drugs - posterior revers-
ible encephalopathy syndrome (PRES) usually presents with
visual disturbances such a blurred vision or visual loss.

Taken together, a close cooperation between an oncologist
and ophthalmologist is definitely needed by current use of
antiangiogenic drugs. In many cases, an ophthalmological
examination may quickly detect possible side effects in cancer
patient and vice versa, an examination due to an internist may
reveal systemic side effects in ophthalmological patient. Fur-
thermore, this cooperation is getting more and more important
as new anticancer drugs (ALK-inhibitors, heat shock protein
inhibitors, FGFR inhibitors and others) with potential ocular
toxicity are approved or are currently tested in clinical trials.
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