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Abstract

Retinoblastoma is the most common primary child-
hood ocular tumor, affecting nearly 3.5 per million
children worldwide. A mutation in the RBZ gene, which
presents as either germline or sporadic, along with ad-
ditional mutational events, promote neoplastic growth
in the retina. Fortunately, current treatment protocols
result in success rates approaching 99% at specialized
centers, with many children maintaining useful vision.
Overall, treatment is guided by aggressiveness and
size, and is classified by systems such as the Reese-
Ellsworth System and the International Classification of
Retinoblastoma. Due to advances in chemotherapy pro-
tocols combined with use of focal laser consolidation,
treatment paradigms have shifted from enucleation
to external beam radiation therapy to chemotherapy
as globe-salvaging therapies. Smaller, less complex
tumors may be controlled by plaque radiotherapy or
focal laser ablative therapy. However, larger and more
complex tumors, such as those that have vitreous or
subretinal seeding, require methods of chemoreduc-
tion combined with focal consolidation to yield better
outcomes. Standard chemotherapy protocols utilize
vincristine, etoposide, and carboplatin with or without

(4 9

;guamaﬁ.,g@ WJP | www.wjgnet.com

65

cyclophosphamide. Finally, there has been a recent
push in local treatments for retinoblastoma to minimize
systemic toxicities. These modalities include intravitreal
or subconjunctival injections and more recently, direct
chemotherapy administration into the ophthalmic ar-
tery. As a result, enucleation is used less often, but re-
mains an important treatment for the most aggressive,
refractory cases. The advancement of retinoblastoma
treatment looks promising; however, worldwide access
to these treatments and the lack of long-term follow-
up of new local treatment modalities constitute current
and future challenges.

© 2013 Baishideng. All rights reserved.

Key words: Retinoblastoma; Treatment

Core tip: Retinoblastoma is the most common primary
childhood ocular tumor, affecting nearly 3.5 per million
children worldwide. Due to advances in chemotherapy
protocols combined with use of focal laser consolida-
tion, treatment paradigms have shifted from enucle-
ation to external beam radiation therapy to chemother-
apy as globe-salvaging therapies. The advancement of
retinoblastoma treatment looks promising; however,
worldwide access to these treatments and the lack of
long-term follow-up of new local treatment modalities
constitute current and future challenges.

Shah NV, Houston SK, Murray TG. Retinoblastoma and treat-
ment: A current evaluation of advanced therapy. World J
Pharmacol 2013; 2(3): 65-72 Available from: URL: http://www.
wjgnet.com/2220-3192/full/v2/i3/65.htm DOI: http://dx.doi.
org/10.5497/wjp.v2.i3.65

INTRODUCTION
With nearly 3.5 per million children affected worldwide!",
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Shah NV et a/. Current retinoblastoma treatments

retinoblastoma remains the most common primary child-
hood ocular cancer, accounting for nearly 3% of child-
hood tumors™”. Heritable or familiar retinoblastoma
occurs from a germline mutation in the RB7 gene, and
typically presents within the first year of life with bilateral
disease, often with multifocal tumors. The more common
sporadic (non-heritable) form typically presents later with
unilateral disease with a single tumor focus. The RB7 mu-
tation, with additional proposed mutational events, pro-
motes neoplastic growth in the retina, leading to clinical
retinoblastoma tumors with risk of vision loss, extraocu-
lar extension, optic nerve invasion, metastasis, and death.
The worldwide incidence of retinoblastoma ranges
between 7000-8000 cases a yeat. The wotldwide mortality
rate of 3000-3376 ranges among nations: from 3%-5%
in North America and Europe to 20% in Latin America,
39% in Asia, and up to 70% in Africa. Fortunately, due
to advances in treatment and eatly detection, the survival
rate for retinoblastoma in the United States and other
countries has approached 99% at specialized centers™ .
Treatment of retinoblastoma is complex and involves
participation from vatrious medical specialties including
ocular oncology, pediatric oncology, pediatrics, interven-
tional radiology, and ocular pathology. Factors affecting
management include size and location of the tumor, met-

56 .
B9 Duye to advances in

astatic risk, location, and laterality
the past decade, systemic chemotherapy combined with
focal laser treatment has gained popularity, particularly
since it preserves the globe with hopes of maintaining

im0l
some vision

. Treatment ranges from chemotherapy, to
plaque radiation, to enucleation for the more severe and
refractory cases. Recently, local treatments such as intra-
arterial chemotherapy offer a novel alternative by dem-
onstrating promise as a primary and salvage treatment,
while minimizing systemic toxicities. The current review
discusses the evolution of retinoblastoma treatment,
highlighting recent advances with the aim of saving the

life, eye, and vision of children with retinoblastoma.

Classification

Various classification guidelines have been created to clas-
sify the severity of retinoblastoma. The Reese-Ellsworth
(R-E) classification (Table 1) was developed when the
primary mode of treatment consisted of external beam
radiotherapy (EBRT) and enucleation. This classification
system is based on tumor size and location, with vitreous
and subretinal seeding reserved for stage Vb tumors. The
R-E classification system offered information regarding
globe salvage with EBRT. More recently, in the era of
chemoreduction with focal consolidation, a new system
to predict response to this treatment was developed. In
2003, the International Classification of Retinoblastoma
(ICRB) (Table 2) was introduced to stage retinoblastoma
and accounted for the advances in chemotherapy. Previ-
ous methods such as the R-E classification system can be
used to predict the success rates of chemoreduction, but
does so in a non-incremental fashion!”. Newer methods
of classification, such as the “Practical Grouping system

(49

3ni§l:ﬂ£ng® WJP | www.wjgnet.com

66

of RB” have also been effective tools. The Practical Sys-
tem also accounts for the distance of the seeds from the
tumor, and the presence of glaucoma, hemorrhages, and
optic nerve invasion'. Overall, the newer classification
systems ate based on clinical features involving the pres-
ence of subretinal fluid, subretinal seeds, and vitreous
seeds, key factors that determine treatment success.

TREATMENTS

Children with unilateral, sporadic retinoblastoma have
several management options, which include enucleation,

plaque radiotherapy, laser therapy, systemic chemo-
therapy, and intra-arterial chemotherapy. If the tumor is
small to medium size and there is little subretinal fluid,
plaque radiotherapy can generally achieve tumor control.
Small tumors may also be amenable to focal laser ablative
therapy. Larger tumors or those with vitreous or subreti-
nal seeding or subretinal fluid usually require methods of
chemoreduction combined with focal consolidation uti-
lizing laser ablation. The largest size retinoblastoma, with
no potential for functional vision, often requires enucle-
ation™”. Most children with trilateral retinoblastoma,
which is defined as bilateral retinoblastoma with pineal
gland involvement, are treated with intravenous chemo-
11 Novel therapies have been investigated for
local delivery of chemotherapeutics, including focal, peri-

reduction

ocular injection of carboplatin, as well as superselective
intra-arterial delivery of chemotherapeutics.

Radiation

EBRT previously served as primary globe-salvaging treat-
ment, but is now rarely used due to risk of recurrence
and to radiation-induced side effects. Such ocular side
effects include cataract, radiation maculopathy, and radia-
tion optic neuropathy, as well as effects on bony develop-
ment leading to facial malformations. Additionally, EBRT
toxicity may lead to secondary cancers in the radiation
field involving the orbital soft tissue as well as osteosar-
comas'",

Radioactive plaques with various isotopes, but more
commonly iodine-125 in the United States, are temporar-
ily placed onto the scleral surface of the eye under ultra-
sound guidance, to deliver 40-45 Gy of radiation to the
tumor apex' . They are most effective in small tumors <
15 mm in diameter or < 10 mm thickness. Other factors
involve location of tumor in relation to optic nerve and
fovea, plaque placement feasibility, and refractory na-
ture of the tumor'”. A study on 208 tumors undergoing
plaque brachytherapy for RB showed that plaque therapy
is most effective in tumors refractory to chemoreduction,
laser, thermotherapy, and cryotherapy. These patients dis-
played tumor control of 83% at 1 year and 79% at 5 years.
The study found the most common 5-year side effects
were cataract, papillopathy, maculopathy, and glaucoma.
Evidence suggests that prognostic factors for successful
radiation treatment include tumors that lack subretinal
or vitreous seeding*"?. Although radiation is a reliable
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Table 1 Reese-Ellsworth classification

Group Globe salvage  Features
likelihood
I Very favorable <4 disc diameters at or behind equator
(1) solitary
(2) multiple
I Favorable 4-10 disc diameters, at or behind equator
(1) solitary
(2) multiple
o Doubtful (1) anterior to equator
(2) solitary, > 10 disc diameter behind equator
I\ Unfavorable (1) multiple tumors, some > 10 disc diameters
(2) lesion extends anteriorly to ora serrata
\ Very (1) tumors occupying over 50% of retina
unfavorable (2) vitreous seeding

Source: Adapted from™.

method, it may not outweigh the risk of radiation reti-
nopathy”sl, and with the development of novel delivery
techniques such as periocular and intra-arterial chemo-
therapy, plaque brachytherapy is used less often in salvage
or primary therapy.

Laser therapy

Laser therapy consists of using a diode laser iz indirect
ophthalmoscopy to apply precise burns to the entirety
of the tumor. Laser therapy is performed during exam
under anesthesia (EUA), and is used as monotherapy,
combined with systemic or intraarterial chemotherapy, or
for focal tumor recurrences. For small, unilateral tumots,
local laser ablative therapy may spare a child systemic or
local chemotherapy and can be used as monotherapy.
However, children must continue to have frequent EUAs,
as new tumors can occur at sites away from the solitary
lesion. Studies have shown that systemic chemotherapy
combined with focal laser consolidation is more effica-
cious than systemic chemotherapy alone, with in-depth
discussion in the next section. Finally, laser therapy does
not prove efficacious for vitreous or subretinal seeds, but
is often used for focal, marginal recurrences following
primary tumor treatment. Overall, laser ablative therapy
plays an important role in the primary management of
retinoblastoma.

Chemotherapy

To maintain globe-salvage while eliminating the risk of ra-
diation complications, systemic chemotherapy has become
a popular treatment modality in the management of reti-
noblastoma”. Due to carboplatin’s success among treat-
ment of other pediatric tumors, it remains a widely used
choice to treat RB"” and is combined with other agents
such as etoposide, vincristine, and occasionally cyclophos-
phamide“7’]8J. Evidence suggests that such multi-agent
chemotherapy may have better outcomes when given in
combination with focal laser ablation. For instance, of 36
eyes with R-E Group 1 -V that were given carboplatin
and vincristine at 3-wk intervals over a 6 mo period, neatly
half (52%) of eyes showed tumor growth and 42% had
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vitreous seeding, indicating that multi-agent chemotherapy
alone may not be sufficient”. Shields ¢z a/” showed that
of 83 eyes in R-E Groups I -1V, chemoreduction with 6
cycles of Fluorouracil (5FU), epirubicin and cyclophos-
phamide combined with cryotherapy, thermotherapy, or
plaque radiotherapy showed treatment failure of 10%
by 5 years, causing the need for additional EBRT; for
eyes in R-E Group V, combination failure was 47% at
5 years. The study also showed that by 5 yeats, 35% of
eyes required enucleation. The eyes requiring enucleation
included 15% of R-E Group I -IV eyes and 53% of R-E
Group V eyes. Although there was no long-term follow-
up, no child developed metastasis or died in the series”.

When treatment involves both 4-9 cycles of che-
motherapy and a diode laser ablation to all tumor areas
including macular and foveal components, tumor control
rates for R-E Group [ -IV have been reported to be 100%
at 3 years”™. Further evidence suggests that recurrence
rates of more aggressive (R-E Group Vb and Group D)
tumors may dectrease when treated with systemic chemo-
therapy and local consolidation. Shields ez al*" demon-
strated that ICRB Group D tumors (or RB with diffuse
seeds) had a 47% success rate with chemoreduction com-
bined with focal consolidation. Schefler ¢ @/”” has also
shown success rates as high as 83% in aggressive Group
V tumors that were treated with the diode laser therapy
to the macular and foveal components of the tumor in
combination with 4-9 cycles of systemic chemotherapy.
Of note, 57% of these patients retained a 20/80 or better
vision outcome, despite direct ablation to the fovea™.

Lastly, the most aggressive ICRB Group E tumors
benefit most from enucleation and histological analysis.
High-risk features on histopathologic analysis may be
considered for adjuvant chemotherapy. These factors
include deep choroidal invasion, or involvement of the
anterior chamber, iris, ciliary body, or optic nerve. Suc-
cessful prognostic factors for systemic chemoreduction
include tumor margins at least 3 mm from fovea/optic
disk and lack of subretinal fluid™”. Poor prognostic fea-
tures include anterior chamber seeding, iris infiltration,
ciliary body infiltration, involvement of optic nerve, cho-
roidal involvement, and infiltrates into the sclera™.

Standard chemotherapy protocols utilize vincristine,
etoposide, and carboplatin with or without cyclophos-
phamide. Other medications that have been the subject
of more recent studies involving systemic treatment and
local delivery include melphalan, paclitaxel, topotecan,
and cisplatin.

Paclitaxel, an antineoplastic agent that stabilizes mi-
crotubules, and topotecan, a topoisomerase 1 inhibitor,
have shown eatly promise. At the cellular level, paclitaxel
used in combination with B-lapachone has been shown
to induce apoptosis in human RBY79 cells”. In animal
models, local delivery of paclitaxel via subconjuncti-
val injections resulted in reduced tumor size in a dose-
dependent manner. Toxicities observed were conjunctival
and corneal toxicity and lens opaciﬁcationlﬁj. Another
antineoplastic agent that shows potential therapeutic ef-
fects for retinoblastoma treatment is topotecan, which
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Table 2 International classification of retinoblastoma

Group Subgroup Quick reference Features
A A Small tumor size < 3 mm
B B Larger tumor Size > 3 mm
Macula < 3 mm to foveola
Juxtapapillary < 1.5 mm to disc
Subretinal fluid Clear subretinal fluid < 3 mm from margin
C C1 Focal seeds Subretinal seeds < 3 mm from tumor
C2 Vitreous seeds < 3 mm from tumor
C3 Both subretinal and vitreous seeds < 3 mm from tumor
D D1 Diffuse seeds Subretinal seeds > 3 mm from tumor
D2 Vitreous seeds > 3 mm from tumor
D3 Both subretinal and vitreous seeds > 3 mm from tumor
E E Extensive retinoblastoma >50% globe involvement or

Neovascular glaucoma
hemorrhage in anterior chamber, vitreous, or subretinal space
Invasion to postlaminar optic nerve, choroid (> 2 mm), sclera, orbit, anterior chamber

Source: Adapted from"”.

traps the cell cycle in S-phase™. Studies showed similar
topotecan vitreous drug levels in rabbit eyes that were

[27] 211—

administered zia the periocular or systemic route
though murine retinoblastoma models suggest prolonged
drug levels when delivered intravitreously”™. Chantada
et al”” administered various periocular doses in a pilot
study on 5 children with retinoblastoma, which showed
dose-dependent systemic absorption with no toxicities.
Another study on children showed tumor reduction with
a median dose of 3.72 mg/m” when periocular topotecan
was combined with fibrin, causing reduced tumor volume
and lowering rates of enucleation or additional systemic
chemotherapy™.

Although chemotherapy has been shown to be ef-
ficacious in the treatment of RB, it is not without risks,
especially when toxic chemotherapeutics are administered
to children and infants. Systemic chemotherapy has been
associated with systemic toxicities, including pancyto-
penias requiring hospitalizations and transfusions”". In
addition, there is concern for nephrotoxicity, as well as
ototoxicity in platinum-based chemotherapy agents. Car-
boplatin related ototoxicity has been reported in up to
5% of patients undergoing treatment for retinoblastoma,
the risk increasing when carboplatin is administered with
cisplatinm]. However, there is controversy regarding the
actual incidence of ototoxicity in children treated with
chemotherapy for RB with recent reports by the Child-
rens’ Oncology Group indicating a very low incidence
and recommendation that these agents not be withheld
for these concerns. Nonetheless, focus has shifted on
adjuvant agents that avoid or decrease systemic doses of
chemotherapy, as well as local delivery of chemothera-
peutics to avoid systemic administration.

In the pre-clinical setting, vascular targeting agents,
such as anecortave acetate, have proven efficacious in the
LHgrraTac mouse model for retinoblastoma, demonstrat-
ing a decrease in the vascularity of tumors while enhanc-
ing tumor control when combined with chemotherapy
or other agentsm. Glycolytic inhibitors, such as 2-deoxy-
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D-glucose, have also been investigated in the LHperaTac
model and shown to target hypoxic regions of tumors.
Retinoblastoma tumors have been shown to have up to
21% hypoxia, areas that consist of slow-growing tumor
cells unlike other hyperproliferation areas”. These hy-
poxic cells are resistant to chemotherapy and radiation
therapy which target hyperproliferation cells. Advanced
retinoblastoma tumors universally fail due to persistent
vitreous seeding, tumor foci without an established blood
supply and proposed regions of hypoxia™. Further stud-
ies and human trials are needed to determine the utility
of glycolytic inhibitors, anti-angiogenic agents, as well as
other novel agents. Of note, the use of adjuvant agents
must be optimally timed and used in combination to

maximize the efficacy and synergistic effect?™.

Local treatments

Local treatment forms include subconjunctival (sub-
P2 and intra-
arterial administration. The advantage of administering
chemotherapeutic agents locally includes the ability to ad-

minister higher concentrations of medication that would

Tenons’) injections, intravitreal injections

otherwise cause considerable toxicity if administered
systemically. Local chemotherapy in the form of intravit-
real or subconjunctival/sub-Tenon’s injections has been
shown to have benefits in murine/animal models, where
subconjunctival carboplatin injections had a dose depen-
P73 The rational for this
treatment is to provide a deeper chemotherapy adminis-
tration that bathes the sclera. Leng ¢# al” demonstrated
that periocular carboplatin injection may especially be an

dent effect on tumor control

effective adjunct in the treatment of resistant, advanced
retinoblastoma. A case report of retinoblastoma refrac-
tory to diode laser ablation showed tumor regression with
chorioretinal scarring after receiving periocular injections
of carboplatin. In a phase I /1 trial, Abramson ez al™
investigated the efficacy and toxicity of up to 2 mlL and
20 mg/injection of peti-ocular carboplatin injection for
treating intraocular retinoblastoma. Three of five eyes
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with vitreous disease showed a response to treatment
while the eye with subretinal seeding did not display a
response. Although 54% of eyes had vitreous seeding,
major tumor response was observed. Toxicities included
transient periorbital edema, optic atrophy, muscle fibrosis,
and vascular alteration. Such vascular sclerosis may lead
to subsequent delay in transit through the vessels, a factor
that must be considered when administering other future
treatments, including systemic chemotherapy or local
intra-arterial delivery. Thus, there seems to be promise of
periocular carboplatin injections for treating resistant reti-
noblastoma with vitreous seeding, but vascular alterations
need to be considered when planning intra-arterial deliv-
ery in patients that have received periocular carboplatin
in the past.

To avoid systemic chemotherapy and to deliver con-
centrated doses to local tissue, local delivery of chemo-
therapeutics is currently being investigated zia intra-arteri-
al delivery. A group in Japan*? pioneered the technique
of selective ophthalmic arterial infusion (SOAI). A cath-
eter is passed into the carotid artery and advanced past
the ostium of the ophthalmic artery. A balloon is then
used to occlude distal flow, followed by infusion of che-
motherapeutics, thus minimizing exposure to the brain.
In a study involving 187 patients (610 eyes) treated with
intraocular retinoblastoma, technical success rates of the
procedure were as high as 97.51%*". The study found
no complication of brain infarction from catheterization.
Side effects included bradycardia, facial redness, and mild
eye-lid swelling, This study concluded that for patients
with intraocular retinoblastoma, SOAI using balloon oc-
clusion may provide a safe and effective form of drug
delivery. Of note, this initial study failed to report on tu-
mor control rates or visual outcomes, but provided proof
of principle for this novel delivery technique.

Following these initial studies, other groups investi-
gated techniques for intra-arterial delivery, including direct
cannulation of the ophthalmic artery, termed superselec-
tive intra-arterial chemotherapy™. Initial phase 1 /1 stud-
ies showed promise as salvage therapy as 6 of 8 eyes were
spared from enucleation™. Abramson ¢z a/*) showed that
intra-arterial chemotherapy could also be used as a primary
therapy. Effective drug combinations showing promise in
R-E Group V classification patients include melphalan
alone, melphalan with topotecan, and melphalan with
topetecan and catboplatin. A 4-year prospective study on
95 eyes undergoing intra-arterial chemotherapy via selective
catheterization of the ophthalmic artery further showed
promising results. Chemotherapy injections included mel-
phalan with or without topotecan. Two-year survival rates
free of ocular events were as high as 81.75% for eyes that
received this treatment as primary therapy. In addition, no
eyes in R-E Group I -IV were enucleated. Enucleation was
performed, however in 19 of 83 (23%) of Group V eyes
due to vitreous seeding[44]. One of the largest studies on
SOALI involved 1452 procedures on 408 eyes with Group
A-E retinoblastoma that received melphalanm]. The pa-
tients were followed from 1988-2007, and showed a tech-
nical success rate of 98.8%. In terms of therapeutic re-
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sponse, secondary neoplasms occurred in only 11 patients,
the 15-year cumulative incident rate being 5.8%. Hundred
percent of ICRB Group A eyes were salvaged, 88% of
Group B, 65% of Group C, 45% of Group D, and 30%
of Group E. For patients with non-macular tumors, over
half (51%) of eyes had a visual acuity greater than 0.5 and
36% of eyes had a visual acuity > 1.0 at the last follow up
visit. Side effects noted were severe orbital inflammation
in 0.5% of cases, diffuse chotioretinal atrophy in another
0.5%, and transient periocular swelling in some cases. No
patients showed systemic toxicities.

A study by Vajzovic et al*™ at Bascom Palmer Eye
Institute studied the complication and safety profile of
intra-arterial melphalan chemotherapy in 12 eyes of 10
children with advanced RB (R-E stage Vb or Interna-
tional Classification Group D). The study of 12 eyes
receiving ophthalmic artery melphalan for 9 mo showed
no tumor progression at the 6-mo follow up visit. The
study suggested that melphalan holds promise as a globe-
conserving treatment option in advanced RB cases'™”
Further study showed that in the most severe cases re-
quiring enucleation, infusing melphalan directly in the
ophthalmic artery has proven to significantly decrease
the enucleation rate from 100% to 23.5%"". Additional
patients from Bascom Palmer were included in a study
by Peterson ez al*® showing that of 17 tumors of 15 pa-
tients, 76% of the tumors were spared enucleation due
to its response to melphalan. Of note, the study demon-
strated that doses below 5 mg had a higher rate of failure
and vitreous hemorrhage compared to those eyes treated
with 5 mg or higher. These findings suggest further stud-
ies are needed determine ideal dosing strategies. Finally,
Shields e# al*” published a series of reports on children
with Rb undergoing intra-arterial chemotherapy. They
showed that Group C or D eyes showed 100% and 33%
globe salvage, respectively. The treatment showed prom-
ise for patients with subretinal seeds where 9/11 (82%)
demonstrated complete response, and 6/9 (67%) of eyes
with vitreous seeds showed complete response.

For cases presenting with vitreous seeding, studies
have shown promise in melphalan administered zia intra-
vitreal injections, showing long term success rates of eye
preservation up to 60%!"*. However, penetrating an eye
harboring retinoblastoma presents the risk of extraocular
extension. Recent techniques have been described com-
bining elimination of vitreous reflux and application of
cryotherapy to the sight of injection to minimize the risk
of extraocular extension. Nonetheless, in cultures whete
enucleation is not acceptable, risks »s benefits of these
treatments must be weighed and discussed thoroughly
with the family.

For cases with bilateral retinoblastoma, melphalan ad-
ministration with focal ablative treatment may also avoid
enucleation ", Evidence suggests that subsequent, bi-
lateral administration of chemotherapy through the oph-
thalmic artery may be safe and effective, termed tandem
therapy. A case series on 4 patients by Abramson e a/*
showed no metastasis, and a 100% salvage rate, although
1 patient did develop neutropenia.
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Intra-arterial melphalan has been shown to cause sev-
eral local side effects and warrants some discussion. The
study by Vajzovic ¢ a/* on 12 children showed local
side effects such as retinal and choroidal microemboli in
9% of cases, vitreous hemorrhage in 25% of cases, and
myositis in 8% of cases. Other side effects reported with
melphalan include lid edema, forehead hyperemia, eyelash
loss'"
peripapillary cotton wool spots, vitreous hemorrhages,
and periocular edema from myositis'™”. Other vascular
side effects include ophthalmic artery stenosis, and po-
tentially blinding vascular obstruction from thrombotic
events . A report by Shields ez al'" showed that of
16 cases, eyelid edema, blepharoptosis, and orbital con-
gestion with temporary loss of motility were seen, but
resolved within 6 mo. Permanent and potentially blind-
ing complications included 3 cases of ophthalmic artery
stenosis, 2 cases with retinal artery occlusion”, and other
reports of ciliary thrombosis in enucleated eyes receiving
TAC have been reported”*",

Failure rates of intra-arterial melphalan therapy are
higher for tumors refractory to other treatment modali-
ties. A histopathologic case series of the enucleated eyes
of 3 patients showed the presence of viable tumor, even
after super-selective intra-arterial melphalan treatment.
Two of the three eyes were high grade tumors, based
on TNM staging, with optic nerve invasion™. A recent
study by Graeber ez al"! also showed presence of non-
necrotic, non-calcified tumor cells in 5/9 enucleated eyes
that underwent chemosurgery.

, as well as neutropenia, intraretinal hemorrhages,

PROGNOSIS

Children who do not develop tumor recurrence for at
least 5 years are considered cured™., Lifetime follow up is
still required due to risks of metastatic spread and death
from secondary malignancies, which can be as high as
40% within 50 years of diagnosis for bilateral/hereditary
RB". Trilateral retinoblastoma, which involves both eyes
and the pineal gland, is highly fatal, with a median sur-
vival of 9 mo®™. Long-term survivors should also be fol-
lowed for the development of second malignancies with
periodic physical examination, laboratory screening, and
radiology testing, depending upon specific risk factors.

CONCLUSION

Overall, the characteristics of retinoblastoma in terms of
classification, size, location, and presence of seeding, guide
the ocular oncologist to determine potential treatment
modalities. However, it is of utmost importance to include
the family in the decision-making process. Treatment
paradigms have shifted from enucleation and EBRT as
primary therapy to chemoreduction with focal laser con-
solidation. Current treatment protocols result in success
rates approaching 99% in specialized centers, with many
children maintaining useful vision. The next era of retino-
blastoma treatment is shifting to local delivery of agents
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to avoid systemic chemotherapy. However, much remains
unknown regarding the long-term efficacy of these lo-
cal treatments, as well as the side effect profile. Despite
these advancements in developed countries, one of the
challenges in treating retinoblastoma wotldwide remains
access to care: if every patient with RB could be referred
to tertiary care centers, mortality would drop by 62% to
reach 1200/year™. The advancement of retinoblastoma
treatments look promising, but future studies looking at
long-term outcomes of various treatment modalities, tox-
icities, and the effect on genetic manipulation is warranted.
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Abstract

Chronic diseases such as arthritis, heart disease and
type 2 diabetes are becoming much more common.
The cost of maintaining patients inflicted with these
diseases increases yearly. These diseases were less
common prior to 1970. This paper will consider sev-
eral questions. How do toxic lifestyles contribute to
these chronic diseases? What is preventive medicine?
How can traditional healing help educate people about
disease prevention? What is the traditional concept of
balance and how is it important in modern medicine?
The dangers of obesity are discussed in terms of in-
flammatory adipokine and inflammatory fat production.
Mechanisms of disease causation or promotion are re-
viewed for heart disease, type 2 diabetes, arthritis and
cancer. A preventive medicine approach to preventing
or perhaps curing these diseases is given which in-
volves treating toxic lifestyles and encouraging people
to live in balance. The traditional concept of balance is
explained in traditional Chinese medicine terms and in
scientific terms. Yin and yang are cold and hot but can
also be seen as agonist and antagonist. In addition, yin
and yang can be seen as rest and exercise. When yin
and yang are in balance, chi flows in the body. Chi is
the flow of extracellular and intracellular signaling com-
pounds and processes in the body. When the body is
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in balance, it can heal itself. The traditional concept of
balance should be taught as a central principle of pre-
ventive medicine.

© 2013 Baishideng. All rights reserved.

Key words: Preventive medicine; Traditional healing; Bal-
ance; Arthritis; Heart disease; Type 2 diabetes; Cancer

Core tip: When the body is in balance, the body can
heal itself. Balance involves balancing rest and exercise,
body fat and body muscle. Nutrition is critical to bal-
ance and requires balancing meat and vegetable/fruit
intake. Preventive medicine should teach patients to
exercise regularly, eat properly, drink no more than one
alcoholic drink daily and avoid smoking. Following this
protocol, patients can keep themselves thin, strong and
in balance. This will prevent or perhaps cure chronic
diseases such as heart disease, type 2 diabetes, arthri-
tis and cancer.
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INTRODUCTION

The Organisation for Economic Co-operation and De-
velopment reports that medical costs in the United States
were almost 18% of the gross national product in 2010.
This is more than a threefold increase from about 5%
of the gross national product in 1960. Healthcare costs
are increasing every year around the world. Healthcare

costs increase because of increasing incidences of heart
disease, arthritis, type 2 diabetes and cancer according to
the Centers for Disease Control in the United States. As
of 2010, about 8% of United States adults have type 2
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diabetes. What causes the incidence of these diseases to
increase yearly?

HOW DO TOXIC LIFESTYLES
CONTRIBUTE TO CHRONIC DISEASES?

Several factors are involved in toxic lifestyles: stress,

smoking, alcohol consumption, lack of exercise and obe-
sity!”. All of these factors increase the risk of suffering
from chronic diseases and cancet!". Stress is a well-known
risk factor for the development of heart disease™. It is
less clear how much stress contributes to other diseases.
Smoking is known to cause heart disease!. Nicotine
interacts with nicotinic acetylcholine receptors in endo-
thelial cells and stimulates oxygen radical formation that
damages arteries”. This damage increases atherosclerosis.
Smoking is also well known to increase the incidence of
cancer in several organs as discussed at the Centers for
Disease Control website.

Alcohol consumption upregulates the synthesis of
sterol regulatory element binding protein[(’]. This induces
several lipogenic genes leading to triglyceride and ce-
ramide accumulation and endocannabinoid synthesis.
Ceramide and endocannabinoids, in excess, ate toxic and
damage endothelial cells and other cells"!. Excessive al-
cohol consumption causes visceral fat to accumulate and
release several inflammatory adipokinesm.

Obesity results in visceral fat accumulation. Visceral
fat is the fat that surrounds the intestines and other vis-
ceral organs. This fat releases toxic lipids, such as cerami-
des and endocannabinoids, and inflammatory proteins,
called inflammatory adipokinesm. Subcutaneous fat does
not perform these functions. However, perivascular fat
may function like visceral fat in terms of the induction
of inflammation by releasing toxic factors.

Lack of exercise is a risk factor for chronic diseases
since sedentary people lose muscle mass and tend to ac-
cumulate fat, including visceral fat. How muscle mass is
important in health is not entirely known. Muscles are
certainly important for motion, balance and can prevent
falls. Exercise stimulates stem cell growth in every or-
ganmm. Exercise also stimulates nerve growth in the adult
human brain". Stem cells are important for maintenance
of normal organ functions.

Why is obesity so important? Visceral fat secretes in-
flammatory adipokines and toxic lipids'. There are many
adipokines including: visfatin, leptin, C-reactive protein,
tumor necrosis factor «, resistin, angiotensin II, heparin
binding epidermal growth factor like growth factor, an-
giotensin II and interleukin 6. The mechanisms of action
of some adipokines are still under investigation. How-
ever, the mechanisms of toxicity of many adipokines are
well described. As visceral fat accumulates, it becomes
hypoxic, resulting in down regulation of peroxisome
proliferator activated receptor y 1 and less production of
vascular endothelial growth factor'., Hypoxia inducible
factor 1 is produced and upregulates the production of
inflammatory adipokines in fat cells and macrophages.
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Macrophages and T cells infiltrate into hypoxic visceral
fat and are stimulated to secrete cytokines and adipokines.
It is clear that visceral fat causes heart disease by a
multifactorial process described below!" !
causes inducible nitric oxide synthase to dysfunction and
produce oxygen radicals. This is toxic to the kidney and
increases blood pressure. Endothelin synthesis increases
resulting in hypertension. Visfatin and leptin cause de-
fects in artery walls. Tumor necrosis factor o, resistin and
C-reactive protein cause adhesion molecule synthesis
that leads to adherence of neutrophils and macrophages.
These inflammatory cells become activated by visfatin
and leptin and start the process of plaque accumulation.
Smooth muscle cell proliferation is stimulated by platelet
derived growth factor, angiotensin II and heparin binding
epidermal growth factor like growth factor. Eventually the
plaque becomes unstable due to induction of matrix me-
talloproteinase activity by C-reactive protein and visfatin.
Visceral fat causes type 2 diabetes by a multifactorial
process“("
phorylation of the insulin receptor and causes insulin re-
ceptor dysfunction. Ceramide also causes inducible nitric
oxide synthase dysfunction and oxygen radical formation
that can damage the pancreas. Resistin and resistin like
molecules antagonize the actions of insulin. Visfatin,
tumor necrosis factor « and intetleukin-6 are involved in
long term dysfunction of the insulin receptor. They also
increase fatty acid release from adipocytes. These fatty
acids are taken up by muscle and cause muscle to become

. Ceramide

20 . . 1. .
. Increased ceramide inhibits tyrosine phos-

resistant to insulin.

Visceral fat causes osteoarthritis by a multifactorial
processtSJ. Endocannabinoids are made by visceral fat
and synovial fibroblasts, and activate synovial macro-
phages that make inflammatory adipokines. Macro-
phages invade into synovial spaces after stimulation by
adipokines from visceral fat such as leptin, C-reactive
protein and intetleukin-6. Macrophages, neutrophils and
T cells instigate an inflammatory process in the joint.
Macrophages can be stimulated by fibroblast derived
colony stimulating factor-1 to invade bone and become
osteoclasts. Activated macrophages release resistin that
stimulates fibroblasts. This is a vicious cycle where sy-
novial fibroblasts stimulate macrophages that stimulate
fibroblasts. This vicious cycle results in pain and joint
destruction. Even when osteoarthritis is not present, obe-
sity increases osteoporosis in women and men®’,

Unfortunately, current pain treatment in arthritis
and other conditions all too often involves opioids that
are addictive, cause seizures and respiratory depression.
In the United States, as of 2013, there are about 14000
people dying yearly from prescription opioid overdose ac-
cording to the Centers for Disease Control. This is more
than 4 times the number of people who die yearly from
heroin overdose in the United States.

Cancer is caused by damage to DNA. The growth
of cancer is promoted by obesity. Obesity increases the
risk of developing cancer and mortality from cancer'™.
Cancer can grow only when the body is not able to kill
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tumor cells adequately. Visceral fat releases inflammatory
adipokines, such as interleukin-6, tumor necrosis factor o
and leptin, that promote the growth and malignancy of
tumor initiating stem cells™. In the presence of inflam-
matory adipokines, the body is not able to mount an ad-
equate defense against tumor cell growth and metastasis.

The chronic diseases and cancer discussed above are
each caused by the activation of multiple genes resulting
in multiple adipokines and toxic lipids being produced.
Clearly the concept of one gene malfunctioning and
producing any of these diseases is incorrect. Treatment
of these chronic diseases has focused on single, highly
selective drugs that block one specific pathway in the dis-
ease process. This is somewhat like placing a small rock
in a large stream. The stream simply flows around the
rock. The use of highly selective drugs may slow down,
but does not stop the disease process. Drugs that control
blood glucose, blood pressure and blood cholesterol are
important and can keep patients alive. However, the dis-
ease processes continue. Patients must remain on these
drugs for the rest of their lives and must contend with
the toxicities of the drugs for the rest of their lives. Mod-
ern medicine has forgotten that drugs do not cure. Drugs
help the body to heal itself™". Currently, there is far too
much dependence on drugs to improve health and not
enough use of preventive medicine.

WHAT IS PREVENTIVE MEDICINE?

Preventive medicine is the practice of helping patients
live healthy lifestyles and stop living toxic lifestyles. This
involves stress reduction techniques, mindfulness therapy,
exercise therapy, nutritional guidance, smoking and al-
cohol cessation, weight loss therapy and other therapies.
Stress and anxiety are constant companions of each
person. That cannot be changed. What can be changed
is how each person reacts to stress and anxiety. This is
where stress reduction and mindfulness techniques are
helpfulm. In the United States, nutritional guidance comes
from television, newspaper and magazine information.
This information is frequently incorrect. Nutritional in-
formation from these sources usually over emphasizes
the importance of eating meat in order to maintain ad-
equate protein intake. However, meat eating frequently
results in high fat intake. For instance, hamburger may
provide 65% or more of its calories from fat, not protein.
High fat diets are toxic'. Smoking and alcohol cessation
therapies exist and can be successful in many patients.
Weight loss therapies and surgeries exist, but are some-
times not successful at all”, Frequently the benefits of

weight loss surgery and therapy do not last for more than
(32

a few years

Obesity is an addiction to eating fat, such as triglyc-
erides. Fat is abundant in fast foods and convenience
foods. Fat consumption leads to endocannabinoid syn-
thesis, opioid peptide synthesis and the upregulation of
brain opioid receptors” > Endocannabinoids stimulate
transient receptor potential cation channels in the brain
leading to pain relief and more hunger. Opioid peptides,

K
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including enkephalin and dynorphin are pain relievers
and are addictive. Eating fat also stimulates ghrelin release
in the gut that stimulates appetitem. Obesity should be
treated as an addiction.

Why is exercise so important in preventive medicine?
Exercise can reverse heart disease and increase longev-
ity"". Exercise decreases the progression of arthritis™ ",
Exercise decreases the progression of type 2 diabetes™™,
Exercise may help patients survive cancer”. The com-
bination of weight loss and exercise may help patients
suffering from these diseases and should be examined
in clinical trials. The questions that should be asked are
as follows. Can a combined program of weight loss and
exercise cure heart disease? Can a combined program of
weight loss and exercise cure type 2 diabetes? Can a com-
bined program of weight loss and exercise cure arthritis?
Can a combined program of weight loss and exercise

decrease the risk of developing cancer?

HOW CAN TRADITIONAL HEALING HELP?

Traditional Chinese medicine teaches people to live in

balance, to learn how to balance yin and yang in the
body"™. Yin is cold and wet. Yang is hot and dry. Basi-
cally, each person must balance cold, sedentary times of
the day with hot, physical times. In other words, daily ex-
ercise may be required to balance times of rest. Similarly,
a balanced diet must be consumed. Yang foods such as
meats and chilis, must be balanced with yin foods such as
melons and vegetables. A person’s body must be in bal-
ance with the correct amount of fat (yin) balanced by the
correct amount of muscle (yang). Balance allows the flow
of life forces in the body called chi®™. Chi has recently
been proposed to be composed of signaling processes in
the body controlled by endogenous signaling compounds
and receptorslszj. When chi flows, the body can maintain
its health. In traditional China, obesity was a dishonor to
the ancestors who give each of us our bodies. Each of
us must keep our bodies in balance for ourselves and our
families, in order to keep ourselves healthy. If a person
lives in balance, the body can heal itself.

Traditional medicine in many areas of the world
teaches people to live in balance™. Among American
Indians, to live in balance means: love God, love your
family, respect all people, work for your community, keep
yourself thin and strong, take only what you need, and
do not pollute™ . American Indians recognize a balance
between hot and cold as well as wet and dry. Maintaining
this balance in the body is essential for health. American
Indians approach hot and cold very directly. If a person
needs to be treated with hot treatments, they are put in
the sweat lodge, hot spring or similar hot treatment” ",
If a person needs a cold treatment, they are told to swim
in the sea, a lake or similar cold treatment. Daily physical
activity is required and must be balanced with times of
rest. If a person lives in balance, the body can heal itself.

In Arab traditional medicine, there is a similar concept
of balance™. The normal state of the body is balance,
which is health. Illness results from being out of balance.
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Balance is detived from worshipping Allah, loving your
family, respecting all people, working productively, main-
taining a fit body, and eating a balanced diet. A diet must
be balanced in terms of quality and quantity of food.

Traditional medicine has kept human beings alive for
the entire existence of the human species, about 200000
years. During the hunter gatherer period, daily running
and walking were essential to survival. Our bodies have
evolved for 200000 years with daily running and walk-
ing, This means that people who were good runners and
walkers survived and passed on their genes. There has
been a natural selection for running and walking. Prior to
1970, cancer and chronic diseases such as heart disease,
type 2 diabetes, and arthritis were uncommon, as can be
seen at the Centers for Disease Control website. This is
because people used to keep themselves thin and strong,
in other words in balance. Obesity was uncommon prior
to the 1970’ according to the Centers for Disease Con-
trol. People used to follow what traditional medicine
taught. This teaching was frequently passed down from a
person’s grandpatents.

Traditional medicine should be revitalized in modern
society. We should teach again the principles of living
in balance to allow the body to heal itself. Traditional
medicine should be integrated into preventive medicine.
Traditional medicine should be taught to healthcare pro-
fessionals. Preventive medicine should become a major
focus of modern medicine. It is very possible that when
people learn to live in balance the incidences of heart
disease, type 2 diabetes, arthritis and cancer will decrease.
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