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Purpose: To study the level of serum malondialdehyde (MDA), a biomarker of oxidative
stress before and after chemotherapy in various ocular malignancies and to correlate its
significance with clinicopathological parameters.

Methods: Thirty two histopathologically confirmed cases of primary ocular malignancies
were included in this longitudinal cohort study. Detailed clinicopathological assessment was
done. Analysis of serum MDA level in the patient before and after chemotherapy was
measured and its prognostic significance was analyzed.

Results: Maximum cases were of eyelid malignancy (n=18, 56.2%) followed by retinoblas-
toma (18.8%) and OSSN (6, 18.8%). About 43.75% patients were in the advanced-stage. The
tumor was histopathologically well-differentiated in 20 (62.5%) cases. Most common malig-
nancy was sebaceous gland carcinoma of the eyelid (n=10,31.25%). Serum MDA level in
patients were significantly higher than controls [5.5712+0.32779 vs 2.5531+£0.08056 nmol/
mL, p<0.001]. Level was significantly reduced after chemotherapy (4.5146+0.23209 nmol/
mL). Serum MDA was maximum in cases of rhabdomyosarcoma (5.9450+0.23335 nmol/
mL) and retinoblastoma (5.74334+0.14334 nmol/mL). It was minimum in basal cell carci-
noma (5.3775+0.17746 nmol/mL). Pre chemotherapy serum MDA level was significantly
higher in patients having larger tumor (>20mm, p< 0.001) and having lymph node metastasis
than those without lymph node metastasis [5.8350+0.17113 vs 5.4833+ 0.32193 nmol/mL,
p<0.006]. No significant difference was observed in post chemotherapy serum MDA level as
for as size of tumor (p=0.947) and histopathological differentiation (p=0.109) was concerned.
Conclusion: The serum MDA level is a potential biomarker in primary ocular carcinoma to
assess oxidative stress and its impact on response to chemotherapy.
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Introduction

Although ocular malignancies are not common but they can be highly problematic
due to their potential threat to both sight and life that they can cause. The ocular
malignant tumors can be classified into two types vis., primary ocular malignant
tumors in which tumor originates inside the eyeball (intraocular malignancy) and in
the structures of ocular adnexa (eyelid, conjunctiva, and orbit) and secondary or
metastatic tumors. Common intraocular malignancies are retinoblastoma in children
and uveal melanoma in adults. Secondary ocular malignancy originates from the
adjacent structures, including the paranasal sinuses, nasal cavity, nasopharynx,
cavernous sinus and intracranial structures.' Metastatic orbital tumors originate
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elsewhere in the body such as lung, breast, thyroid, testis,
liver, prostate, etc., and spread into the eyes via hemato-
genous route or perineural spread.”

The eyelid tumors are the most frequent neoplasm in
ophthalmic practice. Approximately 5-9% of skin tumor
arises in the eyelid.*> Among them, basal cell carcinoma
(BCC) is the most common eyelid malignancy found
worldwide comprising 85-90% of all eyelid tumors.®
Squamous cell carcinoma (SCC) of the eyelid is quite a
rare neoplasm. It accounts for about 10-12% of cutaneous
malignancy.” Sebaceous gland carcinoma (SGC) is rela-
tively rare and slow-growing but aggressive and the most
lethal eyelid carcinoma. It represents about 1% of all
cutaneous malignancy.®? Malignant melanoma of the eye-
lid is uncommon comprises 1% of all eyelid malignancies

which is similar to melanoma of the skin.!®!
intraocular
life-

threatening if left untreated. Advanced stage ocular malig-

Retinoblastoma and uveal melanoma are
malignancies. They are very aggressive and
nancy may result in poor prognosis with decreased dis-
ease-free survival. Although surgery is the gold standard
and only curative treatment for ocular cancer, neoadjuvant
chemotherapy is the next best option when surgery is
contraindicated due to poor general condition of the
patient or extensive surgery leading to disfigurement and
functional loss.

Oxidative stress is closely related to carcinogenesis in
the form of reactive oxygen species (ROS). It is involved
in various physiological and pathological processes which
include DNA damage, proliferation, cell adhesion, survi-
val and apoptosis. There are complex interactions among
ROS generation, ROS signaling, ROS induced damage
and carcinogenesis. ROS are central contributors in
tumor occurrence and progression by irreversible DNA
damage, modulating the signaling pathways and disrupting
the physiological mechanism of apoptosis.'' Accumulation
of ROS may cause cancer cells to be more sensitive. It is
supposed that increased oxidative stress by exogenous
ROS generation therapy affects selectively by killing can-
cer cells by apoptosis. Likewise, many anticancer che-
motherapy drugs (eg Cis-platinum, carboplatin, and
oxaliplatin), epi-podophyllotoxins (etoposide and tenipo-
side) and camptothecins (topotecan and irinotecan) gener-
ate a high level of ROS and kill tumors cells by
apoptosis.'> Malignant cells that are highly resistant to
treatment (chemotherapy or radiotherapy) are believed to
be cancer stem cells (CSCs). They are defined by their
capacity to self-renew and differentiate into heterogeneous

cancer cell types and play an important role in tumor
progression, development and disease recurrence.'*'
Administration of antioxidants during anticancer che-
motherapy may reduce chemotherapy induced side effects
and may enhance the effectiveness of anticancer drugs.'*

It is well known that primary targets of free radicals are
cellular lipids, whose end products are a variety of alde-
hydes such as ‘Malondialdehyde’ (MDA). Since MDA is
highly cytotoxic and carcinogenic agent it is frequently
used as a biomarker of oxidative stress during major health
problems such as cancer, etc.'”> An increase in lipid per-
oxidation level (MDA) has been demonstrated in various
tumors.'® The aim of this study was to estimate the serum
expression of Malondialdehyde (MDA), a biomarker of
oxidative stress, before and after chemotherapy, and to
correlate the same with clinicopathological parameters of
primary ocular malignancies and to evaluate the impact of
MDA on chemotherapy response.

Patients and Methods
This in the
Ophthalmology, Department of Molecular Biology and

study was conducted Department of
Department of Radiotherapy and Radiation Medicine,
Institute of Medical Sciences, Banaras,Hindu University,
Varanasi, India from November 2016 to March 2018. The
study was conducted following the declaration of Helsinki
principle and approved by the ethical committee of the
Institute of Medical Sciences, Banaras Hindu University.
Prior informed consent was obtained from the study sub-
jects regarding participation in research study and their
data (including clinical images) being published. It was
an interventional study in which the cases were collected
from Ophthalmology Outpatient Department. 32 newly
diagnosed and histologically confirmed patients with pri-
mary ocular malignancies without earlier exposure to che-
motherapy or radiotherapy. These were consecutively
recruited from the  Ophthalmology  out-patients
Department. Besides, a group of 16 age and sex-matched
healthy controls were recruited from the refraction unit.
Clinical assessment included patients’ demographic pro-
file, clinical presentation, torchlight and slit-lamp examina-
tion, visual acuity by Snellen’s chart, ophthalmoscopy,
X-Ray, CT scan, MRI and Ultrasonography B scan of
both eyes. Also, a histopathological examination of inci-
sional or excisional biopsy was done to confirm the diag-
nosis and assessed pathological differentiation. Tumors
were classified as either well-differentiated or poorly/undif-

ferentiated based on the predominant cell type. Tumor
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staging was done in accordance with the 8th edition of
TNM staging system proposed by the American Joint
Committee on Cancer for eyelid carcinomas, ocular surface
squamous neoplasia (OSSN), and retinoblastoma.'” "’
Blood urea nitrogen (up to 20 mg/100 mL), serum creati-
nine (up to 15 mg/100 mL), white blood count
(> 4000 mm®) and platelet count (100,000 mm3) were
used as a laboratory screening parameters before and after
chemotherapy. The following chemotherapy regimens were
used: for SGC and BCC of eyelid Cisplatin 75mg/m?
(Day 1) and 5-fluorouracil 750mg/m* (Dayl to Day5)
were given at interval of 3 weeks for 3—6 cycles. For
retinoblastoma, 6-9 cycle of Vincristine 1 to 5 mg/m?,
Etoposide 150 mg/m? and Carboplatin 560 mg/m’ was
administered. In cases of orbital rhabdomyosarcoma, intra-
venous Vincristine 1.3 mg/kg (Day 1), Cyclophosphamide
450 mg/kg and Adriamycin 45 mg/kg on Day 1 to Day 5
was administered. OSSN cases were treated by topical SFU
1% two drops four times a day for one week then repeated
on every one-week interval. The mean follow-up period
was of 18 months.

Laboratory investigation was also used for the estima-
tion of the biochemical assay of serum Malondialdehyde.

Peripheral blood samples were collected into a sterile
serum separator tube (Vacutainer, Becton Dickinson,
Plymouth, UK) and were allowed to coagulate at 4°C for
30 minutes followed by centrifugation at 2500 rpm for 10
minutes to separate the serum which aliquoted. It was
stored at —80°C until used. Serum samples from patients
were collected on first visit (before chemotherapy) and
after the first cycle of chemotherapy. Malondialdehyde
(nmol/mL) level was estimated in patients’ serum before
and after chemotherapy by same method as used by
Yagi.’® Twenty microliters of serum was mixed with
4.0mL of N/12 sulfuric acid and 0.5mL of 10% phospho-
tungstic acid to deproteinize the plasma. The mixture was
kept at room temperature for 5 minutes, then centrifuged at
3000 rpm for 10 minutes. The sediment was again mixed
with N/12 sulfuric acid (2.0 mL) and 10% phosphotungstic
acid (0.3 mL) and the mixture was centrifuged at
3000 rpm for 10 minutes. The sediment was suspended
in 4.0 mL of distilled water and 1.0 mL of TBA reagent
(prepared by equal volumes of 0.067% thiobarbituric acid
and glacial acetic acid) and heated at 95° C for 60 minutes.
After cooling with tap water, 5.0 mL of n-butanol was
added and the pink colored mixture was obtained for
fluorometric measurement at 553 nm with excitation at
515nm. The serum malondialdehyde level was estimated

by reading the fluorescence intensity of n-butanol layer
and standard solution (1,1',3,3'-Tetramethoxypropane).

The statistical analysis of MDA and its different
selected parameters for inference was done using statisti-
cal package SPSS for Windows version 16.0 (SPSS,
Chicago, IL) software. The Chi-squire test was used for
comparison of MDA before and after chemotherapy. The
difference was considered to be statistically significant at
p<0.05 (two-sided).

Results

Our cohort of 32 patients consisted of 16 male and 16
females. The age distribution (years) was less than 20
(25%), 40-50 (18.8%), 51-60 (21.9%) and greater than
60 (34.4). Residence was semi-urban/urban (12.5%) and
rural (87.5). Location of origin of tumor as Eyelid
(56.25%) [Figures 1 and 2], Conjunctiva (18.8%), Orbit
(6.2%) and intraocular/eyeball (18.8%).

Tumor spread as local invasion (50%), lymph node
metastasis (25%) and systemic metastasis (25%). As per
TNM classification, in 18 (56.25%) patients tumor were in
early stage. However 43.75% patients had advanced stage
cancer (18.75% had eyelid tumor, 9.38% were retinoblas-
toma cases, 9.38% had OSSN and 6.25% were cases of
rhabdomyosarcoma). Histopathological types were sebac-
eous gland carcinoma (31.2%), basal cell carcinoma
(25%), OSSN (18.8%), Rhabdomyosarcoma (6.2%) and
retinoblastoma (18.8%) whereas histopathological differ-
entiations were distributed as well differentiated (62.5%),
moderately differentiated (6.2%) and poorly differentiated
respectively [Figure 3]. 12.50% patients of retinoblastoma
had histopathologic high-risk features (optic nerve and
scleral invasion) however 25.0% patients of sebaceous
gland carcinoma eyelid had orbital extension and lymph
node metastasis.

Table 1 shows the analysis for serum level of malon-
dialdehyde (MDA) in the healthy controls, and the patients
with different types of primary ocular malignancy. The
distribution of levels of MDA in patients with ocular
malignancy (5.5712+ 0.32779) was significantly higher
than healthy controls (2.5531+£0.08056 nmol/mL)
(p<0.001), while the level of MDA was significantly
reduced after chemotherapy [5.571240.32779 nmol/mL
vs 4.5146 + 0.23209 nmol/mL, p<0.001].

Table 2 shows the level of serum malondialdehyde
according to age and tumor advancement in patients before
and after chemotherapy. Serum MDA level in < 20 years
age group and 40-60 years age group was significantly
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Figure | (A) Pre chemotherapy photograph of a 70 years old male patient having left lower eyelid ulceronodular type sebaceous gland carcinoma. (B) After 3 cycles of
neoadjuvant chemotherapy (cis-platinum and 5 FU), showing partial response of chemotherapy.

Figure 2 (A) Clinical photograph of a 48 years old male patient having right lower eyelid squamous cell carcinoma with orbital invasion before chemotherapy. (B) After 5

cycles of neoadjuvant chemotherapy and 3 cycles of external beam radiation.

reduced after chemotherapy (p-value < 0.001) while in >
60 years age group the levels reduced after chemotherapy
and was statistically not significant (p-value 0.969).
Pre-chemotherapy level of Serum MDA was signifi-
cantly higher in large size tumor (>20mm) as compared to
small size tumour (<20mm) [5.6617+0.2995Inmol/mL vs
5.2933+0.12662 nmol/mL] and significantly reduced after
chemotherapy [5.6617+0.29951 nmol/mL vs 4.5135 +
0.22534 nmol/mL, p<0.001] while no significant difference
was observed after chemotherapy in small size (<20mm)
tumor [5.2933+ 0.29951 nmol/mL vs 4.5233+0.33858,
p>0.04]. Pre-chemotherapy serum MDA level was signifi-
cantly higher in patients having lymph node metastasis in
comparison to those without lymph node metastasis [5.8350
+0.17113 vs 5.4833+ 0.32193 nmol/mL p<0.006]. No sta-
tistical significance was observed in MDA level after

chemotherapy [4.3938+16,928 vs 4.5683 + 0.23976 nmol/
mL, p=0.076]. Pre-chemotherapy MDA level was higher in
advance stage carcinoma (5.8407+0.2021) than early-stage
(5.3608+ 0.177). However serum MDA level in early and
advanced stage carcinoma were significantly decreased after
chemotherapy (p< 0.001).

Table 3 analyzes serum Malondialdehyde (MDA)
levels according to the histopathological type and differ-
entiation of Tumor. Pre-chemotherapy serum MDA was
maximum in the cases of rhabdomyosarcoma (5.9450 +
0.2335 nmol/mL), retinoblastoma (5.7432 + 0.143340) and
sebaceous gland carcinoma (5.7088 + 0.26008) as com-
pared to basal cell carcinoma (5.3775 + 0.17746) and
ocular surface squamous neoplasia (5.4253 £ 0.04243).
The Serum MDA level was significantly reduced after
chemotherapy in all

histopathological  subtypes.
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Figure 3 Microphotograph of a different histological section stained (Hematoxylin and Eosin x 100 (X) showing (A). Rhabdomyosarcoma round cells (primitive
rhabdomyoblast). (B). Sebaceous gland carcinoma moderately differentiated showing lobules of malignant cells with sebaceous differentiation. (C). Basal cell carcinoma
showing nests of pigment laden atypical basal cells with peripheral palisading and mitotic figures. (D). Squamous cell carcinoma showing keratin pearls, numerous malignant
cells, and mitotic figure. (E). OSSN showing keratin pearls and proliferation of irregular dysplastic epithelium with infiltration of sub epithelial tissue (F). Retinoblastoma well

differentiated with Flexner-Wintersteiner rosette arrangement.

Maximum reduction was observed in cases of rhabdomyo-
sarcoma followed by retinoblastoma and sebaceous gland
carcinoma (p<0.001). Serum MDA level before and after
chemotherapy does not show any significant difference
among histopathological differentiation of tumor.

Discussion
The eyelid tumors are the most frequently seen neoplasm
in ophthalmic practice. The common malignant eyelid

tumors are basal cell carcinoma, sebaceous gland carci-
noma and squamous cell carcinoma.”’ > Though multi-
modal treatments are available for ocular and periocular
carcinoma, surgery is the gold standard. Systemic neoad-
juvant chemotherapy is indicated if surgery is contraindi-
cated due to poor general condition of the patient or
advanced stage of tumor.”® The response of systemic che-
motherapy depends on several factors including oxidative
stress in tumor and host cell.
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Table | Analysis for Serum Malondialdehyde (MDA) Levels in Controls (N=16) and Cancer Patients (N=32, Before and After

Chemotherapy)
Oxidative Stress Biomarker Cases Control p-value
Before Chemotherapy After Chemotherapy
MDA (mean * SD) 5.5712+0.32779 4.5146+0.23209 2.5531+0.08056 <0.001

Table 2 Analysis for Serum Malondialdehyde (MDA) Levels According to Age of Patient and Tumor Advancement (Before and After

Chemotherapy)
Characteristics Level of Serum MDA (Mean t SD) p-value
Before Chemotherapy After Chemotherapy

Age group < 20 Years 5.7937 + 0.17655 4.3488 * 0.08459 < 0.001
40-60 Years 5.6020 + 0.37797 4.5840 * 0.26252 < 0.001
60 Years 5.4663 + 0.24727 4.5938 + 0.22614 0.969

Tumor size <20 mm I. 12,662 4.5233 + 0.33858 0.045
>20 mm 5.6617 + 0.29951 4.5135+0.22534 < 0.001

Lymph node metastasis Present 5.8350 £ 0.17113 4.3938+16,928 < 0.006
Absent 5.4833+ 0.32193 4.5683 * 0.23976 0.007

Stage of tumor Early stage 5.3600+0.1770 4.5233 £ 0.2471 0.007
Advanced stage 5.840+ 0.2021 4.5135+0.1667 < 0.001

Table 3 Analysis for Serum Malondialdehyde (MDA) Levels According to Histopathological Type and Differentiation. (Before and

After Chemotherapy)

Histopathological Characteristics Level of Serum MDA (Mean * SD) p-value
Before Chemotherapy After Chemotherapy

Histopathological Type Sebaceous gland carcinoma 5.7088+0.26008 4.6225+0.28101 <0.001
Basal cell carcinoma 5.3775%0.17746 4.6200+0.09345 <0.001
OSSN 5.4283+0.40484 4.5217+0.26821 0.003
Rhabdomyosarcoma 5.9450+0.23335 4.3400+0.05657 0.049
Retinoblastoma 5.7433+0.14334 4.3517+0.09663 <0.001

Histopathological Differentiation Well differentiation 5.6150£0.30960 5.4750£0.36256 0.270
Poorly differentiation 4.4745+0.23681 4.6483+0.16833 0.109

Oxidative stress is the disequilibrium between free
radicals/reactive oxygen species (ROS) and endogenous
antioxidant defense mechanisms. ROS promotes many
aspects of tumor development and progression including
(a) cellular proliferation eg, extracellular-regulated kinase
Y% (ERK1/2) activation; (b) evasion of apoptosis eg Src,
NF-B and phosphatidylinositol-3 kinase (PI3K)/Akt acti-
vation; (c) tissue invasion and metastasis eg metallopro-
teinase (MMP) secretion into the extracellular matrix

(ECM); and (d) angiogenesis eg release of vascular

endothelial growth factor and angiopoietin.?’ Excessive
oxidative stress inhibits drug-induced apoptosis, thereby
reducing the ability of chemotherapeutic drugs to kill
cancer cells.”® Polyunsaturated lipids are more susceptible
to free radical attack, causing lipid peroxidation.
Malondialdehyde (MDA) is an unstable end product of
lipid peroxidation.?’ It is an index of lipid peroxidation,
is highly cytotoxic, and acts as tumor promoter and co-
carcinogen. Increased level of serum MDA is markedly
associated with decrease in antioxidant parameters as
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demonstrated in many cancers (colorectal, oral, prostate,
gastric, lung and breast etc.).**>® It was not studied earlier
in ocular malignancy but has been studied in melanoma is
where levels reduced after surgery also.>” Increased lipid
peroxidation is attributed to deficiency in antioxidant
defenses. Serum antioxidant deficiency may be due to
sequestration by tumor cells as well as scavenging of
lipid peroxides.

In this study, pre-chemotherapy levels of serum MDA
in primary ocular malignancy was significantly higher
(p-value <0.001) than controls. Furthermore, the levels of
MDA were reduced following chemotherapy. Similar find-
ings of significantly higher serum MDA levels than
healthy
carcinoma,

controls colorectal

29,30

were  reported in

cancer,>#3°

lung oropharyngeal
carcinoma®® and breast cancer®®> Boyd and McGuire
found urinary MDA level two-fold higher in breast cancer
patients than healthy controls.>® Peluso found a higher
MDA level in tissues obtained by FNAC from breast
cancer.’

We observed that post-chemotherapy serum MDA
level was significantly reduced in < 20 years age group
and 40-60 years age group (p-value < 0.001) while in > 60
years age group level also reduced after chemotherapy
although statistically not significant (p-value= 0.969).
This may be because of lower antioxidant defence in
older age. Franca et al 2011 described the reason for the
non-significant change in MDA after radiotherapy in
advanced age (>60 years) breast cancer patients as a low
level of selenium like trace elements.*’

In our study, Pre-chemotherapy serum MDA level was
higher in advance stage carcinoma than early-stage and
serum MDA level was significantly decreased after che-
motherapy (p< 0.001). Sener et al,2007 reported a trend of
increasing MDA concentration in malignant tissue as the
TNM stage increases.”> Bakan observed that increase in
oxidative stress as proportionate to the stage of gastric
cancer.>® However, Lichr reported a decreased level of
MDA in patients with advanced-stage compared to an
early-stage disease because of reduced physical activity
and weakened immune system in advanced-stage
cancer.*! We noticed that the pre-chemotherapy level of
Serum MDA was significantly higher in larger tumors
(>20mm) as compared to smaller ones (<20mm). The
level was significantly reduced after chemotherapy in lar-
ger size tumors. Our results suggest that there is high
oxidative stress with a large size tumor. Hristozov and

colleagues reported a marked reduction of MDA level

after complete surgical excision of solid tumors that
might be attributed to decreased oxidative burden due to
the removal of tumors.*?

In this study, we have demonstrated increased lipid
peroxidation resembling high oxidative stress in aggres-
sive types of malignant tumors like rhabdomyosarcoma,
retinoblastoma, and sebaceous gland carcinoma and
tumors with lymph node metastasis. Increased oxidative
stress may interfere with drug-induced apoptosis thus the
response of chemotherapy. This connection is supported
by other studies.***** Sener DE observed a trend toward
higher MDA concentration in the malignant tumor as the
TNM stage increased.””

Significant limitations of the present study are the
small sample size for internal subgroup comparison and
short follow-up period. However, a larger patient cohort
and a longer follow-up period may yield more significant
data. It is unfortunate that estimation of primary antiox-
idant enzymes such as glutathione peroxidase (GP,),
superoxide dismutase (SOD) and catalase (CAT) etc.
which are involved in the direct elimination of ROS was
not done in the study.

Conclusion

To conclude, the present study is the first study in litera-
ture to report the oxidative stress by assessing lipid per-
oxidation activity in various ocular malignancies. Our
results suggest that there is an increased serum MDA
level in eye cancer patients, particularly in advanced-
stage disease. Hence additional research is needed to sub-
stantiate these findings.
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