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Abstract
Aim: To study possible ocular surface and lacrimal drainage changes in women being on adjuvant chemotherapy with 
5-Fluorouracil 600 mg/m2, Epirubicin 60-90 mg/m2, Cyclophosphamide 600 mg/m2 (FEC) regimen for breast cancer.
Methods: Sixty one consecutive women with early stage breast cancer (median age 58 years - interquartile range 22) 
were included in this study. They all underwent mastectomy followed by 6 cycles of tri-weekly administration of FEC 
regimen and were free of ocular surface, eyelid and tear film symptomatic disease at baseline. None of them had pre- or 
coexisting treatment with other chemotherapeutic agent or radiotherapy. Slit lamp examination of the ocular surface, 
Schirmer test I (without topical anesthesia) and tears Break up Time test (BUT) were performed before the initiation of 
treatment and immediately after the third therapeutic cycle.
Results: From 61 women 39.34% had significant conjunctival hyperemia, 41.0% lid margin abnormalities, 4.92% 
blepharitis, 6.56% madarosis, 3.28% punctate epithelial keratopathy and 4.92% oedema of the lower punctum mucosal 
opening after three chemotherapeutic cycles. Mean BUT measures were found lower after the third chemotherapeutic 
cycle (p=0.001) but mean Schirmer test I values were higher after the third chemotherapeutic cycle (p=0.001).
Conclusions: Women on chemotherapy with FEC regimen are more susceptible to develop ocular surface and tear film al-
terations, within the first three cycles of chemotherapy for breast cancer, and thus, prompt ophthalmological evaluation may 
be proven beneficial for early diagnosis and management of the induced ocular disease. Hippokratia 2013, 17, 2: 120-125
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Introduction
Breast cancer is the most common cancer in women1. 

Widespread screening tests and effective surgical procedures 
combined with chemotherapy, have led to significant reduc-
tion of mortality during the last two decades2. Moreover, the 
use of adjuvant systemic chemotherapy (monotherapy or 
polychemotherapy) in the management of breast cancer has 
led to major improvements in overall survival3,4.

New chemotherapy agents are being developed and 
new combinations are being tested. However, ocular toxic-
ity is not uncommon and new regiments can also be asso-
ciated with ocular side effects. The antitumor agents may 
cause ocular complications by interfering with normal cel-
lular processes (i.e. DNA replication, division). They ex-
press their efficacy by activating DNA cross linking, strand 
breakage, interfering with DNA/RNA synthesis, compet-
ing with normal metabolites for the catalytic or regulatory 
site of a key enzyme, or substituting for a metabolite that is 

normally incorporated into DNA and RNA5.
Consequently, cytotoxic chemotherapy may lead 

to various ophthalmic complications and therefore it is 
important for the ophthalmologist to be aware of these 
possible complications in order to prevent, diagnose 
and treat them. There are reports referring to the effect 
of 5-Fluorouracil (5FU) on lacrimal gland fibrosis, ca-
nalicular edema and on Meibomian gland Dysfunction 
(MGD)6-8. Non-infectious conjunctivitis is also related 
with administration of Doxorubicin9,10, which is an an-
thracycline and also with Epirubicin11.

The purpose of this study is to investigate possible 
early ocular surface and tear film abnormalities in women 
treated with adjuvant chemotherapy with the 5-Fluorour-
acil 600 mg/m2, Epirubicin 60-90 mg/m2, Cyclophospha-
mide 600 mg/m2 (FEC) regimen for breast cancer. 

Material and Methods
This is a prospective, observational case series study of 
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women who underwent mastectomy for early stage breast 
cancer and fulfilled the following criteria. After the opera-
tion, all of them were placed on adjuvant chemotherapy 
with the FEC regimen. This treatment consists of three an-
ticancer drugs: 5FU, Epirubicin and Cyclophosphamide. 
The dose of the regimen was 600 mg/m2, 60-90 mg/m2 
and 600 mg/m2, respectively. The regimen was adminis-
tered intravenously every 21 days, for 6 therapeutic cycles. 
Past medical and ocular history were obtained before the 
initiation of the chemotherapy and all patients underwent 
a complete eye examination before the initiation of treat-
ment and were rendered free of signs and symptoms of 
ocular surface tear film disease. None of the patients had 
prior history of ocular surgery, other ocular diseases or use 
of topical medications or contact lens wearing that might 
affect the ocular surface. Also, patients were free of previ-
ous radiotherapy.

Outcome measures were selected symptoms and signs 
of ocular surface disease. In order to detect and quantify the 
patients’ symptoms of the possible ocular surface alterations, 
we applied the Ocular Surface Disease Index (OSDI)12.

Patients were evaluated before the initiation of chem-
otherapy and immediately after the third chemotherapeu-
tic cycle. The eyelids, eyelid margins, conjunctiva and 
puncti as well as the cornea and the whole ocular surface 
were carefully evaluated for possible changes. More em-
phasis was given on induced abnormalities of the eyelid 
margin including posterior blepharitis and signs of MGD 
including morphological lid margin changes.

Conjunctival hyperemia, as the main sign of ocular 
surface disease was evaluated with the Efron scale13,14. 
We considered the classes 3 to 4 as indications of signifi-
cant hyperemia.

The inferior lacrimal puncti were evaluated for inflam-
mation and edema of the surrounding conjunctival and 
also the mucosa of the orifice. Stenosis or obstruction of 
the punctum and canaliculus was assessed with the use of 
a fine Nettleship dilator and a double 0 Bowman probe. 
Free insertion of the dilator into the ampulla and subse-
quent unobstructed passage of the probe into the sac, fol-
lowed by successful syringing, rendered the system patent. 
Resistance on the insertion of the dilator into the punctum 
was sign of stenosis. Similarly, obstruction of the probe 
towards the sac was sign of canalicular obstruction.

For purpose of statistical analysis only the right eyes 
of the patients were included. The rates of occurrence of 
each ocular surface and tear film abnormality detected in 
women under three cycles of chemotherapy with the FEC 
regimen were calculated by dividing the number of right 
eyes with each condition by the total number of patients 
(61) included in our study. 

Tear film evaluation included Break Up Time test 
(BUT) and Schirmer Test I (with no anesthesia). BUT 
evaluates tear film stability. For the purpose of the test we 
instilled 2% fluorescein into the subject’s lower fornix and 
calculated the time to tear brake after three blinks with ab-
normal BUT values <10 sec. Immediately after this, we 
recorded possible fluorescein staining areas on the corneal 

and conjunctival epithelial surface using cobalt blue excit-
er filter and a complementary yellow barrier filter. Grading 
was calculated according to the Oxford staining scheme 
(range 0-15) 15. We also performed Schirmer test I (basic 
and reflex secretion). We examined both eyes simultane-
ously. As abnormal (impaired tear secretion) were consid-
ered Schirmer I test values <10 mm in 5 minutes. 

All the above evaluations were performed before the 
initiation of chemotherapy and immediately after the 
third chemotherapeutic cycle. 

Statistical analysis was performed using SPSS ver-
sion 17.0 software (SPSS Inc., Chicago, IL,USA); p<0.05 
was considered statistically significant. Using the Kol-
mogorov-Smirnov test, we rejected the zero hypothesis 
for 0.05 significance level that variables follow normal 
distribution. Consequently, non-parametric tests were 
used (Wilcoxon signed rank test, Chi-Square tests, Mann-
Whitney test and Spearman’s Correlation Coefficient).

Results
Sixty-one women with early stage of breast cancer were 

recruited for this study. The median age was 58 and age in-
terquartile range was 22 years. Before the initiation of chem-
otherapy, median value of OSDI was 0.00 and interquartile 
range was 2.10. After the 3rd chemotherapeutic cycle, me-
dian value of OSDI was 10.40 and interquartile range was 
29.20. Also, 34/61women (55.74%) developed ocular sur-
face disease. These patients had median OSDI value 33.30 
and interquartile range 12.50 and they mainly complained 
of ocular discomfort, burning, itching and foreign body sen-
sation. Furthermore, 24 women developed significant con-
junctival hyperemia, which was a bilateral finding. 

Abnormalities of the eyelid margin were identified in 
25 women, consisting of posterior blepharitis (15 women) 
and/or occluded MG orifices (14 women), thickening of the 
MG (3 women), posterior dragging of the MG (4 women), 
scarring and keratinization of the eyelid margin (1 woman). 
All these findings were detected bilaterally. Fifteen women 
who developed abnormalities of the eyelid margin had also 
significant conjunctival hyperemia (Figure 1). Also, bilat-
eral and partial madarosis occurred in four women (6.56%) 
after the third chemotherapeutic cycle. 

Three women (4.92%) developed anterior blepharitis, 
which coexisted with hyperemia and abnormalities of the 
eyelid margin. These findings were bilateral and the pa-
tients complained for ocular discomfort, burning, itching 
and foreign body sensation. 

Punctate epithelial keratopathy was observed in two pa-
tients (3.28%) and these findings were bilateral. In addition, 
these patients developed abnormalities of the eyelid margin 
and BUT values were particularly low after the third chemo-
therapeutic cycle. They complained mainly of foreign body 
sensation.In three patients (4.92%) oedema of the lower 
punctum mucosa was observed. Inflammation and conse-
quent stenosis of the lower punctum were observed (Figure 
2). Complete punctal occlusion was not observed. All com-
plications are summarized in table 1 (Table 1).

Regarding the tear tests, before the initiation of chemo-
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therapy median value of BUT was 14.00 sec and interquar-
tile range was 7.00 sec and after the 3rd chemotherapeutic 
cycle median BUT was 10.00 sec and interquartile range 
was 7.00 sec. Twenty three out of 61 patients had patho-
logical BUT values (BUT<10 sec) after the third chemo-
therapeutic cycle. The median value of Schirmer test I was 
15.00 mm and the interquartile range was 8.00 mm, before 
the initiation of the chemotherapy. After the third chemo-
therapeutic cycle, the median value for Schirmer test I was 
18.00 mm and the interquartile range 10 mm.

Statistical Analysis
Mann Whitney test was conducted to assess the relation-

ship between patients having ocular surface disease and the 
OSDI score after the third chemotherapeutic cycle (Table 2). 
It was found that women having developed ocular surface 
disease after the third chemotherapeutic cycle are more like-
ly to develop symptoms of the ocular surface and this was 
statistically significant (p=0.001). Also, the same test was 
conducted to assess the relationship between ocular surface 
disease and BUT values after the third chemotherapeutic cy-
cle (Table 2). It was found that women with ocular surface 
disease had statistically significantly lower BUT values after 
the third chemotherapeutic cycle (p=0.005). No statistically 
significant relation was found between ocular disease and 
Schirmer test I values after the third chemotherapeutic cycle 

Figure 1: Palpebral conjunctival hyperemia with obstruc-
tion of the Meibomian gland orifices.

Figure 2: Severe abnormality of the eyelid margin.  Palpe-
bral hyperemia, obstruction of the Meibomian gland orifices 
and oedema of the lower punctum mucosa.

*The rates of ocular surface and lacrimal complications in women under three cycles of chemotherapy with the FEC regimen were cal-
culated by dividing the number of right eyes with each abnormality by the total number of examined patients in our study (61 patients).

Patients with ocular surface disease have statistically significant different OSDI score and BUT values comparing to patients 
without ocular surface disease but patients with ocular surface disease have no statistically significant different Schirmer values 
comparing to patients without ocular surface disease.

Table 1: Rates of ocular surface and lacrimal complications in women under three cycles of chemotherapy with the FEC regimen.

Complications Number of Patients (n) Frequency (%)*
Madarosis 4 6.56

Significant conjunctival hyperemia 24 39.34
Blepharitis 3 4.92

Punctate Epithelial Keratopathy 2 3.28
Abnormalities of the eyelid margin 25 41.00

Oedema of the lower punctum 
mucosa

3 4.92

Table 2: Mann Whitney U tests. Relationship between patients having ocular surface disease and OSDI, BUT and Schirmer 
values after the third chemotherapeutic cycle. Values presented are the median and the interquartile ranges (IQR).

Patients with Ocular Surface 
Disease

Patients without Ocular Surface 
Disease

P

OSDI             Median (IQR) 33.30  (12.50) 4.10    (2.60) 0.001

BUT              Median (IQR) 8.00    (4.00) 12.00  (5.00) 0.005

Schirmer test Median (IQR) 18.00  (10.00) 18.00  (10.00) 0.572

N 34 27
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(p=0.572) (Table 2).
In order to assess the relationship between patients hav-

ing significant conjunctival hyperemia and patients with 
abnormalities of the eyelid margin after the third chemo-
therapeutic cycle, Chi-Square tests were conducted (Table 
3). It was found that women having developed significant 
conjunctival hyperemia are more likely to develop abnor-
malities of the eyelid margin (p=0.013). Also, statistically 
significant relation was found between age and abnormali-
ties of the eyelid margin after conducting Mann-Whitney 
test (p=0.008) and it is more likely older women treated 
with the FEC regimen to develop abnormalities of the eyelid 
margin after the third chemotherapeutic cycle (Table 4). No 
statistically significant relation was found between age and 
significant conjunctival hyperemia (p=0.255) (Table 4). 

With regards to the tear tests, Wilcoxon signed rank 
test was conducted to assess the relationship between BUT 
values before the initiation of chemotherapy and after the 
3rd chemotherapeutic cycle. BUT values after chemother-
apy were lower than BUT values before chemotherapy 
and this difference was statistically significant (p=0.001). 
The same test was also conducted to assess the relation-
ship between Schirmer test I values before the initiation 
of chemotherapy and after the 3rd chemotherapeutic cycle. 
Schirmer test I values after the third chemotherapeutic cy-
cle were statistically significantly higher (p=0.001). 

Also, Spearman Correlation Coefficient was con-

ducted to assess the relationship between age and the 
continuous variables of BUT and Schirmer test I before 
the initiation of the chemotherapy and after the third 
chemotherapeutic cycle but no statistically significant 
correlation was found between age and any of the above 
continuous variables (Table 5).

Discussion
FEC is a chemotherapeutic regimen that is widely used 

as adjuvant therapy in non-metastatic breast cancer. The 
prevalence of survival rate is high16. 5FU is a pyramidine 
analogue and a potent inhibitor of thymidylate synthetase 
and so it can block DNA synthesis. Epirubicin is an anthra-
cycline antibiotic that position itself between base parts, 
thereby uncoiling the DNA helix. Cyclophosphamide is an 
alkylating agent that substitutes hydrogen atoms in certain 
organic compounds by alkyl groups. Tissues with rapidly 
proliferating cellular agents are most affected by the FEC 
regimen and this fact explains the ability of the regimen to 
diminish neoplastic growth. Systemic side effects of the 
regimen are usually nausea, vomiting, diarrhea, mucositis, 
bone marrow suppression, dermatitis and alopecia17-19.

Researchers also investigated ocular surface complica-
tions induced by topical application of 5FU for glaucoma 
surgery. They observed that corneal wound healing rate 
was reduced after topical application of 5FU20,21. Others 
investigated the mitotic rate of conjunctiva and cornea in 

Statistically significant relation was found between patients having significant conjunctival hyperemia and patients who devel-
oped abnormalities of the eyelid margin after the third chemotherapeutic cycle.

Patients with abnormalities of the eyelid margin have statistically significant different age compared to patients without abnor-
malities of the eyelid margin but patients with significant conjunctival hyperemia have no statistically significant different age 
compared to patients without significant conjunctival hyperemia.

Table 3: Relationship between patients having significant conjunctival hyperemia and patients with abnormalities of the eyelid 
margin after the third chemotherapeutic cycle was assessed by Chi-Square test.

N=61 Patients with Significant Conjunctival 
Hyperemia

Patients without Significant Hyperemia

Patients with Abnormalities of 
the Eyelid Margin 15 (24.60%) 10 (16.40%)

Patients without Abnormalities 
of the Eyelid Margin 9 (14.80%) 27 (44.30%)

Chi-Square (X2) test, p=0.013

Table 4: Mann Whitney U tests. Relationship between age and patients having abnormalities of the eyelid margin and patients 
with significant conjunctival hyperaemia. 

N Median Age Age Interquartile Range P
Patients with Abnormalities of 
the Eyelid Margin 25 66.00 20.00

0.008Patients without Abnormalities 
of the Eyelid Margin 36 55.50 21.00
Patients with Significant 
Hyperemia 24 65.00 20.00

0.255Patients without Significant 
Hyperemia 31 58.00 20.00
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rabbits. They concluded that when 5FU is topically ap-
plied, the mitotic rate of both tissues was diminished22. 
Consequently, cell proliferation of conjunctiva, cornea and 
eyelid margin might be inhibited after the initiation of the 
chemotherapy with 5FU. Other researchers investigating 
ocular surface, ocular adnexal, and lacrimal complica-
tions associated with the use of systemic 5FU, observed 
that conjunctivitis, ocular irritation, blepharitis, keratitis, 
eyelid dermatitis, tearing and punctal-canalicular steno-
sis occur after the systemic use of 5FU in a rate of 3.8%, 
5.8%, 3.8%, 3.8%, 5.8%, 26.9% and 5.8%, respectively23. 
In another study, researchers found out that conjunctivitis 
occurred in a rate of 25% in women receiving Cyclophos-
phamide, Methotrexate and 5FU19. Others found that 5FU 
is secreted in tears after intravenous administration and 
consequently ocular surface tissues bathe in 5FU6,24,25.

There are also a few reports that anthracyclines, 
mainly Doxorubicin, induce conjunctivitis in some 
patients10,11. Some researchers, by comparing the effi-
cacy of the 5FU 500 mg/m2, Doxorubicin 50 mg/m2 and 
Cyclophosphamide 500 mg/m2 (FAC) regimen with the 
Cyclophosphamide 600 mg/m2, Methotrexate 60 mg/
m2 and 5FU 500 mg/m2 (CMF) regimen given every 3 
weeks for 6 cycles as adjuvant chemotherapy for oper-
able breast cancer, found that conjunctivitis occurred at a 
rate of 8.5% and 12.0%, respectively26. In another com-
parative study, researchers evaluated the feasibility and 
the tolerability of two sequential regimens (Doxorubicin 
75 mg/m2 - Docetaxel 100 mg/m2 and CMF) in which the 
sequence of drug administration was reversed. Conjunc-
tivitis occurred at a rate of 25% and 57% respectively27.

In our series with the FEC regimen, significant 
conjunctival hyperemia occurred at a rate of 39.34%, 
blepharitis 4.92% and punctate epithelial keratopathy 
3.28%. Also, Schirmer test I (basic and reflex tear secre-
tion) values were statistically significantly higher after 
the third chemotherapeutic cycle. One explanation might 
be that irritation caused by 5FU secreted in tears and 
consequent ocular surface complications may cause an 
increase of tear production, though no statistically sig-
nificant relation was found between symptoms of ocular 
surface disease, according to OSDI, and Schirmer test I. 

Apart from the tear production, the tear drainage may 
also be affected by the 5FU. There are several case reports in 
the literature suggesting that systemic use of 5FU can cause 
chronic inflammation of the canaliculi and also in many cases 

fibrosis and stenosis7,28-30. Other researchers in a case report of 
a patient with canalicular obstruction after weekly administra-
tion of 5FU for colon cancer found out that severe squamous 
metaplasia and stenosis of the canaliculi’s lumen occurred31.

The BUT values in our study were statistically signifi-
cantly lower after the third chemotherapeutic cycle. Other 
researchers reported a small number of patients (n=10) with 
ocular symptoms who were receiving merely oral treat-
ment with S-1 regimen, an anti-cancer drug containing te-
gafur (5FU pro-drug), gimeracil and oteracil. On slit-lamp 
examination, they found pigmentary depositions around 
the MG orifices as well as complete occlusion in many of 
them. By using transillumination meibography, they noted 
dropout of more than half of the grandular structures and 
by in vivo confocal microscopy, they observed diminish of 
mean density of acinar units of MG in the patients’ group. 
Mean BUT value was lower (8.0±3.2 sec) and Schirmer 
test I (without topical anesthesia) was higher (15.9±8.9) 
compared to the control group (healthy individuals)8. 

Conjunctival inflammation and mucin production was 
studied in an experimental model by researchers using 
the IκBζ gene disrupted mice. They found that as inflam-
matory symptoms of the conjunctiva progressed, inflam-
matory cells infiltrated the submucosa of the conjuncti-
val epithelia, with a loss of goblet cells32. The decrease 
of mucin production can cause tear film instability and 
decrease BUT values33. In our material, 39.34% of the 
examined women had significant conjunctival hyperemia 
and the BUT values were statistically significantly lower 
after the third chemotherapeutic cycle.

As reported by other authors who investigated the Cyclo-
phosphamide-related ocular complications in a series of 90 
patients who received high doses of chemotherapy, dry eye 
syndrome was diagnosed in 40 patients. The diagnosis was 
established on the criteria of abnormal Schirmer test, BUT and 
rose Bengal staining test. Almost all 90 patients underwent 
total body irradiation and chemotherapy consisted of Cyclo-
phosphamide alone or in combination with other agents34. 
However, total body irradiation may induce lacrimal gland 
damage35. It is not clear whether Cyclophosphamide alone 
has serious effect on Schirmer test I and BUT values. 

Considering all 61 patients with early breast cancer in 
our study, 39.34% had conjunctival hyperemia, 41% abnor-
malities of the eyelid margin, three women (4.92%) devel-
oped bilateral blepharitis coexisting with conjunctival hy-
peremia and abnormalities of the eyelid margin, two women 

No statistically significant difference was found between age and any of the variables.

Table 5: Spearman Correlation Coefficient provide the relationship between age and BUT (before and after the 3rd chemothera-
peutic cycle) and between age and Schirmer test I (before and after the 3rd chemotherapeutic cycle).

n=61 BUT before 
chemotherapy

BUT after the 3rd 
Chemotherapeutic Cycle

Schirmer test I before 
the 3rd Chemotherapeutic 
Cycle

Schirmer test I after the 
3rd Chemotherapeutic 
Cycle

Spearman 
Correlation 
Coefficient

-0.140 -0.147 -0.136 0.055

p value 0.283 0.257 0.296 0.673



HIPPOKRATIA 2013, 17, 2 125

(3.28%) developed punctate epithelial keratopathy, three 
patients (4.92%) developed oedema of the lower punctum 
mucosa. BUT values were statistically significantly lower 
and Schirmer test I values were statistically significantly 
higher after the third chemotherapeutic cycle. No statistical-
ly significant relation was found between age, conjunctival 
hyperemia, BUT and Schirmer test I but statistically signifi-
cant relation was found between age and abnormalities of 
the eyelid margin. Thus, older women under treatment with 
the FEC regimen were more likely to develop abnormalities 
of the eyelid margin after the third chemotherapeutic cycle.

In conclusion, breast cancer patients under treatment 
with the FEC regimen, may develop ocular surface and 
tear film abnormalities at an early therapeutic stage, mainly 
conjunctivitis and lid margin abnormalities with MGD. It 
is recommended that treated patients should have consulta-
tion thorough ocular surface evaluation, in order prevent, 
early diagnose and efficiently treat these established ocular 
complications of the chemotherapy treatment.
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