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Expression of cyclooxygenase-2 in cervical cancer
is associated with lymphovascular invasion
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Abstract. Cyclooxygenase-2 (COX-2) is associated with
carcinogenesis and tumor progression. The current study
analyzed the effect of COX-2 expression in patients with
invasive squamous cervical cancer. Tissue samples from
123 cervical cancer patients were collected for a retrospec-
tive analysis using immunohistochemistry (IHC) with an
antibody against COX-2. The clinical and survival data of
the patients were analyzed. Positive staining for COX-2
(defined as an immunoreactivity score of =4) was detected
in 28 patients (23%), with significantly higher percentages
of staining in tumor cells compared with peritumoral stroma
cells (P<0.001). COX-2 expression was significantly associ-
ated with lymphovascular space invasion (LVSI; P=0.017).
The association of COX-2 expression with LVSI suggests a
possible effect of COX-2 on tumor progression in cervical
cancer. Further studies including larger patient collectives are
required in order to perform analyses of clinical subgroups
and patient survival.

Introduction
Prostaglandins are active lipid compounds that are synthe-

sized in mammals from free arachidonic acid by two
isoenzymes, cyclooxygenase (COX)-1 and -2. As a result of
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their structural heterogeneity, COX-1 and -2 have diverse
biological functions. Prostaglandins, in addition to their
inflammatory activity, are involved in carcinogenesis and
tumor growth (1). In a variety of tumor entities, inflam-
mation and its underlying molecular processes have been
thoroughly investigated as a critical component of tumor
progression. Increasing evidence indicates that the tumor
microenvironment, which is characterized by inflamma-
tory cells, participates in the neoplastic process; it fosters
proliferation, survival and migration, conducted by recep-
tors for invasion, migration and metastasis (2). COX-2, a
key enzyme related to prostaglandin metabolism, is crucial
in the neoplastic process and serves as a prognostic factor
for malignancy (3). Furthermore, COX-2 has been shown to
be associated with carcinogenesis, particularly with neoan-
giogenesis and tumor progression (4-9). Increased COX-2
expression has been demonstrated in epithelial cancer cells,
including colon, gastric, esophageal, lung, hepatic, pancre-
atic, prostate, ovarian, breast and cervical cancers (4-14). In
cervical cancer, human papillomavirus (HPV) is the major
risk factor for carcinogenesis. Thus, the concept of elevated
COX-2, in a milieu of viral inflammation, as a trigger for
carcinogenesis in cervical cancer is evident. Activation of
the COX-2/prostaglandin E2 pathway by viral oncogenic
proteins (HPV subtype 16, oncoproteins E5, E6 and E7) is
associated with an increase in COX-2 expression (15).
COX-2 expression was previously demonstrated to be
increased in preinvasive lesions, and early and advanced
cervical cancer, and its upregulation is particularly present
in patients with metastases and poor prognosis. According to
clinical data, certain studies have reported that high levels of
COX-2 expression are associated with a higher incidence of
parametrial invasion and lymph node metastases in cervical
cancer (15). Furthermore, epidemiological data suggest that
COX-2 inhibitors may have an effect on carcinogenesis (16).
In the present retrospective study, the clinical data, tumor
characteristics and survival data of cervical cancer patients



2352

were evaluated and analyzed with respect to the presence and
strength of COX-2-expression.

Patients and methods

Patients. Between 2003 and 2011, cervical cancer tumor
sections were collected from 123 patients who underwent
radical hysterectomy and at least one lymph node sampling for
invasive squamous cervical cancer at the University Medical
Center Schleswig-Holstein, Campus Liibeck (Liibeck,
Germany). Patients with adenocarcinoma and patients who
underwent neoadjuvant radiation or neoadjuvant chemotherapy
were excluded from the analysis.

Forall 123 patients, the hospital records were retrospectively
reviewed, and data regarding patient characteristics, patho-
logical diagnosis and adjuvant therapy were extracted, in
addition to the date of the final follow-up examination or date
of mortality. Tumor-Node-Metastasis (TNM) and Internation
Federation of Gynecology and Obstetrics (FIGO) stages and
lymphangiosis carcinomatosa [lymphovascular space invasion
(LVSI)] status were derived from the original histopatholog-
ical reports. In 7 patients of FIGO stages I1I and IV who were
included, up-staging occurred following surgery or emergency
simple hysterectomy, performed for heavy bleeding, with
lymph node sampling.

All patients provided written informed consent in order
to allow for retrospective data analysis on the basis of an
anonymized dataset. The study protocol was approved by the
Regional Ethics Committee.

Tissue analysis. Resected cervical cancer tissue, repre-
senting tumor and corresponding peritumoral stromal
tissue were implemented into tissue microarrays (TMAs) as
described (17,18). Briefly, small biopsies were retrieved from
selected regions of paraffinized donor tissue blocks using
hollow stainless-steel needles. Cores were inserted into a stan-
dard-sized recipient array block. The TMAs were constructed
using a semi-automated arrayer (TMArrayer; Pathology
Devices, Inc., Westminster, MD, USA). Four replicate cores
were taken per sample. In order to include all samples, a total
of four TMA blocks was constructed.

Multiple 4-pm sections were cut with a Micron microtome
as described (18) and stained by specific antibodies for
immunohistochemical (IHC) analysis. A monoclonal mouse
anti-human COX-2 antibody (clone CX-294; #M3617; Dako,
Hamburg, Germany) was used at a dilution of 1:100 on TMAs,
according to the manufacturer's recommendations. Liver tissue
and peritumoral cervical stromal tissue served as controls.
Representative and viable tissue sections were reviewed. The
[HC staining of the samples was evaluated by a gynecological
histopathologist using the immunoreactivity score (IRS)
according to Remmele and Stegner (19); this evaluation system
includes staining intensity and quantitative count of positive
cells. When assessing a given core, the observer was blinded
to the scores of other variables and to outcome. Samples were
interpreted as COX-2-positive if the IRS was =4.

Statistical analysis. The statistical analysis was conducted
using SPSS software (version 22; IBM SPSS, Armonk, NY,
USA). Quantitative data are described as the means with
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Figure 1. COX-2 expression in tumor tissue and peritumoral stroma (P<0.001).
COX-2, cyclooxygenase-2; IRS, immunoreactivity score.

standard deviations (SD). In the case of age at diagnosis, age
ranges are also reported. Qualitative data are described with
absolute and relative frequencies. Student's 7-test was used to
determine differences regarding the age of patients between
groups with and without COX-2 expression. The y* and
Fisher's exact tests were used to examine differences regarding
molecular markers and clinicopathological characteristics
between patient groups with and without COX-2 expression.
Logistic regression was conducted to establish the main
factors responsible for lymph node involvement with COX-2
expression and lymphangiosis as predictors. The odds ratios
(OR) and 95% confidence intervals (95% CI) ascertained by
the logistic regression are reported.

Differences in survival between cervical cancer patients
with and without COX-2 expression were tested with the
log-rank test and Kaplan-Meier survival curves were plotted.
A Cox proportional hazards model was computed to reveal
significant determinants of mortality following cervical
cancer. The significance threshold used for survival analyses
was P<0.05.

Results

Patient characteristics. An overview of patient character-
istics is given in Table I. The majority of patients (94%)
were FIGO stage I and II, according to the inclusion criteria
(radical hysterectomy). Nearly 95% of the patients had T
stage 1 or 2 tumors, and were free of distant metastases. In
accordance with the high proportion of G3 tumors, ~50%
of all patients received adjuvant chemotherapy and 61%
received adjuvant radiotherapy. The expression of COX-2
ranged from IRS O to 9 in tumor samples from patients
with cervical cancer, with a median IRS of 2 (Fig. 1). In
the peritumoral stroma, the expression of COX-2 was nearly
undetectable (P<0.001).

COX-2 and clinicopathological parameters. Using a cut-off
score of IRS =4 to determine positive expression of COX-2,
23% of the cervical cancer patients (n=28) were classified as
COX-2-positive and 77% (n=95) were negative (Fig. 2). In a
bivariate analysis, patients with and without COX-2 expression
did not differ regarding tumor and clinicopathological charac-
teristics, adjuvant therapy or smoking status.
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Table I. Description of 123 patients with cervical cancer with respect to COX-2 expression.
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Variable Overall COX-2-negative COX-2-positive
Total patients, n (%) 123 95 (77.2) 28 (22.8)
Age (years) at surgery

Mean + SD 52.4+12.8 51.5+12.4 55.5+13.9

Range 25-79 25-75 34-79
T stage, n (%%)

ypTO 2(1.6) 2(2.1) 0(0.0)

T1 77 (63.1) 60 (63.8) 17 (60.7)

T2 38 (31.1) 29 (30.9) 9(32.1)

T3 3(2.5) 2(2.1) 1(3.6)

T4 2(1.6) 1(1.1) 1(3.6)

Tx (unknown) 1 1 0
N stage, n (%")

NO 93 (75.6) 75 (78.9) 18 (64.3)

N1 30 (24.4) 20 (21.1) 10 (35.7)
M stage, n (%")

MO 118 (95.9) 92 (96.8) 26 (92.9)

Ml 5@4.1) 332 2(7.1)
Hemangiosis, n (%°)

Negative 54 (96.4) 38 (95.0) 16 (100.0)

Positive 2(3.6) 2(50) 0(0.0)

Unknown 67 55 12
Lymphangiosis, n (%)

Negative 47 (68.1) 39 (78.0) 8 (42.1)

Positive 22 (31.9) 11 (22.2) 11 (57.9)

Unknown 54 45 9
Grade, n (%*)

Gl 2(1.7) 2(2.1) 0(0.0)

G2 56 (46.7) 43 (45,7) 13 (50.0)

G3 62 (51.7) 49 (52,1) 13 (50.0)

Gx (unknown) 3 2
FIGO stage, n (%*%)

I 77 (62.6) 60 (63.2) 17 (60.7)

I 39 (31.7) 30 (31.6) 9(32.1)

I 5@4.1) 4(4.2) 1(3.6)

v 2 (1.6) 1(1.1) 1(3.6)
History of smoking, n (%*)

Yes 51 (41.5) 41 (43.2) 10 (35.7)

No 72 (58.5) 54 (56.8) 18 (64.3)
Chemotherapy administered, n (%)

Yes 59 (49.2) 43 (46.2) 16 (59.3)

No 61 (50.8) 50 (53.8) 11 (40,7)

Unknown 3 1 2
Radiotherapy administered, n (%)

Yes 75 (61.0) 58 (61.1) 17 (60.7)

No 48 (39.0) 37 (38.9) 11 (39.3)

Samples were interpreted as negative or positive for COX-2 based on immunoreactivity scores of <3 or >4, respectively. “Indicates the per-
centage of patients with known status for each variable, with respect to COX-2 expression group. COX-2, cyclooxygenase-2; SD, standard
deviation; T, tumor; N, node; M, metastasis; FIGO, International Federation of Gynecology and Obstetrics; yp10, in histology no more tumor

cells detectable after neoadjuvant chemotherapy.
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Figure 2. Levels of COX-2 expression in tumor tissue and peritumoral stroma.
COX-2, cyclooxygenase-2; IRS, immunoreactivity score.
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Figure 3. COX-2 expression in patients with and without lymphangiosis
(P=0.017). COX-2, cyclooxygenase-2; IRS, immunoreactivity score.

COX-2 and lymphovascular invasion . COX-2-positive patients
were significantly more likely to experience lymphangiosis
(Table I). Fig. 3 shows the distribution of COX-2 expression
in all patients with and without lymphangiosis. Furthermore,
patients with lymphangiosis and COX-2 expression more often
developed lymph node metastases (6/11, 55%) compared with
patients without lymphangiosis and without COX-expression
(5/39, 13%, P=0.003). The combined data for lymphangiosis,
COX-2 expression and lymph node involvement was avail-
able for 50 patients. In the logistic regression analysis, only
lymphangiosis was found to increase the risk of lymph node
involvement significantly (OR, 8.23; 95% CI, 2.29-29.60),
while COX-2 expression showed no significant effect (OR,
0.99; 95% CI, 0.26-3.83).

Follow-up. Data were available for 115 out of 123 patients.
During a mean follow-up period of 5 years (SD, 3.2 years),
21 mortalities (18.3%) occurred among the cervical cancer
patients. During the first and the second years subsequent to
surgery, 3 patients died each year, and another 6 patients died
during the third year of follow-up. Among the 26 patients
with COX-2 expression, 6 (23.1%) mortalities occurred, while
15 (17.0%) occurred and among the patients without COX-2
expression (P=0.486) . Fig. 4 shows survival curves for patients
with and without COX-2 expression (log-rank test, P=0.717).
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Figure 4. Survival curves of patients with and without COX-2 expression
(log-rank test, P=0.717). COX-2, cyclooxygenase-2.

Discussion

Promising results regarding COX-2 as a trigger of
carcinogenesis in preinvasive cancerous lesions in various
tumor entities suggest the potential of COX-2 for targeted
therapy in cervical cancer. In a recent publication, the
authors reported a potential role for COX-2 inhibitors in drug
repositioning in cervical cancer (16). Apart from a direct
anticancer effect, COX-2 inhibitors increase the sensitivity
of cancer cells to drugs and radiotherapy. In patients with
advanced recurrent cervical cancer, a current clinical trial of
tegafur-uracil (UFT) in combination with cyclophosphamide
and the COX-2 inhibitor celecoxib is performed. In vitro
studies showed that COX-2 might play a role in acquisition
of resistance to taxanes and COX-2 inhibitors enhance the
anticancer effects of cisplatin and paclitaxel. Furthermore,
COX-2 inhibitors may increase radiosensitivity.

In the present retrospective study of 123 patients, a
significant association was identified between the expression
of COX-2 and lymphangiosis (LVSI). No associated was
detected between the expression of COX-2 and tumor stage
or grade. To date, COX-2 analysis scoring systems have been
extremely heterogeneous. In the majority of cases, quantita-
tive estimation was conducted. In order to establish a reliable
semi-quantitative scoring system, IRS according to Remmele
and Stegner (19) was used in the present study; this system
takes into account the percentage of stained cells as well as the
intensity of staining.

In the current patient collective, 43% of tumor tissues were
COX-2-negative (IRS 0), and 57% showed at least a weak
expression (IRS 1-12). Using a cut-off of IRS =4 according to
the IRS scoring system, 23% of samples were determined to
be COX-2-positive. Dursun et al (20) reported a percentage
of 55.2% COX-2-positive squamous cervical cancers using
a scoring system based on the percentage of positive cells,
with a cut-off at 50%. Manchana ef al (21) described a patient
cohort with 40.6% COX-2-positive, FIGO stage IB, squamous
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cervical cancers. In that analysis, COX-2 immunoreactivity
was estimated positive if >50% of the cells were stained. In a
bivariate analysis, the present study identified no association
of COX-2 expression with tumor grade.

Previously reported data suggest an association between
the expression of COX-2 and lymph node metastases (22-25),
FIGO stage (26), tumor size (26), and parametrial infiltra-
tion (21,27,28); however the data are inconsistent. Tumor
grade has not yet been shown to be correlated with the
expression of COX-2, based on the current literature. Certain
of these studies included adenocarcinoma or tissues that had
been subjected to neoadjuvant treatment. Therefore, the data
may be not fully reliable with regard to cervical cancers.

In our bivariate analysis, no association could be identified
between COX-2 expression and tumor grade. To the best of
our knowledge, this is in line with the current literature. For
example, Chen et al (29) reported increased expression of COX-2
in well-differentiated cervical carcinoma. However, the authors
investigated adenocarcinoma of the uterine cervix, which must
be clearly separated from squamous carcinoma.

None of tumor size, FIGO stage, distant metastases or
parametrial infiltration were associated with COX-2 expres-
sion in the current patient collective. Some studies found a
correlation of COX-2 with tumor size or tumor/stroma rela-
tion and FIGO stage (20,26), others did not (21,30,31). Three
studies reporting an association of COX-2 with parametrial
infiltration were identified (21,22,27), however various studies
did not support a correlation of COX-2 overexpression and
parametrial infiltration (21,20,29). Furthermore, when patient
characteristics were analyzed, age was not associated with
COX-2 expression. With the exception of one study (30),
this observation is in line with those reported in the relevant
literature (21,26).

Our finding of a significant association of the expression
of COX-2 with lymphangiosis (LVSI) was also reported by
previous studies from other groups. LVSI has been identified
as an independent predictor of lymph node metastases in
cervical cancer in a multivariate analysis (32), and the associa-
tion of COX-2 expression and LVSI has been demonstrated in
various studies (20,31,33,34). Although Manchana et al (21)
did not find elevated COX-2 expression in LVSI, COX-2 was
100% positive in patients with lymph node metastases in this
study. Analyses of the association between lymph node metas-
tases and COX-2 overexpression have yielded varying results.
Notably, in two studies, COX-2 expression was only associated
with lymph node metastases when LVSI occurred simultane-
ously (31,31). In one of those studies, COX-2 expression was
associated with lymph node metastasis in cases with LVSI
on multivariate analysis (not significant, P=0.068) (31). In the
present patient collective, COX-2 expression did not correlate
significantly with lymph node metastasis (P=0.112). While
certain currently available data suggest an association between
COX-2 expression and lymph node metastases (22-25), others
do not (20,26,35,36). The present study also investigated the
expression of COX-2 according to lymph node metastasis in
patients with LVSI. Patients with lymphangiosis and positive
reactivity for COX-2 more often developed lymph node metas-
tases (55%) than patients without lymphangiosis and without
COX-2 expression (13%; P=0.003). However, if the association
is further explored by means of logistic regression analysis,
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only lymphangiosis increases the risk of lymph node involve-
ment significantly, while COX-2 expression alone has no effect
on lymph node metastases.

According to the present findings and data from the
literature, COX-2 expression may be crucial in cervical
cancer tumor progression in patients with LVSI. To the best
of our knowledge, this association has not been identified in
other tumor entities so far.

Survival did not differ significantly between patients with
COX-2 expression (23.1% mortality rate) and patients without
COX-2 expression (17.0% mortality rate; P=0.486). Survival
curves for patients with and without COX-2 expression
(Fig. 4) initially revealed a tendency towards better survival
in COX-2-negative patients; however, this observation was not
significant (log-rank, P=0.717). The data of the present patient
collective must be interpreted with caution due to the small
collective and low mortality rate. Multivariate regression
analysis (Cox proportional hazards model) did not reveal any
significant factors for survival (lymphangiosis, P=0.74; COX-2,
P=0.357; FIGO, P=0.104; grade, P=0.364; age, P=0.057).
These findings are corroborated by certain authors, who
reported a decline in overall survival (OS) in COX-2-positive
cervical cancer (26,27,37) and poor response to radiotherapy
and chemotherapy (27,37,38).

The absolute 5-year OS rate for cervical cancer in Germany
for all stages is ~65%. In the present patient collective, the
5-year OS rate was 81.7%. In comparison to the tumor stage
incidence of cervical cancer in Germany at initial diagnosis
(T1, 61%; T2, 25%; T3, 8%; T4, 6%) (39), the present patient
collective showed a different distribution, with 94.2% of
patients in T1 and T2. This difference in stages at first diag-
nosis is due to the inclusion criteria employed in the present
study: The majority of T3 and T4 tumors were not included
as those patients received primary radiochemotherapy
according to advanced cancer stage, and not hysterectomy
and lymphadenectomy, which would be in line with our inclu-
sion criteria. Consequently, this collective had a better 5-year
OS rate in comparison to general German cervical cancer
patients (Cancer in Germany 2015. Available at: http:/www.
rki.de/DE/Content//Pressemitteilungen/Presse/2015/11_2015).
The mean age of our patient collective was 52.4 years (Table 1),
congruent with German epidemiological data of cervical
cancer (53 years) (39).

In summary, our results support the hypothesis of COX-2
involvement in LVSI and consequently in lymph node metas-
tases. In view of the small patient collective and the limited
evidence being available, further studies with larger patient
collectives, adequate statistical power for subgroup analyses
and long-term follow-up and survival data are required. The
potential of COX-2 inhibitors for inhibition of tumor progres-
sion in early-stage cervical cancer may be a possible target for
future targeted therapies. In terms of surgical therapies, COX-2
expression could influence the indication for the extent of lymph
node dissection. Furthermore, COX-2 as a prognostic marker
could be part of decision-making for adjuvant therapies.
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