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Non-Hodgkin's lymphomas (NHLs) constitute a diverse 
group of lymphoproliferative disorders. Over the past 

two decades, the incidence of newly diagnosed NHL has 
been 2.7-2.8% of all cancers. Despite stable incidence 
rates, a significant increase in newly diagnosed cases of 
NHL has been observed, which appears to parallel the 
overall escalation in malignant diagnoses.[1,2] According to 

global data, more than half a million people were diag-
nosed with NHL in 2020, making it the 13th most common 
cancer type among newly diagnosed cancers.[2] Despite 
all the clinical, morphological, and molecular parameters 
used to classify this group of lymphoproliferative disor-
ders, the prognosis can be remarkably different from pa-
tient to patient. 

Objectives: The presence and prognostic relevance of cyclooxygenase-2 (COX-2) expression have been explored in 
various neoplasms, but its role in non-Hodgkin's lymphomas (NHLs) is poorly understood. This study aims to reveal the 
clinicopathologic and prognostic importance of COX-2 expression in NHLs.
Methods: Diagnostic tissue samples from 66 NHL patients were immunohistochemically stained to assess COX-2 ex-
pression, with a final cohort of 64 patients. Clinicopathological parameters were compared between COX-2 positive 
and negative groups.
Results: From a histological perspective, the indolent group comprised 21 patients (32.8%), while the aggressive group 
included 43 patients (67.2%). The samples of 26 patients (40.6%) were COX-2 positive and 38 (59.4%) were COX-2 nega-
tive. A significant relationship was observed between IHS scores and lymphoma aggressiveness (p=0.044), indicating a 
connection between COX-2 overexpression and aggressive histology. Response to treatment rate was 89.5% in COX-2 
negative group and 73.1% in COX-2 positive group (p=0.088). The overall survival (OS) was 31.81 months for the COX-2 
positive group and 34.87 months for the COX-2 negative group, with no statistically significant difference (p=0.581).
Conclusion: COX-2 overexpression is significantly associated with aggressive histology in NHLs. However, its impact on 
OS and treatment response needs further investigation with larger sample size.
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Cyclooxygenase (COX) is responsible for converting ara-
chidonic acid into prostaglandins. This enzyme exists in 
three different isoforms: COX-1, COX-2, and COX-3, with 
COX-1 being the ubiquitous form responsible for main-
taining homeostatic functions.[3] COX-3 is a novel isoform 
produced by the COX-1 gene.[4] COX-2 is the inducible iso-
form responsible for inflammation and has an important 
role in carcinogenesis. COX-2 has binding sites for nuclear 
factor‐κβ, several cytokines including interleukin (IL)‐6, 
and numerous mediators. When released into the tumor 
microenvironment, it causes apoptosis resistance, tumor 
growth, angiogenesis, and metastasis via upregulation of 
Bcl-2, epidermal growth factor receptor, vascular endothe-
lial growth factor, and metalloproteinases, respectively.[5] 
These illustrate only a fraction of the established functions 
of COX-2 in carcinogenesis. The overexpression of COX-2 
and its relationship with cancer prognosis has therefore 
attracted the attention of researchers for decades. COX-2 
has been shown to be expressed in many different types of 
solid tumours, including gastrointestinal, breast, head and 
neck, gynaecological, lung, urinary tract and papillary thy-
roid cancers.[6-14]

The impact of COX-2 expression has been investigated 
in several haematological cancers, including multiple 
myeloma and lymphoma. Numerous reports indicate a 
correlation between COX-2 expression and unfavourable 
prognosis, as well as shorter progression-free intervals in 
multiple myeloma.[15-17] Similarly, there is evidence linking 
the absence of COX-2 with better therapeutic response 
rates, its presence with reduced overall survival, and its 
inhibition with increased apoptosis in lymphoma.[18-20] 
While a large number of studies have linked COX-2 ex-
pression to increased metastatic activity and poor prog-
nosis in several cancer types, both in the laboratory and 
in vivo, comprehensive data on its expression in NHL are 
still scarce.

This study was conducted to assess the prognostic impli-
cations of COX-2 expression in NHL patients using immu-
nohistochemical analysis. Its association with clinical and 
pathological parameters and prognostic indicators was 
also investigated.

Methods
This study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki at all stages and 
was approved by the ethics committee of the university 
where the research was carried out. Written informed con-
sent was obtained from all participants in the study.

Patients over 18 years of age who were diagnosed with 
NHL and followed up in the haematology and medical on-

cology polyclinics of Marmara University Medical Faculty 
Hospital between 2002 and 2008 were retrospectively 
screened. A total of 214 NHL patients who met the study 
criteria were included in the preliminary assessment. 
Patients diagnosed in the last six months, patients with 
chronic lymphocytic leukaemia/small lymphocytic lym-
phoma, and patients who died of another cause after be-
ing diagnosed with lymphoma were not included in the 
study.

Patient Groups
Patients were staged according to the Ann Arbor staging 
system. Histological evaluation was performed according 
to the World Health Organization classifications.[21] Biopsy 
specimens were divided into three subclasses based on the 
aggressiveness of the lymphoma subtype:

The indolent group with slow progression includes follicu-
lar lymphoma, extranodal marginal zone B-cell lymphoma, 
peripheral T-cell lymphoma and lymphoplasmacytic lym-
phoma. The aggressive group includes diffuse large B-cell 
lymphoma and mantle cell lymphoma. The highly aggres-
sive group includes Burkitt's lymphoma and precursor lym-
phoblastic lymphoma.

For statistical analysis, aggressive and very aggressive 
lymphomas were considered as a single group, the ag-
gressive group. For all study participants, International 
Prognostic Index (IPI) scores were derived using Eastern 
Cooperative Oncology Group (ECOG) performance status 
and serum lactate dehydrogenase (LDH) measurements 
obtained at the first outpatient visit. An age-adjusted IPI 
score was used for patients aged 60 years or younger. An 
IPI score of 0-1 defines low risk, 2 defines low intermedi-
ate risk, 3 defines high intermediate risk, and 4-5 defines 
high risk.[22]

Histological Examination
Immunohistochemical reactivity was quantified using the 
modified Histoscore (H-score) method, which combines 
a semiquantitative analysis that includes the intensity 
of staining scored on a scale; (İ)0 for no staining, (İİ)1 for 
weak, (İİİ)2 for moderate (using adjacent normal mucosa 
as a reference for moderate), and (İİİİİ)3 for strong staining. 
The percentage of stained cells was determined for each 
group.[23] The final H-score was calculated using the equa-
tion: 3 times the percentage of strongly stained nuclei, plus 
2 times the percentage of moderately stained nuclei, plus 
the percentage of weakly stained nuclei. The score can 
range from 0 to 300. A score of less than 50 indicates COX-
2 negative status, whereas a score of 50 or more indicates 
COX-2 positive status.
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Statistical Analysis
The relationship between COX-2 expression and patients' 
demographic, clinical, radiological, and histological data 
was evaluated, including age, gender, performance sta-
tus, IPI scores, disease stage, B symptoms, extranodal in-
volvement, organomegaly, lymphadenopathy, cytopeni-
as, and levels of lactate dehydrogenase (LDH) and beta-2 
microglobulin levels, as well as treatment response and 
recurrence.In addition, the potential correlation between 
IHS scores (H-score) and histological subtypes (indolent 
versus aggressive) was investigated. The difference in 
overall survival between the COX-2 positive and negative 
groups was also assessed. Finally, to assess the reliability 
and consistency of the study data, the statistical signifi-
cance of certain parameters known to influence overall 
survival (such as IPI, ECOG performance score, and B2M) 
was analyzed in relation to the overall survival data of the 
patients.

SPSS ver. 22.0 was used for statistical analysis (IBM Corp., 
Armonk, NY). Descriptive statistics were expressed as 
mean±standard deviation (SD), with minimum and 
maximum values given where appropriate. Categorical 
variables were expressed as frequencies (n) and percent-
ages (%). Associations between clinical factors and COX-
2 staining were assessed by chi-squared test. The effect 
of factors on survival was determined by Kaplan-Meier 
analysis using log-rank test values. Univariate analysis of 
the parameters was performed. Results are presented as 
mean±SD with 95% confidence interval and p<0.05 sig-
nificance level. 

Results
In 148 of the 214 patients, biopsy blocks could not be 
obtained or were insufficient for analysis. After these 148 
patients were excluded, the study continued with 66 pa-
tients. The median age was 55 years (21-89) and 38 patients 
(57.6%) were male. The median follow-up was 30 months. 
Histological examination revealed localised lymphoma 
involvement in the biopsy specimens of two cases, which 
could lead to a false H-score. These patients were therefore 
excluded from the study and the study continued with 64 
patients.

Histological examination revealed that 32.8% of the sub-
jects (21 individuals) were classified as having indolent 
lymphoma, while the remaining 67.2% (43 individuals) 
were classified as having aggressive lymphoma. In terms of 
disease stage, 34.4% of participants (22 individuals) were 
diagnosed with stage I or II disease, while 65.6% (42 indi-
viduals) were diagnosed with stage III or IV disease. Accord-
ing to the International Prognostic Index, 35.9% of patients 

(23 individuals) were classified as low risk, 56.3% (36 indi-
viduals) as low-to-high intermediate risk and 7.8% (5 indi-
viduals) as high risk.

COX-2 positivity was detected in the samples from 40.6% 
of patients (n=26), while it was absent in 59.4% (n=38). 
In patients with indolent lymphoma, the rate of COX-
2 expression was 38.10% (8 out of 21 patients), while in 
patients with aggressive and highly aggressive histology, 
it reached 41.86% (18 out of 43 patients). However, the 
discrepancy in COX-2 expression levels between the in-
dolent and more aggressive groups was not statistically 
significant, with a p-value of 0.986. Among the 53 patients 
who achieved remission, COX-2 was expressed in 19 cases 
(35.9%) and not expressed in 34 cases (64.1%). In con-
trast, COX-2 was positively expressed in seven of the 11 
patients (63.63%) who experienced disease progression. 
When comparing the relationship between chemothera-
py response and COX-2 expression, the stable-progressive 
disease rate was 26.9% (7/26) in COX-2 positive patients 
and 10.5% (4/38) in COX-2 negative patients (p=0.088) 
(Table 1).

No significant association was observed between COX-2 
expression and variables such as liver function tests, age, 
gender, performance status, stage of disease, extranodal 
involvement, hepatomegaly, splenomegaly, lymphade-
nopathy, presence of anaemia, leukopenia, thrombocy-
topenia, lactate dehydrogenase (LDH) levels and beta-2 
microglobulin (p>0.05). Although there was no significant 
difference in COX-2 expression rates between different 
histologies, there was a meaningful association between 
immunohistochemical staining (IHS) scores and histology 
(indolent versus aggressive and very aggressive) with a p-
value of 0.044.

Patients with COX-2 expression (n=26) had a mean over-
all survival of 31.81 months, which was slightly shorter 
than patients without COX-2 expression (n=38), who had 
a mean overall survival of 34.87 months (p=0.581) (Fig. 
1). Kaplan-Meier survival analysis and log-rank test were 
used to evaluate the impact of different prognostic fac-
tors on survival. The performance score (PS) was signifi-
cantly associated with overall survival (p=0.005), and the 
International Prognostic Index (IPI) also showed a signifi-
cant association (p=0.041). A borderline association was 
observed for beta-2 microglobulin (B2MG) with a p-value 
of 0.077.

Discussion
Current research demonstrates the influence of COX-2 in-
duction at all stages of carcinogenesis. COX-2 is associated 
with tumour progression, impaired apoptosis and metasta-
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sis through the regulation of gene expression, growth fac-
tors, cytokines, mediators and enzymes, not only through 
prostaglandins.[5]

There is evidence that COX-2 expression in solid tumors 
correlates with increased tumor invasiveness, metastatic 
activity and poor prognosis.[11,12,24] However, several reports 
contradict this and show that COX-2 expression has no sig-
nificant prognostic value or impact on overall survival.[9,25,26] 
Although the data show that COX-2 expression has a clear 
effect on cancer pathogenesis, there are conflicting results 
regarding its effect on prognosis, and similar results apply 
to haematological neoplasms. This discrepancy is not sur-
prising given the complex pathogenesis of critical carcino-
genic steps such as apoptosis resistance, cell proliferation, 
invasion and metastasis, where multiple genes, proteins, 
mediators and enzymes play a role in addition to COX-2.

Conversely, meta-analytic studies have shown that COX-2 in-
hibition by non-steroidal anti-inflammatory drugs (NSAIDs) 
is associated with a reduced incidence of breast and colon 
cancer and a reduction in the number and size of colon pol-
yps.[27,28] In addition, some studies have demonstrated the 
benefit of COX-2 inhibition in multiple myeloma through the 
induction of myeloma cell apoptosis, and COX-2 inhibitors 
have been proposed as alternative therapies.[29,30] Results 
from a multicentre phase II trial showed improved response 
rates and progression-free and overall survival in patients 
with relapsed and refractory multiple myeloma treated with 
a combination of thalidomide and celecoxib. However, the 
combination was associated with unacceptable toxicity.[31]

A review of the literature shows a lack of consensus regard-
ing the prognostic value of COX-2 in lymphoma. For exam-
ple, a study of 52 lymphoma patients found no significant 
correlation between COX-2 positivity and overall survival; 

Table 1. Evaluation of demographic, clinical, and laboratory 
parameters and comparison between the groups

Parameters COX-2 COX-2 Total p
  negative positive (n=64)
  (n=38) (n=26)

Age
 <60 22 18 40 0.358
 ≥60 16 8 24
Gender
 Male 21 16 37 0.618
 Female 17 10 27
Performance Score
 0-1 30 18 48 0.378
 2-3-4 8 8 16
Histology
 Indolent 13 8 21 0.986
 Aggressive 25 18 43
B symptoms
 Absent 17 8 25 0.261
 Present 21 18 39
Extranodal involvement
 Absent 21 16 37 0.618
 Present 17 10 27
Hepatomegaly
 Absent 33 22 55 0.801
 Present 5 4 9
Splenomegaly
 Absent 29 22 51 0.418
 Present 9 4 13
Lymphadenopathy
 Absent 11 3 14 0.098
 Present 27 23 50
Anemia*
 Absent 23 13 36 0.404
 Present 15 13 28
Lactate dehydrogenase
 Normal (<250 IU/L) 18 9 27 0.310
 High (≥250 IU/L) 20 17 37
Beta-2 Microglobulin
 Normal (<2.4 mg/L) 20 9 29 0.155
 High (≥2.4 mg/L) 18 17 35
Stage
 I-II  14 8 22 0.615
 III-IV 24 18 42
IPI Score
 0-1  13 10 23 0.560
 2-3  23 13 36
 4-5 2 3 5
Response to treatment
 Absent (SD-PD) 4 7 11 0.088
 Present (CR–PD) 34 19 53
Recurrence
 Absent 21 12 33 0.394
 Present 13 7 20
 Progressive disease 4 7 11

* Anemia is defined as hemoglobin <12 g/dL for women and <13 g/dL for 
men; IPI: International prognostic index; CR: Complete remission; PR: Partial 
remission; SD: Stable disease; PD: Progressive disease

Figure 1. Kaplan-Meier analysis of overall survival in patients with 
positive versus negative COX-2 expression (p=0.581).
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however, COX-2 positive patients with more advanced dis-
ease stages had lower treatment response rates.[18] Con-
versely, another study of 177 cases of non-Hodgkin's lym-
phoma (NHL) reported a significant association between 
COX-2 positivity and aggressive histology.[32] In addition, a 
separate study of paediatric NHL patients found no signifi-
cant association between COX-2 expression and variables 
such as histology or prognosis.[33]

Furthermore, a study of 50 patients with small lymphocytic 
lymphoma and 100 patients with diffuse large B-cell lym-
phoma showed a significant association between COX-2 
expression and advanced disease stage, high-grade lym-
phoma and disease relapse. The results of this study also 
suggested that COX-2 may act as a negative prognostic 
factor, correlating with shorter overall and progression-free 
survival.[34] The inconsistent results of these studies high-
light the need to consider the biological heterogeneity 
of lymphoma subtypes when interpreting the prognostic 
value of COX-2.

In line with this, our study showed that patients with COX-2 
expression had a shorter mean overall survival compared 
to patients without COX-2 expression. However, this differ-
ence was not statistically significant (p=0.581), indicating 
that COX-2 positivity alone does not have a significant im-
pact on overall survival in our cohort. These findings sug-
gest that COX-2 expression, despite its potential biological 
significance, may not be a reliable independent prognostic 
indicator in this patient population.

This study showed a discrepancy between the COX-2 ex-
pression rates and the p-values associated with the IHS 
scores for histological aggressiveness. While the p-value 
for the difference in COX-2 expression rates between our 
patient groups was 0.986, indicating no statistically signifi-
cant difference, the p-value for the relationship between 
IHS scores and histological aggressiveness was 0.044, in-
dicating a statistically significant association. This means 
that although the rates of COX-2 positivity did not differ 
significantly between the histological subgroups in our 
study cohort, the intensity of COX-2 expression (referred to 
as COX-2 overexpression) was significantly associated with 
histological aggressiveness. This finding warrants further 
investigation, as it suggests that the impact of COX-2 ex-
pression on the clinical course of NHL may be more com-
plex than initially thought.

One of the strengths of our study is its ability to differenti-
ate the significance of COX-2 positivity and IHS scores in 
NHL. While COX-2 expression alone did not show a sig-
nificant impact on overall survival, the association of IHS 
scores with histological aggressiveness provides a valu-
able perspective. This distinction suggests that focusing 

on IHS may provide a clearer understanding of prognosis 
in these patients. Furthermore, parameters such as PS and 
IPI, which are well-established prognostic factors, were also 
found to be significantly associated with overall survival in 
our analysis. This finding not only reinforces the reliability 
of our study data, but also demonstrates the robustness of 
our methodological approach and its consistency with pre-
vious research.

This study has several limitations. The first limitation is its 
retrospective nature. From a scientific perspective, the 
lack of data on the use of non-steroidal anti-inflammatory 
drugs (NSAIDs) and COX-2 inhibitors during patient follow-
up is a significant gap, as COX-2 inhibition could potentially 
alter the course of the disease, particularly in COX-2-posi-
tive patients. In addition, the small patient sample size may 
have contributed to the lack of statistically significant dif-
ferences in overall survival and treatment response rates 
between the COX-2 negative and positive groups. Finally, 
considering that NHLs comprise a diverse range of over 
20 different lymphoid tumours, the prognostic impact of 
COX-2 expression may differ between these specific types, 
a variable not explored in this investigation.

Conclusion
The results of this study indicate that COX-2 expression 
alone is not significantly associated with overall survival. 
However, increased COX-2 expression (overexpression) is 
associated with NHL aggressiveness through its associa-
tion with higher IHS scores. These findings highlight the 
need for further research to elucidate the prognostic role 
of COX-2 in more detail, particularly through studies that 
comprehensively investigate IHS scores and include larger 
patient cohorts with prospective designs. It would also be 
beneficial for future studies to consider the potential ef-
fects of NSAID and COX-2 inhibitor use to provide more 
reliable evidence.
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