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ABSTRACT

Background: Pancreatic ductal adenocarcinoma (PDAC) is deadly cancer with a poor prognosis. Molecular prognostic markers are
needed to predict the patient’s survival. The cyclooxygenase-2 enzyme (COX-2) and its 2 major transcription factors—nuclear factor-
kappa B (NF-xB) and specificity protein 1 (Sp1)—are activated during inflammation caused by neoplasia. Several studies have investi-
gated the association between the COX-2, NF-xB, and Sp1 tissue expressions with the patient’s overall survival. Therefore, we conducted
this systematic review and meta-analysis to evaluate those studies.

Methods: We searched for relevant articles from the MEDLINE database through June 2020. Studies were eligible if they included
dichotomized tissue protein expression status and the overall survival as the outcome. We used RevMan and ProMeta programs to per-
form the meta-analysis.

Results: We identified 11 eligible studies. The meta-analysis showed that COX-2 tissue expression was associated with decreased over-
all survival (crude HR = 1.35; 95% Cl, 1.05-1.74), although the result was not significant when controlling for other covariates. The NF-kB
tissue expression was associated with decreased overall survival (crude HR = 2.18; 95% CI, 1.49-3.18), although it was not significant
when controlling for other covariates. The Sp1 tissue expression showed significantly decreased overall survival even when adjusted with
other covariates (aHR = 3.47; 95% Cl, 1.52-7.94). The limitations included searching only for English publications and the substantial
heterogeneity among the studies.

Conclusion: COX-2, NF-kB, and Sp1 tissue expressions have the potential to be used as prognostic markers in PDAC. Further studies are

still needed to clarify the associations.

Keywords: Cyclooxygenase-2, NF-kappa B, pancreatic neoplasms, prognosis, Sp1 transcription factor

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the seventh
leading cause of cancer-related death worldwide." Only
15-20% of PDAC patients are eligible for pancreatico-
duodenectomy at diagnosis.?2 However, early recurrence
after resection has remained high, and none of the avail-
able chemotherapy regimens has resulted in satisfactory
treatment outcomes. Traditional clinicopathologic prog-
nostic markers, such as tumor grade, resection margin,
and vascular or neural invasion, are still insufficient, and
molecular prognostic markers may be needed to account
for all the observed PDAC clinical outcomes.®

Cyclooxygenase-2 (COX-2) is a rate-limiting enzyme
for the synthesis of prostaglandin, a relevant substance

in the development and progression of various can-
cers.* Notably, COX-2 is overexpressed in PDAC, and its
increased expression has been associated with angiogen-
esis and tumor invasion.>®

Specificity protein 1 (Sp1) and nuclear factor-kappa
B (NF-xB) are transcription factors with DNA-binding
protein which is sequence-specific to the proximal pro-
moter regions of some genes, including COX-2.7# Similar
to COX-2, both Sp1 and NF-kB are also highly expressed
in PDAC and are associated with poor clinical outcomes
in the patients. Notably, Sp1 expression was reported to
influence the aggressiveness of PDAC,® while NF-kB may
be responsible for the chemotherapeutic resistance in
PDAC."
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To date, there have been many studies suggesting the
valuable prognostic role of molecular biomarkers, such
as COX-2-, Sp-1-, and NF-xB immunohistochemistry
(IHC)-based expression in PDAC." The meta-analysis
by Wang et al.'? in 2014 provided empirical evidence on
the prognostic significance of COX-2 overexpression for
PDAC patients. However, several new studies with con-
flicting results have been published after this meta-analy-
sis.'>'3 Moreover, no meta-analysis on the role of Sp-1and
NF-kB in the prognosis of PDAC has been conducted.
Therefore, we performed a meta-analysis of all available
data to examine the prognostic significance of COX-2-,
Sp-1-, and NF-xB IHC-based expression in PDAC.

MATERIALS AND METHODS

An ethics committee approval statement and verbal or
written informed consent were not needed, since our
work was a systematic review and meta-analysis. We con-
ducted this systematic review and meta-analysis under
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) checklist.'

Eligibility Criteria

The review question based on the PICOTS'™ framework
was Population: patients with pancreatic ductal adeno-
carcinoma; Index prognostic factor: tissue expressions
of COX-2, NF-xB, and Sp1 based on immunohistochem-
istry; Comparator prognostic factor: include conven-
tional prognostic factor such as age, gender, and tumor
stage; Outcome: mortality; Timing: survival since resec-
tion; Setting: tertiary center to predict the course of the
disease.

Based on the PICOTS" structure, the inclusion criteria
were studies evaluating the difference in mortality based
on the tissue expressions of COX-2, NF-kB, and Sp1 from

MAIN POINTS

One of the critical indicators of pathogenesis in PDAC is
inflammation, which involves the cyclooxygenase-2 (COX-2)
enzyme and its 2 major transcription factors, nuclear fac-
tor-kappa B (NF-kB) and specificity protein 1 (Sp1).

These proteins are overexpressed in PDAC and may have
potential prognostic value.

Our meta-analysis showed that COX-2, NF-xB, and espe-
cially Sp1 tissue expression have the potential to predict
survival in PDAC patients.

Further studies with larger sample sizes and studies
investigating the prognostic value of COX-2, NF-xB, and
Sp1 coexpressions should be encouraged.

immunohistochemical analysis, studies published up to
June 2020, English language publications, studies with
dichotomized protein expression status, and studies
which included the hazard ratio and the corresponding
confidence interval as the effect measure. The exclusion
criteria were studies that only included pancreatic cell
lines and those that did not have the overall survival as
the outcome of the study, which was the main outcome
of interest in our meta-analysis.

Search Strategy

We performed a literature search from the MEDLINE data-
base using highly sensitive search terms, which included:
("pancreatic ductal adenocarcinoma” OR PDAC OR “pan-
creatic cancer”) AND (cox-2 OR “cyclooxygenase” OR
"prostaglandin G/H synthase 2" OR "PTGS-2" OR "PGHS-
2") for studies of COX-2; AND (“specificity protein” OR
Sp1) for studies of Sp1; AND (“nuclear factor kappa B” OR
"NF-kB" OR RelA OR RelB OR c-Rel OR p65 OR p50 OR
p52) for studies of NF-kB. PTGS-2 and PGHS-2 are the
abbreviations for prostaglandin G/H synthase 2, and RelA
to c-Rel, also known as p65 to p52, are REL-associated
proteins involved in the heterodimer formation and the
activation of NF-«kB."°

From the search results, we screened the title and abstract
to find potential eligible studies. Then, we read the full
article to identify studies that fulfilled the inclusion and
exclusion criteria. We also looked at the reference list of
each study to identify additional potential studies. Two
independent reviewers were involved in these processes.
If there were any discrepancies, a third reviewer would be
consulted.

Data Extraction

Two independent reviewers extracted the relevant infor-
mation from the eligible studies. The data extraction tem-
plate was based on the CHARMS-PF checklist.”® The 2
reviewers also assessed each study'’s risk of bias by using
the modified quality in prognostic studies (QUIPS)' and
the reporting recommendations for tumor marker prog-
nostic studies (REMARK) checklists.’® Table 1 shows the
risk-of-bias assessment indicators. If there were any dis-
crepancies between the 2 reviewers' assessments, a third
reviewer would be consulted.

Statistical Analysis

We used the Review Manager (RevMan) 5.3 program
(Copenhagen, The Nordic Cochrane Centre, Denmark)'”
to conduct the meta-analysis. The primary effect
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Table 1. Risk-of-Bias Indicators Based on the QUIPS Tool and REMARK Guideline'>1®

No. Domains Indicators

Risk-of-Bias Ratings

High = none present
Moderate = some present
Low = all present

High = none present
Moderate = some present
Low = all present

High = none present
Moderate = some present

Low = all present

High = no definition provided
Moderate = definition unclear

Low = clear definition

1. Study participation - Details of the study population
- Details of the period and place of study
- Inclusion and exclusion criteria were provided
2. Study attrition - Study participants with adequate response rate (>90%)
- Cause of loss to follow-up was described
3. Prognostic factor - Description of immunohistochemistry methodologies (description of
measurement primary and secondary antibodies, the positive and negative controls)
- Description of the scoring system (>1 independent scorer, blinding to
the outcome, magnification and number of fields examined, the
scoring system for staining intensity and % of stained cells,
appropriate score cut-off)
4. Outcome - Description of the overall survival measurement
measurement
5. Adjustment for other - Key covariates were included (age and some indicators related to the

prognostic factors stage of the tumor)

6. Statistical analysis
and reporting
- Exact P-value provided

- Details on the number of censored cases

- Hazard ratio and the confidence interval are provided for both the
univariable and multivariable analysis

High = no adjustment

Moderate = some key
prognostic factors
adjustment

Low = all key prognostic
factors adjustment

High = none present
Moderate = some present

Low = all present

- Provide limitations of the study, the implications for future research,

and the clinical value

measure was the hazard ratio. For studies that included
multivariate Cox regression analysis involving key covari-
ates (age and some indicators related to the stage of the
tumor), the adjusted hazard ratios were pooled. For stud-
ies without Cox regression analysis, the unadjusted HR
were pooled separately. We calculated the logHR and its
variance by imputing the HR and its confidence interval
to the RevMan program. For studies that did not specify
the hazard ratio (e.g., because of nonsignificant results),
it would be estimated from other values if possible.’”® We
assessed the heterogeneity by using the |2 statistics. If
the 12 > 50%, there was substantial heterogeneity,’ and
we used random effects analysis to calculate the pooled
ratio. We detected the presence of publication bias by
creating funnel plots through the RevMan and Egger's
test through the ProMeta 3 (Internovi, Cesena, ltaly)?®
program. Sensitivity analysis was also performed based
on the number of patients (including studies with > 50
patients only), type of pathologic specimens (whole sec-
tion vs. tissue microarray), type of primary antibodies

(monoclonal vs. polyclonal), and the detection method
(polymer-based vs. avidin-biotin vs. streptavidin—biotin),
excluding studies with estimated hazard ratio, and only
including studies with both key covariates for the multi-
variate analysis (age and relevant parameters for tumor
stage).

RESULTS

Study Selection

The initial search yielded 2275 records from the MEDLINE
database using highly sensitive keywords and exclud-
ing the duplicates. We excluded 2252 records based on
screening the title and abstracts. From the remaining
26 articles, we excluded 3 articles because they did not
include the overall survival as one of the clinicopatho-
logical outcomes; 1 article was excluded because it was
a meta-analysis, 2 articles were excluded because they
contained the same population as one other study that
had been included, and the other 9 studies only stated
that the results were not significant and we were unable

958



Renaldi et al. Prognostic Value of COX-2, NF-kB, and Sp1in PDAC

TurkJGastroenterol2021;32(11):956-970

2287 records identified through database searching and other sources

l

2275 records after duplicates
removed

2275 records
screened

2252 records
excluded

15 full-text articles excluded, 3 = no

26 full-text articles survival analysis; 2 = same population as
i for other study; 9 = HR can not be

estimated; 1 = meta-analysis

eligibility

1

11 studies
included in
quantitative
synthesis
(meta-analysis)

Figure 1. Flow diagram.

to estimate the hazard ratios using the methods pro-
posed by Tierney et al.'®* We included 11 studies for the
quantitative analysis. Figure 1 shows the flow diagram.

Study Characteristics

We extracted the data from each eligible study based on
the CHARMS-PF and REMARK"® checklists. The study
characteristics are presented in Tables 2 and 3. We also
assessed the risk of bias from each study based on the
QUIPS tool."”® Table 4 shows the risk-of-bias assessments.

META-ANALYSIS

CcOoX-2

Eight studies were eligible for the meta-analysis. Among
those, we were able to extract the crude HR in 7 stud-
ies. Only 4 studies presented the adjusted hazard ratio.
Figures 2 and 3 show the forest plots for the crude and
adjusted hazard ratios, respectively. The pooled crude
hazard ratio showed that positive COX-2 tissue expres-
sion significantly decreased the overall survival in PDAC
patients (HR = 1.35; 95% Cl, 1.05-1.74). Sensitivity anal-
ysis for the crude hazard ratio outcome showed no sig-
nificant differences, as shown in Table 5. The adjusted
hazard ratio also showed a trend toward worse overall
survival, but the result was not significant (@HR = 1.30;
95% Cl, 0.80-2.13). For the adjusted hazard ratio out-
come, including only studies that controlled for both key
covariates (age and indicators for tumor stage) resulted
in a significant pooled adjusted hazard ratio (aHR = 1.51;
95% ClI, 1.22-1.87; 1> = 18%). Figures 4 and 5 show the

funnel plots for the crude and adjusted hazard ratios,
respectively. Table 5 shows the results of the sensitivity
analysis. Egger's test for the crude hazard ratio (P = .595)
and adjusted hazard ratio (P = .933) showed no signifi-
cant publication bias.

NF-xB: Two studies were eligible for the meta-analysis.
Figures 6 and 7 show the forest plots for the crude and
adjusted hazard ratios, respectively. The pooled crude
hazard ratio showed that NF-xB tissue expression
significantly decreased the overall survival in PDAC
patients (HR = 2.18; 95% CI, 1.49-3.18). The pooled
adjusted hazard ratio also showed a trend toward worse
overall survival, but the result was not significant (aHR
= 2.38; 95% CI, 0.68-8.25). The funnel plots for the
crude hazard ratio and the adjusted hazard ratio are
shown in Figures 8 and 9, respectively. Egger's tests
could not be performed because only 2 studies were
eligible for these outcomes.

Sp1: Three studies were eligible for the meta-analysis.
Among those, we were able to extract the crude hazard
ratioin 2 studies and the adjusted hazard ratio in 2 studies.
Figures 10 and 11 show the forest plots for the crude and
adjusted hazard ratios, respectively. The pooled crude
hazard ratio showed that positive Sp1 tissue expression
significantly decreased the overall survival in PDAC
patients (HR = 2.50; 95% ClI, 1.63-3.84). The adjusted
hazard also showed that Sp1 tissue expression
significantly decreased the overall survival in PDAC
patients (aHR = 3.47; 95% ClI, 1.52-7.94). Figures 12
and 13 show the funnel plots for the crude and adjusted
hazard ratios, respectively. Egger's test for the adjusted
hazard ratio (P = .111) showed no significant publication
bias. Egger's test could not be performed for the crude
hazard ratio because only 2 studies were eligible.

DISCUSSION

COX-2 is activated during an inflammatory process,
which can be triggered by neoplasia such as PDAC.
Previous immunohistochemical studies have also shown
that there was an increased tissue expression of COX-2
in PDAC tissues compared with the normal pancreatic
tissue, as reviewed in this study.?’ COX-2 converts ara-
chidonic acid into prostaglandins. Prostaglandins, espe-
cially PGE,, have been associated with the inhibition of
apoptosis, promoting cellular growth leading to neopla-
sia. They are also associated with increased angiogenesis
and cellular migration, promoting metastasis. Thus, it was
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Table 4. Risk-of-Bias Assessment Results

Adjustment for Statistical
Study Study Prognostic Factor Outcome Other Prognostic  Analysis and
No.  Study Participation Attrition Measurement Measurement Factors Reporting
1. Juuti 2006° Moderate Low Low Moderate Low Moderate
2. Matsubayashi Low Low Moderate Low Low Low
2007¢
Schmid 20134° Moderate Low Moderate High Low High
Pomianowska Moderate Low Moderate Moderate Low Moderate
2014
5. Hang 20162° Moderate Low Moderate High Low Low
6. Hu 201642 Moderate Low Moderate Low Low Moderate
7. Jiang 2008° Moderate Low Moderate Low Low Moderate
8. Weichert 200743 Moderate Low Moderate High Low High
9. Yang 2013*4 Low Low Moderate Low Low Moderate
10. Fagman 20192 Moderate Low Moderate Moderate Low Moderate
11. Tonini 2005* Low Low Moderate Moderate Low High
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Fagman 2019 01983 03707 8.5% 1.22[0.59, 2.52] ]
Hang 2016 0.8242 0.3361 9.7% 2.281.18, 4.41] e —
Juuti 2006 0.4824 01883 18.1% 1.62[1.12,2.34] —n=
Matsubayashi 2007 0.392 01332 22.5% 1.48[1.14,1.92] -
Pomianowska 2014 -0.4463 0266 13.0% 0.64 [0.38,1.08] T
Schmid 2013 04383 0.2085 166% 1.55[1.03, 2.33] =
Tonini 2005 0131 02946 11.5% 1.14[0.64,2.03] I
Total (95% Cl) 100.0%  1.35[1.05, 1.74] <
Heterogeneity: Tau?= 0.06; Chi*= 12.40, df= 6 (P = 0.05); F= 52% boT o 5 00

Test for overall effect: Z=2.36 (P =0.02)

Favours [COX-2 Positive] Favours [COX-2 Negative]

Figure 2. Forest plot for COX-2 expression crude hazard ratio.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Juuti 2006 047 01912 30.0% 1.60[1.10,2.33] 2006 ——
Matsubayashi 2007 03436 0136 329% 1.41[1.08,1.84] 2007 -
Pomianowska 2014 -0.4959 0.2542 26.5% 0.61[0.37,1.00] 2014 —
Hang 2016 1.3455 0.6472 106% 3.84[1.08,13.65] 2016 —
Total (95% CI) 100.0% 1.30[0.80, 2.13] ?
Heterogeneity: Tau*= 017, Chi*=13.23, df=3 (P=0.004); F=77% o1 o 7 10 100

Test for overall effect: Z=1.06 (P = 0.29)

Favours [COX-2 positive] Favours [COX-2 negative]

Figure 3. Forest plot for COX-2 expression adjusted hazard ratio.

hypothesized that increased COX-2 expression could
lead to a more aggressive PDAC associated with a worse
prognosis.??

The results of our meta-analysis showed that positive
COX-2 tissue expression detected by immunohisto-
chemistry was associated with decreased overall survival.
This is in line with the previous meta-analysis, with a

similar crude hazard ratio (HR =1.48;95% Cl, 1.12-1.85in
Wang et al.'?). However, there are differences in the stud-
ies included in both analyses. We did not include 3 studies
from Wang et al."> because we were not able to retrieve
the articles in English. On the other hand, some eligible
articles in our study were not included in their study,
which might be due to differences in the inclusion criteria.
Moreover, we also pooled the adjusted HR from 4 studies.
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Table 5. Results of the Sensitivity Analysis for COX-2 Tissue Expression

Sensitivity Analysis

Pooled Crude Hazard Ratio
(95% Cl)

Pooled Adjusted Hazard Ratio
(95% Cl)

No. of patients (>50)

Pathologic Specimen: TMA

Pathologic Specimen: Whole section
Monoclonal antibody only

Polyclonal antibody only
Polymer-based method
Streptavidin—biotin—peroxidase method

Excluding estimated hazard ratio

Including all key covariates (age and some indicators related to the stage -

1.36 (1.03-1.80) 12 = 59% -

1.57 (1.23-2.00) I = 30% -
1.21(0.86-1.70) I = 57% 1.20 (0.90-1.61) I> = 84%
1.40 (1.02-1.92) 1 = 66% -

117 (0.74-1.84) 2= 0% -
0.84 (0.45-1.57) I = 50% -

1.40 (1.00-1.95) 1= 0% -

1.53 (1.22-1.93) 2= 0% -
151 (1.22-1.87) I = 18%
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Figure 4. Funnel plot for COX-2 expression crude hazard ratio.
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Figure 5. Funnel plot for COX-2 expression adjusted hazard ratio.

While the pooled adjusted HR showed a trend for worse
prognosis, it was not statistically significant. Results from
our sensitivity analysis showed that it might be caused by
the difference in the covariates.

NF-xB is a major transcription factor for COX-2. KRAS
mutation in PDAC has been linked to an increased activ-
ity of NF-kB, leading to the synthesis of various cyto-
kines and pro-inflammatory molecules such as COX-2.
Activation of NF-kB is also associated with increased
tumor growth, angiogenesis, metastasis, and chemo-
resistance in PDAC patients, which leads to reduced
survival.2* Our meta-analysis of 2 studies showed that
NF-xB tissue expression from immunohistochemistry
was associated with decreased overall survival. Similar
to COX-2, the adjusted HR was also not statistically sig-
nificant, which might be due to differences in the scoring
system, the length of follow-up, and the methodolo-
gies in the sample processing. In addition, the paucity of
studies meant that further studies were needed before
we could draw a conclusion.

Sp1 is a member of the Sp/Krupel-like family of tran-
scription factors, which are ubiquitously expressed
and play an important role in various basic cellular
functions, such as proliferation, differentiation, and
growth.2®> Overexpression of Sp1 is also found in various
cancers, including PDAC. Expression of Sp1 in PDAC has
been linked to increased risk of metastasis through epi-
thelial-to-mesenchymal transition, angiogenesis through
increased VEGF expression,?® and increased mucin
expression, leading to decreased survival.?” Our meta-
analysis of 2 studies showed that positive Sp1 tissue
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Weichert 2007 06206 0.2498 60.3% 1.86([1.14,3.03] ——
Yang 2013 1.0152 03077 397% 2.76[1.51,5.04] —a—
Total (95% Cl) 100.0% 2.18[1.49, 3.18] <
Heterogeneity: Tau?= 0.00; Chi*= 099, df=1 (P=0.32), F=0% 01 01 10 100

Test for overall effect: Z= 4.01 (P < 0.0001)

Favours [NF-kB Positive] Favours [NF-kB Negative]

Figure 6. Forest plot for NF-kB expression crude hazard ratio.

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CIl IV, Random, 95% CI
Weichert 2007 0.3853 0.2503 B3.6% 1.47[0.90, 2.40]
Yang 2013 1.7049 07317 36.4% 5.50[1.31,23.09] —
Total (95% Cl) 100.0% 2.38[0.68, 8.25]
Heterogeneity: Tau®= 0.57, Chi*=2.91,df=1 (P=0.09), F=66% '[]‘01 0:1 1- 1-0 100'

Test for overall effect: Z=1.36 (P=0.17)

Favours [NF-kB positive] Favours [NF-kB negative]

Figure 7. Forest plot for NF-kB expression adjusted hazard ratio.
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Figure 8. Funnel plot for NF-xB expression crude hazard ratio.
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Figure 9. Funnel plot for NF-xB expression adjusted hazard ratio.

expression by immunohistochemistry was associated
with decreased overall survival in PDAC patients. Unlike
COX-2 and NF-kB, this result was still significant after
adjustment to key covariates. Sp1 binding sites are also
found in the COX-2 gene,?® and 1 study showed that
coexpression of Sp1 and COX-2 was associated with the
worst prognosis in that study population.?® Despite that,
further studies are still needed, as our literature search
only identified 2 eligible articles.

Overall, the findings of this meta-analysis support the role
of inflammation in the progression of PDAC. One of the
hallmarks of cancer is the presence of tumor-promoting
inflammation.®® The increased expressions of COX-2,
NF-xB, and Sp1 are therefore not specific to PDAC and
can be noted in other types of cancers such as breast
cancer,®"32 lung cancer,*®3* and colorectal cancer.®® In
those cancers, the tumor microenvironment surrounding
the cancer plays an essential role in maintaining a pro-
inflammatory state.

The tumor microenvironment includes inflammatory
cells such as macrophages. The macrophages, alongside
other types of cells such as the fibroblasts, can secrete
pro-inflammatory cytokines, including COX-2, into the
tumor.®® In PDAC, the pancreatic stellate cells create
a dense stroma surrounding the cancer cells, promot-
ing tumor growth, metastasis, and resistance to che-
motherapy.®” A study has shown that there is also an
increase in the COX-2 expression in the pancreatic stel-
late cells.®® Thus, COX-2 and its transcription factors,
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hang 2016 0.8838 0.2978 54.2% 2.42[1.35, 4.34] ——
Hu 2016 0.9551 0.3241 458% 2.50[1.38, 4.91] —i—
Total (95% CI) 100.0% 2.50[1.63, 3.84] ’
. T - f - - L - . + '} i 1
Heterogeneity: Chi*=0.03, df=1 (P =087, F=0% T 0 ; 0 700

Testror overall emect: £= 413 (P < 0.0001)

Favours [Sp1 Positive] Favours [Sp1 Negative]

Figure 10. Forest plot for Sp1 expression crude hazard ratio.

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hang 2018 1.4996 06982 3565% 4.408[1.14,17.51] —
Jiang 2008 1.0060 052909 B35% 2.99[1.06, B.45] ——
Total (95% CI 100.0% 3.471152, 7.94] i
it Chi*= f= = R= I t t i
Heterageneity Chi= 021, cf=1 (P=0.65), F=0% 0.01 0 p 0 100

Testtoroversllemect 2= 295 (F=10.003)

Favours [Sg1 positive] Favours [Sp1 negative|

Figure 11. Forest plot for Sp1 expression adjusted hazard ratio.
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Figure 12. Funnel plot for Sp1 expression crude hazard ratio.
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Figure 13. Funnel plot for Sp1 expression adjusted hazard ratio.

including NF-kB, and Sp1, can also be found both in the
tumor cells and the cells in the tumor microenvironment.

The increased expression of COX-2 can also be found
in non-cancerous inflammatory lesions such as chronic
pancreatitis and pancreatic intraepithelial neoplasia
(PanIN), which is the precursor lesion of PDAC. However,
the expression of COX-2 is higherin PDAC compared with
chronic pancreatitis and PanIN.2'3 Therefore, although
COX-2, NF-kB, and Sp1 expressions are not specific to
cancer, the increased expressions compared to precan-
cerous lesions suggest that they can still be utilized as
prognostic markers.

There were several limitations to our study. We included
articles published in English, which might lead to publica-
tion bias. Moreover, we did not seek unpublished results,
which might lead to publication bias. The pooled adjusted
HR might also be inaccurate because studies usually did
not perform multivariate analysis if the result of the uni-
variate analysis was not significant, which might lead to
bias. There was also substantial heterogeneity between
the studies. However, the advantage of our study com-
pared to the previous meta-analysis was that we tried
to estimate the unpublished HR by using the methods
included in the Tierney et al.'® paper. This resulted in more
eligible studies in our meta-analysis, which reduced the
risk of publication bias. Besides, to our knowledge, this
was the first study to perform a meta-analysis of NF-xB
and Sp1 tissue expressions with overall survival in PDAC
patients.
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In conclusion, the results of our study have shown that
COX-2, NF-kB, and especially Sp1 tissue expressions by
immunohistochemistry have the potential to be prognos-
tic markers in PDAC patients. However, further studies
with larger sample sizes are needed because of the het-
erogeneity of the studies. Moreover, studies that inves-
tigate coexpression between the 3 protein expressions
are needed to identify whether it could lead to improved
prognostic ability.
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