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Introduction: We conducted an extensive, sex-oriented real-world data analysis
to explore the impact and safety of non-steroidal anti-inflammatory drugs
(NSAIDs) and selective COX-2 inhibitors (coxibs) on cancer treatment
outcomes. This is particularly relevant given the role of the COX-2/PGE2
pathway in tumor cell resistance to chemotherapy and radiotherapy.

Methods: The study applied a retrospective cohort design utilizing the TriNetX
research database consisting of patients receiving cancer treatment in 2008-
2022. The treated cohorts included patients who were prescribed with coxibs,
aspirin or ibuprofen, while individuals in the control cohort did not receive these
medicines during their cancer treatment. A 1:1 propensity score matching
technique was used to balance the baseline characteristics in the treated and
control cohorts. Then, Cox proportional hazards regression and logistic
regression were applied to assess the mortality and morbidity risks among
patient cohorts in a 5-year follow-up period.

Results: Use of coxibs (HR, 0.825; 95% CI 0.792-0.859 in females and HR, 0.884;
95% Cl 0.848-0.921 in males) and ibuprofen (HR, 0.924; 95% CI 0.903-0.945 in
females and HR, 0.940; 95% Cl 0.917-0.963 in males) were associated with
improved survival. Female cancer patients receiving aspirin presented increased
mortality (HR, 1.078; 95% CI 1.060-1.097), while male cancer patients also had
improved survival when receiving aspirin (HR, 0.966; 95% Cl 0.951-0.980).
Cancer subtype specific analysis suggests coxibs and ibuprofen correlated with
survival, though ibuprofen and aspirin increased emergency department visits’
risk. Secondary analyses, despite limited by small cohort sizes, suggest that COX
inhibition post-cancer diagnosis may benefit patients with specific
cancer subtypes.
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Discussion: Selective COX-2 inhibition significantly reduced mortality and
emergency department visit rates. Further clinical trials are needed to
determine the optimal conditions for indication of coxibs as anti-inflammatory
adjuvants in cancer treatment.

KEYWORDS

COX-inhibitors, non-steroidal anti-inflammatory drugs, cancer survival, chemotherapy,
radiotherapy, multiarm, multistage, platform
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1 Introduction

Cancer’s ability to adapt and develop treatment resistance has
long been implicated in disease progression and cancer mortality.
Different mechanisms can contribute to this phenomenon,
including quiescent stem-cell populations, epigenetic
reprogramming, sub-lethal caspase oncogenic activity, and dying
cells’ release of oncogenic molecules that remodel the
microenvironment to support tumor growth, angiogenesis, and
immune evasion (1-4).

Recent research has indicated that lipid mediators and altered
lipid metabolism play a significant role in tumor cell repopulation
and pro-oncogenic effects (5, 6). Of note, phosphatidylcholine
(PtdCHo) metabolism is increased in tumor cells (7-10),
generating lipid factors that act as signaling molecules to cell
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survival, proliferation, and immune modulation, contributing to
treatment resistance (4, 6, 11-13).

The high concentration of these mediators, notably
arachidonic acid (AA), upregulates the cyclooxygenase 2
(COX-2) pathway and its terminal product prostaglandin E2
(PGE2) (5, 6), promoting chronic inflammation, and stimulating
the growth of surviving tumor cells, epithelial-mesenchymal
transition (EMT), and the activity of immunosuppressive cells,
as well as inhibiting antitumor response (4-6). Upon
chemotherapy and radiotherapy, there is massive cell death,
generation of platelet-activation factor receptor (PAFR)
ligands, and production of reactive oxygen species (ROS) that
can induce lipid peroxidation and ferroptosis, contributing to
COX-2/PGE2 pathway activation, which results in chemo and
radioresistance (4, 5, 14-17).
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In this context, the COX-2/PGE-2 pathway is an appealing target
once its blockage can have protective effects by reducing cancer
progression and immune evasion as well as sensitizing tumor cells to
apoptogenic therapies, such as chemotherapy and radiotherapy (16,
18-21). Indeed, the use of COX-2 inhibitors combined with
conventional chemotherapy improved anti-tumor activity and
patient tolerability (22, 23) and demonstrated antiangiogenic (24)
and pro-apoptotic (25, 26) functions. Combined with radiotherapy,
this strategy increased tumor cells’ susceptibility to radiation effects,
inhibited cell proliferation, stimulated apoptosis, and decreased
radiation toxicity to healthy tissues (23, 27).

Not only can COX-2 inhibitors interfere with cancer-dependent
COX-2/PGE-2 proliferation and resistance, but they can also have
anticancer activity via COX-2-independent mechanisms. As an
example, Celecoxib, a specific COX-2 inhibitor, was found to
induce apoptosis via p53 activation (28) and mitochondrial
mechanisms (29), sensitize tumors to radiotherapy via AKT/
mTOR (30), and interfere with tumors ability to adapt to an
acidic microenvironment (31, 32). Other COX-2 inhibitors can
induce cell cycle arrest, apoptosis, necrosis and interfere with the
PIK3 pathway to reduce cell migration and proliferation (33, 34).

Recent research indicates that COX-2 inhibition can also have
synergistic effects with tyrosine kinase inhibition (35-38),
immunotherapy (39-41), and anti-angiogenic therapy (42).
Moreover, COX-2 inhibitors can potentially interfere with tumor-
suppressive and oncogenic microRNAs (miRNAs), culminating in
an anticancer response (43).

Despite the current progress on COX-2 inhibitors as anticancer
agents (23, 28) and the potential effect of these drugs and
nonsteroidal anti-inflammatory drugs (NSAIDs) in reducing the
risk of cancer incidence, progression, recurrence, and promoting
higher survival rates in different cancer types (44-53), information
on whether this strategy might be beneficial for patients in use of
apoptogenic therapies remains inconclusive (54-60).

Additionally, the lack of information on the safety profile of the
association between COX-inhibitors and current anticancer
therapies is still a major concern for implementing this approach.
Because of COX-inhibitors renal, gastrointestinal, and
cardiovascular adverse effects (61, 62), its clinical implementation
needs to be carefully evaluated. An association with a
chemotherapeutic such as doxorubicin, for example, could
potentially enhance its cardiovascular effects (23).

Therefore, to understand the real impact of COX-inhibition
when associated with apoptogenic therapies, we performed an
extensive analysis using real-world data of patients with various
cancer types to evaluate the benefits and the safety profile of this
approach. Using TriNetx Research Network, a database of
electronic health records (EHR), we assessed the association
between NSAIDS, such as aspirin and ibuprofen, and selective
COX-2 inhibitors, such as coxibs, with mortality of cancer
patients under chemotherapy and/or, radiotherapy. Our analysis
included patients with bladder, breast, colorectal, cervical, head and
neck, kidney, lymphohematopoietic, liver and biliary tract, lung,
melanoma, ovarian, pancreatic, and prostate cancers. Additionally,
we investigated the association of these medications with patient
emergency visits risk and potential toxic effects (61, 62).
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2 Methods
2.1 Study design and data source

This was a retrospective cohort study utilizing EHR of 83
healthcare organizations from the TriNetX Research Network, a
large database consisting of de-identified, aggregated EHR data
(demographics, diagnoses, procedures, medications, and laboratory
tests) of more than 115 million patients (Cambridge, MA). All the
data queries were performed in the TriNetX online portal, and the
results contained only aggregated counts and statistical summaries.
Because there was no patient-level identifiable data involved or
accessed in the analysis, this research was determined to be exempt
from the Institutional Review Board oversight.

The study population consisted of individuals on radiotherapy
and/or chemotherapy treated for various cancer conditions (e.g.,
colorectal, liver and intrahepatic bile duct carcinoma, pancreas, lung
and bronchus, melanoma, breast, cervical, ovary, prostate, kidney,
bladder, head and neck, and lymphohematopoietic cancers) between
January 1, 2008 and December 31, 2022, excluding those with the prior
history of immunotherapy procedures or hormonal treatment
(Supplementary Table SI). To account for biological sex differences
in cancer outcomes (63, 64), we queried different cohorts including
either female or male patients. Breast, cervical, and ovarian cancers
were included only in the female cohorts, while prostate cancer was
assessed only in the context of male patients. Each patient was
attributed to one of four cohorts based on the combination of
coxibs, aspirin, and ibuprofen prescriptions (1): the control cohort
(without coxibs, aspirin, and ibuprofen) (2), the coxibs cohort (only
coxibs, but without aspirin and ibuprofen) (3), the aspirin cohort (only
aspirin, but without coxibs and ibuprofen), and (4) the ibuprofen
cohort (only ibuprofen, but without coxibs and aspirin). Coxibs drugs
(Supplementary Table S2), aspirin, ibuprofen medications were
identified using normalized name and code sets for medications
based on the Prescription for Electronic Drug Information Exchange
(RxNorm) and on the Anatomical Therapeutic Chemical (ATC) based
on both generic and brand names. In addition, to increase the
specificity of our findings, we analyzed individual queries for each
cancer type included in our primary analysis, following the same
eligibility and index event criteria. To strengthen our analysis, we also
performed a secondary investigation restricted to patients who were
prescribed coxibs, aspirin, or ibuprofen only after cancer diagnosis
(Figure 1, Study Flow Diagram).

2.2 Outcome measures

The primary outcome measure was 5-year mortality after the initial
medication (chemotherapy and/or radiotherapy plus COX-inhibitors).
The secondary outcomes focused on the presence of potential side
effects associated with coxibs and NSAIDs use (61, 62, 65), including
emergency department visits, gastrointestinal ulcers, liver toxicity,
cardiovascular and cerebrovascular events, hypertensive events, and
kidney damage within 5 years after the medications were administered
(Supplementary Table S3).
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[ TriNetx Research Network - 83 Heos |

Primary analysis

Patients with cancer diagnosis* between
January, 2008 and December, 2022

« Females (F), n= 1,866,884

* Males (M), n= 1,837,941

Excluded patients who received

immunotherapy and/or hormonal
therapy and were exposed to either

Coxibs, Aspirin, or Ibuprofen
« (F),n=1,524,592

Eligible patients (control cohort) before matching:
o (F),n=342292
* (M), n=271,263

« (M),n=1,566678

Secondary analysis

Excluded patients who were not matched
at baseline (1:1 propensity score
matching) with the cohorts exposed to
Coxibs, Aspirin, and Ibuprofen

Matched patients who received chemotherapy
and/or radiotherapy and began using COX-
inhibitor drugs only after their cancer diagnosis

Matched patients that received chemotherapy
and/or radiotherapy after cancer diagnosis

Coxibs-exposed patients, n= 1,864 (F); 1,083 (M)

« Control, n= 1,864 (F) ; 1,083 (M);
Aspirin-exposed patients, n= 5,707 (F) 4,7766 (M)

« Control, n= 5,707 (F); 4,776 (M)
Ibuprofen-exposed patients, n= 4,435 (F); 2,642 (M)

« Control, n= 4,435 (F); 2,642 (M)

Coxibs-exposed patients, n= 21,524 (F); 12,859 (M)

« Control, n=21,524 (F) ; 12,859 (M);
Aspirin-exposed patients, n= 88,530 (F); 94,959 (M)

« Control, n= 88,530 (F); 94,959 (M)
Ibuprofen-exposed patients, n= 68,893 (F); 41,289 (M)

« Control, n= 68,893 (F); 41,289 (M)

Cancer-specific analyses

Cancer-specific analyses

Cancer-specific cohort analyses
according to each cancer type
investigated*, following the same
eligibility criteria and setup

Cancer-specific cohort
according
investigated*,
eligibility criteria and setup

to each cancer type

analyses

following the same

*Cancers investigated in both primary and secondary analyses included: bladder, breast (female patients only), cervix (female patients only), colorectal, head and neck, kidney, liver

and biliary tract, i lung,

FIGURE 1

pancreas, prostate (male patients only), and ovarian (female patients only)

Study flow diagram. The control cohort was formed by patients that had one of the cancers investigated and were treated with chemotherapy and/
or radiotherapy without exposure to any of the NSAIDs assed (Coxibs, Aspirin, or Ibuprofen). This control cohort was then compared to NSAIDs
exposed cohorts, which were only exposed to either Coxibs, Aspirin, or Ibuprofen during their oncologic treatment with chemotherapy and/or
radiotherapy. Cancer-specific analyses using the same eligibility criteria and setup were performed to address the impact of these drugs on specific
cancer types. The secondary analysis applied the same method to investigate the post-cancer diagnosis impact of COX-inhibitor drugs.

2.3 Statistical analyses

Baseline characteristics including patient characteristics (age,
race/ethnicity), comorbidities (diabetes, body-mass index (BMI),
arthritis, connective tissue diseases, long term use of non-steroidal
anti-inflammatories) (66-70), medications (metformin,
antihypertensive drugs) (71), and the stage of cancer were
accounted for as confounding variables. Given the use of aspirin
for secondary prevention of cardiovascular events (72), a history of
cardiovascular diseases, events, and procedures, as well as
antilipemic agents use was also included in the baseline
differences. Although frailty performance and comorbidity scales
were not available to be included as covariates in baseline TriNetX
analysis, diagnosis related to care provider dependency was
included in order to account for potential prescription and
outcome bias (see Supplementary Table S4 for the full list of
covariates). The study applied a 1:1 propensity score matching
(PSM) technique to balance the baseline characteristics by creating
matched pairs of patients with similar propensity scores between
two study cohorts. The PSM method was performed using logistic
regression and nearest neighbor algorithms with a caliper width of
0.1 pooled standard deviation (SD), assuring that matched pairs
having similar baseline characteristics. Cox proportional hazard
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models were applied to assess the risk of all-cause mortality on
cancer patients prescribed coxibs, aspirin, or ibuprofen within 5
years of the initial prescription, compared to patients in the non-
NSAIDs cohort. Hazard ratios with 95% confidence intervals (95%
CI) for the likelihood of all-cause mortality were calculated and a
two-sided p<0.05 for statistical significance. Logistic regression
model was applied to calculate Odds ratios with 95% confidence
intervals (95% CI) to measure the association between COX-
inhibitors use and possible complications and toxicity, with a
two-sided p<0.05 for statistical significance. All data queries and
statistical analyses were performed on the TriNetX portal. Detailed
diagnosis and laboratory codes for baseline characteristics and
outcome measures are available in the Supplementary Table S5.

3 Results

3.1 COX-inhibitors association with overall
survival of cancer patients under
chemotherapy or radiotherapy

Among the cancer types investigated in the female population,
we identified 21,524, 88,530 and 68,893 patients who received
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chemotherapy and/or radiotherapy treatment plus coxibs, aspirin,
or ibuprofen, with their respective matched controls. Baseline
characteristics of the study and matched control populations are
shown in Table 1. At the end of the 5-year follow-up period, the use
of coxibs (HR, 0.825; 95% CI 0.792-0.859) and ibuprofen (HR,
0.924; 95% CI 0.903-0.945) were associated with significant
protection against all-cause mortality. The use of aspirin (HR,
1.078; 95% CI 1.060-1.097), however, was associated with
increased risk of mortality (Figure 2).

Among the cancer types investigated in the male population, we
identified 12,859, 94,959 and 41,289 patients who received
chemotherapy and/or radiotherapy treatment plus coxibs, aspirin,
or ibuprofen. Baseline characteristics of the study and matched
control populations are shown in Table 2. Similar to the female
population, at the end of the 5-year follow-up period, the use of
coxibs (HR, 0.884; 95% CI 0.848-0.921) and ibuprofen (HR, 0.940;
95% CI 0.917-0.963) were associated with significant protection

10.3389/fonc.2024.1433497

against all-cause mortality. Aspirin’s use also contributed to survival
of male patients (HR, 0.966; 95% CI 0.951-0.980) (Figure 2).

Both in the male and female populations, the use of coxibs was
associated with an increased risk of gastrointestinal ulcers
(OR,1.879; 95% CI 1.696-2.081 in females and OR,1.587; 95% CI
1.430-1.761 in males), and the use of ibuprofen was associated with
an increased probability of visiting the emergency department
(OR,1.322; 95% CI 1.292-1.353 in females and OR,1.278; 95%CI
1.241-1.316 in males). Aspirin use was associated with an increased
risk of gastrointestinal ulcers, kidney damage, hypertensive events,
and cardiovascular and cerebrovascular events in both sexes, while
coxibs and ibuprofen use were protective against kidney damage,
hypertensive events, and cardiovascular and cerebrovascular events.
Moreover, coxibs reduced risk of emergency department visits
(Supplementary Table S6).

In our secondary analysis we found 1,864, 5,707, 4,435 female
patients and 1,083, 4,476, 2,642 male patients that only started

TABLE 1 Propensity score-matched baseline characteristics for female patients treated with radiotherapy and/or chemotherapy.

With Without With Without With Without
Coxibs Coxibs P- Aspirin Aspin P- Ibuprofen Ibuprofen P-
(N=21,524) (N=21,524) value (N=88,530) (N=88,530) value (N=68,893) (N=68,893)
Age at Index,
mean +/- SD 62.7+/-12.8 62.9+/-13.1 0.153 69.0 +/- 11.5 69.4+/-11.4 <0.001 56.5+/-16.6 57.1+/-16.8 <0.001
Race and ethnicity, No. (%)
White 12363 (57.44%) 12298 (57.14%) 0.527 65372 (73.84%) 65885 (74.42%) 0.005 49532 (71.9%) 50421 (73.19%) <0.001
Black or
African American 1348 (6.26%) 1376 (6.39%) 0.579 10970 (12.39%) 10856 (12.26%) 0.410 9678 (14.05%) 9694 (14.07%) 0.901
Hispanic
or Latino 616 (2.86%) 516 (2.40%) 0.003 3475 (3.93%) 3379 (3.82%) 0.237 6246 (9.07%) 6116 (8.88%) 0.220
Asian 3928 (18.25%) = 3808 (17.69%) 0.132 2637 (2.98%) 2599 (2.94%) 0.594 2901 (4.21%) 2859 (4.15%) 0.572
Diagnosis, No. (%)
Long term use
of NSAIDs 670 (3.11%) 600 (2.79%) 0.046 1292 (1.46%) 1318 (1.49%) 0.608 1959 (2.84%) 1806 (2.62%) 0.011
Family history of
arthritis and other
diseases of the
musculoskeletal
system and
connective tissue 183 (0.85%) 141 (0.66%) 0.019 435 (0.49%) 447 (0.51%) 0.685 524 (0.76%) 476 (0.69%) 0.128
Diseases of the
musculoskeletal
system and
connective tissue 13435 (62.42%) 13490 (62.67%) 0.584 60415 (68.24%) 62072 (70.11%) <0.001 43746 (63.5%) 44236 (64.21%) 0.006
BMI 20-29, adult 1437 (6.68%) 1530 (7.11%) 0.077 5562 (6.28%) 5589 (6.31%) 0.792 5457 (7.92%) 5389 (7.82%) 0.496
BMI 30-39, adult 1801 (8.37%) 1787 (8.30%) 0.807 7198 (8.13%) 7104 (8.02%) 0.412 6948 (10.09%) 7061 (10.25%) 0.314
BMI 40 or
greater, adult 812 (3.77%) 811 (3.77%) 0.980 3433 (3.88%) 3451 (3.9%) 0.825 3393 (4.93%) 3392 (4.92%) 0.990
Diabetes mellitus 3730 (17.33%) 3807 (17.69%) 0.329 23204 (26.21%) 23496 (26.54%) 0.115 10354 (15.03%) 10496 (15.24%) 0.286
Hypertensive
diseases 9163 (42.57%) 9411 (43.72%) 0.016 55481 (62.67%) 56143 (63.42%) 0.001 28540 (41.43%) 29394 (42.67%) <0.001
(Continued)
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TABLE 1 Continued

10.3389/fonc.2024.1433497

With Without With Without With Without
Coxibs Coxibs P= Aspirin Aspin P- Ibuprofen  Ibuprofen P-
(N=21,524) (N=21,524) value (N=88,530) (N=88,530) value (N=68,893) (N=68,893) value
Diagnosis, No. (%)
Diseases of
arteries, arterioles
and capillaries 2053 (9.54%) 2035 (9.46%) 0.767 15651 (17.68%) 15471 (17.48%) 0.261 6298 (9.14%) 6538 (9.49%) 0.026
Ischemic
heart diseases 1993 (9.26%) 1856 (8.62%) 0021 | 19946 (22.53%) | 18808 (21.25%) = <0.001 4881 (7.09%) 5002 (7.26%) 0.206
Cerebrovascular
diseases 1373 (6.38%) 1365 (6.34%) 0.874 13175 (14.88%) 12828 (14.49%) 0.020 3606 (5.23%) 3565 (5.18%) 0.619
Problems related
to care
provider
dependency 1339 (6.22%) 1276 (5.93%) 0.204 2316 (2.62%) 2324 (2.63%) 0.905 1218 (1.77%) 1058 (1.54%) 0.001
Medications, No. (%)
Metformin use 2108 (9.79%) 2109 (9.80%) 0.987 11303 (12.77%) 11506 (13%) 0.150 5746 (8.34%) 5599 (8.13%) 0.150
Antihypertensives
use 2869 (13.33%) | 3022 (14.04%) 0.032 15230 (17.2%) | 14649 (16.55%) = <0.001 8367 (12.15%) 8296 (12.04%) 0.557
Antilipemic
agents 5658 (26.29%) 5821 (27.04%) 0.076 42302 (47.78%) 41302 (46.65%) <0.001 16333 (23.71%) 16807 (24.4%) 0.003
Oncology, No. (%)
Stage 0 161 (0.75%) 121 (0.56%) 0.017 681 (0.77%) 638 (0.72%) 0.235 527 (0.77%) 466 (0.68%) 0.052
Stage 1 726 (3.37%) 599 (2.78%) 0.000 3321 (3.75%) 3111 (3.51%) 0.008 2931 (4.25%) 2694 (3.91%) 0.001
Stage 2 457 (2.12%) 338 (1.57%) 0.000 2139 (2.42%) 1930 (2.18%) 0.001 2153 (3.13%) 1917 (2.78%) <0.001
Stage 3 451 (2.10%) 359 (1.67%) 0.001 2019 (2.28%) 1857 (2.1%) 0.009 2356 (3.42%) 2158 (3.13%) 0.003
Stage 4 301 (1.40%) 258 (1.20%) 0.067 2311 (2.61%) 2119 (2.39%) 0.003 2139 (3.11%) 2037 (2.96%) 0.109
Procedures, No. (%)
Endovascular
Revascularization
(Open or
Percutaneous,
Transcatheter) 21 (0.10%) 33 (0.15%) 0.102 447 (0.51%) 342 (0.39%) <0.001 99 (0.14%) 98 (0.14%) 0.943

SD, standard deviation; NSAIDs, non-steroidal anti-inflammatory drugs; BMI, body-mass index.

coxibs, aspirin, or ibuprofen, respectively, after cancer diagnosis
(Supplementary Tables S7, S8). In combination with chemotherapy
and/or radiotherapy, COX-inhibitors use was significantly
associated with survival in both genders, with coxibs having a
greater impact on reducing death risk rates (HR, 0.303; 95% CI
0.231-0.398 in females and HR, 0.378; 95% CI 0.288-0.496 in
males), than aspirin (HR, 0.731; 95% CI 0.659-0.810 in females
and HR, 0.680; 95% CI 0.617-0.748 in males) and ibuprofen (HR,
0.558; 95% CI 0.482-0.645 in females and HR, 0.685; 95% CI
0.592,0.793 in males). All drugs investigated showed a similar
safety profile, though patients receiving aspirin were at increased
risk of cardiovascular and cerebrovascular events (OR,1.21; 95% CI
1.118-1.309 in females and OR, 1.362; 95% CI 1.246-1.488 in males)
(Supplementary Table S9).
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3.2 COX-inhibitors are associated specific
cancer types overall survival during
chemotherapy or radiotherapy

The use of coxibs correlated significantly with survival in female
patients with head and neck (HR,0.786; 95% CI 0.639-0.966), colorectal
(HR, 0.800; 95% CI 0.722-0.887), liver and biliary tract (HR, 0.687; 95%
CI0.596-0.793)), lymphohematopoietic (HR, 0.820; 95% CI 0.739-0.909),
kidney (HR, 0.727; 95% CI 0.576-0.917), and breast (HR, 0.834; 95% CI
0.777-0.895) cancer. In male patients, coxibs use was significantly
associated with protection against mortality in the case of colorectal
(HR, 0.778; 95% CI 0.658-0.921), melanoma (HR, 0.82; 95% CI 0.721-
0.933), pancreatic (HR, 0.725; 0.628-0.838), and lymphohematopoietic
(HR, 0.807; 95% CI 0.732-0.890) cancer (Figure 3).

frontiersin.org


https://doi.org/10.3389/fonc.2024.1433497
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Flausino et al.

Female

Coxibs

4
@
1

Control

Survival Probability
e o
£ 2

0.24
HR (95% CI): 0.825 (0.792,0.859)

4
°

300 600 900 1200 1500 1800
Days after index event

(@)

1.01
£ 0.
B Control
8 064 —
E- Aspirin
g 0.44
€ 0.2+
- HR (95% CI): 1.078 (1.060,1.097)

o-: Ll v Ll A \J L

0 300 600 900 1200 1500 1800

m

Days after index event

1.0.\
£ 084 Ibuprofen
‘g 0.64 Control
a
§ 0.4+
e
3 0.24
HR (95% CI): 0.924 (0.903,0.945)
o-: Ll Al L) \J \J A
0 300 600 900 1200 1500 1800

Days after index event

FIGURE 2

10.3389/fonc.2024.1433497

. Male
£ 05
-1 Coxibs
0.6+
a
® 0.44 Control
2
g 0.2-
*® HR (95% CI): 0.884 (0.848,0.921)
0.0 T T T T T u
D 0 300 600 900 1200 1500 1800
Days after index event
1.0+
§' 0.84
-}
% 0.64 Aspirin
a
§ 041 Control
€ 0z
HR (95% CI): 0.966 (0.951,0.980)
o-: v v L L v L
0 300 600 900 1200 1500 1800
F Days after index event
1.0+
§' 0.84
¥ Ibuprofen
% 0.6
;‘ 0.4+ Control
s 0.24
7]

HR (95% CI): 0.940 (0.917,0.963)

300 600 900 1200 1500 1800
Days after index event

Overall survival of cancer patients that receive COX-inhibitors under chemotherapy and/or radiotherapy. (A) Kaplan-Meier curves of female patients
and (B) male patients that used Coxibs under chemotherapy and/or radiotherapy. The 5-year overall survival rate was, respectively for females and
males, 71.53% and 53.93% in the Coxibs group and 67.60% and 50.50% in the control group. (C) Kaplan-Meier curves of female patients and (D) male
patients that used Aspirin under chemotherapy and/or radiotherapy. The 5-year overall survival rate was, respectively for females and males, 59.17%
and 50.16% in the Aspirin group and 61.25% and 49.06% in the control group. (E) Kaplan-Meier curves of female patients and (F) male patients that
used Ibuprofen under chemotherapy and/or radiotherapy. The 5-year overall survival rate was, respectively for females and males, 71.05% and
60.35% in the Ibuprofen group and 69.69% and 58.02% in the control group.

Aspirin use was associated with increased risk of death in patients
with cervical (HR,1.166; 95% CI 1.053-1.291), bladder (HR, 1.106;
95% CI 1.015-1.205 in females and HR, 1.078; 95% CI 1.025-1.133 in
males), lung (HR, 1.134; 95% CI 1.100-1.169 in females and HR,
1.077;95% CI 1.048-1.107 in males), breast (HR, 1.135; 95% CI 1.098-
1.173), and prostate (HR, 1.075; 95% CI 1.030-1.122) cancers, as well
as melanoma male patients (HR, 1.165; 95% CI 1.126-1.206). On the
other hand, its use improve survival of patients with
lymphohematopoietic cancers (HR,0.924 95% CI 0.894-0.956 in
females and HR, 0.856; 95% CI 0.833-0.880 in males), and liver
and biliary tract cancers (HR, 0.797; 95% CI 0.737-0.861 in females
and HR, 0.894; 95% CI 0.853-0.936 in males) (Figure 3).
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Ibuprofen use demonstrated an increased association with
survival of head and neck (HR,0.821; 95% CI 0.735-0.917 in
females and HR, 0.896; 95% CI 0.833-0.963 in males), ovarian
(HR, 0.857; 95% CI 0.817-0.899), cervical (HR, 0.914; 95% CI 0.854-
0.979), colorectal (HR, 0.882; 95% CI 0.830-0.937 in females and
HR 0.850; 95% CI 0.77,0.938 in males), pancreatic (HR, 0.889; 95%
CI 0.826-0.957 in females), lymphohematopoietic (HR, 0.819; 95%
CI0.776-0.864 in females and 0.819; HR 0.777-0.863 in males), liver
and biliary tract (HR, 0.876; 95% CI 0.798-0.961 in females), and
kidney (HR, 0.761; 95% CI 0.668-0.867 in males) cancer patients
(Figure 3). Patients baseline characteristics are available in
the supplement.
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TABLE 2 Propensity score-matched baseline characteristics for male patients treated with radiotherapy and/or chemotherapy.

Age at Index,
mean +/- SD

With

Coxibs
(N=12,859)

63.7+/-13.2

Without
Coxibs

(N=12,859)

63.9+/-13.4

P-

value

0.162

With
Aspirin

(N=94,959)

68.3+/-11.2

Without
Aspin

(N=94,959)

68.9+/-11.15

P-

value

<0.001

With
Ibuprofen
(N=41,289)

55.13+/-19.5

Without
Ibuprofen
(N=41,289)

55.9+/-19.3

10.3389/fonc.2024.1433497

<0.001

Race and ethnicity, No. (%)

White

Black or
African American

Hispanic or Latino

Asian

6338 (49.29%)

584 (4.54%)
381 (2.96%)

3654 (28.42%)

6195 (48.18%)

604 (4.7%)
345 (2.68%)

3658 (28.45%)

0.074

0.552

0.175

0.956

72979 (76.85%)

8435 (8.88%)
3399 (3.58%)

3307 (3.48%)

73555 (77.46%)

8434 (8.88%)
3242 (3.41%)

3159 (3.33%)

0.002

0.994

0.050

0.061

30372 (73.56%)

4693 (11.37%)
3461 (8.38%)

1451 (3.51%)

31054 (75.21%)

4637 (11.23%)
3329 (8.06%)

1346 (3.26%)

<0.001

0.538

0.094

0.043

Diagnosis, No. (%)

Long term use
of NSAIDs

Family history of
arthritis and other
diseases of the
musculoskeletal
system and
connective tissue

Diseases of the
musculoskeletal
system and
connective tissue

BMI 20-29, adult

310 (2.41%)

38 (0.3%)

7725 (60.08%)

980 (7.62%)

224 (1.74%)

34 (0.26%)

7778 (60.49%)

966 (7.51%)

0.000

0.637

0.499

0.741

1409 (1.48%)

224 (0.24%)

54614 (57.51%)

7555 (7.96%)

1377 (1.45%)

228 (0.24%)

56285 (59.27%)

7547 (7.95%)

0.541

0.851

<0.001

0.946

967 (2.34%)

115 (0.28%)

24608 (59.6%)

3671 (8.89%)

896 (2.17%)

89 (0.22%)

25025 (60.61%)

3720 (9.01%)

0.096

0.068

0.003

0.550

BMI 30-39, adult

850 (6.61%)

813 (6.32%)

0.348

7227 (7.61%)

7272 (7.66%)

0.697

2950 (7.15%)

2922 (7.08%)

0.705

BMI 40 or
greater, adult

Diabetes mellitus

229 (1.78%)

3146 (24.47%)

217 (1.69%)

3178 (24.71%)

0.567

0.643

1930 (2.03%)

26748 (28.17%)

1925 (2.03%)

27029 (28.46%)

0.935

0.152

868 (2.1%)

6692 (16.21%)

816 (1.98%)

6808 (16.49%)

0.200

0.275

Hypertensive
diseases

Diseases of
arteries, arterioles
and capillaries

6418 (49.91%)

1603 (12.47%)

6580 (51.17%)

1650 (12.83%)

0.043

0.378

60297 (63.5%)

20033 (21.1%)

61290 (64.54%)

19668 (20.71%)

<0.001

0.039

18186 (44.05%)

4832 (11.7%)

18718 (45.33%)

4863 (11.78%)

0.000

0.738

Ischemic
heart diseases

2001 (15.56%)

1916 (14.9%)

0.140

31515 (33.19%)

30151 (31.75%)

<0.001

4899 (11.87%)

5009 (12.13%)

0.239

Cerebrovascular
diseases

Problems related
to care
provider
dependency

Metformin use

1126 (8.76%)

1702 (13.24%)

1810 (14.08%)

1096 (8.52%)

1636 (12.72%)

1783 (13.87%)

0.506

0.221

0.627

13781 (14.51%)

2310 (2.43%)

13313 (14.02%)

2278 (2.4%)

Medications, No. (%)

12568 (13.24%)

12659 (13.33%)

0.002

0.632

0.538

2823 (6.84%)

936 (2.27%)

3604 (8.73%)

2816 (6.82%)

765 (1.85%)

3604 (8.73%)

0.923

<0.001

1.000

Antihypertensives
use

Antilipemic agents

2679 (20.83%)

3898 (30.31%)

2691 (20.93%)

3999 (31.1%)

0.854

0.172

22967 (24.19%)

48469 (51.04%)

22700 (23.91%)

47534 (50.06%)

0.152

<0.001

9731 (23.57%)

11050 (26.76%)

9811 (23.76%)

11402 (27.62%)

0.512

0.006

Oncology, No. (%)

Stage 0

75 (0.58%)

50 (0.39%)

0.025

557 (0.59%)

560 (0.59%)

0.928

171 (0.41%)

178 (0.43%)

0.707
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TABLE 2 Continued

With Without With Without With Without

Coxibs Coxibs P= Aspirin Aspin P= Ibuprofen  lbuprofen P-
(N=12,859) (N=12,859) value (N=94,959) (N=94,959) value (N=41,289) (N=41,289) value

Oncology, No. (%)

Stage 1 311 (2.42%) 263 2.05%() 0.043 2709 (2.85%) 2440 (2.57%) <0.001 992 (2.4%) 878 (2.13%) 0.008
Stage 2 355 (2.76%) 263 (2.05%) 0.000 2848 (3%) 2501 (2.63%) <0.001 1209 (2.93%) 1033 (2.5%) 0.000
Stage 3 374 (2.91%) 286 (2.22%) 0.001 2580 (2.72%) 2327 (2.45%) <0.001 1241 (3.01%) 1134 (2.75%) 0.026
Stage 4 312 (2.43%) 277 (2.15%) 0.145 3821 (4.02%) 3394 (3.57%) <0.001 1925 (4.66%) 1836 (4.45%) 0.137

Procedures, No. (%)

Endovascular
Revascularization
(Open or
Percutaneous,
Transcatheter) 16 (0.12%) 11 (0.09%) 0.336 631 (0.66%) 500 (0.53%) <0.001 81 (0.2%) 104 (0.25%) 0.090

SD, standard deviation; NSAIDs, non-steroidal anti-inflammatory drugs; BMI, body-mass index.

Our secondary analysis to assess the benefit of starting  death risk of prostate, colorectal, and bladder cancer in male
COX-inhibitors after cancer diagnosis, though limited by the patients. Patients with liver and biliary tract, and
small number of patients in each cancer subtype cohort, was  lymphohematopoietic cancers generally experienced positive
also able to demonstrate that these drugs, specially coxibs and  outcomes from generic COX inhibition, with only minor
ibuprofen, are associated with better cancer outcomes. Female  variations observed based on the specific COX inhibitor
patients with colorectal, lung and breast cancer, as well as, male ~ employed. Data (Supplementary Tables S10, S11) and
patients with head and neck and lung cancers were benefited by ~ baselines patients characteristics are available in
either use of coxibs or ibuprofen. In addition, coxibs reduced  the supplement.
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FIGURE 3
Association of COX-inhibitors with mortality in patients with specific types of cancer. Forest plots demonstrate the hazard ratios (HRs) and 95%
confidence intervals (Cl) associated with the use of Coxibs, Aspirin and Ibuprofen on mortality of different cancer types in female and male patients.
Number of patients included in each cancer type cohort are indicated in the plots.
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3.3 Coxibs use is associated with a safe
profile in the majority of the cancer
types investigated

Regarding the risk of possible side effects associated with the use
of these medications, coxibs use was associated with reduced rates
of emergency department visits, and cardiovascular and
cerebrovascular events, as well as, was not associated with
increased liver toxicity, kidney damage or hypertensive events in
the majority of the cancer types investigates.

Coxibs was protective against emergency department visits in
several cancer types, including head and neck (OR, 0.383; 95% CI
0.275-0.533 in females and OR, 0.532; 95% CI 0.430-0.659 in males,
pancreas (OR, 0.422; 95% CI 0.324-0.549 in males), ovary (OR,
0.650, 95% CI 0.542-0.779), cervical (OR, 0.522; 95% CI 0.413-
0.659), colorectal (OR, 0.754; 95% CI 0.655;0.869 in females), liver
and biliary tract (OR, 0.398; 95% CI 0.293-0.539 in females and OR,
0.393; 95% CI 0.307-0.501 in males), lymphohematopoietic (OR,
0.749; 95% CI 0.658-0.853 in females and OR, 0.860; 0.749-0.987 in
males), bladder (OR, 0.499; 95% CI 0.375-0.662 in females and OR,
0.731; 95% CI 0.598-0.892 in males), kidney (OR, 0.621; 95% CI
0.460;0.839), lung (OR, 0.514; 95% CI 0.453-0.584 in females and
OR, 0.561; 95% CI 0.486-0.647 in males) and breast (OR, 0.719; 95%
CI 0.671-0.771) cancers. Its use, however, correlated with increased
risk of gastrointestinal ulcers in diverse cancer subtypes, both in
males and females (Figure 4).

On the other hand, use of aspirin and ibuprofen increased risk
of emergency department visits in both male and female cancer
patients. Moreover, aspirin’s use was associated with cardio and
cerebrovascular events as well as kidney damage (Supplementary
Figures S1, S2).

When only started after cancer diagnosis, these drugs had a
similar safety profile between them, protecting cancer patients
against emergency department visits, cardio and cerebrovascular
events and hypertensive events. Aspirin, however, increased rates of
cardiac and cerebrovascular events in ovarian, cervical, liver and
biliary tract, and breast cancer in female patients, while increasing
risk of the same events in colorectal, bladder, and lung cancers in
male patients.

4 Discussion

Our findings suggest that selective COX-2 inhibition,
represented here by the use of coxibs, is significantly associated
with improved cancer outcomes. This includes a reduction in
emergency visits and an enhancement in survival, possibly
through increased responsiveness to chemotherapy and/
or radiotherapy.

During the oncologic treatment, patients commonly present
cancer-associated pain demanding the use of pain relief
medications. Even though opioids are the primary choice for
chronic cancer pain, NSAIDs are often used due to their high
efficiency in cancer pain control (73) and, especially, in cases of mild
pain (74). Our findings indicate a pattern between the use of
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NSAIDs, such as aspirin, and an increased risk of emergency
department visits and other toxic events. This association may be
attributed to the use of aspirin for secondary cardiovascular
prevention, which often involves patients with existing
cardiovascular comorbidities that could lead to complications and
emergencies. Despite controlling for these variables through
propensity-score matching and balancing baseline characteristics,
a significant difference in cardiovascular comorbidities remained
between the aspirin group and the control group (Tables 1, 2).
However, restricting the analysis to patients who have only started
these drugs after cancer diagnosis did not have the same bias
(Supplementary Tables S7, S8), but showed similar associations
with aspirin and adverse events.

Our data indicate that the COX-inhibitors evaluated here affect
patient outcomes differently depending on tumor type and sex. This
observation suggests that various tumor sites and types may have
differing expression levels and dependencies on the COX pathway
(75, 76) and that sex hormones might significantly influence tumor
biology and drug response (63, 64). Given the role of precision
oncology (77), it is essential to tailor medical decisions to patients’
individualities and tumor profiles. These findings emphasize that
even medications used for symptom relief and pain control should
be selected with care, as they can directly impact oncological
treatment and patient outcomes.

In this context, selective COX-2 inhibitors, such as coxibs, may
represent a better choice to control cancer-related pain, as they have
been significantly associated with reduced mortality and fewer
emergency department visits across various cancer types,
including breast, colorectal, melanoma, pancreatic, liver, biliary
tract, lymphohematopoietic, lung, and prostate cancers. Based on
our secondary analysis, ibuprofen appears to be a reasonable
alternative, demonstrating a comparable oncological effect and
safety profile to that of COX-2 inhibitors, depending on the type
of cancer.

Selective COX-2 inhibitors were developed under the concept of
being safer than NSAIDs by not inhibiting COX-1, which spares the
gastric mucosa and prevents gastrointestinal ulcer formation. Most
COX-2 inhibitors, however, were withdrawn from the market due
to their high association with cardiovascular and mortality risks,
with only one drug, celecoxib, currently approved for use in the
United States (78). Interestingly, our results go in a different
direction, suggesting that coxibs use could be associated with an
increased risk of gastrointestinal ulcers, without a clear association
with higher risks of cardiovascular and hypertensive events, which
were increased in the aspirin users cohort. As cancer represents a
physiological stress and changes the patient’s homeostatic balance
(79), different drug responses between cancer and not-oncologic
patients could be a possible explanation for the differences between
our results and the classical coxibs-associated side effects, though
the limitations and bias inherent to our analysis could also be a
reason for that.

Our study had several limitations. Since we used retrospective
EHR data, we did not have control over treatment allocation and
the results are a consequence of treatment decisions made in the
clinic. In addition, HCOs reporting errors can happen, and some
patients might have missing information, such as tumor stages. We
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also did not have information on the duration, dose prescription of

the radiotherapy, chemotherapy, coxibs,

aspirin, and ibuprofen uses

as well as patients’ adherence to those treatments. Aspirin and

ibuprofen are medications available over-the-counter and it is

possible that patients had taken them without being prescribed,

which could influence our results. Furthermore, this study only

examined data in a 5-year follow-up and was therefore limited by

time period as well as its retrospective
On the other hand, a major strength of

nature and inherent biases.
our study was the relatively

large sample of cancer patients that received chemotherapy and/or

radiotherapy as well as were prescribed any of the COX-inhibitors

Frontiers in Oncology

analyzed. Moreover, we performed separated analysis based on sex,

accounting for the impact that this difference can have on

cancer outcomes.

Clinical trials investigating the use of celecoxib, a selective COX-2

inhibitor, as an adjuvant therapy to sensitize chemotherapy effects on

patients with breast, lung, colon cancer, and radiotherapy on non-

metastatic prostate cancers have demonstrated no evidence of

treatment benefit on cancer outcomes as well as no increase in

toxic events related to the medication use in breast, lung and

prostate cancer patients, while increased hypertension and

creatinine elevation risks in colon cancer patients (54, 55, 80, 81).
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Additionally, a meta-analysis including these and other 9 clinical
trials on breast, lung, bladder, colon, gastric, prostate, and ovarian
cancer patients found no benefit of celecoxib plus standard
chemotherapy on cancer prognosis and identified no associated
cardiovascular and gastrointestinal risks, but increased hematologic
toxicity associated with this intervention (59). In contrast, there is
large evidence from observational and clinical studies supporting the
use of coxibs and NSAIDs, such as aspirin, as chemoprevention to
reduce risk of cancer, especially colorectal cancer (44, 45, 47-51, 82).

When limiting our analysis to patients who began using COX-
inhibitor drugs only after cancer diagnosis, we observed a
significant reduction in our sample size, which potentially
compromised the power of our analysis. Despite this limitation, a
trend favoring the use of these drugs remains apparent, particularly
for selective COX-2 inhibition with coxibs in patients with
colorectal, liver and biliary tract, lymphohematopoietic and lung
cancers, as well as male patients with prostate, and head and neck
cancer, and female patients with breast cancer. To validate these
findings and confirm their clinical significance, a prospective
randomized clinical trial would be necessary.

In the light of that, our results should be carefully interpreted
and therefore reinforce the relevance of the COX-2/PGE2 pathway
for tumor thriving and cancer therapy resistance, suggesting it as an
interesting target for drug repurposing and new cancer drug
development. Moreover, this study only examined the benefit of
single COX-inhibitors on cancer outcomes, and possible
interactions between different NSAIDs and coxibs might reveal
different outcomes. In this context, new clinical trials that explore
different COX-2 inhibitor drugs, as well as different dosages,
treatment durations and combinations, and follow-up periods, are
needed to further elucidate the potential benefits of these

medications on cancer patients outcomes.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: Data are provided by TriNETX. Requests to
access these datasets should be directed to trinetX.com.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements.

Frontiers in Oncology

12

10.3389/fonc.2024.1433497

Author contributions

LF: Data curation, Investigation, Methodology, Writing -
original draft. IF: Investigation, Methodology, Writing — original
draft. W-JT: Data curation, Investigation, Methodology, Resources,
Software, Supervision, Writing - review & editing. ME-D: Data
curation, Investigation, Supervision, Validation, Writing — review &
editing. RC: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Supervision,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. LF work was
supported by Fundac¢do de Amparo a Pesquisa do Estado de Sao
Paulo (FAPESP, 2020/15317-3). RC work was supported by
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico
(CNPq, 305239/2022-8; 422913/2021-9).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1433497/
full#supplementary-material

frontiersin.org


https://www.trinetX.com
https://www.frontiersin.org/articles/10.3389/fonc.2024.1433497/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1433497/full#supplementary-material
https://doi.org/10.3389/fonc.2024.1433497
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Flausino et al.

References

1. Shibue T, Weinberg RA. EMT, CSCs, and drug resistance: the mechanistic link
and clinical implications. Nat Rev Clin Oncol. (2017) 14:611-29. doi: 10.1038/
nrclinonc.2017.44

2. Schepers AG, Snippert HJ, Stange DE, van den Born M, van Es JH, van de
Wetering M, et al. Lineage tracing reveals Lgr5+ stem cell activity in mouse intestinal
adenomas. Science. (2012) 337:730-5. doi: 10.1126/science.1224676

3. Ichim G, Tait SWG. A fate worse than death: apoptosis as an oncogenic process.
Nat Rev Cancer. (2016) 16:539-48. doi: 10.1038/nrc.2016.58

4. Huang Q, Li F, Liu X, Li W, Shi W, Liu F-F, et al. Caspase 3-mediated stimulation
of tumor cell repopulation during cancer radiotherapy. Nat Med. (2011) 17:860-6.
doi: 10.1038/nm.2385

5. Chammas R, de Sousa Andrade LN, Jancar S. Oncogenic effects of PAFR ligands
produced in tumours upon chemotherapy and radiotherapy. Nat Rev Cancer. (2017)
17:253. doi: 10.1038/nrc.2017.15

6. Saito R de F, Andrade LN de S, Bustos SO, Chammas R. Phosphatidylcholine-
derived lipid mediators: the crosstalk between cancer cells and immune cells. Front
Immunol. (2022) 13:768606. doi: 10.3389/fimmu.2022.768606

7. Glunde K, Bhujwalla ZM, Ronen SM. Choline metabolism in Malignant
transformation. Nat Rev Cancer. (2011) 11:835-48. doi: 10.1038/nrc3162

8. Iorio E, Ricci A, Bagnoli M, Pisanu ME, Castellano G, Di Vito M, et al. Activation
of phosphatidylcholine cycle enzymes in human epithelial ovarian cancer cells. Cancer
Res. (2010) 70:2126-35. doi: 10.1158/0008-5472.CAN-09-3833

9. Ramirez de Molina A, Penalva V, Lucas L, Lacal JC. Regulation of choline kinase
activity by Ras proteins involves Ral-GDS and PI3K. Oncogene. (2002) 21:937-46.
doi: 10.1038/sj.0nc.1205556

10. Glunde K, Shah T, Winnard PT]Jr, Raman V, Takagi T, Vesuna F, et al. Hypoxia
regulates choline kinase expression through hypoxia-inducible factor-1 alpha signaling
in a human prostate cancer model. Cancer Res. (2008) 68:172-80. doi: 10.1158/0008-
5472.CAN-07-2678

11. Jain M, Nilsson R, Sharma S, Madhusudhan N, Kitami T, Souza AL, et al.
Metabolite profiling identifies a key role for glycine in rapid cancer cell proliferation.
Science. (2012) 336:1040-4. doi: 10.1126/science.1218595

12. Zelenay S, van der Veen AG, Béttcher JP, Snelgrove KJ, Rogers N, Acton SE, et al.
Cyclooxygenase-dependent tumor growth through evasion of immunity. Cell. (2015)
162:1257-70. doi: 10.1016/j.cell.2015.08.015

13. Cotte AK, Aires V, Fredon M, Limagne E, Derangére V, Thibaudin M, et al.
Lysophosphatidylcholine acyltransferase 2-mediated lipid droplet production supports
colorectal cancer chemoresistance. Nat Commun. (2018) 9:322. doi: 10.1038/s41467-
017-02732-5

14. Bachi ALL, Dos Santos LC, Nonogaki S, Jancar S, Jasiulionis MG. Apoptotic cells
contribute to melanoma progression and this effect is partially mediated by the platelet-
activating factor receptor. Mediators Inflammation. (2012) 2012:610371. doi: 10.1155/
2012/610371

15. da Silva IAJr, Chammas R, Lepique AP, Jancar S. Platelet-activating factor (PAF)
receptor as a promising target for cancer cell repopulation after radiotherapy.
Oncogenesis. (2017) 6:¢296. doi: 10.1038/0ncsis.2016.90

16. Sahu RP, Ocana JA, Harrison KA, Ferracini M, Touloukian CE, Al-Hassani M,
et al. Chemotherapeutic agents subvert tumor immunity by generating agonists of
platelet-activating factor. Cancer Res. (2014) 74:7069-78. doi: 10.1158/0008-
5472.CAN-14-2043

17. Yang WS, SriRamaratnam R, Welsch ME, Shimada K, Skouta R, Viswanathan
VS, et al. Regulation of ferroptotic cancer cell death by GPX4. Cell. (2014) 156:317-31.
doi: 10.1016/j.cell.2013.12.010

18. Wang D, Fu L, Sun H, Guo L, DuBois RN. Prostaglandin E, promotes colorectal
cancer stem cell expansion and metastasis in mice. Gastroenterology. (2015) 149:1884-
1895.e4. doi: 10.1053/j.gastro.2015.07.064

19. Allen CP, Tinganelli W, Sharma N, Nie J, Sicard C, Natale F, et al. DNA damage
response proteins and oxygen modulate prostaglandin E2 growth factor release in
response to low and high LET ionizing radiation. Front Oncol. (2015) 5:260.
doi: 10.3389/fonc.2015.00260

20. Inoue T, Anai S, Onishi S, Miyake M, Tanaka N, Hirayama A, et al. Inhibition of
COX-2 expression by topical diclofenac enhanced radiation sensitivity via
enhancement of TRAIL in human prostate adenocarcinoma xenograft model. BMC
Urol. (2013) 13:1. doi: 10.1186/1471-2490-13-1

21. Kurtova AV, Xiao J, Mo Q, Pazhanisamy S, Krasnow R, Lerner SP, et al. Blocking
PGE2-induced tumour repopulation abrogates bladder cancer chemoresistance.
Nature. (2015) 517:209-13. doi: 10.1038/nature14034

22. Li S, Jiang M, Wang L, Yu S. Combined chemotherapy with cyclooxygenase-2
(COX-2) inhibitors in treating human cancers: Recent advancement. BioMed
Pharmacother. (2020) 129:110389. doi: 10.1016/j.biopha.2020.110389

23. Rodrigues P, Bangali H, Hammoud A, Mustafa YF, Al-Hetty HRAK, Alkhafaji
AT, et al. COX 2-inhibitors; a thorough and updated survey into combinational
therapies in cancers. Med Oncol. (2024) 41:41. doi: 10.1007/s12032-023-02256-7

Frontiers in Oncology

13

10.3389/fonc.2024.1433497

24. Perroud HA, Alasino CM, Rico MJ, Mainetti LE, Queralt F, Pezzotto SM, et al.
Metastatic breast cancer patients treated with low-dose metronomic chemotherapy
with cyclophosphamide and celecoxib: clinical outcomes and biomarkers of response.
Cancer Chemother Pharmacol. (2016) 77:365-74. doi: 10.1007/s00280-015-2947-9

25. Lin X-M, Li S, Zhou C, Li R-Z, Wang H, Luo W, et al. Cisplatin induces
chemoresistance through the PTGS2-mediated anti-apoptosis in gastric cancer. Int |
Biochem Cell Biol. (2019) 116:105610. doi: 10.1016/j.biocel.2019.105610

26. Yang C-X, Xing L, Chang X, Zhou T-J, Bi Y-Y, Yu Z-Q, et al. Synergistic
platinum(II) prodrug nanoparticles for enhanced breast cancer therapy. Mol Pharm.
(2020) 17:1300-9. doi: 10.1021/acs.molpharmaceut.9b01318

27. Kim W, Son B, Lee S, Do H, Youn B. Targeting the enzymes involved in
arachidonic acid metabolism to improve radiotherapy. Cancer Metastasis Rev. (2018)
37:213-25. doi: 10.1007/s10555-018-9742-0

28. Abdelhaleem EF, Kassab AE, El-Nassan HB, Khalil OM. Recent advances in the
development of celecoxib analogs as anticancer agents: A review. Arch Pharm. (2022)
355:2200326. doi: 10.1002/ardp.202200326

29. Wen B, Wei Y-T, Mu L-L, Wen G-R, Zhao K. The molecular mechanisms of
celecoxib in tumor development. Medicine. (2020) 99:e22544. doi: 10.1097/
MD.0000000000022544

30. Zhang P, He D, Song E, Jiang M, Song Y. Celecoxib enhances the sensitivity of
non-small-cell lung cancer cells to radiation-induced apoptosis through
downregulation of the Akt/mTOR signaling pathway and COX-2 expression. PloS
One. (2019) 14:€0223760. doi: 10.1371/journal.pone.0223760

31. De Monte C, Carradori S, Gentili A, Mollica A, Trisciuoglio D, Supuran CT.
Dual cyclooxygenase and carbonic anhydrase inhibition by nonsteroidal anti-
inflammatory drugs for the treatment of cancer. Curr Med Chem. (2015) 22:2812-8.
doi: 10.2174/0929867322666150716113501

32. Singh S, Lomelino CL, Mboge MY, Frost SC, McKenna R. Cancer drug
development of carbonic anhydrase inhibitors beyond the active site. Molecules.
(2018) 23:1045. doi: 10.3390/molecules23051045

33. Md S, Alhakamy NA, Alharbi WS, Ahmad J, Shaik RA, Ibrahim IM, et al.
Development and evaluation of repurposed etoricoxib loaded nanoemulsion for
improving anticancer activities against lung cancer cells. Int J Mol Sci. (2021)
22:13284. doi: 10.3390/ijms222413284

34. Trang NTK, Yoo H. Antitumor effects of valdecoxib on hypopharyngeal
squamous carcinoma cells. Korean ] Physiol Pharmacol. (2022) 26:439-46.
doi: 10.4196/kjpp.2022.26.6.439

35. Reckamp KL, Koczywas M, Cristea MC, Dowell JE, Wang H-J, Gardner BK, et al.
Randomized phase 2 trial of erlotinib in combination with high-dose celecoxib or
placebo in patients with advanced non-small cell lung cancer. Cancer. (2015) 121:3298—
306. doi: 10.1002/cncr.29480

36. Jin Y-H, Li W-H, Bai Y, Ni L. Efficacy of erlotinib and celecoxib for patients with
advanced non-small cell lung cancer: A retrospective study. Medicine. (2019) 98:
€14785. doi: 10.1097/MD.0000000000014785

37. Liu J, Wu J, Zhou L, Pan C, Zhou Y, Du W, et al. ZD6474, a new treatment
strategy for human osteosarcoma, and its potential synergistic effect with celecoxib.
Oncotarget. (2015) 6:21341-52. doi: 10.18632/oncotarget.v6i25

38. Webb T, Carter J, Roberts JL, Poklepovic A, McGuire WP, Booth L, et al.
Celecoxib enhances [sorafenib + sildenafil] lethality in cancer cells and reverts platinum
chemotherapy resistance. Cancer Biol Ther. (2015) 16:1660-70. doi: 10.1080/
15384047.2015.1099769

39. PuD, Yin L, Huang L, Qin C, Zhou Y, Wu Q, et al. Cyclooxygenase-2 inhibitor:
A potential combination strategy with immunotherapy in cancer. Front Oncol. (2021)
11:637504. doi: 10.3389/fonc.2021.637504

40. Liu H, Deng R, Zhu C-W, Han H-K, Zong G-F, Ren L, et al. Rosmarinic acid in
combination with ginsenoside Rgl suppresses colon cancer metastasis via co-inhition
of COX-2 and PD1/PD-L1 signaling axis. Acta Pharmacol Sin. (2024) 45:193-208.
doi: 10.1038/s41401-023-01158-8

41. Chen J-S, Chou C-H, Wu Y-H, Yang M-H, Chu S-H, Chao Y-S, et al. CC-01
(chidamide plus celecoxib) modifies the tumor immune microenvironment and

reduces tumor progression combined with immune checkpoint inhibitor. Sci Rep.
(2022) 12:1100. doi: 10.1038/s41598-022-05055-8

42. Zhang Y, Kirane A, Huang H, Sorrelle NB, Burrows FJ, Dellinger MT, et al.
Cyclooxygenase-2 inhibition potentiates the efficacy of vascular endothelial growth factor
blockade and promotes an immune stimulatory microenvironment in preclinical models of
pancreatic cancer. Mol Cancer Res. (2019) 17:348-55. doi: 10.1158/1541-7786.MCR-18-0427

43. Mishan MA, Khazeei Tabari MA, Zargari M, Bagheri A. MicroRNAs in the
anticancer effects of celecoxib: A systematic review. Eur J Pharmacol. (2020)
882:173325. doi: 10.1016/j.ejphar.2020.173325

44. Chan AT, Ogino S, Fuchs CS. Aspirin use and survival after diagnosis of
colorectal cancer. JAMA. (2009) 302:649-58. doi: 10.1001/jama.2009.1112

45. Arber N, Eagle CJ, Spicak ], Racz I, Dite P, Hajer J, et al. Celecoxib for the
prevention of colorectal adenomatous polyps. N Engl | Med. (2006) 355:885-95.
doi: 10.1056/NEJM0a061652

frontiersin.org


https://doi.org/10.1038/nrclinonc.2017.44
https://doi.org/10.1038/nrclinonc.2017.44
https://doi.org/10.1126/science.1224676
https://doi.org/10.1038/nrc.2016.58
https://doi.org/10.1038/nm.2385
https://doi.org/10.1038/nrc.2017.15
https://doi.org/10.3389/fimmu.2022.768606
https://doi.org/10.1038/nrc3162
https://doi.org/10.1158/0008-5472.CAN-09-3833
https://doi.org/10.1038/sj.onc.1205556
https://doi.org/10.1158/0008-5472.CAN-07-2678
https://doi.org/10.1158/0008-5472.CAN-07-2678
https://doi.org/10.1126/science.1218595
https://doi.org/10.1016/j.cell.2015.08.015
https://doi.org/10.1038/s41467-017-02732-5
https://doi.org/10.1038/s41467-017-02732-5
https://doi.org/10.1155/2012/610371
https://doi.org/10.1155/2012/610371
https://doi.org/10.1038/oncsis.2016.90
https://doi.org/10.1158/0008-5472.CAN-14-2043
https://doi.org/10.1158/0008-5472.CAN-14-2043
https://doi.org/10.1016/j.cell.2013.12.010
https://doi.org/10.1053/j.gastro.2015.07.064
https://doi.org/10.3389/fonc.2015.00260
https://doi.org/10.1186/1471-2490-13-1
https://doi.org/10.1038/nature14034
https://doi.org/10.1016/j.biopha.2020.110389
https://doi.org/10.1007/s12032-023-02256-7
https://doi.org/10.1007/s00280-015-2947-9
https://doi.org/10.1016/j.biocel.2019.105610
https://doi.org/10.1021/acs.molpharmaceut.9b01318
https://doi.org/10.1007/s10555-018-9742-0
https://doi.org/10.1002/ardp.202200326
https://doi.org/10.1097/MD.0000000000022544
https://doi.org/10.1097/MD.0000000000022544
https://doi.org/10.1371/journal.pone.0223760
https://doi.org/10.2174/0929867322666150716113501
https://doi.org/10.3390/molecules23051045
https://doi.org/10.3390/ijms222413284
https://doi.org/10.4196/kjpp.2022.26.6.439
https://doi.org/10.1002/cncr.29480
https://doi.org/10.1097/MD.0000000000014785
https://doi.org/10.18632/oncotarget.v6i25
https://doi.org/10.1080/15384047.2015.1099769
https://doi.org/10.1080/15384047.2015.1099769
https://doi.org/10.3389/fonc.2021.637504
https://doi.org/10.1038/s41401-023-01158-8
https://doi.org/10.1038/s41598-022-05055-8
https://doi.org/10.1158/1541-7786.MCR-18-0427
https://doi.org/10.1016/j.ejphar.2020.173325
https://doi.org/10.1001/jama.2009.1112
https://doi.org/10.1056/NEJMoa061652
https://doi.org/10.3389/fonc.2024.1433497
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Flausino et al.

46. Baron JA, Cole BF, Sandler RS, Haile RW, Ahnen D, Bresalier R, et al. A
randomized trial of aspirin to prevent colorectal adenomas. N Engl ] Med. (2003)
348:891-9. doi: 10.1056/NEJM0a021735

47. Bertagnolli MM, Eagle CJ, Zauber AG, Redston M, Solomon SD, Kim K, et al.
Celecoxib for the prevention of sporadic colorectal adenomas. N Engl ] Med. (2006)
355:873-84. doi: 10.1056/NEJMo0a061355

48. Ashok V, Dash C, Rohan TE, Sprafka JM, Terry PD. Selective cyclooxygenase-2
(COX-2) inhibitors and breast cancer risk. Breast. (2011) 20:66-70. doi: 10.1016/
j.breast.2010.07.004

49. Hurwitz LM, Townsend MK, Jordan SJ, Patel AV, Teras LR, Lacey JVJr, et al.
Modification of the association between frequent aspirin use and ovarian cancer risk: A
meta-analysis using individual-level data from two ovarian cancer consortia. J Clin
Oncol. (2022) 40:4207-17. doi: 10.1200/JCO.21.01900

50. Jiang Y, Su Z, Li C, Wang R, Wen Y, Liang H, et al. Association between the use
of aspirin and risk of lung cancer: results from pooled cohorts and Mendelian
randomization analyses. J Cancer Res Clin Oncol. (2021) 147:139-51. doi: 10.1007/
500432-020-03394-5

51. Downer MK, Allard CB, Preston MA, Gaziano JM, Stampfer MJ, Mucci LA, et al.
Regular aspirin use and the risk of lethal prostate cancer in the physicians’ Health study.
Eur Urol. (2017) 72:821-7. doi: 10.1016/j.eururo.2017.01.044

52. LiuY, Chen J-Q, Xie L, Wang J, Li T, He Y, et al. Effect of aspirin and other non-
steroidal anti-inflammatory drugs on prostate cancer incidence and mortality: a
systematic review and meta-analysis. BMC Med. (2014) 12:55. doi: 10.1186/1741-
7015-12-55

53. Rothwell PM, Fowkes FGR, Belch JFF, Ogawa H, Warlow CP, Meade TW. Effect
of daily aspirin on long-term risk of death due to cancer: analysis of individual patient
data from randomised trials. Lancet. (2011) 377:31-41. doi: 10.1016/S0140-6736(10)
62110-1

54. Meyerhardt JA, Shi Q, Fuchs CS, Meyer J, Niedzwiecki D, Zemla T, et al. Effect of
celecoxib vs placebo added to standard adjuvant therapy on disease-free survival
among patients with stage III colon cancer: the CALGB/SWOG 80702 (Alliance)
randomized clinical trial. JAMA. (2021) 325:1277-86. doi: 10.1001/jama.2021.2454

55. Coombes RC, Tovey H, Kilburn L, Mansi J, Palmieri C, Bartlett J, et al. Effect of
celecoxib vs placebo as adjuvant therapy on disease-free survival among patients with
breast cancer: the REACT randomized clinical trial. JAMA Oncol. (2021) 7:1291-301.
doi: 10.1001/jamaoncol.2021.2193

56. Gash KJ, Chambers AC, Cotton DE, Williams AC, Thomas MG. Potentiating the
effects of radiotherapy in rectal cancer: the role of aspirin, statins and metformin as
adjuncts to therapy. Br ] Cancer. (2017) 117:210-9. doi: 10.1038/bjc.2017.175

57. Wang B, Huang Y. Effect of aspirin use on neoadjuvant chemoradiotherapy for
rectal cancer: a meta-analysis with trial sequential analysis. ] Cancer Res Clin Oncol.
(2020) 146:2161-71. doi: 10.1007/s00432-020-03222-w

58. Toloczko-Iwaniuk N, Dziemianczyk-Pakieta D, Nowaszewska BK, Celinska-
Janowicz K, Miltyk W. Celecoxib in cancer therapy and prevention - review. Curr Drug
Targets. (2019) 20:302-15. doi: 10.2174/1389450119666180803121737

59. Li L, Zhang Y, Qin L. Effect of celecoxib plus standard chemotherapy on cancer
prognosis: A systematic review and meta-analysis. Eur J Clin Invest. (2023) 53:¢13973.
doi: 10.1111/eci.13973

60. Chen J, Shen P, Zhang X-C, Zhao M-D, Zhang X-G, Yang L. Efficacy and safety
profile of celecoxib for treating advanced cancers: a meta-analysis of 11 randomized
clinical trials. Clin Ther. (2014) 36:1253-63. doi: 10.1016/j.clinthera.2014.06.015

61. Coxib and traditional NSAID Trialists’ (CNT) CollaborationBhala N, Emberson
J, Merhi A, Abramson S, Arber N, et al. Vascular and upper gastrointestinal effects of
non-steroidal anti-inflammatory drugs: meta-analyses of individual participant data
from randomised trials. Lancet. (2013) 382:769-79. doi: 10.1016/S0140-6736(13)
60900-9

62. Cabassi A, Tedeschi S, Perlini S, Verzicco I, Volpi R, Gonzi G, et al. Non-
steroidal anti-inflammatory drug effects on renal and cardiovascular function: from

physiology to clinical practice. Eur J Prev Cardiol. (2020) 27:850-67. doi: 10.1177/
2047487319848105

63. Kalff MC, Wagner AD, Verhoeven RHA, Lemmens VEPP, van Laarhoven
HWM, Gisbertz SS, et al. Sex differences in tumor characteristics, treatment, and
outcomes of gastric and esophageal cancer surgery: nationwide cohort data from the

Frontiers in Oncology

14

10.3389/fonc.2024.1433497

Dutch Upper GI Cancer Audit. Gastric Cancer. (2022) 25:22-32. doi: 10.1007/s10120-
021-01225-1

64. Wheatley-Price P, Ma C, Ashcroft LF, Nankivell M, Stephens R]J, White SC, et al.
The strength of female sex as a prognostic factor in small-cell lung cancer: a pooled
analysis of chemotherapy trials from the Manchester Lung Group and Medical
Research Council Clinical Trials Unit. Ann Oncol. (2010) 21:232-7. doi: 10.1093/
annonc/mdp300

65. Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-inflammatory
drugs (NSAIDs) and organ damage: A current perspective. Biochem Pharmacol. (2020)
180:114147. doi: 10.1016/j.bcp.2020.114147

66. Lee DH, Keum N, Hu FB, Orav EJ, Rimm EB, Willett WC, et al. Predicted lean
body mass, fat mass, and all cause and cause specific mortality in men: prospective US
cohort study. BMJ. (2018) 362:k2575. doi: 10.1136/bm;j.k2575

67. Koczwara B. Cancer and chronic conditions: addressing the problem of
multimorbidity in cancer patients and survivors. Springer Singapore: Springer (2016).
p. 475. doi: 10.1007/978-981-10-1844-2

68. Crofford L]. Use of NSAIDs in treating patients with arthritis. Arthritis Res Ther.
(2013) 15 Suppl 3:S2. doi: 10.1186/ar4174

69. Atchison JW, Herndon CM, Rusie E. NSAIDs for musculoskeletal pain
management: Current perspectives and novel strategies to improve safety. ] Manag
Care Pharm. (2013) 19:1-19. doi: 10.18553/jmcp.2013.19.59.1

70. Wehling M. Non-steroidal anti-inflammatory drug use in chronic pain
conditions with special emphasis on the elderly and patients with relevant
comorbidities: management and mitigation of risks and adverse effects. Eur J Clin
Pharmacol. (2014) 70:1159-72. doi: 10.1007/s00228-014-1734-6

71. Coyle C, Cafferty FH, Vale C, Langley RE. Metformin as an adjuvant treatment
for cancer: a systematic review and meta-analysis. Ann Oncol. (2016) 27:2184-95.
doi: 10.1093/annonc/mdw410

72. Yoo SGK, Chung GS, Bahendeka SK, Sibai AM, Damasceno A, Farzadfar F, et al.
Aspirin for secondary prevention of cardiovascular disease in 51 low-, middle-, and
high-income countries. JAMA. (2023) 330:715-24. doi: 10.1001/jama.2023.12905

73. Huang R, Jiang L, Cao Y, Liu H, Ping M, Li W, et al. Comparative efficacy of
therapeutics for chronic cancer pain: A bayesian network meta-analysis. J Clin Oncol.
(2019) 37:1742-52. doi: 10.1200/JCO.18.01567

74. Jost L, Roila F, ESMO Guidelines Working Group. Management of cancer pain:
ESMO Clinical Practice Guidelines. Ann Oncol. (2010) 21 Suppl 5:v257-60.
doi: 10.1093/annonc/mdq224

75. Cebola I, Peinado MA. Epigenetic deregulation of the COX pathway in cancer.
Prog Lipid Res. (2012) 51:301-13. doi: 10.1016/j.plipres.2012.02.005

76. Strazisar M, Mlakar V, Glavac D. The expression of COX-2, hTERT, MDM2,
LATS2 and S100A2 in different types of non-small cell lung cancer (NSCLC). Cell Mol
Biol Lett. (2009) 14:442-56. doi: 10.2478/s11658-009-0011-7

77. Tsimberidou AM, Fountzilas E, Nikanjam M, Kurzrock R. Review of precision
cancer medicine: Evolution of the treatment paradigm. Cancer Treat Rev. (2020)
86:102019. doi: 10.1016/j.ctrv.2020.102019

78. Stiller C-O, Hjemdahl P. Lessons from 20 years with COX-2 inhibitors:
Importance of dose-response considerations and fair play in comparative trials. J
Intern Med. (2022) 292:557-74. doi: 10.1111/joim.13505

79. Francis N, Borniger JC. Cancer as a homeostatic challenge: the role of the
hypothalamus. Trends Neurosci. (2021) 44:903-14. doi: 10.1016/j.tins.2021.08.008

80. Edelman MJ, Wang X, Hodgson L, Cheney RT, Baggstrom MQ, Thomas SP,
et al. Phase III randomized, placebo-controlled, double-blind trial of celecoxib in
addition to standard chemotherapy for advanced non-small-cell lung cancer with
cyclooxygenase-2 overexpression: CALGB 30801 (Alliance). J Clin Oncol. (2017)
35:2184-92. doi: 10.1200/JC0O.2016.71.3743

81. Mason MD, Clarke NW, James ND, Dearnaley DP, Spears MR, Ritchie AWS,
et al. Adding celecoxib with or without zoledronic acid for hormone-naive prostate
cancer: long-term survival results from an adaptive, multiarm, multistage, platform,
randomized controlled trial. J Clin Oncol. (2017) 35:1530-41. doi: 10.1200/
JC0O.2016.69.0677

82. Elwood P, Morgan G, Watkins J, Protty M, Mason M, Adams R, et al. Aspirin
and cancer treatment: systematic reviews and meta-analyses of evidence: for and
against. Br J Cancer. (2023) 130:3-8. doi: 10.1038/s41416-023-02506-5

frontiersin.org


https://doi.org/10.1056/NEJMoa021735
https://doi.org/10.1056/NEJMoa061355
https://doi.org/10.1016/j.breast.2010.07.004
https://doi.org/10.1016/j.breast.2010.07.004
https://doi.org/10.1200/JCO.21.01900
https://doi.org/10.1007/s00432-020-03394-5
https://doi.org/10.1007/s00432-020-03394-5
https://doi.org/10.1016/j.eururo.2017.01.044
https://doi.org/10.1186/1741-7015-12-55
https://doi.org/10.1186/1741-7015-12-55
https://doi.org/10.1016/S0140-6736(10)62110-1
https://doi.org/10.1016/S0140-6736(10)62110-1
https://doi.org/10.1001/jama.2021.2454
https://doi.org/10.1001/jamaoncol.2021.2193
https://doi.org/10.1038/bjc.2017.175
https://doi.org/10.1007/s00432-020-03222-w
https://doi.org/10.2174/1389450119666180803121737
https://doi.org/10.1111/eci.13973
https://doi.org/10.1016/j.clinthera.2014.06.015
https://doi.org/10.1016/S0140-6736(13)60900-9
https://doi.org/10.1016/S0140-6736(13)60900-9
https://doi.org/10.1177/2047487319848105
https://doi.org/10.1177/2047487319848105
https://doi.org/10.1007/s10120-021-01225-1
https://doi.org/10.1007/s10120-021-01225-1
https://doi.org/10.1093/annonc/mdp300
https://doi.org/10.1093/annonc/mdp300
https://doi.org/10.1016/j.bcp.2020.114147
https://doi.org/10.1136/bmj.k2575
https://doi.org/10.1007/978-981-10-1844-2
https://doi.org/10.1186/ar4174
https://doi.org/10.18553/jmcp.2013.19.s9.1
https://doi.org/10.1007/s00228-014-1734-6
https://doi.org/10.1093/annonc/mdw410
https://doi.org/10.1001/jama.2023.12905
https://doi.org/10.1200/JCO.18.01567
https://doi.org/10.1093/annonc/mdq224
https://doi.org/10.1016/j.plipres.2012.02.005
https://doi.org/10.2478/s11658-009-0011-7
https://doi.org/10.1016/j.ctrv.2020.102019
https://doi.org/10.1111/joim.13505
https://doi.org/10.1016/j.tins.2021.08.008
https://doi.org/10.1200/JCO.2016.71.3743
https://doi.org/10.1200/JCO.2016.69.0677
https://doi.org/10.1200/JCO.2016.69.0677
https://doi.org/10.1038/s41416-023-02506-5
https://doi.org/10.3389/fonc.2024.1433497
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Association of COX-inhibitors with cancer patients’ survival under chemotherapy and radiotherapy regimens: a real-world data retrospective cohort analysis
	1 Introduction
	2 Methods
	2.1 Study design and data source
	2.2 Outcome measures
	2.3 Statistical analyses

	3 Results
	3.1 COX-inhibitors association with overall survival of cancer patients under chemotherapy or radiotherapy
	3.2 COX-inhibitors are associated specific cancer types overall survival during chemotherapy or radiotherapy
	3.3 Coxibs use is associated with a safe profile in the majority of the cancer types investigated

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


