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dence has remained relatively unchanged in the past 30 years, and 

worldwide more than 40% of breast cancer cases continue to result 

in death [1, 3].

Aspirin and other non-steroidal anti-inflammatory drugs 

(NSAIDs) have received considerable interest as potential chemo-

preventive agents [4–6]. NSAIDs are inversely associated with the 

risk of colorectal and other gastrointestinal cancers (e.g. stomach 

and esophageal cancer) [5, 7, 8]. The protective effect of NSAIDs 

against these types of cancer has prompted studies on breast cancer 

prevention by NSAIDs. Results from epidemiological studies of 

breast cancer, however, are conflicting [9], despite many meta-anal-

yses having indicated a chemopreventive effect of aspirin or NSAIDs 

against the disease [8, 10–13]. In contrast, some cohort and case-

control studies have reported no reduced risk of breast cancer from 

use of either aspirin [14–22] or non-aspirin NSAIDs [14–17, 23, 24]. 

The conflicting evidence may be attributable to a combination 

of factors including poor precision and chance variation, low re-

sponse rates with possible selection bias, short follow-up time, lim-

ited exposure data, or failure to distinguish between different 

NSAIDs subclasses [25]. 

The aim of this review is to give a conceptual description of the 

effect of NSAIDs on breast cancer incidence and natural history, 

and the underlying pathophysiology. 

Methods

The MEDLINE/PubMed database was searched for publications with the 

medical subject heading ‘breast’ and keywords ‘aspirin’ or ‘NSAIDs’ or ‘non-

steroidal’ or ‘anti-inflammatory’. Our selection criteria were English language, 

oncological relevance (publications irrelevant to breast cancer, e.g. breast ab-

scess treatment, were excluded), timeframe of the last 20 years (1996–2016), 

and availability of full-text articles. We included 60 articles. Our aim was to re-

view the effect of NSAIDs on the natural history, prevention, recurrence, and 

pathophysiology of breast cancer.
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Summary
Aspirin and other non-steroidal anti-inflammatory 
drugs (NSAIDs) have received considerable interest as 
potential chemopreventive agents. The aim of this re-
view is to summarize the accumulated knowledge on 
the effect of NSAIDs on breast cancer incidence and 
natural history, and the underlying pathophysiology. 
NSAIDs mainly block inflammation by inhibiting cy-
clooxygenase enzymes, leading to lower prostaglandin 
synthesis. The latter has been reported to affect breast 
cancer risk through hormonal and inflammation-re-
lated pathways. Intensity, dose, frequency, duration, 
and timing of administration may also be significant. 
There is currently enough evidence to support a role of 
NSAIDs in breast cancer prevention and relapse, which 
deserves further large-scale experimental and clinical 
investigation.

© 2016 S. Karger GmbH, Freiburg

Introduction

Breast cancer is the most common non-cutaneous cancer and 

the second leading cause of cancer-related death among women in 

the United States [1]. It is estimated that 1 in 8 women will develop 

breast cancer over her lifetime [2]. The rate of breast cancer inci-
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Results

Pathophysiology

NSAIDs mainly block inflammation by inhibiting cyclooxy-

genase (COX) enzymes, leading to lower prostaglandin synthesis. 

Lowered levels of prostaglandins also inhibit aromatase activity, 

which in turn leads to lower serum estrogen levels [14, 26] and 

consequently to a decreased incidence of hormone receptor-posi-

tive tumors. The PI3K/AKT/IKK and the mitogen-activated pro-

tein (MAP) kinase pathways are involved in collagen- and prosta-

glandin E2 (PGE2)-induced aromatase expression. Additionally, 

collagen and PGE2-induced signaling pathways may crosstalk in 

regulating aromatase expression [26]. Furthermore, PGE2 causes a 

significant decrease in p53 transcript and nuclear protein expres-

sion, as well as phosphorylation at Ser15, in primary human breast 

adipose stem cells. Stabilization of p53 leads to a significant 

 decrease in PGE2-stimulated aromatase mRNA expression and 

activity.

COX-2 concentrations are undetectable in normal breast tissue 

but are overexpressed [27, 28] in breast tumors by approximately 

40%, and in ductal carcinoma in situ by as much as 80% [29].

COX-2 expression has been associated with prostaglandin syn-

thesis [30, 31]. PGE2 is considered a powerful mitogen and poten-

tial chemopreventive target [4]. PGE2 has been shown to induce 

aromatase expression and de novo estrogen synthesis in breast epi-

thelia and stromal cells in vitro; introduction of NSAIDs reduces 

estrogen levels in a dose-dependent manner [32] (supplementary 

fig. 1, www.karger.com/?DOI=452315). 

Because inflammation is closely associated with tumorigenesis, 

COX-2 has been shown to be overexpressed in precancerous and 

malignant lesions [33–35]. Its inhibition and the suppression of 

prostaglandin synthesis is widely accepted as the primary mecha-

nism of the anticancer activity of NSAIDs.

However, some studies have concluded that a rather COX- 

independent mechanism may either contribute to or be exclusively 

responsible for the chemopreventive activity of NSAIDs [34–36]. 

There is limited evidence that COX-2 expression is correlated 

with estrogen receptor (ER), progesterone receptor (PR), human 

epidermal growth factor receptor 2 (HER2), and p53 expression 

in breast tumors [37, 38]. Findings of in vitro studies among 

human invasive breast cancer cells suggest that HER2 oncogene 

activation regulates COX-2 expression in breast cancer [38, 39], 

inducing a positive feedback loop in which PGE2 in turn further 

induces HER2 expression [40]. NSAIDs have been shown to re-

duce HER2 expression [40]. P53 may also be associated with 

COX-2 expression in vitro [41], and animal models of breast can-

cer give limited evidence that p53 expression is associated with 

COX-2 expression [42].

Additionally, it is shown that the SDF-1/CXCR4 axis is a main 

regulator of normal and tumor cell trafficking. Thus, it is reasona-

ble to hypothesize that NSAIDs may interfere with SDF1 levels via 

the pathway COX-2 PGE SDF-1, resulting in an impairment of 

processes underlying metastasis development [43].

Another possible explanation involves inflammation-induced 

platelet degranulation, with release of angiogenesis-regulating fac-

tors, including vascular endothelial growth factor, which can be 

countered by ketorolac [43] (supplementary fig. 2, www.karger.

com/?DOI=452315). 

Aspirin and Breast Cancer Risk

Compared with women who never used aspirin, women regu-

larly consuming aspirin had an about 20% lower risk of breast can-

cer after adjusting for major breast cancer risk factors [2]. Higher 

frequency of use was associated with a lower risk of breast cancer 

and this was statistically very significant [2]. Furthermore, women 

who used aspirin > 10 days/month across their adult lifetime were 

at a reduced risk of breast cancer, although this finding was of bor-

derline statistical significance (odds ratio (OR) 0.69, 95% confi-

dence interval (CI) 0.49–1.00) [44].

As far as the receptor status of the tumor is concerned, inverse 

associations for aspirin use were observed for ER+ (relative risk 

(RR) 0.77, 95% CI 0.67–0.89), ER- (RR 0.78, 95% CI 0.56–1.08), 

PR+ (RR 0.79, 95% CI 0.68–0.92), and PR- (RR 0.73, 95% CI 0.56–

0.95) breast cancers [2]. Women who used aspirin regularly 

throughout their adult life had a similar reduction in both ER+ and 

ER- breast cancers [31].

Compared to non-use, aspirin use was associated with reduced 

risk for both HER2+ (OR 0.84, 95% CI 0.52–1.36) and HER2- breast 

cancers (OR 0.91, 95% CI 0.76–1.09) (p = 0.76) [31]. Additionally, 

no clear differences in the associations of aspirin use with breast 

cancer characterized by combinations of ER, PR, and HER2 were 

observed [31]. Furthermore, no significant differences in risk by 

p53 status associated with aspirin use were noticed [31]. Lifetime 

aspirin use was also similarly associated with significant reductions 

in the risk of HER2- (OR 0.60, 95% CI 0.38–0.95; p = 0.04) and p53- 

(OR 0.56, 95% CI 0.33–0.95; p = 0.02) breast cancers; however, the 

point estimates were not statistically different compared to those 

for HER2+ (p = 0.20) or p53+ tumors (p = 0.48) [31].

As far as the histological type of the tumor is concerned, regular 

lifetime aspirin use was associated with a 41% reduction in risk of 

luminal A breast cancer (OR 0.59, 95% CI 0.36–0.97; p = 0.05) and 

a statistically non-significant 48% reduction in risk of triple-nega-

tive breast cancer (OR 0.52, 95% CI 0.18–1.54; p = 0.26) [31]. There 

was no clear association of lifetime aspirin use with either the lumi-

nal B or the HER2-expressing phenotypes.

The multivariable incidence rate ratio (mIRR) for the association 

between current aspirin use at baseline and breast cancer incidence 

was 0.90 (95% CI 0.75–1.07); the mIRR for  5 years of use was 0.78 

(95% CI 0.58–1.05; p for trend = 0.15) [28]. This study showed no 

association between breast cancer and duration of current or past 

aspirin use (p = 0.79 and 0.80, respectively) in the fully adjusted 

models [22]. The risk estimates for women using aspirin varied lit-

tle by current or past use (for 6 years of use, HR ¼ 1.05, 95% CI 

0.88–1.25 and HR ¼ 1.04, 95% CI 0.84–1.27, respectively) [22]. 

Gill et al. [22] showed that aspirin use was not associated with 

breast cancer for any of the ethnic groups, nor was total NSAID 

use. 
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For each of the decades of life, Brasky et al. [44] observed a 

mostly uniform reduction in breast cancer risk associated with a 

reported frequency of use of  2 days per month compared to non-

users [44]. However, aspirin during the 7th decade of life was as-

sociated with the greatest reduction in breast cancer risk (OR 0.73, 

95% CI 0.51–1.03) [44]. 

Non-Aspirin NSAIDs and Breast Cancer Risk

There have been conflicting reports regarding the association 

between non-aspirin NSAIDs and breast cancer risk.

In a study by Bardia et al. [2], there was no association between 

the use of non-aspirin NSAIDs with the risk of breast cancer, over-

all or by ER or PR status, with the possible exception of a positive 

trend of non-aspirin NSAID use and risk of PR- tumors (p = 

0.051). On the other hand, another study showed that NSAIDs sig-

nificantly reduce the risk of de novo disease with no apparent dis-

crimination between ER+ or ER- types [45]. 

To add to the confusion, Brasky et al. [31] concluded that re-

cent ibuprofen users had a statistically significant increased risk of 

ER+/PR+ (OR 1.33, 95% CI 1.09–1.62) but not ER+/PR-, ER-/

PR+, or ER-/PR- breast cancer compared to non-users. This study, 

however, has several important limitations. According to the au-

thors’, the classification of subtypes based on ER, PR, and HER2 

was a surrogate for a more comprehensive nomenclature deter-

mined by tumor marker expression; therefore, the subtypes de-

fined in this study, particularly the differences between luminal A 

and B tumors, may be misclassified. Because fluorescence in situ 

hybridization was not performed to validate tumors with an 

equivocal (i.e. 2+) HER2 score, and the agreement between immu-

nohistochemistry and medical records was good but not excellent, 

misclassification of HER2 status is possible. As far as the HER2 

status is concerned, use of ibuprofen was suggestive of a 50% re-

duction in the risk of HER2-expressing tumors, although not sta-

tistically significant [31]. Besides, ibuprofen was not associated 

with the risk of triple-negative breast cancer (OR 0.99, 95% CI 

0.68–1.45) [31].

Use of ibuprofen in the previous year was associated with a sta-

tistically significant 27% increased risk of HER2- breast cancers 

(OR 1.27, 95% CI 1.05–1.53) and was not associated with HER2+ 

breast cancers (OR 0.83, 95% CI 0.51–1.35) [31]. Compared to 

non-use, categories of ibuprofen frequency and intensity were as-

sociated with elevated risks of HER2- tumors [31].

Recent ibuprofen use was not associated with p53+ tumors, 

while it was positively associated with risk of p53- tumors (OR 

1.28, 95% CI 1.04–1.57) [31]. However, point estimates were not 

statistically different (p = 0.11) [31]. 

As far as the histological subtypes of the tumor are concerned, 

use of ibuprofen was associated with an increased risk of luminal A 

(OR 1.34, 95% CI 1.09–1.65) and luminal B (OR 1.41, 95% CI 0.69–

2.87) breast cancer [31]. 

With regard to current and past use of non-aspirin NSAIDs, an 

association was found between duration of current use of other 

NSAIDs and breast cancer (p = 0.01) but not for duration of past 

use [22]. Current other NSAIDs for 6 or more years decreased the 

risk of breast cancer by 30% (95% CI 0.51–0.95) [22]. A test of in-

teraction between duration and an indicator variable of current/

past use of other NSAIDs suggested a possible interaction (p inter-

action = 0.07), signifying that total duration of current and past use 

should not be combined [22].

With regard to selective COX-2 inhibitors, no reduced risk of 

breast cancer was associated with ever versus never/rare use. The 

same study also found no correlation between breast cancer risk 

and non-selective non-aspirin NSAIDs or aspirin (OR 0.98, 95% CI 

0.90–1.07) [25]. The timing of non-selective non-aspirin NSAID or 

selective COX-2 inhibitor use did not influence breast cancer risk 

either [25].

As far as race is concerned, the protective association of current 

duration of other NSAID use with breast cancer was found for Af-

rican- American and Caucasian women only (p = 0.02 for both 

ethnic groups) [22]. 

NSAIDs Combination and Breast Cancer Risk

In an analysis of combined use of aspirin and other NSAIDs, 

lower risk of breast cancer was observed for aspirin use only (RR 

0.82; 95% CI 0.70–0.95) or use of both (RR 0.77; 95% CI 0.65–0.91), 

but not for use of other non-aspirin NSAIDs only. This pattern was 

fairly consistent for all hormone receptor statuses [2]. Recent use 

of ibuprofen and acetaminophen was not associated with breast 

cancer risk changes [44]. 

Selective COX-2 inhibitor use was not associated with breast 

cancer occurrence among individuals with (OR 1.12, 95% CI 0.86–

1.44) or without (OR 1.07, 95% CI 0.98–1.17) a history of NSAID 

use before beginning selective COX-2 inhibitor use [25]. There was 

no evidence of a reduced risk of breast cancer among women who 

used selective COX-2 inhibitors only (ever use OR 1.09, 95% CI 

0.98–1.22; recent use OR 0.99, 95% CI 0.80–1.23; former use OR 

1.13, 95% CI 1.00–1.29) [25]. 

NSAIDs and Breast Cancer Recurrence

Recent epidemiological studies have shown that NSAIDs can 

markedly reduce the risk of breast cancer recurrence in patients 

previously treated for ductal carcinoma in situ or invasive disease 

[46]. 

Careful analysis of breast cancer recurrences suggested a para-

digm where early recurrences are induced by an angiogenic switch 

in avascular micrometastases and single cell activation [43]. Both 

events are suggested to be triggered by the surgical removal of the 

primary tumor. Results reported by Forget et al. [47] suggesting 

that the perioperative NSAID ketorolac significantly reduces early 

relapses may be explained in light of this model. 

In this frame of analysis, ketorolac, an anti-inflammatory anal-

gesic, was associated with significantly superior disease-free sur-

vival in the first few years after surgery [43]. Indeed, the survival in 

the ketorolac group showed a small bump in the first 10 months 

and then slowly rose until the 4th year when follow-up of this se-

ries ended [43]. After 24 months, the ketorolac group’s hazard rate 

pattern was indistinguishable from the corresponding pattern for 

the no-ketorolac group [43].
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Recently, regular use of ibuprofen was associated with a statisti-

cally significant decreased risk of breast cancer recurrence (RR 

0.56, 95% CI 0.32–0.98) [46]. Although use of other non-aspirin 

NSAIDs such as naproxen, sulindac, nabumetone, etodolac, 

meloxicam, and piroxicam had no statistically significant effect on 

recurrence risk (RR 0.52, 95% CI 0.13–2.13), the combination of 

these NSAIDs with ibuprofen was associated with a significantly 

decreased risk of disease relapse (RR 0.56, 95% CI 0.33–0.95). Fi-

nally, use of acetaminophen was not associated with risk of recur-

rence (RR 1.21, 95% CI 0.73–2.00) [46].

The associations between NSAID use and risk of recurrence did 

not appear to vary by menopausal status, body mass index, hor-

mone receptor status, cancer stage, or chemotherapy use [46]. 

The Role of NSAIDs in Survival of Breast Cancer Patients

Pre-diagnosis use of ibuprofen was associated with reduced all-

cause mortality in univariate analysis (HR 0.65, 95% CI 0.48–0.89) 

and borderline significance after adjustment for potential con-

founders (HR 0.71, 95% CI 0.50–1.00) [48]. However, none of the 

NSAIDs were associated with a reduction in breast cancer-specific 

mortality [48]. This was similar to a large study where post-diagno-

sis NSAID use was not associated with all-cause or breast cancer 

mortality in 3,058 breast cancer cases in Wisconsin [49].

In the Iowa Women’s Health Study, ever use of any NSAID 

after diagnosis was associated with a statistically significant reduc-

tion in all-cause mortality and a non-significant reduction in breast 

cancer mortality among 591 postmenopausal women with invasive 

breast cancer [50]. 

Additionally, data from the Nurses’ Health Study suggested a 

reduced risk of breast cancer mortality and all-cause mortality for 

women reporting aspirin use after breast cancer [51]. Only during 

the 0–6 month period before the end of follow-up was the (at least) 

daily use of aspirin versus non-use associated with a decreased risk 

of death from breast cancer (HR 0.69, 95% CI 0.56–0.86) [52]. 

However, in the same timeframe, those using aspirin less than daily 

had an increased risk of death from breast cancer (HR 1.43, 95% CI 

0.09–1.87) [52].

Table 1 summarizes the effects of NSAIDs on the natural his-

tory of breast cancer.

Discussion

Use of any NSAID was associated with reduced risk of breast 

cancer in a global analysis [12]. This association was stronger for 

case-control studies than for cohort studies. High intake of NSAIDs 

had no different effect compared to any intake with the RRs associ-

ated with reduced risk of breast cancer being comparable [12]. 

Regarding the effect of the timing of NSAID intake on breast 

cancer incidence, Sharpe et al. [53] investigated the association of 

Table 1. Summary of the effect of non-steroidal anti-inflammatory drugs (NSAIDs) on the natural history of breast cancer. E = Evidence according to the Oxford 

grading system, levels of evidence; R = recommendation by the authors according to the AGO recommendation system [61, 62]

Drug BC risk BC recurrence Receptor status Histological type Survival

Aspirin (AS) women regularly 

 consuming AS had an 

about 20% lower risk 

of BC [2] (prospective 

cohort study, 26,580 

postmenopausal 

women, E: IB, R:+)

AS was associated 

with a decreased risk 

of distant recurrence 

[51–52] (prospective 

study 27,426 women, 

E: IB, R:+)

i) women who used AS regu-

larly had a similar reduction in 

both estrogen receptor (ER)+ 

and ER- BC [31] (case study, 

1,170 women, E: III, R:+/–)

ii) AS was associated with 

 reduced risks for both HER2+ 

and HER2- BC [31] (case 

study, 1,170 women, E: III, 

R:+/–)

AS was associated with a 

41% reduction in risk of 

luminal A BC and a 48% 

reduction in risk of triple-

negative BC [31]

(case study, 1,170 women, 

E: III, R:+/–)

Nurses’ Health Study 

suggested a reduced risk 

of BC mortality and all-

cause mortality for 

women reporting AS 

use after BC [51]

(prospective study 

27,426 women, E: IB, 

R:+)

Non-AS  

NSAIDs

no association be-

tween the use of non-

AS NSAIDs with the 

risk of BC [2]

(prospective cohort 

study, 26,580 post-

menopausal women, 

E: IB, R:+)

regular use of ibupro-

fen (IB) was associ-

ated with a statistically 

significant decreased 

risk of BC recurrence 

[46] (prospective 

study, 2,292 early-

stage BC survivors, E: 

IIA, R:+)

i) IB users had a statistically 

significant increased risk of 

ER+/progesterone receptor 

(PR)+, but not ER+/PR–, ER–/

PR+, or ER-/PR- BC compared 

to non-users [31] (case study, 

1,170 women, E: III, R:+/–)

ii) IB was suggestive of a 50% 

reduction in the risk of HER2-

expressing tumors [31] (case 

study, 1,170 women, E: III, 

R:+/–)

i) IB was not associated 

with the risk of triple-

negative BC [31] (case 

study, 1,170 women, E: 

III, R:+/–)

ii) IB was associated with 

an increased risks of lu-

minal A and luminal B 

BC [31] (case study, 1,170 

women, E: III, R:+/–)

Iowa Women’s Health 

Study showed that ever 

use of any NSAID after 

diagnosis was associated 

with a statistically sig-

nificant reduction in 

all-cause mortality and 

a non-significant reduc-

tion in BC mortality 

[50] (prospective study, 

591 postmenopausal 

women, E: IB, R:+)

Selective COX-2  

inhibitors

no reduced risk of BC 

associated with ever 

vs. never/rare use [25] 

(case study, 8,195 BC 

cases, E: III, R:+/–)

no statistically signifi-

cant effect on recur-

rence risk [46] (pro-

spective study, 2,292 

early-stage BC survi-

vors, E: IIA, R:+)

– – no benefit [48] (case 

study, 1,024 primary in-

vasive BC cases, E: III, 

R:+/–)
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breast cancer risk with any NSAID use 1–6 months, 7–12 months, 

2–5 years, 6–10 years, and 11–15 years prior to cancer develop-

ment. They found no clear benefit of NSAID use in all but the time 

period 2–5 years prior to diagnosis; however, the authors were un-

able to account for over-the-counter NSAID use [53].

Use of aspirin was associated with a reduced risk of breast can-

cer [12]. This relationship is consistent with most case-control [14, 

54–57] and cohort studies [19, 58], despite a few exceptions [18, 20, 

22, 59]. In a meta-analysis of 11 case-control and cohort studies, 

aspirin use was found to be associated with a 23% lower risk of 

breast cancer (95% CI 0.69–0.86). Again, the association was 

stronger among case-control studies than cohort studies [12]. 

High intake did not increase the magnitude of the association 

[12]. Higher frequency (> 4 times/day) of aspirin use has also been 

associated with lower risk of breast cancer [13]. Furthermore, while 

some studies have reported that aspirin use > 5 years is associated 

with lower risk of breast cancer [14, 54, 57], a recent meta-analysis 

of 26 case-control and cohort studies reported no association with 

duration of use [13]. 

Most studies have reported no difference in results based on 

hormone receptor status and aspirin administration [17, 20, 22, 57, 

58], with the exception of 3 studies [14, 54, 56]. In the California 

Teachers Study cohort, there was an increased risk of ER-/PR- but 

not ER+/PR+ tumors with daily aspirin use [14]. Finally, the AARP 

Diet and Health Study cohort [19] found that the beneficial effect of 

Aspirin was stronger for ER+ tumors as compared to ER- tumors.

Use of ibuprofen has a yet undefined effect on breast cancer 

risk. This agent has been reported to be associated with increased 

risk of breast cancer in some prospective studies [14, 20, 22, 60], 

though the exact mechanism is not clear. On the other hand, ibu-

profen was reported to reduce this risk in the meta-analysis by 

Takkouche et al. [12] (RR 0.79, 95% CI 0.64–0.97). As with aspirin 

intake, high intake of ibuprofen did not increase the magnitude of 

the association [12]. 

It is currently unknown why aspirin and ibuprofen exert different 

chemopreventive effects. Aspirin has a longer plasma half-life (12 h) 

than ibuprofen (2  h), and it binds irreversibly to COX-2. It is not 

clear whether this would translate into a greater anticancer effect, es-

pecially as others have observed inverse associations with non-aspi-

rin NSAIDs [12]. For this purpose, large prospective studies should 

be designed to evaluate the mechanisms behind the different effect 

that aspirin and non-aspirin NSAIDs have on tumor surveillance.

NSAIDs can markedly reduce the risk of breast cancer recur-

rence in patients previously treated for the disease [46]. This can be 

attributed to the suppression of the inflammatory process neces-

sary to trigger the development of metastasis. Ketorolac and ibu-

profen have both been reported to have a favorable effect on breast 

cancer survival, unlike acetaminophen which was not associated 

with risk of recurrence [43].

On the other hand, the diverse pharmacologic effects of 

NSAIDs, when combined with the relatively low probability that 

an individual with average risk will develop any single type of can-

cer over a lifetime, severely limit the tolerance for toxicity if aspirin 

or related drugs are to be administered prophylactically to large 

numbers of otherwise healthy people. 

Conclusion

Aspirin and other non-aspirin NSAIDs have received consider-

able interest as potential breast cancer chemopreventive agents. 

The results of our present analysis lead to the conclusion that aspi-

rin and possibly other NSAIDs seem to decrease the risk of breast 

cancer. Regarding breast cancer recurrence, ketorolac and ibupro-

fen may exert a protective effect. However, the role of this effect 

with regard to survival is marginal or equivocal. 

It is clear that studies on the effect of NSAIDs on breast cancer 

risk frequently lead to contradictory results. It is not known 

whether these differences should be attributed to study design or to 

the difficulty of understanding the exact mechanisms of the influ-

ence of NSAIDs on the natural history of breast cancer. 

We do believe that the role of NSAIDs in breast cancer deserves 

further experimental investigation and large-scale prospective 

 randomized clinical trials.

Online Supplementary Figures

Supplementary Fig. 1. Flow chart.

Supplementary Fig. 2. Summary of the actions of NSAIDS at a cellular 

level. Green arrow: induction. Red arrow: inhibition.

To access the online supplementary figures, please refer to www.karger.

com/?DOI=452315.
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