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Abstract
Elevated levels of cyclooxygenase (COX)-derived prostaglandin E2 (PGE2) occur in inflamed
tissues. To evaluate the potential links between inflammation and breast cancer, levels of urinary
prostaglandin E-metabolite (PGE-M), a stable end metabolite of PGE2, were quantified. We
enrolled 400 patients with breast cancer: controls with early breast cancer (n=200), lung
metastases (n=100) and metastases to other sites (n=100). Patients completed a questionnaire,
provided urine and had measurements of height and weight. Urinary PGE-M was quantified by
mass spectrometry. Ever smokers with lung metastasis who had not been exposed to NSAIDs had
the highest PGE-M levels. PGE-M levels were increased in association with elevated BMI
(p<0.001), aging (p<0.001), pack-year smoking history (p=0.02), lung metastases (p=0.02) and
recent cytotoxic chemotherapy (p=0.03). Conversely, use of NSAIDs, prototypic inhibitors of
COX activity, was associated with reduced PGE-M levels (p<0.001). Based on the current
findings, PGE-M is likely to be a useful biomarker for the selection of high risk subgroups to
determine the utility of interventions that aim to reduce inflammation and possibly the
development and progression of breast cancer, especially in overweight and obese women.
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Introduction
Worldwide, breast cancer is the leading cause of cancer-related death in women (1).
Ultimately, breast cancer mortality is linked to the development of metastatic disease, which
is dependent both on factors related to the tumor cell (seed) and the microenvironment (soil)
(2). In general, the search for risk factors for distant metastases has focused on tumor-
specific traits, including stage, grade, and expression of the estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) (3, 4).
The link between tumor characteristics and site-specific metastases from breast cancer is
well established. Strong expression of the ER and PR is associated with preferential
development of bone metastases, whereas tumors that overexpress HER2 are associated with
an increased risk of visceral metastases, including lung (5, 6). Tumor gene expression
profiling has further enhanced our understanding of this process. In preclinical studies,
transcriptomic analysis identified a set of genes including cyclooxygenase-2 (COX-2) that
mediated breast cancer metastasis to the lung (7, 8). Clearly, specific features of tumor cells
are linked to site-specific metastases, but the host microenvironment is also likely to be
important. For example, in experimental models, pulmonary inflammation is a risk factor for
metastases to the lung (9, 10). Cigarette smoking, a well established cause of pulmonary
inflammation (11), has been associated with both breast cancer metastasizing to the lung and
increased mortality in observational studies (12–14)

Lung inflammation is associated with increased levels of COX-2, a rate-limiting enzyme in
the synthesis of prostaglandin E2 (PGE2) (15, 16). Elevated concentrations of PGE2 have
been reported in the exhaled breath and sputum of COPD patients (15, 17). Catabolism of
PGE2 results in a stable end metabolite (PGE-M), which is excreted in the urine (Fig. 1) and
used as an index of systemic PGE2 levels (18). Previously, smokers were shown to have
high urinary PGE-M levels due to increased COX-2 activity, findings that have been
attributed to subclinical lung inflammation (19–21). One goal of the current cross-sectional
study was to investigate whether smoking-related pulmonary inflammation manifested as
increased levels of urinary PGE-M was associated with lung metastasis. Both obesity and
aging are well established risk factors for inflammation and the development of breast
cancer (22–24). Hence, two additional objectives of this study were to a) evaluate whether
obesity was associated with elevated urinary PGE-M levels and (b) define the relationship
between aging and levels of urinary PGE-M. We also postulated that use of nonsteroidal
anti-inflammatory drugs (NSAIDs), prototypic inhibitors of COX, would be associated with
reduced levels of urinary PGE-M. Overall our findings suggest a significant role for
inflammation in the pathogenesis of breast cancer and highlight the potential utility of
urinary PGE-M as a biomarker of inflammation that could prove valuable in future
intervention studies.

Materials and Methods
This study was approved by the Institutional Review Board of Memorial Sloan-Kettering
Cancer Center. Women aged ≥18 years, with histologically proven breast cancer were
approached during routine clinic visits. After informed consent, all patients gave a urine
sample, completed a questionnaire and provided a blood sample for future studies. The total
planned accrual was 400 patients. For the primary endpoint, urinary PGE-M was compared
between the following groups (Fig. 2): group #1 consisted of patients with metastatic breast
cancer, diagnosed on biopsy or imaging study. Histological confirmation of stage IV disease
was not an eligibility requirement. These patients were subdivided into those with lung
metastases (group #1A; n=100) and patients with no known lung metastases (group #1B;
n=100). The definition of lung metastases (or their absence) was made at study entry as
previously described by Murin et al (25). Patients were considered to have lung metastases if
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any one (or more) of six criteria were met, otherwise patients with metastatic disease were
assigned to group #1B “no known lung metastases” (Fig. 2). Group #2 (controls, n=200)
were made up of women who had been treated for early breast cancer and had no clinical
evidence of disease. According to the most recent guidelines from the American Society of
Clinical Oncology, patients with a history of early breast cancer should be followed up with
history and clinical examination and routine imaging is not recommended (26). Therefore,
all patients in group 2 were clinically assessed for the absence of metastatic disease within 1
month of study entry.

Due to concerns about the unknown but possible confounding effects on PGE-M, patients
who had recently received breast/chest wall radiotherapy (within three months), systemic
chemotherapy/trastuzumab (within three months) and corticosteroids (within 4 weeks) were
excluded. Furthermore, given the rarity of male breast cancer, men were also excluded.
However, due to slower than expected accrual in patients with metastatic disease, the study
was amended after the first 256 patients were enrolled, so that women receiving
chemotherapy and trastuzumab were eligible. Administered therapy was considered as a
possible confounder.

The questionnaire was developed for the study and included detailed information about
inflammatory conditions of the lung (appendix 1). Data from the questionnaire detailed
smoking exposure and included questions related to possible confounders of PGE-M such as
nonsteroidal anti-inflammatory drug (NSAID) use and other chronic inflammatory
conditions. Due to the importance of detailing confounders relative to the timing of the urine
sample, patients were required to complete the questionnaire in-person on the study day. In
general, patients completed the questionnaire with the consenting physician but this was not
required. Electronic medical records and medication lists, which are routinely updated by
patients and physicians at clinic visits, were reviewed to cross-reference data from the
questionnaire. Where conflicts existed, any single documentation was taken as proof of the
presence of this condition/receipt of these medicines. Patients undergoing chemotherapy all
have height and weight measured yielding body mass index (BMI) results. Patients for
whom this information was not available underwent height and weight measurement on the
study day. All patients who signed a valid consent form and gave urine were considered
evaluable.

Definitions
Using standard definitions, ever and never smokers were defined according to whether
patients had smoked at least 100 cigarettes or not in their life-time. Former smokers were
defined as patients with ≥100 cigarette smoking history and who quit ≥12 months before
enrollment. Current smokers were defined as patients with ≥100 cigarette smoking history
who had smoked at least one cigarette in the last year. Total smoking exposure was
estimated in pack years. Patients were classified as “regular” NSAID users if they admitted
to daily NSAID use (or if their regular medications listed an NSAID). Otherwise patients
were classified as “occasional” users. Subjects also reported days from last NSAID use.

Urine Samples
A single void urine (<100mls) specimen was collected from each patient, aliquoted into
2mL cryovials, anonymized, and stored at −80°C. Upon completion of patient enrollment,
urine was analyzed for PGE-M using mass spectrometry as previously described (18–20),
without knowledge of any clinical characteristics. To account for variations in hydration
status, PGE-M was normalized to urinary creatinine.
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Biostatistics
The associations between urinary PGE-M and covariates were first examined in a univariate
analysis. For categorical covariates with two or more categories, the non-parametric
Wilcoxon rank-sum test and Kruskal-Wallis test respectively were used. For continuous
covariates, the Spearman’s rank correlation coefficient was quantified and compared to the
null hypothesis (no correlation). To identify potential confounders of the association
between PGE-M and the study groups, the strength of association between covariates and
study groups was examined using the Kruskal-Wallis and Chi-squared tests for continuous
and categorical covariates, respectively. Variables that showed evidence of association with
PGE-M (p<0.25) and those that were notably different across study groups (p<0.25) were
included in a multivariate model, using multiple linear regression analysis on log
transformed PGE-M data. An AIC based backward variable selection procedure was then
used to identify a set of covariates that best fit the PGE-M data.

Results
Baseline Characteristics

From September 2010 to June 2011, 400 women of median age 58 years (range 24–88)
enrolled. All patients completed the study questionnaire, provided a urine sample and had
BMI measured objectively by a clinician. Patients with lung metastases were older and had a
greater number of sites of metastatic disease than patients in other groups (Table 1).
Elevated BMI was associated with metastasis (p=0.035). Despite not being an eligibility
requirement, most patients in group 1 had a biopsy of at least one metastatic site consistent
with the diagnosis of breast cancer (Supplemental Table 1). As expected, stage distribution
at presentation was significantly different across study groups (p<0.001). The group of
patients with lung metastases was enriched for HER2 positive tumors (p=0.02). In total, 68
(19%) women had at least one known inflammatory lung condition, and this proportion was
similar across study groups (Table 1). Consistent with differences in tumor phenotype
between groups, there were significant differences in the breast cancer treatments received
in the last month between groups (Supplemental Table 1). As noted above, accrual was
slower in patients with metastatic disease prior to the study amendment which allowed
patients receiving chemotherapy and trastuzumab to participate (Supplemental Table 2)

Urinary PGE-M by Patient Subgroup
For technical reasons, urinary PGE-M could not be measured on one urine sample from a
patient with lung metastases. Therefore, PGE-M results were available on 399 patients. The
median PGE-M level was 5.47ng/mg creatinine (range 0.68 –43.4) in patients with
metastatic disease (group1), which was significantly higher than the median PGE-M of
4.23ng/mg creatinine (range 0.86–62.6) in controls (group 2) (p<0.001). In addition, PGE-M
levels were significantly different across the three preplanned study groups (p<0.001, Fig.
3A). Specifically, the median PGE-M was 6.7ng/mg creatinine (range 0.7–43.4) among
patients with lung metastases, which was significantly higher than 4.6ng/mg creatinine
(range 0.7–26.8) in patients with no known lung metastases (p=0.003) and 4.2ng/mg
creatinine (range 0.9–62.6) in controls (p<0.001). Upon careful examination of the effect of
other sites of metastasis on PGE-M levels, it was observed that patients with liver metastasis
with or without lung metastasis also showed higher PGE-M levels compared to the controls
(p=0.01 and <0.001, respectively). There was no detectable difference in PGE-M levels
between patients with no known lung metastases and controls (p=0.34) or between patients
with no known lung/liver metastases and controls (p=0.99).
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Smoking and NSAID Exposure
Approximately half of the patients in all subgroups were classified as ever smokers (Table
1). There was no difference in the proportion of ever smokers between groups (p=0.42)
although the total numbers of current smokers was low (Table 1). The absolute numbers of
current smokers by subgroup were three (3%), eight (8%) and 20 (10%) in groups 1A, 1B
and 2, respectively. In addition to cigarettes, five patients, all of whom were ever smokers,
admitted to other tobacco/non-tobacco (e.g. marijuana) smoking exposure. Therefore,
considering this did not lead to the reclassification of any never as ever smokers.

There were no differences between groups in terms of NSAID exposure within seven days
of participation (p=0.94; Table 1).

PGE-M and Smoking Exposure
The association between urinary PGE-M and smoking exposure was examined in univariate
analyses. Smoking exposure was considered as 1) a continuous variable (pack years), 2) a
categorical variable with three categories (current/former/never smoker), and 3) a
categorical variable with two categories (ever vs. never smoker). As a continuous variable,
extent of smoking exposure was associated with PGE-M levels (Spearman’s ρ=0.125,
p=0.01). As expected, current smokers had higher PGE-M levels than former smokers and
never smokers (Supplemental Table 3), although this difference was not statistically
significant (p=0.22). For the primary study endpoint, levels of PGE-M were compared
between ever and never smokers by patient subgroup (Table 2). The difference in PGE-M
levels between never smokers and ever smokers with lung metastases was not statistically
significant (p=0.54) (Table 2). No evidence of a correlation between PGE-M and second-
hand smoke exposure was seen.

PGE-M and NSAID Use
Patients with lung metastases who had not taken NSAIDs, prototypic inhibitors of COX
activity, in the seven days before urine collection had the highest PGE-M levels (median 7.4
ng/mg creatinine; range 1.8–43.4) (Table 2). Significantly lower PGE-M levels were seen in
patients who had taken NSAIDS within seven days compared to those who had not among
patients with lung metastases (p=0.005) and controls (p=0.04). Consistent with the
hypothesized role of inflammation in mediating lung metastases, the highest levels of PGE-
M were seen among ever smokers with lung metastases who had not used NSAIDs within
seven days of the urine collection (median 10.6 ng/mg creatinine). Among ever smokers
with lung metastases, lower PGE-M levels were seen in patients who had taken NSAIDs in
the last seven days compared to those who had not (p=0.01).

Effect of Other Variables on PGE-M
Consistent with prior evidence that obesity causes subclinical inflammation including
elevated COX-2 levels, increasing BMI was associated with increased PGE-M both as a
continuous variable (ρ=0.24, p< 0.001) and as a categorical variable (p<0.001). Similar
correlations between PGE-M and BMI were also seen in each patient subgroup (Fig 3B.).
No significant differences were seen in the median PGE-M between the 68 women with
inflammatory lung conditions (median 5.04 ng/mg creatinine, range 0.81–28.07) and the 331
women without these conditions (median 4.74 ng/mg creatinine, range 0.68–62.6, p=0.26).
Time from breast cancer diagnosis to study participation was associated with elevated PGE-
M (p=0.02) as was the number of metastatic sites (p<0.001). Elevated PGE-M levels were
seen in patients who had received cytotoxic chemotherapy (p<0.001), anti-HER2 therapy
(p<0.001), and bevacizumab (p=0.08) in the previous month in univariable analysis. No
significant effect on PGE-M levels was seen for receipt of endocrine therapy (p=0.32), or for
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different classes of chemotherapy (p=0.33). No association between PGE-M and receipt of
radiation was seen (p=0.5)).

Multivariate Model for PGE-M
A multivariate model was developed to include variables that showed evidence of
association with PGE-M (p<0.25) and those that were notably different across study groups
(p<0.25). Notably, time from diagnosis and extent of metastatic disease did not meet these
criteria. In the final multiple linear regression model (Fig. 4), PGE-M levels were
significantly different across study groups after adjusting for other important covariates. In
this final analysis, ever smokers with lung metastases had the highest covariate-adjusted
PGE-M levels. Specifically, PGE-M levels were significantly higher in patients with lung
metastases (regardless of liver metastasis status) compared to controls (p=0.02). However,
the difference in PGE-M levels between patients with no known lung/liver metastases and
controls was not statistically significant (p=0.53) In addition, several other factors were
independently associated with increased PGE-M levels including pack year smoking history
(p=0.02), BMI (p<0.001), age (p<0.001) and receipt of cytotoxic chemotherapy within the
last month (p=0.03)). Notably, cytotoxic chemotherapy was the only administered therapy
significantly associated with urinary PGE-M levels in multivariable analysis. Conversely,
receipt of NSAIDs within seven days was strongly associated with significantly lower levels
of PGE-M (p<0.001).

Discussion
The highest levels of urinary PGE-M, a biomarker of inflammation, were found in ever
smokers with lung metastases. While this is consistent with the hypothesis that pulmonary
inflammation predisposes to breast cancer metastasizing to the lung, we acknowledge that
there are other potential explanations. Because both smoking and lung metastasis were each
independent determinants of elevated urinary PGE-M, the high PGE-M levels in smokers
with lung metastasis could reflect an additive effect, rather than suggesting a causal link
between inflammation and metastasis. At the same time, our data do not exclude the
hypothesis that smoking-induced lung inflammation increases risk of metastasis and are
consistent with this possibility. A prospective trial would need to be carried out to further
investigate a potential link between lung inflammation and breast cancer metastases to the
lung.

Additional observations were made regarding elevated levels of urinary PGE-M and specific
sites of metastases. In comparison to patients with histories of breast cancer without
evidence of active disease, levels of urinary PGE-M were increased in women with
metastases to the lung. This can potentially be explained by one or more mechanisms.
Overexpression of COX-2 in tumor cells within the lung metastases can explain this finding
(27, 28). In support of this possibility, Massagué and colleagues showed in preclinical
models that COX-2 was one of the genes that mediate breast cancer metastasis to the lung
(7, 8, 29). It’s possible, therefore, that selective elevation of urinary PGE-M in patients with
metastasis to the lung reflects increased COX-2 levels in tumor cells as predicted by their
work. In addition to overexpression of COX-2 in tumor cells, another possibility is that
inflammation occurs in response to lung metastasis leading to increased local production of
PGE2. Finally, the potential role of PGE2 catabolism in the lung should be considered. The
normal lung plays a critical role in the catabolism of PGE2 and contributes to the short half-
life of PGE2 in blood (30). Because PGE-M is a catabolic product of PGE2 (Fig. 1), active
lung catabolism in combination with overproduction of PGE2 by tumor or inflammatory
cells may explain the increased levels of urinary PGE-M found in patients with breast cancer
metastases to the lung. Based on these findings, studies to determine whether other tumor
types that cause lung metastases also lead to elevated levels of urinary PGE-M are
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warranted. Ultimately, if COX-2 contributes to the elevated levels of urinary PGE-M in
patients with breast cancer metastases to the lung, it is possible that this important subset of
patients would benefit from treatment with an inhibitor of COX-2, perhaps as a component
of a multi-agent approach (31).

Obesity is linked to both the development and progression of breast cancer possibly through
the development of inflammation (22, 23, 32). Recently, we showed in both mouse models
of obesity and human breast white adipose tissue that obesity-related inflammation was
associated with increased levels of COX-2 and PGE2 (33–35). In the current study, obesity
was associated with both metastasis and elevated levels of urinary PGE-M. These findings
fit with both prior evidence that inflammation plays a role in obesity-related breast cancer
progression, and the elevated PGE2 levels found in inflamed white adipose tissue (35–37).
In addition to being of mechanistic interest, these results have potentially significant
practical implications for the field of cancer prevention. For example, urinary PGE-M has
the potential to be a valuable biomarker for assessing the utility of behavioral, nutritional or
pharmacological interventions that aim to reduce obesity-related inflammation and possibly
the development and progression of breast cancer. Studies are underway to test this
possibility.

Aging was another correlate of increased urinary PGE-M levels. Elevated levels of multiple
proinflammatory mediators, known inducers of COX-2 and PGE2 synthesis, occur during
aging and may contribute to this finding (38). It’s also possible that reduced levels of
estrogen, a molecule with known anti-inflammatory properties, contribute to aging-related
increases in urinary PGE-M levels. Our results support the possibility that inflammation is
one of the mechanisms by which aging predisposes to cancer. Alternatively, it is possible
that the age-related increase in PGE-M simply reflects the presence of atherosclerosis or
other age-related inflammatory conditions (39).

Tissue injury is associated with the induction of both COX-2 and PGE2 (40) and several
proinflammatory cytokines induce COX-2 transcription and the synthesis of this
prostaglandin. Previously, we demonstrated that treatment with cytotoxic chemotherapy led
to increased levels of COX-2 and PGE2 in tumor tissue (41). Here we note that treatment
with cytotoxic chemotherapy was associated with elevated levels of urinary PGE-M, fitting
with these prior findings. Whether the cytotoxic chemotherapy-mediated increases in urinary
PGE-M levels correlate with either tumor response or the development of side effects is
unknown and deserves further investigation. Finally, recent use of NSAIDs was associated
with a significant reduction in levels of urinary PGE-M. This result is consistent with prior
studies in which either dual inhibitors of COX-1/COX-2 or selective COX-2 inhibitors were
shown to suppress PGE-M levels (18–20). Because NSAIDs, including aspirin, are
commonly used by patients for a variety of reasons a critical aspect of the conduct of future
studies of urinary PGE-M concerns the need to obtain an accurate medication history or the
utility of urinary PGE-M as an informative biomarker will be severely compromised. If a
prospective trial is to be done to test an intervention that may attenuate obesity-related
inflammation, it will be best to exclude regular users of NSAIDs and aspirin if urinary PGE-
M is to be used as a biomarker.

In summary, this study provides new insights into the link between inflammation and breast
cancer and highlights the potential utility of urinary PGE-M as a clinically relevant
biomarker. Such a marker could prove useful in future studies that aim to reduce the risk of
obesity-related cancers or possibly those due to other chronic inflammatory conditions.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic showing PGE-M Synthesis
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Figure 2.
Study Schema
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Figure 3.
A, PGE-M levels were significantly different across study groups (P<0.001). Specifically,
patients with lung metastasis (LM) had significantly higher urinary PGE-M levels [median
(range)] (ng/mg creatinine) compared to patients with no known lung metastasis (NKLM)
and the controls [6.7(0.7, 43.4) vs. 4.6 (0.7, 26.8) vs. 4.2 (0.9, 62.6), P=0.003 and P<0.001,
respectively]. Urinary PGE-M levels were not significantly different between NKLM
patients and the controls (P=0.34). B, PGE-M levels were significantly associated with
increasing BMI (Spearman’s ρ=0.24, P<0.001). In each study group, urinary PGE-M levels
[median (range)] (ng/mg creatinine) were higher in overweight/obese subjects compared to
normal weight subjects [Controls: 4.6 (1.0, 62.6) vs. 3.9 (0.9, 26.8), P=0.006; Patients with
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NKLM: 5.5 (0.7, 26.7) vs. 4.0 (1.3, 26.8), P=0.08; Patients with LM: 7.2 (0.7, 43.4) vs. 4.9
(0.8, 22.7), P=0.03].
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Figure 4.
Multivariate Model for PGE-M. Estimated fold change in PGE-M (and 95% CI) with
respect to covariates in the multivariable linear regression model (an indicator variable of
statin use was also included in the final model but its effect was not statistically significant).
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Table 1

Baseline Patient Characteristics

Lung Metastases
(group 1A) n=100

No Known Lung
Metastases (group 1B)

n=100

Controls (group 2)
n=200

P value

N (%) N (%) N (%)

Age (years), Median (Range) 62 (33–88) 57 (24–85) 56 (30–87) 0.006

BMI, Median (Range) 26.8 (16.9–54.6) 26.8 (16.0–41.7) 25.4 (17.3–51.4) 0.035

Time from Diagnosis to Participation1
(months), Median (Range)

109 (1–423) 75 (0–371) 39 (5–299) <0.001

Sites of Metastatic Disease

 Lung 100 (100) 0 (0) 0 (0) <0.001

 Bone 49 (49) 69 (69) 0 (0) 0.006

 Lymph Node 36 (36) 23 (23) 0 (0) 0.06

 Liver 17 (17) 20 (20) 0 (0) 0.72

 Brain 5 (5) 2 (2) 0 (0) 0.45

Other2 11 (11) 12 (12) 0 (0) 1

Number of Sites of Metastatic Disease <0.001

 0 0 (0) 0 (0) 200 (100)

 1 21 (21) 77 (77) 0 (0)

 2 43 (43) 20 (20) 0 (0)

 3 33 (33) 3 (3) 0 (0)

 4 3 (3) 0 (0) 0 (0)

Tumor Phenotype 0.02

 ER/PR Positive HER23 Negative 71 (71) 82 (82) 141 (70)

 HER2 Positive 22 (22) 12 (12) 23 (12)

 Triple4 Negative 6 (6) 3 (3) 21 (11)

 Unknown (missing HER2 status) 1 (1) 3 (3) 15 (8)

Received Breast/Chest Radiotherapy 53 (53) 35 (35) 133 (77) <0.001

Inflammatory Conditions of the Lung

 Asthma 12 (12) 13 (13) 22 (11) 0.88

 COPD 6 (6) 6 (6) 7 (4) 0.50

 Other5 9 (9) 9 (9) 11 (6) 0.40

Breast Cancer Treatment in Last Month 83 (83) 88 120

Time Since Last Treatment <0.001
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Lung Metastases
(group 1A) n=100

No Known Lung
Metastases (group 1B)

n=100

Controls (group 2)
n=200

P value

N (%) N (%) N (%)

 Day of Study 56 (56) 58 (58) 119 (60)

 Within One Month 31 (31) 32 (32) 3 (20)

 None Recent 13 (13) 10 (10) 78 (39)

Treatment Received

 Chemotherapy/Targeted Therapy 44 (44) 31 (31) 0 <0.001

 Endocrine Therapy 44 (44) 66 (66) 120 (60) 0.004

Smoking History 0.42

 Current 3 (3) 8 (8) 20 (10)

 Former 41 (41) 40 (40) 84 (42)

 Ever 44 (44) 48 (48) 104 (52)

 Never 56 (56) 52 (52) 96 (48)

Smoking Exposure6, Median (Range) 24 (1–126) 27 (1–150) 20 (1–150) 0.98

Second Hand Smoking Exposure 0.38

 Ever 54 (54) 63 (63) 122 (61)

 Never 46 (46) 37 (37) 78 (39)

NSAID Use 0.94

 Regular 33 (33) 31 (31) 65 (33)

 Occasional 66 (66) 69 (69) 135 (68)

 Missing Data 1 (1) 0 (0) 0 (0)

Time since NSAID (days) Median (Range) 2.5 (0–713) n= 68 1 (0–1008) n=69 1 (0–4309) N = 142 0.77

NSAID Exposure within Seven Days 50 (50) 47(47) 95 (48) 0.90

BMI: Body Mass Index

1
Defined as time from first invasive breast cancer to day of study consent

2
Include soft tissue, adrenal and peritoneum

3
HER2= human epidermal growth factor receptor 2

4
Defined as ER=0%, PR=0% and HER2 Negative (Immunohistochemistry 0/1+ or FISH <2.0)

5
Including bronchiectasis, interstitial lung disease, granulomatous disease, pulmonary fibrosis and sarcoidosis

6
Defined in Pack Years among ever smokers
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Table 2

PGE-M by Smoking Status and NSAID Use

Median (Range)† Median (Range)† P value

Smoking Status Never smokers Ever smokers

Lung Metastases (group 1A) n=99 6.1 (0.7–43.4) n=56 7.4 (0.8–28.9) n=43 0.54

No Known Lung Metastases (group 1B) n=100 4.8 (0.7–26.8) n=52 4.6 (1.3–26.7) n=48 0.96

Controls (group 2) n=200 4.0 (0.9–62.6) n=96 4·5 (1.0–26.8) n=104 0.45

Overall NSAID Use ≤7 days since NSAID > 7days since NSAID

Lung Metastases (group 1A) n=99 5.4 (0.7–19.3) n=49 7.4 (1.8–43.4) n=50 0.005

No Known Lung Metastases (group 1B) n=100 5.2 (0.7–26.7) n=47 4.1 (1.3–26.8) n=53 0.22

Controls (group 2) n=200 3.8 (1.0–62.6) n=95 4.5 (0.9–30.8) n=105 0.04

Interaction Between Smoking, NSAIDs and PGE-M

Ever smokers ≤7 days since NSAID > 7days since NSAID

Lung Metastases (group 1A) n=99 5.2 (0.8–19.3) n=25 10.6 (2.9–28.9) n=18 0.01

No Known Lung Metastases (group 1B) n=100 5.5 (1.3–26.7) n=21 3.6 (1.4–12.5) n=27 0.08

Controls (group 2) n=200 3.8 (1.0–26.8) n=51 5.2 (1.5–24.2) n=53 0.03

Never smokers ≤7 days since NSAID > 7days since NSAID

Lung Metastases (group 1A) n=99 5.6 (0.7–19.1) n=24 6.7 (1.8–43.4) n=32 0.13

No Known Lung Metastases (group 1B) n=100 4.9 (0.7–19.6) n=26 4.6 (1.3–26.8) n=26 0.83

Controls (group 2) n=200 3.8 (1.2–62.6) n=44 4.0 (0.9–30.8) n=52 0.43

†
normalized to urinary creatinine and expressed as ng/mg creatinine
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