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Abstract

Progress in cancer chemoprevention has been hindered by a lack of validated biomarkers of risk
and interventive response. The identification of accurate, reliable and easily measurable risk and
response biomarkers within the field of cancer prevention could dramatically alter our approach to
the disease. Colorectal cancer is associated with substantial morbidity and a limited five-year
survival rate for late-stage disease. The identification of biomarkers to predict 1) those most at risk
of clinically-significant colorectal neoplasia in conjunction with or building upon current risk
models and/or 2) those most likely to respond to potential colorectal chemopreventive agents, such
as aspirin and NSAIDs, would significantly advance colorectal cancer risk management. Urinary
PGE-M is an established indicator of systemic prostaglandin E, production and has been
previously demonstrated to predict risk of advanced colorectal neoplasia in a handful of studies. In
the July 2014 issue, Bezawada et al. confirmed those earlier risk associations and demonstrated
that PGE-M can also predict responsiveness to aspirin/NSAIDs in a small subset of women
undergoing lower endoscopy in the Nurse’s Health Study. PGE-M has the potential to define
subsets of the population that may derive greater chemopreventive benefit from NSAIDs as well
as the potential to optimize the use of expensive and/or invasive screening tests. Additional larger
and more diverse prospective studies meeting the criteria for phase 4 biomarker studies are needed
to advance the development of PGE-M as a non-invasive biomarker of both risk and
chemopreventive response in populations at risk for colorectal cancer.
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Cancer prevention has advanced tremendously in the past few decades, driven primarily by
greater insights into the mechanisms of early stages of neoplastic development as well as
progress in the screening, early detection, and surgical removal of precancerous lesions and
cancer. The area of chemoprevention, however, has seen slower and less steady progress.
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Though we now have refined insights into disease pathogenesis, successful risk assessments
and new risk models, as well as the established efficacy of thirteen agents approved for the
treatment of precancerous lesions and cancer risk reduction (1), progress has been hindered
by a lack of validated biomarkers of risk and interventive response. The identification and
development of accurate, reliable and easily measurable risk and response biomarkers within
the field of cancer prevention could dramatically alter our approach to the disease.
Confirmed risk biomarkers would allow us to more precisely predict who will develop
cancer and, therefore, who is most likely to benefit from chemopreventive or surgical
interventions. In addition, validated risk biomarkers that can also serve as measures of
chemopreventive response would allow us to not only estimate risk but to tailor
interventions based on potential benefits or risks — important considerations given that
chemoprevention often involves asymptomatic, if not entirely healthy, individuals.

The potential of accessible validated biomarkers to improve our ability to reduce risk and
prevent more cancers is neatly illustrated by the use of cholesterol and blood pressure
measurements to guide risk factor management and therapy and thereby reduce the risk of
cardiovascular events. These serve as markers of risk and response, allowing cardiologists
and primary care physicians to identify those at higher risk of developing coronary artery
disease and life-threatening cardiac events and to then tailor risk-reducing interventions
(e.g., statins, beta-blockers) in those higher-risk subsets. Such risk-stratification and tailoring
of medical therapy prior to advanced stages of disease have become a dominant theme in
standard cardiovascular risk management. In effect, such biomarkers led to the evolution of
cardiology from a predominantly treatment-oriented subspecialty to a discipline with much
more of a preventive focus, paving the way for an approximate 60% reduction in the U.S.
mortality rate of heart diseases between the years 1950 and 2008 (2, 3). The identification of
similar biomarkers for cancer risk stratification and prevention would significantly advance
the field of chemoprevention and catalyze a much needed similar evolution in oncology —
away from a dominant or exclusive focus on treatment of those with symptomatic disease
and towards a greater appreciation of risk factors, screening/early detection, and preventive
management through the behavioral adoption of healthy lifestyles, as well as surgical and
medical preventive interventions. Additionally, recent data from the sequencing of cancer
genomes highlight the extreme genetic heterogeneity of advanced cancers, challenging the
ultimate potential of an exclusive focus on treatment of advanced disease and underscoring
the urgent need for such an evolution (4).

Colorectal cancer represents a significant public health burden in the U.S. It is the third most
common cancer among both men and women and the second most fatal cancer, associated
with substantial morbidity and a limited five-year survival rate for late-stage disease (5). A
variety of evidence-based screening tests proven to reduce cancer-associated mortality exist,
but none are ideal, as they all represent various trade-offs between performance,
invasiveness, affordability, patient acceptance, convenience, and efficacy. Lifestyle
alterations and chemopreventive strategies, as used so effectively in cardiovascular risk
reduction, may significantly reduce colorectal cancer morbidity and mortality in conjunction
with effective screening programs. The identification of biomarkers to predict those most at
risk of clinically-significant colorectal neoplasia (i.e., advanced adenomas and cancer) in
conjunction with or building upon current risk models (6) and/or those most likely to
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respond to potential colorectal chemopreventive agents, such as aspirin and NSAIDs, would
significantly advance colorectal cancer risk management.

Urinary PGE-M, an established indicator of systemic prostaglandin E, (PGE) production
(7, 8), is one such promising biomarker. As the primary metabolite of PGE,, it demonstrates
strong biologic plausibility in predicting risk of colorectal advanced neoplasia and cancer,
given that the tumor-promoting effects of the COX-2 enzyme in colorectal neoplasia are
largely thought to follow from the generation of PGE; in settings of chronic inflammation.
PGE-M has been previously demonstrated to predict risk of advanced colorectal neoplasia in
a handful of innovative studies (9-11). Cai et al. used a nested case-control design (N=300)
in the prospective Shanghai Women’s Health Study and demonstrated that baseline urinary
PGE-M levels were 50% higher in colorectal cancer cases than in controls and associated
with as much as a 5.6-fold significantly increased risk of colorectal cancer (9). Johnson et al.
reported that PGE-M was significantly elevated in men and women (N=228) with colorectal
cancer and with large (>1cm) adenomas when compared to patients with small or no
adenomas (10). Sensitivity and specificity of urinary PGE-M concentrations for CRC or
large adenomas vs. small or no adenomas were 88% and 53%, respectively (10). More
recently, Shrubsole et al. assessed urinary PGE-M in patients with any of various forms of
colorectal adenomas (i.e., 3 categories of cases were included: individuals with any
advanced adenoma, multiple small tubular adenomas, or single small tubular adenomas)
versus those who underwent complete colonoscopy without evidence of colorectal neoplasia
(i.e., controls) from the Tennessee Colorectal Polyp Study (11). They found that cases with
either an advanced adenoma or with multiple small adenomas had PGE-M levels 25%
higher than controls, and those in the highest quartile of PGE-M levels were 2.5-fold more
likely to have advanced or multiple small adenomas than were those in the lowest quartile
(11). Based on these studies, PGE-M has the potential to identify patients with the highest
risk of clinically-concerning colorectal neoplasia (8). However, important unresolved
questions arising from these studies included PGE-M’s utility in both genders (preliminary
data suggests it may be more useful in women), as well as its specificity for advanced
colorectal neoplasia versus other potential states of chronic inflammation (e.g., obesity,
inflammatory bowel disease, or even tobacco use) or non-colorectal cancers. Recent
commentators have recommended replication in larger and more diverse populations as well
as validation in prospective studies (8).

In the July 2014 issue, Bezawada et al. partially answered that call by evaluating urinary
PGE-M in another prospective, nested case-control study (N=840) as a possible marker of
colorectal adenoma risk and responsiveness to aspirin chemoprevention in women from the
population-based Nurses’ Health Study (NHS; ref. 12). The authors found that women with
the highest levels of urinary PGE-M had a 65% increased risk of advanced adenoma, a 69%
increased risk of large adenoma, and more than twice the risk for multiple adenomas. A
statistically significant association between urinary PGE-M and the risk of low-risk
adenomas was not identified. These findings confirm the results of the smaller and/or
retrospective studies by Cai et al. (9), Johnson et al. (10), and Shrubsole et al. (11) and more
generally, add to the growing body of literature supporting PGE-M as a potential biomarker
for cancer risk and prognostication for colorectal neoplasia and possibly more broadly
across other cancers (e.g., lung, breast, pancreas; ref. 13-16). Interestingly, PGE-M appears
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to be relatively specific for predicting high-risk adenomas across three published studies -
Johnson et al. (10), Shrubsole et al. (11) and Bezawada et al. (12). This suggests the
possibility of using PGE-M to target the use of invasive, inconvenient, or expensive
screening tests such as colonoscopy (17) or stool-based molecular tests (18) to those at
greatest risk of developing colorectal cancer.

Furthermore, Bezawada et al. broaden the previous work in this area by suggesting a strong
chemopreventive benefit from the regular use of aspirin or NSAIDs in women with elevated
levels of PGE-M but not in women with lower levels of urinary PGE-M (12). Could
assessments of urinary PGE-M help to define population subsets most likely to benefit from
chemopreventive agents, thus improving a priori risk:benefit considerations to better target
preventive interventions? Alternatively, PGE-M could serve as a marker not only of risk but
of therapeutic response to aspirin or NSAIDs, as well. The authors demonstrated NSAID/
aspirin use to be associated with a 39% reduction in adenoma risk among women with
elevated baseline levels of PGE-M at baseline. Of note, the authors tested the ability of
acetaminophen to reduce adenoma risk among those with elevated PGE-M but did not see
an effect, highlighting the specificity of their findings and strengthening the hypothesis that
aspirin and NSAIDs reduce the risk of colorectal neoplasia through anti-inflammatory
pathways involving COX-2 and PGE,. However, the study could not assess a direct effect of
NSAID/aspirin use in women with less elevated urinary levels of PGE-M. Furthermore, over
half the study sample were regular users of aspirin/NSAIDs at the time of urine collection.
Theoretically, these individuals should already have reduced levels of PGE-M, since
exposure to anti-inflammatory agents has been shown to induce a reduction in the levels of
prostaglandin metabolites in the urine (19). Yet, the majority of these regular users were
considered to have high levels of PGE-M and were shown to derive the most
chemopreventive benefit. Consequently, there is a need to better understand the variation
and overall dynamics of PGE-M as a biomarker in populations of regular users of aspirin
and other NSAIDs. Larger prospective studies are needed to define the levels that will
predict a benefit of the intervention, when the biomarker should be assessed in populations
that are already users of NSAIDs, and the inter- and intra-patient variation over time, among
other variables. Finally, given the high percentage of Americans with underlying
cardiovascular disease or type Il diabetes, which seems to have a strong component of
chronic inflammation as a part of their pathogenesis, or other less common disorders
involving chronic inflammation (e.g, Crohn’s, ulcerative colitis, arthritis, other cancers), as
well as the risks associated with NSAID use (20), it may be beneficial for future studies to
assess the levels of urinary PGE-M and their response to treatments across a wider spectrum
of the population.

In 2001, Pepe et al. (21) proposed a five-phase framework for developing cancer screening
biomarkers. These guidelines provide recommended aims, outcomes, selection criteria, and
sample sizes for each phase. With the exception of its prospective foundation, the Bezawada
et al. study most closely aligns with criteria for phase 3 studies, which are typically
retrospective in nature and draw upon clinical specimens collected and stored from cohorts
of apparently healthy individuals where cancer cases are identified from the cohort along
with an appropriate set of controls, with the sample ideally reflecting the target population
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for screening in relation to both cancer and biomarker processes (21). An important
limitation of the Bezawada et al. study is its limited sample, both in size and composition.
Although prospective in nature, the sample represents a small (involving 840 women from
the cohort of more than 115,000), selected subset of women from the NHS meeting various
inclusion criteria; therefore, it is unclear how closely the sample reflects all aspects of the
target population for colorectal cancer screening. Additional larger and more diverse
prospective studies meeting the criteria for phase 4 biomarker studies are needed to advance
the development of PGE-M as a non-invasive biomarker of both risk and chemopreventive
response in colorectal neoplasia.

Despite the many recent advances in cancer screening and prevention, a lack of validated
risk and response biomarkers hinders progress in chemoprevention. The identification of a
non-invasive biomarker that can potentially serve as both a risk and response marker in
colorectal adenoma patients would be a significant advance in the screening and prevention
of colorectal cancer and for the field of chemoprevention more broadly. The potential of
PGE-M to optimize the use of expensive screening tests is suggested by its strong biologic
plausibility, as well as the consistency and specificity of its association with clinically
significant adenomas. While previous studies had documented the potential of urinary PGE-
M to serves as a marker of risk for advanced colorectal neoplasia and colorectal cancer
itself, the study from Bezawada et al. (12) suggests that its utility may go beyond risk
estimation and allow for the tailoring of preventive interventions prior to cancer’s
development, much as in cardiovascular risk reduction.

Acknowledgments

Grant Support: Supported in part by the Boone Pickens Distinguished Chair for Early Prevention of Cancer to E
Hawk and by the MD Anderson Cancer Center Support Grant 5P30CA016672-37 from the National Institutes of
Health.

References

1. Patterson SL, Colbert Maresso K, Hawk E. Cancer chemoprevention: successes and failures. Clin
Chem. 2013; 59:94-101. [PubMed: 23150056]

2. National Center for Health Statistics. Hist293. Age-adjusted death rates for 64 selected causes by
race and sex:United States, 1950-59. [online]. Available from: http://www.cdc.gov/nchs/data/dvs/
hist293_1950_59.pdf

3. Minifio AM, Xu JQ, Kochanek KD. Deaths: Preliminary Data for 2008. National Vital Statistics
Reports. 2010; 59

4. Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, Diaz LA Jr, Kinzler KW. Cancer genome
landscapes. Science. 2013; 339:1546-1558. [PubMed: 23539594]

5. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 2014. CA Cancer J Clin. 2014; 64:104—
17. [PubMed: 24639052]

6. Freedman AN, Slattery ML, Ballard-Barbash R, Willis G, Cann BJ, Pee D, et al. Colorectal cancer
risk prediction tool for white men and women without known susceptibility. J Clin Oncol. 2009;
27:686—693. [PubMed: 19114701]

7. Sterz K, Scherer G, Ecker J. A simple and robust UPLC-SRM/MS method to quantify urinary
eicosanoids. J Lipid Res. 2012; 53:1026-36. [PubMed: 22338011]

8. Wang D, DuBois RN. Urinary PGE-M: a promising cancer biomarker. Cancer Prev Res. 2013;
6:507-510.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2015 October 01.


http://www.cdc.gov/nchs/data/dvs/hist293_1950_59.pdf
http://www.cdc.gov/nchs/data/dvs/hist293_1950_59.pdf

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Colbert Maresso et al.

Page 6

9. Cai Q, Gao YT, Chow WH, Shu XO, Yang G, Ji BT, et al. Prospective study of urinary

prostaglandin E2 metabolite and colorectal cancer risk. J Clin Oncol. 2006; 24:5010-5016.
[PubMed: 17075120]

10. Johnson JC, Schmidt CR, Shrubsole MJ, Billheimer DD, Joshi PR, Morrow JD, et al. Urine PGE-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

M: A metabolite of prostaglandin E2 as a potential biomarker of advanced colorectal neoplasia.
Clin Gastroenterol Hepatol. 2006; 4:1358-1365. [PubMed: 16996805]

Shrubsole MJ, Cai Q, Wen W, Milne G, Smalley WE, Chen Z, et al. Urinary prostaglandin E2
metabolite and risk for colorectal adenoma. Cancer Prev Res. 2012; 5:336-342.

Bezawada N, Song M, Wu K, Mehta RS, Milne GL, Ogino S, et al. Urinary PGE-M levels are
associated with risk of colorectal adenomas and chemopreventive response to anti-inflammatory
drugs. Cancer Prev Res. 2014; 7:758-65.

Dong LM, Shu XO, Gao YT, Milne G, Ji BT, Yang G, et al. Urinary prostaglandin E2 metabolite
and gastric cancer risk in the Shanghai women’s health study. Cancer Epidemiol Biomarkers Prev.
2009; 18:3075-3078. [PubMed: 19861525]

Kekatpure VD, Boyle JO, Zhou XK, Duffield-Lillico AJ, Gross ND, Lee NY, et al. Elevated levels
of urinary prostaglandin E metabolite indicate a poor prognosis in ever smoker head and neck
squamous cell carcinoma patients. Cancer Prev Res. 2009; 2:957-965.

Kim S, Taylor JA, Milne GL, Sandler DP. Association between urinary prostaglandin E2
metabolite and breast cancer risk: a prospective, case-cohort study of postmenopausal women.
Cancer Prev Res. 2013; 6:511-518.

Morris PG, Zhou XK, Milne GL, Goldstein D, Hawks LC, Dang CT, et al. Increased levels of
urinary PGE-M, a biomarker of inflammation, occur in association with obesity, aging, and lung
metastases in patients with breast cancer. Cancer Prev Res. 2013; 6:428-436.

Levin B, Lieberman DA, McFarland B, Smith RA, Brooks D, Andrews KS, et al. Screening and
surveillance for the early detection of colorectal cancer and adenomatous polyps, 2008: a joint
guideline from the American Cancer Society, the US Multi-Society Task Force on Colorectal
Cancer, and the American College of Radiology. CA Cancer J Clin. 2008; 58:130-160. [PubMed:
18322143]

Imperiale TF, Ransohoff DF, Itzkowitz SH, Levin TR, Lavin P, Lidgard GP, et al. Multitarget stool
DNA testing for colorectal-cancer screening. N Engl J Med. 2014; 370:1287-1297. [PubMed:
24645800]

Murphey LJ, Williams MK, Sanchez SC, Byrne LM, Csiki I, Oates JA, et al. Quantification of the
major urinary metabolite of PGE2 by a liquid chromatographic/mass spectrometric assay:
determination of cyclooxygenase-specific PGE2 synthesis in healthy humans and those with lung
cancer. Anal Biochemistry. 2004; 334:266-275.

Bhala N, Emberson J, Merhi A, Abramson S, Arber N, et al. Coxib and traditional NSAID
Trialists’ (CNT) Collaboration. Vascular and upper gastrointestinal effects of non-steroidal anti-
inflammatory drugs: meta-analyses of individual participant data from randomised trials. Lancet.
2013; 382:769-779. [PubMed: 23726390]

Pepe MS, Etzioni R, Feng Z, Potter JD, Thompson ML, Thornquist M, et al. Phases of biomarker
development for early detection of cancer. J Natl Cancer Inst. 2001; 93:1054-1061. [PubMed:
11459866]

Cancer Prev Res (Phila). Author manuscript; available in PMC 2015 October 01.



