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Abstract

Purpose: Increased levels of cyclooxygenase-2 and prostaglandin E2 (PGE2) have been
observed in tobacco-related malignancies of the upper aerodigestive tract. Moreover, exposure
to tobacco smoke can stimulate the synthesis of PGE2. Recent evidence suggests that urinary
PGE metabolite (PGE-M) can be used as an index of systemic PGE2 production. In this study, we
investigated whether levels of urinary PGE-M were increased in smokers and in patients with head
and neck squamous cell carcinoma (HNSCC).
Experimental Design: Fifty-eight HNSCC cases and 29 age- and gender-matched healthy controls were prospectively enrolled in the study. A detailed smoking history and single void urine
specimen were obtained from each participant. Levels of urinary PGE-M were quantified in a
blinded fashion using mass spectrometry and compared with smoking history and tumor status.
Results: Adjusted for case-control matching, median urinary PGE-M levels were significantly
higher in ever smokers (15.7 ng/mg creatinine) compared with never smokers (9.9 ng/mg creatinine) for the entire study population (n = 87, P = 0.005). Concentrations of urinary PGE-M were
nearly doubled in ever smokers (15.2 ng/mg creatinine) versus never smokers (7.8 ng/mg creatinine) among healthy controls (P = 0.001). Higher PGE-M levels were observed in current versus
former smokers and in those with greater pack-year exposure. A significant difference in amounts
of PGE-M was not observed in patients with HNSCC versus healthy controls.
Conclusions: Increased levels of urinary PGE-M were observed in smokers. Urinary PGE-M may
have use as a noninvasive biomarker of the effects of tobacco smoke exposure.

Tobacco

smoke contains potent carcinogens that have been
causally linked to the development of numerous malignancies
including those of the upper aerodigestive tract (UADT; refs.
1 – 3). A variety of mechanisms have been identified by which
tobacco smoke contributes to carcinogenesis. Tobacco carcinogens cause mutations and epigenetic phenomena that can
activate proto-oncogenes or inactivate tumor suppressor genes
(4, 5). Differences in the capacity to detoxify tobacco carcinogens
or repair DNA contribute to interindividual differences in host
susceptibility to the procarcinogenic effects of tobacco smoke
(6 – 8). Cyclooxygenase (COX) – derived prostaglandin E2
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(PGE2) may also play a role in tobacco-induced carcinogenesis
of the UADT. Elevated levels of PGE2, detected in cancers of the
UADT including non – small cell lung cancer (NSCLC) and head
and neck squamous cell carcinoma (HNSCC), correlate with
increased tumor vascularization, the development of metastasis,
and reduced survival (9 – 14). Several observations further
suggest that PGE2 contributes to the development and progression of cancer. For example, PGE2 can stimulate cell proliferation, induce angiogenesis, inhibit apoptosis, and suppress
immune surveillance (15 – 20). Treatment with selective inhibitors of COX-2, prototypic inhibitors of PGE2 synthesis, or an
anti-PGE2 monoclonal antibody inhibited the growth of
transplantable tumors of the UADT including HNSCC
(20, 21). Recently, exposure to tobacco smoke was found to
stimulate COX-2 transcription resulting in enhanced PGE2
synthesis in cells derived from the UADT (22, 23).
Despite an increased understanding of the link between
tobacco smoke and malignancy, biomarkers that reflect the
cumulative systemic effects of tobacco smoke exposure in a
given individual remain elusive. Measurements of tobacco
smoke metabolites and DNA adducts can provide useful
information, but there is a significant unmet need for
additional markers that incorporate the host response to
tobacco smoke exposure (24 – 26). PGE2 is a reasonable
candidate for use as a biomarker of the carcinogenic effects
of tobacco smoke. However, tissue measurements of PGE2 are
invasive and impractical for routine clinical use. Moreover,
PGE2 in plasma is rapidly metabolized in the lungs and
consequently does not accurately reflect endogenous PG
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production (27). Catabolism of PGE2 is initiated by 15prostaglandin dehydrogenase (15-PGDH) and results in a
stable end metabolite, 11-a-hydroxy-9,15-dioxo-2,3,4,5tetranor-prostane-1,20-dioic acid (PGE-M) that is excreted in
the urine (Fig. 1; refs. 28 – 31). Previous studies have shown
that urinary PGE-M can be used as an index of systemic PGE2
production (32, 33).
Levels of urinary PGE-M have been reported to be elevated in
NSCLC patients compared with healthy controls (34). In the
current study, we investigated whether levels of urinary PGE-M
were increased in HNSCC patients. Because of preclinical
evidence that tobacco smoke can induce PGE2 synthesis, we
also aimed to determine whether levels of urinary PGE-M were
increased in smokers. In contrast to the previous findings for
NSCLC, we did not find increased levels of urinary PGE-M in
HNSCC patients compared with healthy controls. However,
levels of urinary PGE-M were elevated in ever smokers
compared with never smokers. This finding indicates that the
inductive effect of tobacco smoke on PGE2 synthesis observed
in vitro translates to humans in vivo. Moreover, these results
suggest that urinary PGE-M represents a noninvasive biomarker
of host response to cumulative tobacco smoke exposure.

Materials and Methods
Study design. The study was designed as a phase II biomarker study
according to the criteria described by Pepe et al. (35). This
observational, hospital-based, case-control study was structured to

Fig. 1. Biosynthesis of PGE-M. Arachidonic acid, released from membrane
phospholipids by phospholipase A2 (PLA 2 ) is metabolized by COX-1and COX-2 to
PGH2. PGH2 is converted to PGE2 by microsomal PGE synthase-1 (mPGES-1).
PGE2 is metabolized to PGE-M in a series of steps including a reaction catalyzed by
15-PGDH.
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assess the ability of urinary PGE-M to discriminate between healthy
controls and HNSCC cases. Cases were age and gender matched to
controls at a 2:1 ratio. The sample size calculation was determined
using receiver operating characteristic (ROC) curve analysis as the
primary tool for evaluating the discriminatory ability of urinary PGE-M.
The study was designed to have 80% power using a one-sided 0.05 level
significance test to ascertain if the sensitivity of PGE-M was at least 0.65
at a fixed false positive rate of 0.30 (36). All cases were recruited from
the Head and Neck Cancer Multidisciplinary Clinic at Memorial SloanKettering Cancer Center without consideration of race or socioeconomic status. Controls were recruited from the population of relatives
accompanying patients to the clinic.
Cases were eligible for participation if they had histologically
confirmed HNSCC (newly diagnosed or recurrent) and were older
than 18 years of age. Exclusion criteria for cases and controls included
any surgery, chemotherapy (including corticosteroids), hormonal
therapy (other than hormone replacement therapy for menopause),
and/or radiation therapy within 6 weeks of enrollment, known
unrelated malignancy, or chronic inflammatory disease, renal disease
(serum creatinine, >1.5 mg/d), or active infectious process. Individuals
taking nonsteroidal anti-inflammatory drugs, excluding a daily cardioprotective dose (81 mg) of aspirin, within 1 week of enrollment were
also excluded. Informed consent was obtained from each participant.
The Institutional Review Board of the Memorial Sloan-Kettering Cancer
Center approved this study.
Specimen and data collection. Participant exposure to known
HNSCC risk factors, including tobacco and alcohol, was documented.
Former smokers were defined as those who quit at least 12 months
before presentation. Never smokers were defined as those who smoked
fewer than 100 cigarettes in their lifetime. Drinking status was selfreported as never, former, or current. Former drinkers included those
who quit anytime before presentation. Never drinkers were defined as
those who denied any pattern of alcohol use and excluded ‘‘social’’
drinkers. Daily 81 mg aspirin use, defined as routine intake including
within 48 hours of urine collection, was similarly documented.
Information regarding site and stage of disease was then extracted
from the medical record. All tumors were staged according to the
American Joint Committee on Cancer staging system (37). When
available, pathologic staging was preferred over clinical staging. Prior
cancer history and any applied therapeutic interventions were identified
and recorded as applicable. All data was maintained within a secure,
password-protected clinical research database at the Memorial SloanKettering Cancer Center.
Single void urine specimens were then collected from each
participant and promptly transported to the laboratory after collection.
Each specimen was aliquoted into 2-mL cryovials and stored at 80jC.
A second ‘‘follow-up’’ urine specimen was collected from those HNSCC
cases undergoing surgical resection (z21 days postsurgery).
Urinary prostaglandin E metabolite analysis. Urine specimens were
analyzed contemporaneously in a blinded fashion. PGE2 production
was quantified by measuring urinary PGE-M via mass spectrometry
using stable isotope dilution methodology with chemically synthesized
(2H6)PGE-M as an internal standard (38). First, endogenous urinary
PGE-M was converted to an unlabeled O-methyloxime derivative and
extracted (39). During mass spectrometry, the precursor ions of the
unlabeled (2H6) (m/z 385) and (2H6)-labeled (m/z 391) O-methyloxime
PGE-M were subjected to collision-induced dissociation. The resultant
products included ion m/z 336 representing endogenous PGE-M and ion
m/z 339 representing the deuterated internal standard. Levels of
endogenous PGE-M in samples were then calculated from the ratio of
the mass chromatogram peak areas of the m/z 336 and m/z 339 ions.
Results were normalized according to urinary creatinine concentration.
Statistical analysis. ROC curve analysis was used to assess the
ability of PGE-M to discriminate between HNSCC patients and matched
controls. The primary analysis used for this purpose was the sensitivity
at a fixed false positive rate (36, 40). During the design of the study, it
was determined that the maximum acceptable false positive rate for a
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test based on urinary PGE-M should be 0.30, and that to consider the
marker clinically useful for the detection of HNSCC the sensitivity at
this false positive rate must be shown to be at least 0.65. The ROC curve
was estimated using the nonparametric empirical estimate. The area
under the ROC curve (AUC) was estimated as a secondary analysis
using the empirical estimate of the AUC.
Conditional logistic regression was used to explore associations
among PGE-M, tobacco smoke exposure, or other potential prognostic
factors while adjusting for the age- and gender-matched data. Van
Elteren’s nonparametric test was used to evaluate differences in patient
characteristics between HNSCC cases and healthy controls as well as
differences in urinary PGE-M levels between groups while stratifying on
the matching factors (41, 42). The Wilcoxon signed-rank test was used
to compare matched preoperative and postoperative urinary PGE-M
values and the Mann-Whitney test was used to compare urinary PGE-M
levels from ever and never smokers within case and control groups.
Van Elteren’s test was implemented using SAS version 9 (2002, SAS
Institute, Inc., Cary, NC). All other analyses were conducted in STATA
8.0 for Windows 2003 (STATA Corp., College Station, TX) or Microsoft
Excel 2000 (Microsoft Corp., Redmond, WA).

Table 2. Tumor characteristics
Variable
Tumor status (%)
Primary
Recurrent
Tumor site (%)
Oropharynx
Oral Cavity
Larynx
Paranasal sinuses
Parotid
Unknown
Tumor size, cm
Median (range)
Mean F SD
Tumor stage (%)
I
II
III
IV

Results
Participant characteristics. Participant characteristics of the
two groups are listed in Table 1. Cases were age and gender
matched to controls at a 2:1 ratio. The median age was 63.0 years
(range, 30-86) for HNSCC cases and 69.0 years (range, 25-82)
for controls (P = 0.20). The majority of study participants in both
groups were male. There were some notable differences between
the 58 HNSCC cases and the 29 healthy controls. There was a
significant difference in the distribution of smokers between
HNSCC cases and healthy controls (P = 0.03) with a greater
percentage of current (22.4% versus 6.9%) and former (46.6%

Table 1. Participant characteristics
Variable

HNSCC
cases (n = 58)

Age, y
Median (range)
Mean F SD
Gender (%)
Male
Female
Alcohol use (%)
Never
Former
Current
Tobacco use (%)
Never
Former
Current
Pack-year exposure*
Median (range)
Mean F SD
Daily aspirin use
81mg (%)

Healthy
controls (n = 29)

P

63.0 (30-86)
64.4 F 11.1

69.0 (25-82)
65.7 F 14.4

0.20

41 (70.7)
17 (29.3)

21 (72.4)
8 (27.6)

0.87

9 (15.5)
18 (31.0)
31 (53.5)

7 (24.1)
2 (6.9)
20 (69.0)

0.45

18 (31.0)
27 (46.6)
13 (22.4)

16 (55.2)
11 (37.9)
2 (6.9)

0.03

28.5 (0.2-97.5)
32.4 F 24.8
10 (17.2)

20.0 (8.0-144.0)
39.9 F 40.5
10 (34.5)

0.96

0.07

*Pack-year exposure refers to 49 ever smokers (36 HNSCC cases and 13
healthy controls) and excludes four exclusive pipe smokers.
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HNSCC cases (n = 58)
46 (70.7)
12 (29.3)
24 (41.4)
16 (27.6)
13 (22.4)
1 (1.7)
1 (1.7)
3 (5.2)
2.7 (0.4-6.0)
2.7 F 1.4
11 (19.0)
5 (8.6)
11 (19.0)
31 (53.4)

versus 37.9%) smokers among the HNSCC cases. For ever
(current and former) cigarette smokers, pack-year exposure was
equivalent between cases and controls. The median pack-year
exposure was 28.5 pack-years (range, 0.2-97.5) for HNSCC cases
and 20.0 (range, 8.0-144.0) for healthy controls (P = 0.96).
Compared with controls, there was a smaller percentage of daily
81 mg aspirin users (17.2% versus 34.5%) among the HNSCC
cases (P = 0.07).
Tumor characteristics for the 58 HNSCC cases are listed in
Table 2. The majority of tumors were primary (70.7% versus
29.3% recurrent). Most tumors originated in the oropharynx
(n = 24), oral cavity (n = 16), or larynx (n = 13). The median
primary tumor size measured 2.7 cm (range, 0.4-6.0 cm) in
greatest diameter. The majority of HNSCC cases presented with
advanced-stage disease. Tumors were staged as follows: 11
(19.0%) stage I, 5 (8.6%) stage II, 11(19.0%) stage III, and 31
(53.4%) stage IV.
Urinary prostaglandin E metabolite is not a clinically useful
biomarker for head and neck squamous cell carcinoma. Although
there was a trend toward higher urinary PGE-M levels in the
HNSCC cases relative to controls, this difference was not
significant. The median concentration of urinary PGE-M was
15.4 ng/mg creatinine (range, 2.4-69.7) for HNSCC cases
compared with 12.6 ng/mg creatinine (range, 1.5-68.5) for
healthy controls (P = 0.07; Fig. 2A). The mean concentration of
urinary PGE-M was 17.9 F 12.9 ng/mg creatinine for HNSCC
cases and 14.0 F 12.2 ng/mg creatinine for healthy controls.
Before initiation of the study, it was determined that the
sensitivity of PGE-M should exceed 0.65 at the fixed false
positive rate (1 – specificity) of 0.30 to be considered clinically
useful as a biomarker for HNSCC. From the ROC curve
evaluating the ability of urinary PGE-M to discriminate between
HNSCC cases and healthy controls, it is evident that the
sensitivity corresponding to a false-positive rate of 0.30 is 0.50,
well below our criteria for a test that would be useful for
discriminating between HNSCC patients and healthy controls
(Fig. 2B). The AUC for this ROC curve is 0.61.
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A subset of HNSCC cases (n = 13) treated surgically with
curative intent was available a minimum of 3 weeks postoperatively for repeat urine collection. Preoperative urinary PGE-M
values were compared with postoperative values in these 13
HNSCC cases to further evaluate whether tumor status was a
determinant of PGE-M levels. No consistent trend was observed
between preoperative and postoperative urinary PGE-M values
(six decreased, seven increased) and there was no significant
difference in urinary PGE-M levels between groups (Fig. 2C).
The median concentration of urinary PGE-M was 15.9 ng/mg
creatinine preoperatively and 17.5 ng/mg creatinine postoperatively (P = 0.65). Thus, surgical removal of HNSCC did not
result in a decrease in levels of urinary PGE-M. This finding
represents additional evidence that urinary PGE-M is not a
clinically useful biomarker for HNSCC.
Urinary prostaglandin E metabolite levels are elevated in
smokers. Adjusted for case-control matching, urinary PGE-M
levels were significantly higher in smokers compared with
nonsmokers for the entire study population (n = 87). The
median concentration of urinary PGE-M was 15.7 ng/mg
creatinine (range, 2.4-69.7) for 53 ever smokers compared with
9.9 ng/mg creatinine (range, 1.5-27.5) for 34 never smokers
(P = 0.005; Fig. 3A). The mean urinary PGE-M concentration of
ever smokers (19.9 F 14.4 ng/mg creatinine) was nearly double
that of never smokers (11.5 F 7.1 ng/mg creatinine). Ever
smoking was associated with increased levels of urinary PGE-M
even when aspirin users (n = 20) and pipe smokers (n = 4) were
excluded (P = 0.02). To further evaluate the relationship
between smoking status and urinary PGE-M, a separate analysis
of healthy controls was done. Importantly, urinary PGE-M
levels were nearly double in ever (n = 13) versus never (n = 16)
smokers among healthy tumor-free controls (15.2 versus 7.8
ng/mg creatinine, P=0.001; Fig. 3B).
Adjusted for case-control matching, urinary PGE-M levels
were compared among never, former, and current smokers for
the entire study population. A statistically significant increase in
median urinary PGE-M concentration was observed from never
(9.9 ng/mg creatinine) to former (14.7 ng/mg creatinine) to
current (22.6 ng/mg creatinine) smokers (P = 0.004; Fig. 4).
Urinary PGE-M levels were also analyzed for the 49 cigarette
smokers (four pipe smokers were excluded) according to
cumulative tobacco smoke exposure in pack-years. Higher
urinary PGE-M levels were observed in participants with greater
tobacco exposure: median urinary PGE-M concentrations were
higher among smokers reporting >40 pack-year exposure (20.3
ng/mg creatinine) versus 21 to 40 pack-year exposure (15.4
ng/mg creatinine) and <20 pack-year exposure (14.2 ng/mg
creatinine) versus the urinary PGE-M concentration of never
smokers (9.9 ng/mg creatinine; Table 3).

Discussion
PGE2 levels are markedly elevated in a variety of tobaccorelated malignancies including NSCLC and HNSCC (11 – 14).
Increased levels of urinary PGE-M, as an index of systemic
PGE2, were recently found in a cohort of patients with
unresectable NSCLC (34). In the current study, urinary PGEM levels were unable to discriminate between HNSCC cases
and controls. Although urinary PGE-M levels were slightly
higher in HNSCC patients than in healthy volunteers, this
difference was not statistically significant. Moreover, cancer

Clin Cancer Res 2005;11(16) August 15, 2005

Fig. 2. Levels of urinary PGE-M in HNSCC cases versus healthy controls. A, urinary
PGE-M levels [median (range)] are not significantly elevated in 58 HNSCC cases
[15.4 (2.4-69.7) ng/mg creatinine] compared with 29 healthy controls [12.6
(1.5-68.5) ng/mg creatinine, P = 0.07]. B, ROC curve was estimated by the
nonparametric empirical estimate. Urinary PGE-M was unable to discriminate
between HNSCC patients and controls. C, urinary PGE-M levels are not altered by
surgical resection of HNSCC in 13 patients.
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tobacco exposure (Table 3). Furthermore, urinary PGE-M levels
were highest among current smokers (Fig. 4). Taken together,
these data suggest that urinary PGE-M may have utility as a
noninvasive biomarker of the cumulative systemic effects of
tobacco smoke exposure.
The finding of elevated levels of urinary PGE-M in smokers
raises a number of fundamental questions. The molecular
mechanism underlying the increased levels of PGE-M in
smokers needs to be elucidated. COX-2, the inducible form of
COX, can be rate limiting for PGE2 production (43). Notably,
increased amounts of COX-2 have been found in the UADT
mucosa of active smokers compared with never smokers (23).
Moreover, tobacco smoke and its constituents [e.g., benzo(a)pyrene] can stimulate COX-2 transcription and PGE2 biosynthesis in vitro (44). It is likely, then, that increased levels of
urinary PGE-M in smokers reflects enhanced expression of
COX-2 in smoke-exposed epithelium. Future pharmacologic
studies using a selective COX-2 inhibitor can be employed to
further evaluate the link between COX-2 and enhanced PGE-M
production. In addition to aberrant COX-2 expression, increased levels or activities of phospholipase A2, COX-1, or
mPGES-1 (Fig. 1) might also contribute to enhanced production of urinary PGE-M in smokers (19). It is also interesting to
consider which tissue compartment might be responsible for
the increased PGE2 production observed in smokers. The lung
is the most likely source for elevated PGE2 synthesis because of
its immense surface area and the known link between tobacco
smoke and pulmonary inflammation. Inflammation is associated with increased production of PGE2 (45, 46) and various
cell types within the lung have the capacity to produce large
amounts of PGE2 in response to proinflammatory stimuli
(47, 48). In support of this idea, increased levels of exhaled
PGE2 have been detected in patients with chronic obstructive
pulmonary disease versus healthy controls (49). Future studies
will be needed to evaluate levels of urinary PGE-M in patients
with bronchitis or emphysema.
Fig. 3. Levels of urinary PGE-M are increased in ever smokers. A, urinary PGE-M
levels [median (range)] are elevated in 53 ever smokers [15.7 (2.4-69.7) ng/mg
creatinine] compared with 34 never smokers [9.9 (1.5-27.5) ng/mg creatinine]
among HNSCC cases and controls combined (P = 0.005). B, levels of urinary
PGE-M were increased in ever (n = 13) versus never (n = 16) smokers among
healthy tumor-free controls (15.2 versus 7.8 ng/mg creatinine, P = 0.001).

resection failed to reduce levels of urinary PGE-M. Differences
in tumor location, bulk, or molecular properties (e.g.,
magnitude of PGE2 elevation) may explain why urinary PGE-M
levels were relatively elevated in patients with unresectable
NSCLC but not in HNSCC patients versus healthy controls. Our
findings show that tobacco smoke exposure is a determinant of
PGE-M levels. Hence, the slight increase in levels of urinary
PGE-M in HNSCC patients can be explained by the greater
percentage of smokers in this group versus healthy controls.
In this study, we showed for the first time that levels of
urinary PGE-M are increased in smokers. Adjusted for casecontrol matching, current and former smokers from the total
study population showed elevated urinary PGE-M levels
compared with never smokers (Fig. 3A). The importance of
smoking status as a determinant of urinary PGE-M levels was
underscored by the finding of a nearly 100% increase in PGE-M
levels in healthy ever versus never smokers (Fig. 3B). Urinary
PGE-M levels increased among smokers according to dose of

www.aacrjournals.org

Fig. 4. Urinary PGE-M levels as a function of smoking history. A statistically
significant increase in urinary PGE-M levels [median (range)] was observed from
never [9.9 (1.5-27.5) ng/mg creatinine] to former [14.7 (2.4-68.5) ng/mg
creatinine] to current [22.6 (6.8-69.7) ng/mg creatinine] smoking status among
HNSCC cases and controls combined (P = 0.004).

6091

Clin Cancer Res 2005;11(16) August 15, 2005

Downloaded from clincancerres.aacrjournals.org on October 22, 2019. © 2005 American Association for
Cancer Research.

Cancer Prevention

Table 3. Urinary PGE-M levels by tobacco smoke
exposure (pack-years) among cases and controls
combined
Pack-year
exposure
Never

<20
21-40
>40

Participants
(N = 83)

Urinary PGE-M
(ng/mg creatinine),
median (range)

34
20
13
16

9.9 (1.5-27.5)
14.2 (2.4-28.3)
15.4 (4.9-52.6)
20.3 (5.9-69.7)

A statistically significant increase in urinary PGE-M concentration was observed in the comparison of never versus former
versus current smokers. Several mechanisms can explain this
finding. For example, former smokers are predicted to have less
pulmonary inflammation and bronchial metaplasia than current
smokers (50). As mentioned previously, the chemical constituents of tobacco smoke induce COX-2 and PGE2 synthesis in vitro
(44, 51). If this mechanism is operative in vivo, then levels of
PGE-M should be higher in current than in former smokers and
decrease rapidly with tobacco cessation. Future studies are

needed to determine the significance of increased levels of PGEM in former smokers, which could be a consequence of multiple
mechanisms such as persistent inflammation or fixed genetic
changes (e.g., mutation of TP53 with increased COX-2 expression; refs. 52 – 54). Given the link between inflammation and
carcinogenesis (55), it is intriguing to postulate that measurements of urinary PGE-M might prove useful in evaluating cancer
risk among active and former smokers.
The discovery of elevated levels of urinary PGE-M in smokers
has potentially important clinical applications. If increased
COX-2 activity is responsible for elevated urinary PGE-M levels,
then PGE-M should be useful as a biomarker to determine the
minimum dose of a selective COX-2 inhibitor, such as celecoxib,
which is required to abrogate COX-2 activity in smokers. PGE-M
measurements could also prove useful in a tobacco cessation
program. If levels of urinary PGE-M decrease in conjunction with
tobacco cessation, then this information could provide immediate feedback and help reinforce the cessation behavior for
smokers who want to quit.
In summary, smokers were identified as having elevated
urinary PGE-M levels. Therefore, urinary PGE-M may have
utility as a noninvasive biomarker of host response to tobacco
smoke exposure. In contrast to previous reports for NSCLC,
urinary PGE-M levels were unable to discriminate between
HNSCC patients and healthy controls.
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