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Abstract

BACKGROUND—Screening and early diagnosis tools are lacking for pancreatic
adenocarcinoma; most patients are diagnosed with metastatic disease. Autoantibodies to tumor-
associated antigens (TAASs) can be present months to years before diagnosis and hold promise as
biomarkers for early detection.

METHODS—TAAS to pancreatic cancer autoantibodies CTDSP1, MAPK®9, and NR2E3,
identified as potentially promising biomarkers in exploratory studies, were evaluated in serum
from participants (cases=300, controls=300) in a population-based case-control pancreatic cancer
study in the San Francisco Bay Area. Patients were identified through cancer registry rapid case
ascertainment, newly diagnosed from 1995-1999 and followed-up through 2008. Autoantibody
levels were analyzed as continuous and grouped (quartiles) variables. Multivariable unconditional
logistic regression was used to compute odds ratios (OR) as estimates of autoantibody levels
associated with disease status. Kaplan-Meier product limit estimates and multivariable Cox
proportional hazards regression were used to assess autoantibody levels associated with case
survival duration.

RESULTS—Cases had higher levels of CTDSP1 (~=0.004), MAPK9 (P=0.0002), and NR2E3
(P<0.0001) autoantibodies than controls (41 vs. 15t quartile:CTDSP1 OR=1.7, MAPK9 OR=2.5,
NR2E3 OR=4.0). High BMI and tobacco use were associated with levels in controls but were not
statistical confounders. High CTDSP1 levels were somewhat associated with better survival
(HR=0.77, P=0.07).

CONCLUSIONS—Combined with previous results, our study contributes evidence that cancer-
related host immune-response factors may be useful diagnostic screening tools and prognostic
indicators for pancreatic cancer. Further studies are needed to critically assess the value of
autoantibody panels to TAAs in diagnostic screening, prognosis and immunotherapy of pancreatic
and other cancers.
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Pancreatic cancer is among the most fatal cancers diagnosed in adult men and women in the
U.S. Each year a similar number of newly diagnosed pancreatic cancer cases and deaths
occur and the number of new cases continues to increase (1). Recently published data
suggest that pancreatic cancer develops slowly over many years (2); however, most patients
are diagnosed with late stage disease that is refractory to current therapies. Vague and non-
specific symptoms that are consistent with other benign gastrointestinal conditions are likely
to contribute to the typically late diagnosis. Increasing age, smoking, diabetes, obesity,
heavy alcohol consumption, family history and several rare genetic syndromes are known
risk factors for pancreatic cancer but explain little of the disease incidence. Pancreatic
cancer, like brain cancers and lymphoma is clearly associated with allergies and allergic
conditions (3-6), indicative of an interaction between the immune system and the cancer.
Currently used biomarkers, CA19-9 and CEA, have high false-positive rates for pancreatic
cancer and while new imaging technologies are helpful they tend to identify more advanced
disease. Biomarkers are critically needed to better understand the etiology of this disease, to
identify new therapeutic targets and to develop early detection tests to reduce incidence and
improve patient prognosis.

Identification of sensitive and specific biomarkers that can be screened using biospecimens
obtained through minimally invasive methods (/.e. peripheral blood) has been challenging.
Autoantibodies to tumor-associated antigens (TAAs) have been reported for a number of
other cancers [ovarian (7-9), breast (10), lung (11), hepatocellular (12), colorectal(13-15)].
Originally explored for development of immunogenic cancer vaccines, autoantibodies to
TAAs have more recently been studied for their potential as biomarkers for cancer screening
as they may be present in serum months to years before the cancer is symptomatic (16).
Specific autoantibodies have been associated with several cancers or with non-cancer
conditions whereas others have shown promise as biomarkers for specific types of cancer
(17). Further data show that because cancer is a heterogeneous disease, and those with
cancer respond to their own tumors in an individual, HLA-restricted fashion, the frequency
of specific autoantibodies to TAAS is only about 30% (18).

In addition to their potential role as diagnostic markers, there is some evidence to suggest
that autoantibodies to tumor-associated antigens may be useful prognostic or clinical
indicators for cancer including ovarian, lung and breast(19-22). While poor clinical response
and reduced survival in platinum resistant/refractory ovarian cancer was observed for
patients with high serum anti-MUC1 antibody levels(22), separate studies showed improved
survival or clinical prognosis with detectable serum autoantibodies to p53 in serous ovarian
cancer patients(20), to endostatin in metastatic breast cancer patients(21) and to alpha-2-
glycoprotein 1, zinc (AZGP1, a protein overexpressed in smokers) in early stage lung
adenocarcinoma patients(19). Further, results also suggest that a specific marker may be
useful for diagnosis, prognosis, or both diagnosis and prognosis, emphasizing the
importance of separately evaluating serum autoantibodies for use in diagnostic and
prognostic biomarker panels.

Given the current evidence, a pane/ of autoantibodies will be needed to provide the level of
sensitivity and specificity necessary for an effective screening tool. Recent intensive screens
for autoantibodies to pancreatic cancer have produced several candidates; we selected 3
promising biomarkers [CTDSP1(23), MAPKO9 (8), NR2E3 (8)] to explore their association
with pancreatic cancer and pancreatic cancer survival in our San Francisco Bay Area
population-based epidemiological case-control study.
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Materials and Methods

Study Population

Serum from 300 cases and 300 controls in our large population-based case-control
pancreatic cancer study (532 cases, 1701 controls) was analyzed for tumor autoantibodies to
carboxy-terminal domain, RNA polymerase |1, polypeptide A small phosphatase 1, (SCP-1)
formally known as CTDSP1, mitogen-activated protein kinase 9 (MAPK?9) and nuclear
receptor subfamily 2, group E, member 3 (NR2E3) that were selected based on published
results suggesting their potential as pancreatic cancer biomarkers (8, 23). The parent study
population and design have been published previously (4, 24). Briefly, eligible patients were
identified using the Greater Bay Area Cancer Registry rapid case ascertainment, were
diagnosed with incident pancreatic adenocarcinoma from 1994-1999, were between 21 and
74 years of age at diagnosis, residents of six San Francisco Bay Area counties, alive at first
contact and able to compete and interview in English. Additional out-of —area cases were
identified through the University of California. Controls from the same catchment area were
identified using random-digit-dial methods and were frequency-matched to cases by age in
5-year groups, sex and county of residence. All participants provided written consent and
completed interviewer administered in-person interviews using a structured questionnaire
(participation rates 67% cases, 67% controls). Blood specimens were obtained from 309
cases (68% participation) and 964 controls (59% participation) who were eligible for the
optional laboratory portion of the study (no portacath in place, Bay Area resident) and who
provided separate consent. Patient clinical data were obtained from SEER abstracts and
interviews. All cases were followed-up through December 2008 using active and passive
methods to ascertain vital status and date of death(25). Median survival for all study patients
was 10.1 months (interquartile range, 12.2 months). The study was approved by the
University of California Committee on Human Research.

Measurement of Serum Autoantibody Levels

Autoantibody targets were produced as recombinant GST-tagged proteins in cell-free wheat
germ extracts (Abnova, Taipei, Taiwan). Proteins were purified on glutathione columns, and
GST tags removed by proteolytic digestion and further purified using size exclusion
chromatography. Twenty-five g protein was attached to carboxylated magnetic Luminex
microspheres using a labeling kit (Bio-Rad, Hercules, CA). Human serum albumin (Sigma
catalog A3782) was used as a control for nonspecific binding (serum “matrix effect”), and
Varicella Zoster protein used as a positive control (Fitzgerald, Acton MA; catalog 30R-
AV004). Five separate beads were therefore used in multiplex. Incubation and washes were
performed as follows: Sera were diluted and incubated in 150 pl assay buffer with 10°
labeled beads for 2 hours at room temperature with shaking, followed by three washes in
wash buffer (Bio-Plex automated wash station). Secondary biotin-labeled mouse anti-human
IgG (BD Biosciences, catalog 555869) diluted 1:500 in 100 .l detection antibody diluent
(Bio-Rad) was incubated for 1 hour with shaking, followed by two washes in wash buffer.
Assays were built by performing limiting dilutions of test sera in assay buffer (Bio-Rad) to
determine the assay titre for each target protein. A 1:50 dilution of sera:sample diluent [PBS
+10%FBS+2.5%CBS-K(Millipore)] was determined to be optimal, and all assays were run
singly, paired, and together on a test series of sera to determine cross-reactivity. Lack of
cross-reactivity interaction was confirmed. The pancreatic cancer sera case-control series
were randomized, run in duplicates, and normalized across all plates to median values of
total combined autoantibody levels on each plate. Standard reference samples also were run
on each plate to confirm assay consistency.

Serum autoantibody levels were examined as the log-transformed values of the ratio of the
antibody measure to the bovine serum albumin (BSA) level and dichotomized based on the
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75! percentile. A discrete variable representing the total number (0 to 3) of autoantibodies
with titer levels in the highest quartile was created to assess the total effect of autoantibodies
combined. Variables also were created to explore the specific two-way combinations of
‘high’ levels (per dichotomized variables).

Statistical Analysis

Results

Data were analyzed using SAS 9.2 (SAS Institute, Cary NC). Wilcoxon rank-sum and
Kruskal-Wallis tests were used in univariate analyses among controls to assess the
association between autoantibody levels and potential confounders including sex, education,
obesity, tobacco use, allergies and diabetes. Spearman rank tests were used for pair-wise
correlations among autoantibody levels, demographic, clinical and epidemiological factors.
Odds ratios (OR) were computed as estimates of the relative risk of pancreatic cancer related
to autoantibody levels in age- and sex-adjusted multivariable logistic models. Measures of
sensitivity (true positives/ [true positives + false positives]) and specificity (true negatives/
[true negatives + false negatives]), and area under the receiver operator characteristic (ROC)
curve (plotted as sensitivity vs. 1- specificity) were computed for each autoantibody. Area
under the curve (AUC) for each autoantibody also was tested to determine differences from
chance. Kaplan-Meier estimates and log-rank tests were used to evaluate survival
probabilities for categories of autoantibody levels and cancer stage, and between
autoantibody levels and initial cancer treatment. Hazard ratios (HR) for the association
between autoantibody level and patient survival measured in days from diagnosis to death
were computed using multivariable Cox proportional hazards models where those alive or
lost to follow-up were considered censored. Potential confounding by known clinical
prognostic factors including stage at diagnosis and initial treatment type also were evaluated.
All models were adjusted for age and sex. All statistical tests were considered statistically
significant for a two-sided p< 0.05 and borderline or somewhat statistically significant for
0.05<p<0.10.

Demographic and risk factor characteristics of the analyzed population are presented in
Table 1. Approximately 46% of cases and of controls were women. Both cases and controls
ranged in age from 32 to 85 years at diagnosis/interview with a mean age of 64.5 years (data
not shown). Cases were more likely to be smokers and overweight, and somewhat less likely
to have had allergies. Physician diagnosed diabetes of =5 years duration was similar
between cases and controls. Serum autoantibody levels (anti-CTDSP1, anti-MAPK®9, and
anti-NR2E3 referred to as “CTDSP1,” “MAPK9,” and “NR2E3” hereafter) were higher in
cases than controls (CTDSP1 £=0.0085, MAPK9 and NR2E3 P <0.0001, Wilcoxon rank-
sum test).

Correlation among autoantibodies was variable (data not shown). CTDSP1 was weakly
correlated with NR2E3 and MAPKQ (controls: spearman rho=0.44, 0.46; £<0.0001; cases:
spearman rho=0.56, 0.55; £<0.0001, respectively). NR2E3 and MAPK9 were strongly
positively correlated (controls: spearman rho=0.80; £ <0.0001; cases: spearman rho=0.86; P
<0.0001, respectively). There also was evidence among controls that level of NR2E3 was
associated with obesity (BMI1=30), MAPK9 with overweight (BMI =25) and somewhat with
obesity, and CTDSP1 with tobacco use (Table 1).

Blood samples were collected from patients a median of 3.3 months after diagnosis.
Information about any treatment prior to blood collection also was collected. Blood was
collected post-surgery for 97% of surgical patients (median 3.2 months), and post chemo-
therapy for 49% of patients who reported chemotherapy (median 0.72 months).
Autoantibody levels were not correlated with duration between treatment and blood draw or
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with duration between diagnosis and blood draw (Spearman rho statistics ranged from -0.08
to 0.09, all p-values >0.05). Autoantibody levels were not associated with clinical
characteristics among cases (Table 2) although when autoantibodies were analyzed as
dichotomized variables (75th percentile), borderline statistically significant associations
were observed between initial treatment type and NR2E3 (£ =0.08) and between vital status
and CTDSP1 (P=0.08). Specifically, high NR2E3 levels were observed among a greater
proportion of patients who underwent surgical resection relative to other initial therapies
and. high CTDSP1 levels were observed in a greater proportion of patients alive at last
follow-up (~8%) compared with those who had died (~2%).

Case-control Comparisons

Relatively consistent positive associations were observed between higher autoantibody
levels and pancreatic cancer (Table 3). The odds of pancreatic cancer increased with
increased autoantibody level assessed on a continuous scale (CTDSP1, £=0.004; MAPKO9, P
=0.0002; NR2E3, P<0.0001) and by population quartiles (CTDSP1, Pfor trend=0.04;
MAPKQ9, Pfor trend=0.0002; NR2E3, Pfor trend<0.0001). Further, compared with those in
the lowest quartile, participants with the highest CTDSP1, MAPK9 or NR2E3 levels had
nearly 2 to 4-fold increased odds of pancreatic cancer (Table 3). When additional analyses
were conducted to compare those in the highest quartile with all others, risk of pancreatic
cancer was increased for those with the highest MAPK9 and NR2E3 levels (all ~-values
<0.0009). Tobacco use, overweight and obesity were neither confounders nor effect
modifiers of the associations.

Sensitivity and AUC values were in the poor range (AUC: NR2E3=0.62, MAPK9=0.59,
CTDPS1=0.56, data not shown). However, all AUC values were different from chance
(AUC for chance=0.50, all P<0.01). Also, the AUC for NR2E3 differed from MAPK?9 (P
=0.04) and CTDSP1 (P=0.01) whereas AUC for MAPK9 and CTDSP1 did not differ (P
=0.19).

Survival Analysis

The survival duration for the 300 patients (median= 10.5 months) included in these analyses
did not differ from the total case population (10.1 months, log-rank p=0.36) or from that of
the eligible patients who did not provide a blood sample (median 9.7 months, log-rank
p=0.07) . Further, for the 300 patients included in these analyses, survival was longest for
those who had had surgical resection (palliative or no treatment, 8.6 months; chemotherapy
and/or radiation, 9.8 months; surgical resection, 17.7 months). Among the 16 long-term
survivors (>=5 years) included in these analyses, median survival was 111.2 months (IQR,
42.1 months).

Patients with the highest autoantibody levels consistently had longer median survival with
borderline statistically significant associations observed for CTDSP1 and NR2E3 levels
(log-rank P=0.05, P=0.07; Table 4). Analyses of autoantibody combinations showed that
cases with more than one autoantibody at a high level had longer survival (log rank: high
MAPKS9 and high NR2E3, £=0.05; high CTDSP1 and high NR2E3, £=0.04; high CTDSP1
and high MAPK9, £=0.03; all three high £=0.02, data not shown). Correlation between
autoantibody levels and survival was poor (all Spearman rho <0.09, all p-values >0.15, data
not shown).

Adjustment for known prognostic factors, stage at diagnosis or initial treatment, had little
effect on the magnitude and direction of HRs although most p-values were increased (Table
4). In stratified analyses, the greatest survival differences by autoantibody level were
observed in patients who typically have better prognosis, those with localized disease and
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those who had surgical resection (Figure 1), although results were not statistically
significant. Formal tests of statistical interaction between these prognostic factors and
autoantibody levels were largely null. A suggestive association between MAPKO level and
survival by stage (P-interaction=0.08) was likely driven by patients with unstaged disease
whose risk of dying increased nearly 11-fold for each unit increase in MAPKO level. Further
analyses of autoantibodies mutually adjusted for in Cox models that included age, sex and
stage, showed the best fitting model per AIC and -2 log likelihood statistics, was that for
CTDSP1 alone. No other associations were observed between survival and autoantibody
levels on a discrete or continuous scale.

Discussion

To our knowledge, this study is the first to assess previously identified autoantibodies to
TAAs among population-based pancreatic cancer patients and controls. Our results showed
that serum levels of autoantibodies to the TAAs, MAPKS9, CTDSP1 and NR2E3, were
statistically significantly higher among cases than controls. Despite these strong
associations, measures of sensitivity, specificity and AUC did not attain levels necessary for
consideration of these biomarkers as diagnostic screening tools. We also found that
combinations of high serum autoantibody levels were more strongly associated with case
status than individual markers, providing support for the idea that multiple biomarkers are
needed to best differentiate persons with and without pancreatic cancer. Although clinical
prognostic factors were not related to biomarker levels, patterns of association within initial
treatment categories and disease stage suggested that patients with high levels may have
improved survival, especially high CTDSP1 in patients who had surgical resection and high
NRZ2E3 in patients with localized disease. Given small cell sizes and multiple testing
however, further assessment is warranted of these and other autoantibodies as potential
markers of survival in larger patient populations.

Several studies have considered the autoantibody repertoire in pancreatic cancer (26-36).
We chose three targets of the many candidates identified for the current study as a proof of
principle for our method: a multiplex bead-based immunoassay using wheat-germ expressed
proteins. MAPK9 and NR2E3 were the top 2 of 15 antigens identified to be most
immunogenic in pancreatic cancer cases in a study identifying autoantibodies in an agnostic
fashion from 9,000 target baculovirus-expressed antigens (8). The autoantibodies were
validated against ELISA in the sera of 60 patients, most with stage I1B (regional) and IV
(metastatic) disease at the time of surgery (8). A unique algorithm was used to establish a
threshold cutpoint that would increase the test specificity and to compute an intensity score.
Because their approach did not include typical estimates of sensitivity, specificity or AUC it
is not possible for us to directly compare results across studies or to easily determine
whether identified autoantibodies to TAAs would be appropriate for diagnostic screening.

Cancer testis (CT) antigens are limited to cancer and germline cells and therefore are
thought to be ideal markers for cancer screening. In the published CT antigen studies (23,
37), CTDSP1 was the only CT antigen highly expressed in pancreatic cancer patients. In one
study that used a eukaryotic cDNA expression system in yeast that allowed for detection of
antigens that undergo post-translation modifications, an immune response to CTDSP1 was
detected in nearly 15% of patients (compared with 27% in the 4™ quartile in our population)
with all of these patients having tumors with a TNM classification of pT3-4 (23).
Furthermore, other clinical characteristics, stage, age and sex, were not associated with
CTDSP1(23), findings that are similar to the results from our analyses. In contrast, the
authors reported that no seroreactivity was detected in the healthy controls (n=48) or
pancreatitis patients (n=18)(23), which contrasts with data from our study where 22% of
controls had levels above the 75™ percentile cutpoint. Overall, the consistency in results
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suggests that CTDSP1 may be a good candidate component of a biomarker screening panel
for pancreatic cancer.

Autoantibodies to TAAs are thought to be part of cancer immune surveillance and may be a
result of immune system function related to several factors including over-expression of a
protein, response to a viral protein (i.e. to EBV, HPV, KSHV), to an oncogenic or tumor
suppressor protein (i.e. to c-MYC, HER2/Neu, p53), or to post-translational protein
modifications.(38) Recent work has focused on their potential as early diagnostic markers of
cancer development, as markers of progression/prognosis and for their potential use in
identifying targets for therapy and cancer vaccines. Many of the autoantibodies to TAAS
have been found to be present in high titers across cancers and for other chronic
inflammatory diseases. Results from studies of ovarian (39), breast (10), colon (13), lung
(11), hepatocellular (12, 40), meningioma (41), and prostate (42) cancer have shown that
good sensitivity and specificity can be attained by using a panel of autoantibody markers for
cancer screening. The few studies that assessed autoantibodies and pancreatic cancer
explored a number of biomarkers but no study formally evaluated the performance of a
panel of select autoantibodies to correctly discriminate patients from controls. As noted in a
recent review (43), autoantibody biomarker studies have tended to focus on known
oncogenic proteins including p53, c-myc, Her-2/Neu and the CT antigen NY-ESO-1. There
has been little study overlap or validation of discovered markers especially those that may
be unique to a specific cancer. Further, results are sometimes difficult to evaluate across
studies as a variety of methods have been used to establish cutpoints and thresholds, and to
analyze data. Finally, recent work has highlighted how a high background rate of humoral
autoimmunity can negatively impact the overall sensitivity and specificity of screening tests
that might use these biomarkers.(44) The significance of this finding in discovery and
development of autoantibodies to TAAS as screening tools is difficult to determine as little is
known of their role in tumorigenesis. Research is needed that will increase our
understanding of whether autoantibodies promote, suppress, or only herald cancer
development.

Many factors determine whether an individual will produce autoantibodies to specific tumor
antigens, and whether levels of such autoantibodies have any relationship to the levels of
particular antigens. Antibody specificity is governed in part by the interplay between tumor
protein expression and an individual's capacity to present particular antigens to the immune
system based on the highly polymorphic peptide binding pockets of the major
histocompatibility proteins. As a pancreatic tumor grows and evolves, it alters expression of
immunogenic antigens that elicit an anti-tumor response, likely altering the autoantibody
repertoire over time. Because of these variables, an ideal autoantibody assay would
encompass enough antigens to yield consistent and correct classification of individuals with
different tumors and HLA genotypes, despite that an individual's autoantibodies may alter
over time. Typically, a single serum sample will be available on any given individual,
necessitating a robust multipoint assay. While the current study represents an important
start, a future study would need to address a much larger antigen repertoire including
possibly posttranslational modifications, as well as a robust analytical rubric.

Our use of the Greater Bay Area Cancer Registry rapid case-ascertainment helped us to
identify cases shortly after diagnosis and diminish selection bias. However, because most
patients are diagnosed with metastatic disease, the sickest patients are under-represented in
our study population as suggested by the slightly greater median survival duration for case
participants compared with registry statistics. Therefore our results may not pertain to very
ill pancreatic cancer patients. Furthermore, blood samples were collected after treatment for
many of our study patients. We found no evidence that levels of NR2E3, MAPK9 or
CTDSP1 were correlated with duration between blood draw and treatment (surgery or
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chemotherapy) although earlier studies have shown treatment-related decline in antibodies
to tumor antigens for some cancers(43, 45, 46). The relevance for the difference in our
findings with those of previous studies is unclear but should be considered when interpreting
our findings. Careful analysis of treatment effects on autoantibodies to TAAs in future large
studies is needed.

Combined with previously published results from autoantibody studies of pancreatic and
other cancers, our results contribute additional evidence that factors related to host immune
response to cancer hold promise as diagnostic screening tools and prognostic indicators. The
search for highly sensitive and specific markers for pancreatic cancer is challenging.
Standardized laboratory and statistical methods for autoantibody discovery and evaluation,
replication studies to confirm findings, and studies that will elucidate autoantibody function
are needed to critically assess the value of panels of autoantibodies to TAAS in diagnostic
screening, prognosis and immunotherapy of pancreatic and other cancers.
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Pancreatic Cancer Localized Stage, 4th Quartile Autoantibody Levels
Survival (days) vs. Survival Probability
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Figure 1.

Kgplan-Meier estimates for serum autoantibody levels <4t quartile (<Q4) versus 4™ quartile
(Q4) for CTDSP1, MAPK9 and NR2ES3, plotted as survival probability (y-axis) versus
survival in days (x-axis). A. Grouped serum autoantibody levels within localized disease. B.
Grouped serum autoantibody levels among surgical resection patients.
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Clinical characteristics of pancreatic cancer patients (N=300) associated with serum autoantibody level
evaluated using 75! percentile cutpoint based on the population distribution

Table 2

75t per centile cutpoint

Clinical Factor

NR2E3<Q4/Q4 MAPK9<Q4/Q4 CTDSPL<Q4/Q4

Tumor Stage
Local
Regional
Distant
Unstaged

Chi-square P-value

Initial Treatment
None/unknown/palliative
Chemol/radiation
Surgery

Chi-square p-value

. *
Vital Status

alive

dead

Fisher's exact P-value

21/12
87152
66 /32
20/6
0.53

72136

67/25

55/41
0.08

5/6
189/96
0.20

22/11
95/44
68 /30
2214
0.39

77131

70/22

60/36
0.12

6/5
201/84
0.32

22/11
103/36
73125
18/8
0.79

79/29

68/24

69/27
0.95

5/6
211/74
0.08

*
Followed-up through December 2008
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