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Abstract

Background—Inflammatory proteins could help identify individuals most likely to have
gallbladder cancer (GBC) among those waiting for cholecystectomy.
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Methods—We analyzed 49 circulating inflammation-related proteins in 144 patients with GBC
and 150 patients with gallstones. We calculated age- and sex-adjusted odds ratios (ORs) and 95%
Cls for protein quantiles and GBC versus gallstones. Using proteins associated with early GBC
(stage 1-2) that were selected in stepwise logistic regression, we created an inflammation score
and explored the potential utility for risk stratification.

Results—26 proteins (53%) had P values for the trend across categories <0.001, with
associations for a one category increase ranging from 1-52 (95% CI: 1.20-1.94) for C-C motif
ligand 4 to 4-00 (95% ClI: 2-76-5-79) for interleukin (IL)-8. Soluble tumor necrosis factor receptor
2 (STNFR2), IL-6, sSTNFR1, C-C motif ligand 20 (CCL20), vascular cell adhesion molecule 1,
IL-16, and granulocyte colony-stimulating factor had P values <0.001 for early GBC. Of those,
IL-6, IL-16, CCL20, and STNFR1 were included in the inflammation score. In a high-risk setting
with a pre-test disease risk of 10% (e.g., elderly patients) and using an inflammation score cutoff
that provides 90% sensitivity, 39% of patients on the waiting list would be predicted to be positive,
and 23% of those would be predicted to have GBC.

Conclusion—These results highlight the strong associations of inflammatory proteins with GBC
risk and their potential clinical utility. Larger studies are needed to identify the most effective
combinations of inflammatory proteins for detecting early GBC and precursor lesions.

Keywords
gallbladder cancer; risk stratification; inflammation; cytokines; chemokines

Introduction

Gallstones are the main risk factor for gallbladder cancer (GBC) [1, 2], a highly lethal
disease with a 5-year relative survival rate of 17% across all stages [3]. Early stage
(localized) tumors can be cured with cholecystectomy [4]. Thus, early detection and
treatment is critical to improve survival among patients with GBC. Unfortunately, timely
treatment of all individuals with gallstones through cholecystectomy is not practical given
the high prevalence of gallstones, particularly in high-risk areas. In Chile, which has among
the highest rates of GBC in the world, national policy dictates that individuals aged 35-49
who are diagnosed with gallstones are prioritized for cholecystectomy [5], leading to
delayed treatment of older patients who are at higher GBC risk. This delay may be very
important clinically since survival is much improved for early-stage cancers; 5-year survival
is 41% for localized tumors, and nearly 90% for tumors confined to the muscularis, versus
11% for regional and 3% for distant tumors [4, 6].

Levels of circulating proteins related to inflammation might help stratify individuals
awaiting cholecystectomy since gallbladder carcinogenesis is strongly tied to inflammation
[7]. Inflammation involves multiple signaling pathways and molecules produced by various
types of immune cells. Gallstones can cause inflammation [7]. Histopathologic changes
indicative of inflammation in the gallbladder proceed the formation of gallstones in both
animal models and humans [8-10], and gallstones have been associated with elevated levels
of circulating cytokines [11]. However, circulating levels of inflammatory proteins are
notably higher in patients with GBC than in patients with gallstones alone [11, 12]. We
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previously used multiplex cytokine panels to measure these proteins in circulation and in
bile and showed strong elevations in patients with GBC compared to those with gallstones
[12, 13].

The ability to prioritize the cholecystectomy waiting list according to the probability that
GBC is present could help identify patients with early stages of GBC and thus increase the
chances of curative treatment. These effects are particularly important in high-risk regions,
such as Chile, Northern India, and Shanghai, China. In the present study, we evaluated the
utility of using circulating inflammatory proteins to stratify patients waiting for
cholecystectomy by their risk of prevalent GBC.

From June 1997 through May 2001, the Shanghai Biliary Tract Cancer Study enrolled 368
GBC cases [2, 14]. Newly diagnosed cancer cases were identified through a rapid-reporting
system established between the Shanghai Cancer Institute and 42 collaborating hospitals in
10 urban districts of Shanghai, and 774 gallstone patients were frequency matched to
patients with GBC on age, sex, and hospital. Over 74% of patients with GBC were
confirmed by histology. Those without pathological tissue, generally due to unresectable
tumours, were evaluated by a clinical review panel of four gastrointestinal surgeons and a
pathologist, who reviewed imaging data and clinical and operative reports [2]. All patients
were permanent residents of urban Shanghai between the ages of 35 and 74 without a
previous non-skin cancer, and provided written informed consent. The U.S. National Cancer
Institute and Shanghai Cancer Institute institutional review boards approved the study.

We evaluated circulating inflammatory proteins in 144 GBC cases and 150 randomly
selected gallstone patients who either had serum collected prior to surgery or did not have
surgery. We used the Milliplex (EMD Millipore, Billerica, MA) and the Meso Scale
Discovery (MSD) Human Vascular Injury 1l (Meso Scale Diagnostics LLC, Rockville, MD,
USA) kits to test for 68 inflammatory proteins. For the Milliplex assay serum samples were
incubated with beads in 96-well plates, after which fluorescently labeled detection
antibodies were added. A Bio-Plex instrument and Bio-Plex Manager 6.1 software (Bio-Rad,
Hercules, CA, USA) were used to analyze the 96-well plates. The MSD plate-based ELISA
assay was performed according to the manufacturer’s instructions. Briefly, serum samples
were incubated with assay diluent, followed by incubation with a detection antibody. The
MSD plates were then analyzed using the MSD Sector Imager 6000 plate reader and
Discovery Workbench 3.0 software (Meso Scale Diagnostics LLC, Rockville, MD, USA).

Some of these proteins have been previously reported in a subset of patients in the current
study, which expanded the number of patients and tested new markers [12]. Quality control
evaluations led us to drop 19 of 68 proteins (see supplemental methods), leaving 49 proteins
for analysis, which are listed in Figure 1.

As performed in previous studies [15, 16], cutpoints were used to create categories that were
determined by the proportion of subjects with detectable values as follows: (a) for proteins
detectable in =75% of subjects, four categories were created based on quartiles of values
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above the lower limit of quantitation (LLOQ) using the distribution among gallstone controls
(subjects with undetectable values were included in the lowest quartile); (b) for proteins
detectable in 50-75% of subjects, four categories were created where the first category
included all subjects with undetectable values and the next three categories were based on
tertiles of values above the LLOQ); (c) for proteins detectable in 25-50% of subjects, three
categories were created where the first category included all subjects with undetectable
values and the next two categories were based on a median split of the values above the
LLOQ; (d) for proteins detectable in <25% of subjects, two categories were created: one for
undetectable values and the other for values above the LLOQ. These proteins were modeled
both as categorically and ordinally (coded as 1, 2, 3, 4) to evaluate linear trend. For
simplicity, we provide the ordinal ORs, which reflect the linear change per category.

Univariate associations between sociodemographic and behavioral characteristics and case-
control status were investigated using the Kruskal-Wallis test for difference in medians and
chi-square tests for categorical comparisons. To best control for potential differences by lot,
we fit logistic models conditional on lot to calculate ORs and 95% Cls for associations
between inflammatory proteins and GBC versus gallstones.

All models were adjusted for age (<54,55-65, >66) and sex (male/female). In addition, we
conducted stepwise linear regression among population-based controls to determine whether
inflammation marker levels above the LLOQ were associated with: education (none/primary,
junior middle, senior middle, some college), ever drinking, ever smoking, categorical body
mass index (underweight, normal weight, overweight, obese), fasting status (fasting/not
fasting), and history of diabetes. We required p < 0-05 for a variable to be entered into a
model and p < 0-01 for that variable to be retained in the model. After identifying potential
confounders through stepwise linear regression, we fit logistic regression models to
determine whether the covariate changed the OR for the association between the categorical
inflammation protein and GBC by more than 10% while adjusting for age and gender. No
covariate changed the OR by more than 10%, so, the final models included only age and sex.
At the time of analysis, we identified 11 samples (4 from patients with GBC and 7 from
patients with gallstones) that were collected after surgery, but exclusion of these samples did
not substantively affect the results [12]. We also considered multiple comparisons by
applying a Bonferroni correction of a=0-001 (0-05/49 proteins analyzed).

After examining associations for all patients with GBC, we fit models restricted to early/
localized GBC (stage 1 and 2) compared to all controls. For proteins that were associated
with early GBC, we conducted stepwise logistic regression using a=0-05 to determine
which proteins were associated with GBC (all cases combined) compared to gallstones
taking the other proteins into account. For those proteins that remained in the model, we
created an inflammation score. We created this score by summed the categorical values (i.e.,
1, 2, 3, or 4) for the level of each protein weighted by the log-OR from the model for that
protein and gallbladder cancer risk (using all gallbladder cancer cases, regardless of stage).
We then divided the score into four categories based on the distribution in the gallstone
controls.
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Finally, we explored the potential clinical utility of proteins and the summary inflammation
score to identify early GBC. We set the sensitivity for each at 90%, 80%, or 70% and varied
the prevalence of GBC (i.e., assumed risk before testing for the marker) from 1% to 10%.
We then used the biomarker webtool available at https://analysistools.nci.nih.gov/
biomarkerTools/, originally described by Wentzensen and Wacholder [17], to estimate the
specificity, number positive per 1,000 cholecystectomy patients screened, and positive
predictive value (PPV, the risk of disease after a positive test).

GBC patients were slightly older than gallstone patients (median age 67 versus 65, P=0.005)
and were also less educated (P=0.0002), but they were similar to gallstone patients with
respect to sex, smoking, drinking, diabetes, and obesity (Table 1). One-hundred-fifteen
(80%) of the GBC patients had evidence of gallstones.

Of the 49 proteins analyzed, 26 (53%) were associated with GBC risk at P<0.001, with
ordinal associations that ranged from OR=1-52 per category (95% ClI: 1.20-1.94) for C-C
motif ligand 4 (CCL4) to OR=4-00 (95% CI: 2:76-5-79) for interleukin 8 (IL-8) (Figure 1).
Of these 26 proteins, most were associated with early GBC [Table 2, four categories for all
proteins except interleukin 29 (IL-29), interleukin 33 (IL-33), and thymic stromal
lymphopoietin (TSLP), which had two categories].

Seven proteins had P values of 0.001 or less for early GBC: soluble tumor necrosis factor
receptor 2 (STNFR2), interleukin 6 (IL-6), soluble tumor necrosis factor receptor 1
(STNFR1), C-C motif ligand 20 (CCL20), vascular cell adhesion molecule 1 (VCAM-1),
interleukin 16 (IL-16), and granulocyte colony-stimulating factor (G-CSF). When included
together in a stepwise logistic regression model, IL-6, IL-16, CCL20, and STNFR1 remained
in the model. We then used these four proteins to create an inflammation score. Restricted to
early GBC cases, the OR for quartile 4 versus 1 was 42-01 (95% ClI: 4-65-379.25).

We also explored potential clinical utility by calculating the performance characteristics of
the proteins associated with early GBC (Table 3). In general, higher disease prevalence
produced higher PPVs. Also, using cutoffs that were more specific but less sensitive
increased the PPV. Taking the inflammation score as an example, with a pre-test disease
prevalence of 5%, which has been reported in an unselected group of cholecystectomy
patients from a high-risk region [18], a cut-off that would provide 90% sensitivity would
produce 362 positives out of every 1,000 cholecystectomy patients tested. Of those 362
positive patients, 45 (362*PPV of 12:4%) would have GBC. Lowering the sensitivity to 70%
would lead to 147 positives out of every 1,000 patients tested, of whom 35 would have GBC.

In a population with a very high risk of GBC, such as cholecystectomy patients aged 70+,
the risk of GBC prior to testing could be 10% or higher [18]. In this situation 100 of every
1000 patients would have GBC. Using an inflammation marker cut-off with 90% sensitivity
would produce 391 test positives out of every 1,000 patients tested, and those positives
would include 90 of the 100 patients with GBC. Lowering the sensitivity to 70% would lead
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to 176 positives out of every 1,000 patients tested, including 70 with GBC, but 30 GBC
cases would test negative and be missed.

Discussion

Overall survival is quite poor (median ~6 months [19-21]) for GBC, which is a major public
health burden in some parts of the world, including certain regions in Chile, India, and
China. However, if detected at early stages, then survival is much higher [3, 4]. At these
early stages, cholecystectomy can be curative; thus, it is extremely important to identify and
treat early stage GBC [22]. Patients with gallstones are at increased risk for developing
GBC. In areas with high GBC incidence rates, early stage GBC is relatively common [4].
However, such areas are also challenged limited resources and the burden of who to
prioritize for surgery among all the patients with gallstones. This challenge is especially
acute in a country like Chile, which has one of the highest risk of GBC in the world and
prioritizes patients with gallstones aged 35-49, leading to delayed treatment of older patients
who are at higher risk for GBC [5]. The results from our previous study of GBC and
gallstone patients [12] suggested that measuring levels of circulating inflammatory proteins
may help identify those patients who are more likely to have cancer. In the current study, we
expanded the number of GBC and gallstone patients to more accurately assess the
association between inflammatory proteins and GBC compared to patients with gallstones.
We also explored the potential clinical utility of these proteins for use in prioritizing the
cholecystectomy waiting list.

In this study, we confirmed that inflammatory proteins are strongly and robustly associated
with GBC risk compared to patients with gallstones. Most proteins were associated with risk
of early stage GBC, as well as GBC risk overall, and seven proteins had P values <0-001 for
early GBC (STNFR2, IL-6, STNFR1, CCL20, VCAM-1, IL-16, and G-CSF). Of those, IL-6,
IL-16, CCL20, and STNFR1 remained associated with GBC in multivariable logistic
models. An inflammation score based on these 4 proteins was strongly associated with GBC
risk compared to patients with gallstones (quartile 4 versus 1 OR for early GBC cases:
42.01, 95% CI: 4.65-379-25).

Should our findings be confirmed in future studies, these proteins may prove useful for risk
stratification among patients waiting for cholecystectomy. For example, if the inflammation
score were applied with 90% sensitivity in a high-risk setting such as Chile with a 5%
disease prevalence [18], 90% of the GBC cases could be treated more quickly by prioritizing
the 36% of the patients who test positive. In a higher risk setting with a pre-test disease risk
of 10%, such as among elderly patients, 39% of the patients on the waiting list would be
selected using a cutoff for the inflammation score that provides 90% sensitivity, and nearly
one quarter of the positive patients would be found to have GBC. Reducing the sensitivity to
70% would select only 18% of patients on the waiting list, and 40% of the positives would
have GBC.

Few studies have been conducted on inflammatory proteins and GBC. IL-6, which has been
studied intensively in other cancers, is expressed by cholangiocarcinoma and stromal
inflammatory cells and may contribute to the development of cholangiocarcinoma by
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promoting cell proliferation and survival [23-25]. One recent study evaluated cytokines in
serum from 52 GBC cases and 30 age and sex matched healthy controls and found higher
levels of IL-6 in GBC cases compared to normal controls [26]. G-CSF affects granulocytic
precursor proliferation and differentiation, and G-CSF-producing gallbladder cancers have
been reported in a number of case reports [27-29]. These tumors often co-express G-CSF
and IL-6 [27, 29], which is supported in our study by the fact that IL-6 but not G-CSF
remained in the stepwise logistic regression model. CCL20 is released by TH17 cells, which
are increasingly understood to be important players in the tumor microenvironment,
although their exact role remains unclear [30]. CCL20 appears to contribute to colorectal
cancer by promoting cell proliferation and migration [31]. IL-16 regulates T cell growth, but
the way in which it contributes to cancer differs by cancer site [32]. sSTNFRII is associated
with insulin resistance, and elevated circulating levels have been associated with the
development of colorectal cancer [33], while elevated levels of STNFR1 have been
associated with increased cancer mortality [34]. Finally, in recent years the role of VCAM-1
in tumor growth, metastasis, and angiogenesis have been elucidated, highlighting its role in
tumor progression and its potential as a target for cancer treatment.

GBC usually develops after progressing from chronic cholecystitis to dysplasia and then to
cancer [35]. Progression from dysplasia to cancer is estimated to take 10 years [35]. Given
this timeline, there is ample opportunity for screening and early detection. Our results
suggest that inflammatory proteins may help identify early stage cancers among patients
with gallstones waiting for cholecystectomy.

Our study has many strengths. It is one of the largest studies of inflammatory proteins and
GBC to date. We used an assay that was extensively evaluated for reproducibility and
reliability [36] and has been used in multiple epidemiologic studies [15, 16, 37-41]. We
were able to demonstrate robust associations between inflammatory proteins and GBC.
Misclassification of disease status was minimized through comprehensive pathology and
clinical review, which provided nearly complete confirmation of case status.

Although our results are promising, we had a limited number of early cancers, making it
difficult to evaluate combinations of proteins. In addition, current multiplex assays for
inflammatory proteins tend to be expensive and are designed for research purposes. To apply
these proteins to a clinical setting in the future, fast, economical assays that require a small
volume of blood have to be developed and demonstrated to be reproducible. A larger study,
ideally including gallbladder dysplasia as well as cancer, is needed to more fully investigate
the performance of combinations of proteins. Additional replication is needed in other study
populations including more patients. However, we previously observed similar associations
between inflammation markers and gallbladder cancer compared to gallstones in both
Shanghai and Chile [12], suggesting that these associations are robust across populations. As
with any epidemiologic study, the results could be influenced by unmeasured confounders
(e.g., exercise, stress, circadian rhythm). Processing time and time in storage might affect
marker levels, but any such bias would be expected to be non-differential by case-control
status, thus attenuating the results. Finally, although this study is to our knowledge the most
comprehensive analyses of inflammatory proteins and GBC to date, there are many more
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immune-related proteins that could be useful in risk stratification and in gallbladder
carcinogenesis and should be evaluated in future studies.

In conclusion, GBC is a major public health problem in some regions, including parts of
Chile, India, and China, which has led to an urgent need for risk stratification. We evaluated
the association between inflammatory proteins and GBC risk compared to gallstones to
determine whether such proteins may be used to stratify people waiting for cholecystectomy
based on risk. Given the strong and consistent associations we observed and the reasonable
predicted performance in the setting of the cholecystectomy waiting list, these proteins may
prove to have clinical utility. Additional studies are needed before clinical use, however,
ideally with more proteins and including patients with precancerous lesions, to identify the
best protein or combination of proteins to facilitate prioritization of the cholecystectomy
waiting list in areas where demand is higher than the capacity of the health care system.
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Highlights
. Inflammatory proteins can be used to stratify based on gallbladder cancer risk
. These proteins may have clinical utility in high gallbladder cancer incidence
areas
. Additional studies are needed to identify the most effective combinations
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Figure 1.

Odds ratios (OR) and 95% confidence intervals (CIs)* between ordinal categories of
inflammatory proteins in patients with gallbladder cancer (N=144) compared to those with
gallstones (N=150).

*Adjusted for age and sex and matched on lot

tPassed Bonferroni correction (P<0-001)

Note: all markers had 4 categories except IL-29, 1L-33, and TSLP, which had 2 categories
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Characteristics of gallbladder cancer cases (GBC) and gallstone patients (GS) tested for inflammatory proteins
in the Shanghai Biliary Tract Cancer Case-Control Study.

GBC (N=144) | GS (N=150)

Median age (range) 67 (39-74) 65 (34-74)
Male, N (%) 45 (31.3) 41 (27.3)
Ever smoker, N (%) 42 (29.4) 32 (21.3)
Ever drinker, N (%) 24 (16.7) 23 (15.3)
Self-reported diabetes, N (%) 16 (11.2) 22 (14.7)
Education, N (%)

None/Primary 78 (54.2) 52 (34.7)

Jr. Middle 35(24.3) 33(22.0)

Sr. Middle 15 (10.4) 43(28.7)

Some college 16 (11.1) 22 (14.7)
Self-reported BMI 5 years prior to interview

Underweight: <18.5 14 (9.7) 10 (6.7)

Normal: 18.5 24.9 73 (50.7) 95 (63.3)

Overweight: 25 29.9 50 (34.7) 40 (26.7)

Obese: 230.0 7(4.9) 5(3.3)
Gallstones, N (%) 115 (79.9) 150 (100.0)
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Odds ratios (ORs) and 95% CI *for ordinal associations of immune markers with early gallbladder cancer

(GBC) (N=32) versus gallstones (N=150).

Marker OR | 95%ClI pt
IL-8 2.01 | 1.32-3.04 | 0.001
STNFR2 2.37 | 1.44-3.92 | 0.0007
ICAM-1 2.16 | 1.35-3.44 | 0.001
IL-6 2.26 | 1.45-3.51 | 0.0003
STNFR1 2.63 | 1.56-4.45 | 0.0003
CRP 1.86 | 1.20-2.89 | 0.006
CCL20 2.18 | 1.43-3.34 | 0.0003
SAA 1.73 | 1.16-2.57 | 0.008
CXCL13 1.37 | 0.94-1.98 | 0.1
VCAM1 2.23 | 1.40-3.56 | 0.0008
CXCL9 151 | 1.02-2.25 | 0.04
TNF-a 2.07 | 1.33-3.23 | 0.001
CXCL11 1.62 | 1.08-2.41 | 0.02
CCL15 174 | 1.17-2.61 | 0.007
CCL19 1.38 | 0.94-2.01 | 0.1
CXCL6 161 | 1.09-2.38 | 0.02
IL-16 2.75 | 1.79-4.21 | <.0001
CXCL10 1.48 | 1.00-2.20 | 0.05
IL-10 1.37 | 0.94-2.01 | 0.1
CCL2 1.40 | 0.95-2.06 | 0.1
CXCL1,23 | 1.36 | 0.94-198 | 0.1
G-CSF 1.82 | 1.28-2.61 | 0.001
VEGF 162 | 1.11-2.35 | 0.01
sIL-RII 1.20 | 0.83-1.74 | 0.3
CCL4 111 | 0.77-1.59 | 0.6
TRAIL 0.67 | 0.45-0.99 | 0.04

*
Adjusted for age and sex and matched on lot

fP value for the trend across categories of marker level
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