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ARTICLE INFO ABSTRACT

Keywords: Gallbladder cancer (GBC) is one of the deadliest malignancy and treatment options are deplorably limited. Better
EXP?sure strategies of prevention are urgently needed but knowledge on risk factors remains scarce. Recent data suggested
Toxicants that arsenic (As) may be involved in GBC carcinogenesis but the question remains debated. To date, there are no
Ig::glongl:;als data on As measurement in GBC samples. This pilot study aimed to measure As concentrations in tissue samples
Prevention from patients with GBC compared to non-cancerous gallbladder (NCGB). Included patients underwent chole-

cystectomy at Hospital Clinico Universidad de Chile, Santiago in Chile, a country with high As exposure, between
2001 and 2020. Tissue samples were preserved in formalin-fixed, paraffin-embedded blocks. Selected samples
were retrieved, processed and submitted to inductively coupled plasma mass spectrometry (ICP-MS) to determine
As concentrations. A total of 77 patients were included, including 35 GBC and 42 NCGB. The two groups were
comparable, except for age (68 vs. 49 years, p < 0.001). Measured in 11 GBC and 38 NCGB, total As was detected
in 5 GBC (14%) compared to 0 NCGB samples (p < 0.001). GBC group also showed higher median values of As
compared to NCGB (p < 0.001). This pilot study provided a proof-of-concept to measure As concentrations in
gallbladder samples and showed higher level of As in GBC samples compared to NCGB, paving the way for future
studies aiming to investigate the impact of As on GBC, which may contribute to the prevention of this deadly
disease.

1. Introduction

Gallbladder cancer (GBC) is one of the deadliest malignancies,
associated with dismal outcomes (i.e. 5-years survival rates ~5%) and
limited treatment options (Hundal and Shaffer, 2014; Randi et al.,
2006). It is thereby a cancer for which prevention would be of particular
value and importance (Jaffee et al., 2017). Unfortunately, its risk factors
remain largely unclear, precluding the establishment of targeted and
efficient prevention strategies.

Arsenic (As) is a metalloid that can contaminate air, soils, food and
drinking water (Bouvard et al., 2009). The geographical distribution of
its natural occurrence is heterogeneous, with regions in countries like
Chile or Bangladesh showing strikingly high concentrations (Bundschuh
etal., 2022). This toxicant has been categorized as an established human
carcinogen with acknowledged impact on lung, skin and bladder cancers
but no conclusive evidence on digestive malignancies (Bouvard et al.,
2009; Humans, 2012). Metabolized by the liver, As-most toxic metab-
olites are excreted through the bile (Argos et al., 2010; Ponomarenko
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etal., 2017). A carcinogen effect on liver, bile ducts and gallbladder may
hence be postulated (Ganesan et al., 2020; Reyes et al., 2022). None-
theless, data on its association with GBC are scarce and contradictory
(Barahona Ponce et al., 2020; Ganesan et al., 2020; Lee et al., 2020;
Madhawi et al., 2018; Tsai et al., 1999). Very few studies measured
arsenic in cancer tissue samples, with techniques such as inductively
coupled plasma mass spectrometry (ICP-MS). Few studies used fresh
biopsies of esogastric cancers (Kohzadi et al., 2017; Nozadi et al., 2021)
while only one study utilized FFPE samples for liver cancer (Cano et al.,
2021). To date, such data are not available for GBC.

This pilot study aimed to measure and compare As concentrations in
tissue samples from patients with GBC versus non-cancerous gallbladder
(NCGB).

2. Materials and methods
2.1. Study design

This is a retrospective case-control study measuring and comparing
As concentration in tissue samples from patients with GBC versus NCGB,
enrolled at Hospital Clinico Universidad de Chile in Santiago (Chile)
between 2001 and 2020. The study was conducted in accordance with
the Declaration of Helsinki, and it conformed to good clinical practice
guidelines. Research protocol was approved by the Institutional Review
Board (#35-2022). The region of recruitment was specifically selected
as previous data suggested a correlation between GBC incidence and As
concentration in drinking water (Ganesan et al., 2020); Chile is among
the countries with the strongest environmental pollution by As. Patients
underwent surgery with cholecystectomy for gallbladder cancer (GBC)
or non-cancer etiologies (NCGB), such as gallstones and acute chole-
cystitis. Patients with available tissue samples were included. Final
diagnosis was reviewed based on pathological analyzes of the specimen
conducted by hepatobiliary pathologists (G.C.A and I.M.G.M.) according
to the AJCC guidelines. Variables like age, gender and the presence of
gallstones were collected.

2.2. Tissue samples

Tissue samples were stored in formalin-fixed paraffin-embedded
(FFPE) blocks at the archives of the Pathology Department of Hospital
Clinico Universidad de Chile, at room temperature. Histological slides
(H&E) and FFPE blocks were retrieved. Slides were reviewed to confirm
the diagnosis and representativeness of each sample. Tissue blocks were
cut in order to obtain 150-200 mg of tissue for As levels assessment.

2.3. Quantification of as

First intent was to quantify As species in 28 samples. In every case,
analyses were ran blindly as to the case-control status. The analysis was
performed with inductively-coupled mass spectrometer (ICP-MS, Per-
kinElmer, ELAN DRC II) connected to a HPLC (Thermo Separation
Products) with Anion Exchange Hamilton PRP-X100 column, 4.1 mm id.
x250mm 10 pm, the mobile phase consisting of 2 solutions of ammo-
nium bicarbonate at pH 8.5 and ammonium sulfate 20 mM at pH 7.0.
External calibration was performed with a mix of 2 pg/L starting from
the salts of the As species: Trivalent oxide arsenic As203 (Aslll; PM
197.84); Pentavalent oxide arsenic As205 (AsV; PM 229.84); Mono-
methylarsonic acid (CH2)AsO(OH)2 (PM 184) (MMA); Dimethylarsinic
acid C2H7AsO2 (PM 137.99) (DMA); Arsenobetaine (CH3)AsCH2COOH
(AsB; PM 258). In this case, deparafinated gallbladder samples were
weighed and sonicated in 1 mL of bi-distilled water for 2 h at 60 °C.
Accuracy was determined analysings Bovin Liver 1577 b as reference
material. The Limit of Detection for all As species was 0.01pg/. The
mean imprecision between series, expressed as CV% was: 2.5 for AsIII
and AsB and 5.0 for As(V), MMA and DMA.

The remaining 49 samples underwent total As analysis. Gallbladder
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samples were deparaffinized and dried at 100 °C overnight (ON), then
weighed and digested in a solution of 50% Nitric acid and 50% distilled
water at a temperature of 70 °C for 1 h. The resulting solution was
diluted in double-distilled water. Total As determination was performed
by the same ICP-MS instrument with TotalQuant determination. Cali-
bration was accomplished with calibration standard 3, multi-element
stock (10 g/mL; PerkinElmer). Accuracy was determined by averaging
values obtained from analysis of NIST-certified reference material 1643
(trace element in water) and Bovin Liver 1577 b. Accuracy expressed as
coefficient of variation (CV%) ranges from 6.5 to 9%. The Limit of
Detection is < 0.0005 pg/g. Limit of quantification was calculated from
the analysis of 10 blanks based on 3 standard deviations of the back-
ground signal.

2.4. Statistical analysis

Categorical variables were provided as frequencies with valid per-
centages and compared with Fisher’s exact test. Continuous data were
displayed as median with interquartile range and compared with the
Mann-Whitney U test. Statistical significance was defined as p < 0.05.
All statistical analyses were performed with IBM SPSS Statistics, version
27.0.

3. Results
3.1. Cohort

The cohort included 35 GBC and 42 NCGB patients from Chile, for
whom tissue samples were retrieved and analyzed by ICP-MS. Table 1
summarizes the main characteristics of the cohort. While the two groups
were comparable for gender and gallstones prevalence, GBC patients
were older (68 vs. 49 years, p < 0.001). GBC group had a majority of
women (74.3%), with a median age of 68 years (58-72) and a high
prevalence of gallstones (86.2%).

3.2. Measurement and comparison of as concentrations in tissue samples
of GBC versus NCGB

As species —AslII, AsV, MMA, DMA and AsB- were measured in 24
and 4 GBC and NCGB patients, respectively. These species were not
separately detected, in any patient. The remaining samples were utilized
to measure total As in 11 GBC and 38 NCGB patients. Total As level was
detected above the limit of the quantification method in 5 GBC patients
but not in any NCGB ones (14.3 vs. 0%, p < 0.001). Comparison of the
median values also confirmed a significant difference between the
groups, with higher concentrations of As in GBC tissues (p < 0.001)
(Fig. 1).

3.3. Characterization of cases with detectable levels of as

The 5 GBC cases with detectable levels of As were all females with
mean age of 59 years old (45-72). Three of them were born in the
Metropolitan (central zone), one in the Valparaiso (central zone) and
one in the Maule (south-central zone) regions of Chile.

Histologically, we reported 4 adenocarcinomas: one well, two
moderately-differentiated, 1 NOS (not otherwise specified) and 1 ade-
nosquamous carcinoma. Three of them had gallstones.

To date, two of them are still alive while the 3 other patients died

Table 1
Cohort.
GBC (n = 35) NCGB (n = 42) p-value
Gender (female) 26 (74.3) 32(76.2) 1.000
Age (years) 67.5 (57.8-72) 49 (40-64) <0.001
Gallstones 25 (86.2) 40 (95.2) 0.218
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Fig. 1. As levels in GBC and NCGB, Boxplots showing the concentrations of
arsenic (As [pg/g]) in tissue samples from gallbladder cancer (GBC) and non-
cancerous gallbladder (NCGB).

from GBC.
4. Discussion

This study provided a proof-of-principle to measure As levels in
gallbladder specimen and detected higher levels of As in GBC samples
compared to controls, in a cohort of patients from Chile.

GBC is characterized by an extremely aggressive biology. Dramati-
cally, GBC patients are often diagnosed at advanced stage where cura-
tive treatments are no longer possible. For the small subset of patients
who may receive curative therapies (i.e. only around 10%), complex and
multi-disciplinary management are required and surgery remains the
cornerstone of treatment, associated with a substantial risk of morbidity
and of recurrence (Cotter et al., 2022; Hundal and Shaffer, 2014).
Important efforts have been pursued to improve outcomes of these pa-
tients, but with mitigated success (Cotter et al., 2022; Kanthan et al.,
2015). These elements illustrate to which extent efficient prevention
measures would be paramount for this deadly disease. However, such
measures require the robust identification of risk factors, which remains
a critical unmet need. The geographical and socio-economic distribution
of GBC is uniquely heterogeneous and therewith intriguing. Outliers
countries/regions ranking on the top of the list for GBC incidence are
depicted on each continent: Chile, Bangladesh, Poland, Alaska or Ghana
(Gamboa and Maithel, 2020). Although GBC likely results from
multi-factorial effects, one common factor of these countries/regions is
their exposure to As (Bundschuh et al., 2022; Gamboa and Maithel,
2020; Ganesan et al., 2020). In fact, the correlation between GBC inci-
dence and As level in drinking water was already shown worldwide, as
well as in India and Taiwan (Ganesan et al., 2020). Similar data also
suggested a carcinogenic impact of As on bile duct, leading to an
increased risk to develop cholangiocarcinoma (Reyes et al., 2022).
Recent findings exemplified the complexity of this question. A recent
study conducted in China analyzed a large cohort of patients including
259 GBC and 701 gallstone cases and 851 controls in whom a panel of 18
metals were measured in serum (Lee et al., 2020). As was identified as a
protective factor against GBC. In response to these surprising results, a
group of European researchers conducted Mendelian randomization
analysis, integrating genomic factors such as variants of AS3MT, a gene
involved in As metabolism (Barahona Ponce et al., 2020). Interestingly,
this approach allowed dissecting the effect of each As species (i.e.
inorganic As (iAs) monomethylarsonic acid (MMA) and dimethylarsonic
acid (DMA)), and confirmed a protective role of iAs and MMA but
highlighted a deleterious effect of DMA. Of note, DMA is excreted
through the bile while MMA is preferentially excreted in urines. Studies
investigating the potential link between exposure to As and GBC remain
rare and showed contradictory results, feeding the debate. In addition,
available reports were mostly ecological studies with rare data
providing As measurement on an individual basis. Therefore, measuring
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As in tissue samples appears as a pertinent strategy but it requires
demanding techniques, particularly for specimen stored in FFPE.
Recently, a successful attempt showed the feasibility to measure heavy
metals like As in tissue samples of cancer specimen stored in FFPE
-utilizing ICP-MS (Cano et al., 2021)- but no data are available for GBC,
so far.

The present report was designed as a pilot study aiming to provide
initial evidence and to continue exploring this promising breach of data
suggesting an impact of As in GBC. Consequently, it inevitably displays
limitations that must be addressed. Beside the modest sample size that
precluded from conducting more sophisticated analysis, ICP-MS tech-
nique could not detect the different As species. This is a point deserving
to be specifically tackled by future studies, considering the results
generated by Barahona Ponce et al. (Barahona Ponce et al., 2020).
Nonetheless, total As was detected in a significant subset of analyzed
GBC samples (14%), but not in any controls. Several hypotheses could be
formulated. In particular, As may be a determinant of GBC in a subgroup
of GBC patients exposed to higher level of As, or genetically more sus-
ceptible to its carcinogenic effects. Synergic effect may be another hy-
pothesis; in other words, the effect of As in biliary cancers may be
potentiated by other risk factors like gender or gallstones. The limited
sample size also precludes form any definitive conclusion for a clear
epidemiological association. Also, confounding by age remains a po-
tential source of bias in our analysis. However, the small number of
subjects with total As level above 0 precluded a formal assessment of it.

This pilot study detected higher levels of As in GBC samples
compared to controls, providing novel data supporting the carcinogenic
effect of As in a subset of GBC patients. It paves the way and also stresses
the need for future studies aiming to further unveil this question, inte-
grating the analysis of the various As species as well as genomic factors.
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