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Objective: To estimate the risk of malignancy in gall-
bladder polyps of incremental sizes detected during
transabdominal ultrasound (TAUS).

Methods: We searched databases including MEDLINE,
Embase, and Cochrane Library for eligible studies
recording the polyp size from which gallbladder malig-
nancy developed, confirmed following cholecystec-
tomy, or by subsequent follow-up. Primary outcome was
the risk of gallbladder cancer in patients with polyps.
Secondary outcome was the effect of polyp size as a
prognostic factor for cancer. Risk of bias was assessed
using the Quality in Prognostic Factor Studies (QUIPS)
tool. Bayesian meta-analysis estimated the median
cancer risk according to polyp size. This study is regis-
tered with PROSPERO (CRD42020223629).

Results: 82 studies published since 1990 reported
primary data for 67,837 patients. 67,774 gallbladder
polyps and 889 cancers were reported. The cumulative
median cancer risk of a polyp measuring 10 mm or less
was 0.60% (99% credible range 0.30-1.16%). Substantial
heterogeneity existed between studies (12 = 99.95%, 95%

INTRODUCTION

Gallbladder polyps are commonly detected in adults during
transabdominal ultrasound examination (TAUS).! Gall-
bladder polyps can be separated into two categories; true
polyps, or adenomas, that have malignant potential, and
pseudopolyps consisting predominately of cholesterol,
which have no malignant potential at all. The latter group
is estimated to constitute 70% of all reported gallbladder

polyps.?

credible interval 99.86-99.98%). Risk of bias was gener-
ally high and overall confidence in evidence was low. 13
studies (15.6%) were graded with very low certainty, 56
studies (68.3%) with low certainty, and 13 studies (15.6%)
with moderate certainty. In studies considered moderate
quality, TAUS monitoring detected 4.6 cancers per
10,000 patients with polyps less than 10 mm.
Conclusion: Malignant risk in gallbladder polyps is low,
particularly in polyps less than 10 mm, however the data
are heterogenous and generally low quality. Interna-
tional guidelines, which have not previously modelled
size data, should be informed by these findings.
Advances in knowledge This large systematic review
and meta-analysis has shown that the mean cumulative
risk of small gallbladder polyps is low, but heterogeneity
and missing data in larger polyp sizes (>10 mm) means
the risk is uncertain and may be higher than estimated.
Studies considered to have better methodological
quality suggest that previous estimates of risk are likely
to be inflated.

Gallbladder cancer has been shown to develop from
polypoid adenomas.®* More than 200,000 patients are diag-
nosed with gallbladder cancer each year worldwide.” Gall-
bladder cancer carries a poor prognosis (15-20% 5-year
survival) because patients commonly present at an
advanced stage of disease and are unsuitable for radical
therapy.® The risk of malignant transformation of polyps to
cancer is thought to be small, however accurate estimates
of risk are unknown. Predicting which of the many patients
with gallbladder polyps will develop gallbladder cancer is
extremely difficult, but clinically important.
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The assessment and monitoring of gallbladder polyps represent
an ongoing clinical challenge that requires considerable resources
from radiology departments around the world. Several interna-
tional societies have attempted to provide evidence-based clinical
guidance, based on size thresholds for intervention. Gener-
ally, it is recommended that patients with gallbladder polyps
measuring 10mm or more should undergo cholecystectomy.
Recently updated European guidelines’ recommend ultrasound
monitoring for up to 2 years in patients with polyps measuring
6 mm or more, provided polyp size is stable, or for polyps 5mm
or less if risk factors are present. In contrast, the Canadian Asso-
ciation of Radiologists recently endorsed the American College
of Radiology recommendations that surveillance of polyps
measuring 7mm or more should be performed for up to 2
years, with polyps less than 7mm not requiring follow-up.® The
available evidence is largely considered to be low quality,"**~!!
and international guidance has never modelled polyp size for
malignant risk to justify their recommendations for appropriate
intervention. Additional limitations include strong selection,
detection, and reporting bias which significantly hinders confi-
dence in any current estimated malignant risk.

Therefore, to address this gap, a systematic review and meta-
analysis was conducted to establish the overall risk of gallbladder
cancer in patients with polyps detected by TAUS. We examined
TAUS measured polyp size as a prognostic factor for gallbladder
cancer and explored other potentially important clinical co-vari-
ates for their associated malignant risk.

METHODS AND MATERIALS

This study was prospectively registered with PROSPERO
(CRD42020223629) and results were reported following the
Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines."?

Search strategy

A comprehensive search strategy using Medical Subject Head-
ings (MeSH) and free-text terms was designed for this systematic
review using MEDLINE. This strategy was adapted to run in the
following electronic databases: MEDLINE, Embase, Cochrane
Library, Cumulative Index of Nursing and Allied Health Litera-
ture (CINAHL), Scopus, Web of Science, and Clinical Trials.gov.
(Supplementary Material 1) The initial search was performed on
October 28, 2020, and updated on December 4, 2020. The search
was limited to English language.

Study selection

The systematic review included randomised control trials,
observational cohort, cross-sectional and case-control studies
published since 1990. We included studies that reported consec-
utive or random primary data in adult participants (18 years
or older), diagnosed with a gallbladder polyp on TAUS, that
recorded the size of polyp from which a gallbladder malignancy
occurred, confirmed either following cholecystectomy, or by
monitoring the polyp to determine its natural history. A moni-
toring period of at least 12 months was required. A polyp is often
termed a mass once it measures 30 mm, however, to maximise
the capture of continuous data, sizes of polypoid lesions more
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than 30 mm were also recorded. Studies were excluded that did
not contain any primary data or did not provide polyp or cancer
measurements. Attempt was made to discover translations of any
non-English language article that was inadvertently retrieved.
Reference lists of all eligible studies were checked and underwent
citation tracking for additional eligible studies. Search of the grey
literature was not performed.

Outcomes

The pre-specified primary outcome was the risk of gallbladder
cancer in adult patients with polyps detected by TAUS. The
secondary outcome was the effect of polyp size as a prognostic
factor for gallbladder cancer. Additional secondary outcomes
were the malignant risk of associated clinical co-variates: age at
diagnosis, gender, presence of gallstones, presence of symptoms,
and the presence of single or multiple polyps.

Data extraction

Two investigators (KGF/ZR) independently screened all titles
and abstracts, assessed full texts for eligibility, and extracted
data based on the CHARMS" and CHARMS-PF" checklists.
Disagreements were resolved after review by a third investigator
(SAR). Data extracted (Supplementary Material 1) included
study identifiers, study design, setting and population character-
istics, sample size, polyp and cancer size, and follow-up. Where
an included study reported missing data, the corresponding
author was contacted inviting them to share the complete data
set.

Quality assessment

Risk of bias was assessed using the Quality in Prognostic Factor
Studies (QUIPS) tool for each study.15 The strength of the overall
weight of evidence for both primary and secondary outcomes
was judged using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) working group method-
ology.' (Supplementary Material 1)

Data analysis

A Bayesian meta-analysis model which incorporated the effects
of polyp size and other covariates on the risk of cancer was devel-
oped. This was a random intercept and random gradient model
to allow the effects of polyp size on the risk of cancer to vary
across studies. The model was expanded to account for exten-
sive missing data amongst the response and the predictor vari-
ables. The data were modelled by assuming separate multinomial
distributions for the number of cancers and polyps at different
sizes and imputing new data for each iteration of the Bayesian
model. As a result, all eligible studies could be included in the
analysis. The model was supplemented with individual patient
data, where available. The Bayesian meta-analysis model'”*® was
developed in JAGS"? interfacing with R* via the rjags package.”!
(Supplementary Material 1) Between-study heterogeneity was
assessed by inspection of prediction plots, and the I* statistic.”>**
To assess the effects of the GRADE rating on the Bayesian model,
sensitivity analyses were conducted where studies rated with
very low certainty were first excluded, followed by the exclusion
of low and very low certainty studies.
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Figure 1. Study selection process.
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RESULTS

The initial search identified 3067 studies, of which 1615 were
duplicates. Four additional studies were identified through
other sources. The titles and abstracts of 1456 studies were
screened and after screening, 1322 records were excluded for
being irrelevant to this systematic review, leaving 134 full-text
articles for review. Both reviewers identified 122 of the 134
full-text articles (91.0%) and the remaining 12 were included
after agreement by the third reviewer. Of the 134 full-text arti-
cles, 52 were excluded (agreed by both reviewers) leaving 82
articles®*™'%° published since 1990 for inclusion (Figure 1).
Important characteristics of the 82 included studies are detailed
in Table 1.

The 52 excluded articles were either review articles!®®11® or
systematic reviews,>>!®!"7120 contained no TAUS data,'*!~'%7
128-134

were editorials, commentaries or reports, contained

insufficient clinical data,>'3>"1% contained patient cohorts
previously rePOTted,Bg*MZ were not available in English,143’146

had study design not relevant for this review,'*’"**° included a

150,151

patient cohort not relevant to this review, or were abstracts

only.152’153

Overall, 67,837 patients were included for evidence synthesis.
In total, 67,774 gallbladder polyps and 889 gallbladder cancers
were reported. The median age ranged between 40 and 62, and
57,670 were male (73.7%). All patients had gallbladder polyps
detected by TAUS. In total, 20,543 were evaluated following
cholecystectomy. More than half of all polyps (1 = 41,041, 53.1%)
were monitored with TAUS to determine their natural history.
The two largest studies’>”® provided 46,782 patients, but only 38
cancers.

There were 82 studies which provided data on the number
of gallbladder polyps and cancers**'% Sixty studies
provided data on at least one polyp size and the asso-
ciated number of gallbladder cancers that developed
in polyp sizes up to 15mm2-2629-3335-3739-48.50,51,55,
57-65,68-73,75-78,80-85,87-89.91,92.94,96.97,100,103,105  Gir\  praocio
ments could be extracted in 59,225 polyps and 425 malignant
polyps, respectively, from these studies. In one study, the authors

provided individual patient data on 558 patients.®!

16 studies (19.5%) reported cohorts with zero cancer events
within the first year of follow-up.25326:36:40-4549,63.7377,82.84.100 44
studies reported non-zero cancer events in one or more polyp
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Figure 2. Distribution of cancer risk according to gallbladder
polyp size measured by transabdominal ultrasound across all
included studies. Each dot represents the cancer risk at a par-
ticular polyp size for a single study. Studies which reported
cancer risk at multiple polyp sizes are depicted by the line
connecting the dots associated with the study. The majority
of studies showed the risk of cancer to be less than 0.1 for
polyp sizes up to 1I5mm.
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Substantial heterogeneity was measured between studies (I* =
99.95%, 95% credible interval 99.86-99.98%). The distribution of
included studies at different size thresholds is shown in Figure 2
and demonstrates the heterogeneity across studies, although
most studies were concentrated in a region with a probability
of cancer of less than 0.03. Data reported at subsequent time
points were limited, so malignant risk over time could not be
determined.

A Bayesian meta-analysis model was developed to accommo-
date substantial missing data across the studies. As a result, it
was possible to include all 82 studies in the analysis. The model
demonstrated an increased risk of cancer as polyp size increased
(Figure 3a). For example, a mean polyp size of 13.9mm had a
mean risk of 1 in 100. However, there was considerable uncer-
tainty with this estimate due to study heterogeneity and this
uncertainty increased with threshold size, illustrated by the
widening credible ranges, which may be explained by increased
missing data at higher polyp sizes. Figure 3b shows the 95%
prediction region for the predicted risk from the model. This
demonstrates the effects of between-study heterogeneity on the
uncertainty of the risk estimates. The prediction region is wide
and increases with polyp size to around 60% suggesting substan-
tial uncertainty in the model estimates. The addition of associ-
ated co-variates (age, gender, presence of gallstones, symptoms,
and single or multiple polyps) to the model did not substantially

BJR

Figure 3. (a) Meta-analysis summary model showing cumu-
lative risk of gallbladder cancer as a function of polyp size
and associated 95% credible interval limits (dashed lines). (b)
95% prediction regions for the estimated cumulative risk. The
prediction region covers nearly all the probability space for
high thresholds suggesting that the heterogeneity and miss-
ing data introduces substantial uncertainty to the model. The
summary mean curve and 95% credible region are included
but are close to the x-axis. The upper boundary (dashed) is
readily apparent, and the lower boundary of the 95% credible
region is the dashed line closest to the x-axis.

a b

Cumulative risk of Cancer
Cumulative risk of Cancer
@

L

Polyp size (mm) Polyp size (mm)

change the Deviance Information Criterion (DIC) of the Bayesian
model and therefore were excluded (Supplementary Material 1).

The median cancer risk of polyps measuring 5mm and 10 mm
across all studies was 0.14% (99% credible range 0.08-0.26%)
and 0.60% (0.30-1.16%), respectively. Thus, the number of
patients with polyps measuring 5mm and 10 mm or less needed
to detect one cancer is 714.3 and 166.7, respectively, equating to
13.2 and 64.4 cancers per 10,000 patients. The point estimates
and cumulative cancer risk with 99% credible intervals for incre-
mental polyp size is provided in Table 2. A probability matrix,
showing incremental sizes of polyps with corresponding cancer
risk, is included in Supplementary Material 1.

Risk of bias assessment

The majority of studies (n = 68, 82.9%) were assessed as having
high risk of bias due to their observational nature, and the
remaining 14 (17.1%) as moderate risk of bias (Supplementary
Material 1). According to the GRADE working group method-
ology,'® 13 studies (15.6%) were graded with very low certainty,
56 studies (68.3%) with low certainty, and 13 studies (15.6%)
with moderate certainty (Supplementary Material 1). The
overall confidence in the result of the quantitative synthesis was
summarised as low.

Sensitivity analysis

The effect of methodological quality on the median cancer risk
was tested in sensitivity analysis (Figure 4). Compared with the
overall median curve, excluding studies with a very low certainty
rating had little effect on the estimated risk. However, confining
the analyses to those studies with moderate certainty or higher
(13 studies) substantially lowered the median risk curve. This is
due to the two largest studies, which reported only 38 cancers in
46,782 patients (0.08%), having substantially lower cancer rates
than the other studies in the meta-analysis.
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Table 2. Point estimate and cumulative cancer risk for incremental polyp size with 99% credible intervals

Polyp size Median risk Polyp size Median risk

5mm 0.14% (0.08-0.26%%) 23mm 1.64% (0.79-3.25%)
6mm 0.22% (0.12-0.42%%) 24mm 1.70% (0.81-3.37%)
7mm 0.31% (0.16-0.59%) 25mm 1.76% (0.84-3.49%)
8mm 0.41% (0.21-0.78%) 26mm 1.82% (0.87-3.6%)
9mm 0.51% (0.26-0.97%) 27mm 1.87% (0.89-3.71%)
10mm 0.60% (0.30-1.16%) 28mm 1.92% (0.91-3.81%)
1lmm 0.70% (0.35-1.36%) 29mm 1.97% (0.94-3.91%)
12mm 0.80% (0.39-1.54%) 30mm 2.02% (0.96-4.01%)
13mm 0.89% (0.44-1.73%) 31mm 2.07% (0.98-4.11%)
14mm 0.98% (0.48-1.91%) 32mm 2.11% (1.00-4.20%)
15mm 1.06% (0.52-2.08%) 33mm 2.16% (1.02-4.29%)
16mm 1.14% (0.56-2.25%) 34mm 2.20% (1.04-4.38%)
17mm 1.22% (0.59-2.41%) 35mm 2.24% (1.06-4.46%)
18 mm 1.30% (0.63-2.56%) 36mm 2.28% (1.08-4.54%)
19 mm 1.37% (0.66-2.71%) 37mm 2.32% (1.09-4.62%)
20mm 1.44% (0.70-2.85%) 38mm 2.36% (1.11-4.69%)
21 mm 1.51% (0.73-2.99%) 39mm 2.39% (1.13-4.77%)
22mm 1.58% (0.76-3.12%) 40mm 2.43% (1.14-4.84%)

In studies considered moderate quality, the median cancer risk
of polyps measuring 5mm and 10 mm or less reduced consider-
ably to 0.03 and 0.04%, respectively. This increased the number
of patients needed to detect one cancer to 2754.8 and 2167.8,

Figure 4. Sensitivity analysis of cumulative risk of cancer with
credible intervals related to study quality. Studies rated low
certainty and above (69 studies; 66,985 patients, 870 can-
cers) are red. Studies rated moderate certainty and above (13
studies, 51,442 patients, 100 cancers) are blue.
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equating to 3.6 and 4.6 cancers per 10,000 patients with polyps
measuring 5mm and 10 mm or less, respectively.

DISCUSSION

This systematic review and meta-analysis of more than 67,000
patients is the first comprehensive meta-analysis to model the
risk of malignancy in gallbladder polyps. The study has shown
that the estimated risk of malignancy in patients with gallbladder
polyps is lower than previously reported and is extremely low in
polyps measuring less than 10 mm.

Presently, studies are mostly low quality which affects the esti-
mates of malignant risk presented in this meta-analysis, however
the risk of cancer reported in the two largest and higher quality
studies”>”® was far lower than the remainder of small, low-
quality studies, which were likely to report inflated risk. The
findings of this meta-analysis suggest that the risk of malignancy
in gallbladder polyps is very low, suggesting that the monitoring
of gallbladder polyps, particularly small polyps, may not be clin-
ically or cost-effective in some healthcare systems. However,
given the uncertainty introduced by the low quality studies,
the clinical and cost effectiveness of monitoring small polyps
requires further investigation.

Previous work has attempted to estimate the risk of malignancy
in ultrasound detected gallbladder polyps. A large recent study
hypothesised that the true risk of gallbladder polyps may not be
as great as previously reported. A retrospective study reported
outcomes of gallbladder polyps over a 20-year period in a popu-
lation of more than 600,000.”® The unadjusted gallbladder cancer
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rate per 100,000 person-years was 11.3 (95% confidence intervals
6.2-16.3) and increased with greater polyp size, from 1.3 (95%
confidence intervals 0.7-6.5) in polyps less than 6 mm to 128.2
(95% confidence intervals 9.4-217.0) in polyps 10 mm or greater.
Additionally, gallbladder cancer rates in this cohort study were
similar in patients with and without polyps on initial TAUS
(0.053% vs 0.054%, respectively). These data were collected
retrospectively, and the proportion of pseudopolyps was not
reported. The study demonstrated the apparent benign natural
history and slow growth of most polyps, but firm estimates of
median cancer risk cannot be extrapolated from this study due
to its limitations.

Further, we have confirmed that increasing polyp size is an
important prognostic factor for the development of malignancy,
but an optimal size threshold for intervention remains uncertain.
Gallbladder polyp size is commonly reported at TAUS because
the reliability and reproducibility of size measurements is excel-
lent.">* The decision to intervene in patients with gallbladder
polyps is contentious, but important, as many patients undergo
cholecystectomy every year for gallbladder polyps. An arbitrary
threshold of 10mm is commonly cited for intervention in the
literature,**486>67.7980.868%,102 ¢ 54,61 Jarger size thresholds have
been reported to be more accurate at differentiating benign
from malignant polyps.****87695194 Compliance with existing
guidelines may have contributed to the increased detection
of cancer above 10mm in this meta-analysis, as findings were
predominately derived from retrospective data, although the
results demonstrated a clear continuous association with incre-
mental polyp size without any significant step-change in risk at a
particular threshold. Large-scale, prospective, multicentre regis-
tries are required to increase statistical power and provide better
quality data to improve treatment and monitoring decisions in
these patients. Randomised data would improve confidence in
specific size thresholds.

There is also conflicting data regarding the cost-effectiveness of
monitoring gallbladder polyps. Such analysis is dependent on
accurate estimates of median cancer risk to provide meaningful
analysis, which this meta-analysis can facilitate. Patel et al have
suggested that compliance with polyp monitoring guidelines
may be cost-effective.®! The authors suggested that following the
European joint society guidelines' would result in an estimated
annual saving of £209,163 per 1000 gallbladder polyps surveyed
in the National Health Service (NHS) and result in an addi-
tional 12.5% of patients requiring cholecystectomy. However,
compliance with guidelines was found to be poor.*! Indeed, poor
compliance from radiology departments is likely to represent a
multifactorial problem influenced by cost, patient factors, and
perceived lack of value. Given our meta-analysis demonstrates
a very low risk of cancer, we suggest a health economic analysis
should be conducted to evaluate the clinical value of monitoring
smaller gallbladder polyps.

Strengths of our study include strict adherence to methodolog-
ical and reporting recommendations, robust data extraction and
quality assessment. A large volume of data from many studies
and patients have been synthesised. We chose to construct
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the meta-analysis model in a Bayesian framework to provide
greater flexibility than might be possible in a frequentist frame-
work. As a result, we were able to develop a model that included
all the studies and captured the simultaneous uncertainty that
missing data, between-study heterogeneity and zero event
studies bring to meta-analysis. Despite these uncertainties, the
model demonstrated a clear increase in cancer risk with polyp
size.

However, this study also has limitations. The analysis provides
an estimate for the overall cumulative risk of cancer for different
polyp sizes and the uncertainty associated with this risk. However,
a clinical question not answered here is that of the conditional
risk of cancer for a polyp of size greater than 10 mm, for example.
This would require a far more complex model and is beyond the
scope of this analysis. However, for the same reasons given in the
above analysis, it is likely that any estimates of the conditional risk
would also be shrouded with considerable uncertainty. As such,
it is worthy of further research. We included historical data using
older ultrasound technology because this review was designed
to assess risk rather than technology evaluation and we wanted
to capture as much follow-up data as possible. Whilst measure-
ment error is likely to be present in older cohorts, we suggest
a greater number of small polyps with less risk are likely to be
detected incidentally using newer ultrasound technology, and
thus contribute to a further reduction in overall malignant risk.
The methodological quality of the included studies was generally
considered low. Suboptimal reporting of duration and frequency
of follow-up in many studies prevented meaningful modelling of
cancer risk in the subsequent years after detection, which would
have better informed guideline recommendations for duration
of follow-up. Often, patient and polyp characteristics, including
proportions of true vs pseudopolyps, were inadequately reported,
meaning sensitivity analyses could not be performed to explore
variations on our estimated median cancer risk statistics. We had
planned to include high-risk patients with primary sclerosing
cholangitis (PSC) as a co-variate, however there were insufficient
data to allow this. Only eight patients from two included studies
were reported.®"!> Many studies have investigated the risk of
malignancy in PSC cohorts, but these can inflate the estimates
in general populations and hence were excluded. Attempts were
made to gather individual patient data. We received individual
data from 558 patients, but the overall response rate was poor, so
personalised prediction of which patients eventually developed
gallbladder cancer could not be attempted. Potentially important
clinical co-variates (including patient age, ethnicity, and sessile
morphology) were also sporadically reported in many included
studies, but addition of available co-variates in the model did
not identify any factors of prognostic significance. Furthermore,
any predictions are contingent on the accuracy of the model and
whilst the parameter estimates were in the right direction, new
trial data may refine or even challenge these. Finally, we found
significant heterogeneity between studies which affected our
overall confidence in the results of the meta-analysis. Publica-
tion bias could not be assessed due to the presence of intra- and
inter-study heterogeneity.
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CONCLUSION

This review is the first comprehensive meta-analysis investi-
gating the risk of malignancy in gallbladder polyps. Here, based
on the data from 67,837 patients across 82 studies, a de novo
Bayesian model was developed to establish the best available
estimates concerning the development of cancer risk with polyp
size. Malignant risk was extremely low, particularly in polyps
measuring less than 10 mm. For polyps greater than 10 mm, esti-
mates of the actual risk were hampered by recommended inter-
vention in this group. However, a step increase of risk in polyps
measuring larger than 10 mm is neither likely, nor supported, by
these data. This suggests research efforts should be directed at
improved stratification of this group and potentially increasing
the threshold for intervention. Other clinical risk factors usually
associated with gallbladder cancer were found to have limited
effect on prediction after controlling for polyp size. Substan-
tial heterogeneity was found between studies and the quality of

Foley et a/

evidence was generally considered low. Furthermore, this review
was not able to establish how the risk of gallbladder cancer
evolves over time, identifying an important gap in the evidence-
base and where future research should be targeted.
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