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ARTICLE INFO ABSTRACT

Background: Lymph node metastases (LNM) are an ominous prognostic factor in gallbladder cancer (GBC) and,
when present, should preclude surgery. However, uncertainty remains regarding the optimal imaging modality
for pre-operative detection of LNM and international guidelines vary in their recommendations. The purpose of
this study was to systematically review the diagnostic accuracy of computed tomography (CT) versus magnetic
resonance imaging (MRI) in the detection of LNM of GBC.

Methods: A literature search of studies published until November 2017 concerning the diagnostic accuracy of CT
or MRI regarding the detection of LNM in GBC was performed. Data extraction and risk of bias assessment was
performed independently by two reviewers. The sensitivity of CT and MRI in the detection of LNM was reviewed.
Additionally, estimated summary sensitivity, specificity and diagnostic accuracy of MRI were calculated in a
patient based meta-analysis.

Results: Nine studies including 292 patients were included for narrative synthesis and 5 studies including 158
patients were selected for meta-analysis. Sensitivity of CT ranged from 0.25 to 0.93. Estimated summary di-
agnostic accuracy parameters of MRI were as follows: sensitivity 0.75 (95% CI 0.6 — 0.85), specificity 0.83 (95%
CI 0.74 — 0.90), LR + 4.52 (95% CI 2.55-6.48) and LR- 0.3 (95% CI 0.15 - 0.45). Small (< 10 mm) LNM were
most frequently undetected on pre-operative imaging. Due to a lack of data, no subgroup analysis comparing the
diagnostic accuracy of CT versus MRI could be performed.

Conclusion: The value of current imaging strategies for the pre-operative assessment of nodal status in GBC
remains unclear, especially regarding the detection of small LNM. Additional research is warranted in order to
establish uniformity in international guidelines, improve pre-operative nodal staging and to prevent futile

surgery.
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1. Introduction tumours drops from 50% to 2% when distant lymph nodes (outside of

the hepatoduodenal ligament) are involved. [5] Once the tumour has

Gallbladder cancer (GBC) is the fifth most prevalent malignancy of
the gastrointestinal tract worldwide. [1,2] Due to an asymptomatic
course in early stages and a propensity for aggressive local growth,
most gallbladder cancers are only diagnosed in an advanced stage.
Outcomes are poor with reported 5-year survival rates ranging from 10
to 20% [3]. Radical excision currently remains the only curative
treatment option. However, only 20-30 % of pre-operatively diagnosed
patients are candidates for resection [4].

Prognosis after surgery is primarily determined by tumour- and
lymph node stage; one-year survival rate after radical resection in T3
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metastasised to the periaortic, pericaval, superior mesenteric and celiac
lymph nodes, resection does not appear to increase survival and surgery
is deemed futile [6]. Adequate pre-operative detection of lymph node
metastases (LNM) is therefore of vital importance to adequately select
surgical candidates and to prevent surgery-related morbidity and
mortality.

Agarwal et al. [7] analysed 60 patients with irresectable gallbladder
cancer and found that 4 (7%) patients were irresectable due to pre-
operatively undetected distant LNM. Other studies show that up to 50%
of locally advanced gallbladder tumours appear to be irresectable
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during exploratory laparotomy due to undetected lymph node or peri-
toneal metastases [8]. Recently, staging laparoscopy has been in-
corporated into clinical practice in order to determine the resectability
of gallbladder cancer before committing to exploratory laparotomy.
However, a study [8] found that among 314 patients who were deemed
resectable after pre-operative CT imaging and staging laparoscopy, 47
(15%) ultimately were irresectable due to nonlocoregional LNM.
Clearly, better pre-operative radiological detection of nonlocoregional
lymph nodes in addition to staging laparoscopy is paramount in order
to prevent redundant surgery in gallbladder cancer patients. However,
it is unclear which is the optimal imaging modality with the highest
diagnostic accuracy.

Currently, computed tomography (CT) is the most widely used
imaging modality for pre-operative staging. [5] However, the reported
sensitivity of CT for the detection of LNM is only around 24% [9].
Evidence suggests that magnetic resonance imaging (MRI) might out-
perform CT with a sensitivity of up to 80% for nodal metastases and
100% for liver invasion [10]. Additionally, opposed to CT, MRI does not
rely on the use of ionizing radiation, using magnetic stimulation of
hydrogen atoms to depict the targeted tissue. MRI is especially useful
for creating highly detailed images of soft tissues since these contain a
high amount of hydrogen atoms. Although availability of MRI is less
compared to CT, it is increasingly being used in clinical practice due to
a better safety profile, suspected superior diagnostic performance and
increasing availability.

The aim of the current systematic review is to determine the diag-
nostic accuracy of CT and MRI in the detection of LNM in order to
define the optimal pre-operative imaging strategy in patients with
gallbladder carcinoma.

2. Methods
2.1. Study selection

All prospective and retrospective cross-sectional studies analysing
the diagnostic accuracy of CT and MRI in the detection of LNM of
gallbladder cancer were considered eligible. Studies were included for
narrative review if the following additional criteria were met: (a) all
patients were > 18 years of age, (b) histopathological analysis or
follow-up imaging was available as a reference standard, (c) sufficient
data was reported in order to extract the number of true positive and
false negative results of CT and/or MRI in the detection of lymph node
metastases, regardless of level of reporting.

For the meta-analysis, studies reporting anything other than the
patient as unit of analysis were excluded since data from varying levels
of reporting (for example patient versus lymph node versus regional)
cannot be pooled. Only studies reporting patient-level data reporting
true positives, true negatives, false positives and false negatives in a
manner that sensitivity and specificity could be reconstructed were
included for meta-analysis. Case-control studies were excluded due to a
high risk of bias. There were no restrictions based on publication status.
Studies reporting results in any language but English, Dutch or German
were excluded. When cohort overlap was suspected, the study with the
smallest number of participants was excluded.

2.2. Search strategy

A systematic literature search was conducted in the databases of
MEDLINE (8th of November, 2017) and EMBASE (10th of November,
2017). The search was performed including terms for “gallbladder
cancer”, “Magnetic Resonance Imaging” and “Computed Tomography”
(full search strategy is provided in Appendix A in Supplementary
Materials, Tables A1 &A2). Additionally, the references of all included
studies and major meta-analyses were searched for additional studies
not included in the results of electronic searches. Online clinical trial
registries such as ISRCTN (www.isrctn.com) and ClinicalTrials.gov
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(www.clinicaltrials.gov) were searched as an additional source for re-
lated studies. This study was carried out in accordance with the pro-
tocol as registered in PROSPERO (record ID 83752).

2.3. Data extraction

One reviewer (E.S.L.) screened titles and abstracts of records re-
trieved by the electronic searches for eligibility. A second reviewer
(T.B.) assessed the accuracy of decision making on a random sample of
20%. Full text of the studies possibly meeting inclusion criteria was
obtained. Two independent reviewers (E.S.L. and T.B.) applied the in-
clusion criteria to the full records. Any disagreement in study selection
was resolved by discussion or arbitration by a third reviewer (P.R.).
When not enough information was provided in order to assess eligibility
of the study for inclusion, the study authors were contacted with a
request for additional information.

Data was extracted into Review Manager version 5.3 (Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) by
two independent reviewers using a standardized data extraction form.
The following data was extracted for all studies included for review:
year of publication, country of publication, study design (e.g. retro-
spective cohort study, prospective cohort study, randomised controlled
trial), full text publication or abstract, inclusion and exclusion criteria,
number of participants, participant age and gender, years of experience
and expertise of assessors, MRI/CT characteristics, reference standard
characteristics and sensitivity for the detection of LNM.

Additionally, for studies included for meta-analyses the following
additional data was extracted: number of true positives (TP), true ne-
gatives (TN), false positives (FP) and false negatives (FN) and diag-
nostic criteria and cut-off values / version of TNM staging used.

When raw data on diagnostic accuracy was not available, study
authors were contacted in order to obtain additional data. Any differ-
ences were resolved by discussion or by input from a third reviewer
(P.R).

2.4. Assessment of methodological quality

Using a modified version of the QUADAS-2 assessment-tool [11],
study design characteristics were extracted and analysed by two in-
dependent reviewers (E.S.L. and T.B.) to assess methodological quality.
Any discrepancies were resolved by means of discussion and consensus.
When discrepancies persisted, a third author (P.R.) was requested for
additional input in order to reach consensus. See Appendix B in Sup-
plementary Materials provides the criteria used to classify responses
(yes, no or unclear) to each of the QUADAS-2 checklist items.

2.5. Statistical analysis and data synthesis

For each study included in the meta-analysis, data was extracted to
generate 2 X 2 contingency tables displaying true-positives, true-ne-
gatives, false positives and false negatives. Patients with NO nodal
status were regarded as disease negative and patients with either N1 or
N2 nodal status were disease positive. True positives were defined as
cases in which patients were categorised as having disease by both the
index- and reference test. False positives were defined as patients ca-
tegorised as having disease by the index test but categorised as not
having disease by the reference standard. True negatives were patients
categorised as not having disease by the index- and reference test. False
negatives were defined as patients categorised as not having disease by
the index test and having disease by the reference standard. Forest plots
were constructed for all included studies displaying sensitivity, speci-
ficity and the corresponding 95% confidence interval for both index
tests. Summary sensitivity and specificity of MRI were also plotted on a
ROC curve. Since a common implicit cut-off value for test positivity is to
be expected, estimates of pooled sensitivity and specificity were cal-
culated by fitting a bivariate random effects model. A P-value of < 0.05
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was considered statistically significant. All analyses were conducted
using Review Manager 5.3 and R 3.6 statistical package (R Core Team
(2016). R, R Foundation for Statistical Computing, Vienna, Austria)

2.6. Assessment of reporting bias

To date, no formal tool for the assessment of reporting bias in di-
agnostic accuracy studies exists. However, we highlighted possible
sources of detection, selection and reporting bias and consequently
excised caution in the interpretation of results.

2.7. Heterogeneity exploration

Due to the nature of diagnostic accuracy studies, heterogeneity is
expected to be present. [12] We planned to conduct a sensitivity ana-
lysis exploring the influence of the following characteristics on sensi-
tivity and specificity; year of publication, experience of assessor (de-
fined as < 5 or > 5 years of experience), type of MRI/CT (single-slice
vs. multi-slice, 1.5 vs. 3 T), study design (prospective vs. retrospective),
full text publications versus abstracts, age of participants, type of re-
ference standard, version of TNM-staging used and use of contrast
agents. However, due to the small sample of included studies, we did
not conduct any sensitivity analyses.

3. Results
3.1. Search strategy and study selection

A flowchart of the selection process is provided in Fig. 1. Our search
strategy identified 1612 records in MEDLINE, 2665 in EMBASE and 0 in
the Cochrane Library of Diagnostic Test Accuracy Studies. A hand-
search of references from these studies and reviews did not yield any
additional records. After removal of duplicates, the titles and abstracts
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of 3777 records were screened for relevance and 117 studies were se-
lected for full text evaluation. A total of 108 studies were excluded after
full-text assessment for the following reasons: narrative review/edi-
torial/comment (N = 48); no full text available (N = 24); not addres-
sing the research question (N = 10); not reporting data in such a way
that sensitivity for LNM detection can be calculated (i.e. not all patients
received verification by a reference test or not reporting data for GBC
separately) (N = 19) or other reasons (N = 7). Five studies reported
patient-level data and were included for meta-analysis. An additional
four studies provided sensitivity data for CT or MRI, and were included
for narrative synthesis.

The studies that met our inclusion criteria for meta-analysis or
narrative review are described in Table 1.

3.2. Studies included for meta-analysis

Five studies were included for meta analysis. Four investigated the
diagnostic accuracy of MRI [13-16] in 138 participants and one in-
vestigated the diagnostic accuracy of CT [17] in 20 participants. All
except one [16] were of retrospective design. None of the studies di-
rectly compared the diagnostic accuracy of CT with MRI. All except one
[17] only included patients in which either curative or palliative sur-
gery was performed, arguing the need for histopathological analysis of
the final resection specimen as a reference standard. One study [17]
chose to include irresectable patients, using a combination of percuta-
neous biopsy and autopsy results as an alternative reference standard.
Another MRI study [13] excluded patients in which CT imaging was
considered to be diagnostic for tumour stage. Criteria for lymph node
positivity were reported in 3 out of 5 studies. The prevalence of node-
positive disease ranged from 33% [16] to 72% [15] with a median of
54% (IQR 43-68%).

PubMed EMBASE
(N=1612) (N = 2665) (N=0)

Cochrane

e Inclusion criteria for meta analysis
e Patients >18 years of age
¢ Histopathological or imaging

I |

A 4

Records after duplicates removed

diagnosis of gallbladder cancer

(N=3777)

4
Records after screening on title and

Records excluded (N = 3860)

Records excluded (N = 108)

Review (N = 48)
No full text available (N = 24)

abstract
(N=117)

A

Records after full-text assessment for
eligibility for inclusion in narrative

» No seperate data for GBC (N = 10)
No reference standard applied
(N=9)

LN detection not studied(N = 10)
Other (N=7)

Records excluded (N = 4)

synthesis (N = 9)

Y

Records after full-text assessment for
eligibility for inclusion in meta analysis
(N=5)

"| No patient level data to generate 2x2
tables (N = 4)

Fig. 1. Study selection flowchart.

158



E.A.J. de Savornin Lohman et al.

Table 1
Characteristics of included studies.
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Basic study and patient characteristics

Authors Year of publication =~ Number of participans Age, mean Study design Reference standard Modality
Engels et al. 1989 20 Unknown Retrospective cohort  Surgical findings, autopsy, FNA biopsy results CT
Kalra et al. 2006 20 50 Prospective cohort Surgical findings, histopathology CT

Kaza et al. 2006 15 52 Prospective cohort Surgical findings, histopathology MRI
Kim et al. 2002 18 57 Retrospective cohort  Surgical findings, histopathology MRI
Kim et al. 2015 86 65 Retrospective cohort  Surgical findings, histopathology MRI
Ohtani et al. 1996 59 65 Retrospective cohort  Surgical findings, histopathology CT
Oikarinen et al. 1993 37 69 Retrospective cohort ~ Histopathology, FNA biopsy results, follow-up imaging results ~CT
Schwartz et al. 2002 19 68 Retrospective cohort  Surgical findings, histopathology MRI
Tseng et al. 2002 18 Unknown  Retrospective cohort  Surgical findings MRI

3.3. Additional studies included for narrative review

Four studies could not be included for meta-analysis but did meet
our eligibility criteria for narrative review. Three studies [18-20] in-
vestigated CT in 116 participants and one study [21] investigated MRI
in 18 participants for the detection of LNM. All studies except one [20]
were retrospective in nature. Three studies [18,20,21] chose to exclude
patients in whom no surgical and/or histopathological analysis of a
resection specimen was available as a reference standard. One study
[19] did not exclude irresectable patients, but chose to compare pre-
operative imaging findings to a combination of follow-up imaging and
fine-needle biopsy results. None of the studies excluded patients based
on age, gender or tumour stage. Three studies [18-20] used a cut-off
value of a diameter > 10 mm as criterion for lymph-node positivity.
One study [21] did not describe diagnostic criteria.

3.4. Methodological quality

An overview of the methodological quality of included studies as
assessed by QUADAS-2 is provided in Fig. 2. Additionally, scores on
each individual QUADAS-2 item for all included studies are displayed in
Appendix C in Supplementary Materials. As illustrated, there is a sub-
stantial amount of underreporting in the included studies, resulting in
many “unclear” judgements and consequently diminishing the quality
of the data.

4. Findings
4.1. Sensitivity of CT and MRI in the detection of LNM

Five studies investigated the diagnostic accuracy of MRI in 156
participants and four studies investigated the diagnostic accuracy of CT
in 136 participants. In Fig. 3, an overview of the sensitivity of CT and
MRI in the detection of lymph node metastases is displayed. Results
from all studies are shown, including studies not reporting patient level
data. As demonstrated, sensitivity of both modalities varied greatly,
ranging from 0.25 to 0.93. Of note, all studies in which the size of the
false negative lymph nodes was reported [15-17,20] stated that all
missed LNM were < 10 mm in size.

4.2. Accuracy of MRI and CT for the detection of LNM in gallbladder
cancer

A Forest Plot of sensitivity and specificity of MRI and CT for nodal
staging from individual studies is displayed in Fig. 4. Our search
identified only one study which investigated the diagnostic accuracy of
CT and reported data on patient level [17]. In this study, 20 patients
with gallbladder cancer were included and the respective sensitivity
and specificity of CT were 0.93 (95% CI 0.66-1.00) and 1.00 (95% CI
0.54-1.00). The negative likelihood ratio including 95% confidence
interval was 0.07 (0.01 - 0.47). No false positives were reported in this
study; therefore, the positive likelihood ratio could not be calculated.

The sensitivity of MRI ranged from 57% to 92%. Specificity ranged
from 78% to 100%. The estimated summary sensitivity and specificity
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Fig. 2. Risk of bias assessment according to QUADAS2. Abbreviations: L = low, H = high,? = unknown.
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Fig. 3. Forest plot of reported sensitivity of all included studies.

values (Fig. 5) including 95% confidence intervals were 0.75 (0.60 -
0.85) and 0.83 (0.74 - 0.90), respectively. The pooled positive like-
lihood ratio was 4.52 (95% CI 2.55 to 6.48), and the pooled negative
likelihood ratio was 0.30 (95% CI 0.15 to 0.45).

The assessors in the study by Kim et al. [13] did not perform con-
sensus readings. Instead, diagnostic accuracy data was reported from
the separate readings of both assessors. We chose to incorporate the
readings of both assessors into our model as separate studies. We also
attempted to conduct two sensitivity analyses, incorporating only the
data from either one of the assessors. However, not enough data was
available and a summary ROC point could not be estimated. Fig. 5
displays a summary ROC point for the diagnostic accuracy of MRI as
well as individual accuracy estimates of all included studies.

5. Discussion

Pre-operative staging of gallbladder cancer still presents a sig-
nificant clinical challenge. The presence of LNM, especially in non-
locoregional sites (i.e. outside of the hepatoduodenal ligament) is as-
sociated with a poor prognosis. [22] Pre-operative detection of LNM in
gallbladder cancer is essential in order to determine the treatment ap-
proach, prevent unnecessary surgery and establish prognosis.

Five studies investigating the diagnostic accuracy of CT or MRI met
our inclusion criteria for meta-analysis. An additional 4 studies were
included for narrative review. Based on these studies, the estimated
summary sensitivity of MRI for detection of LNM was 0.75. Sensitivity
of CT could not be pooled as only one study was included, but the
sensitivity of CT ranged from 0.25 to 0.93 in the studies included for
narrative review.

Currently, substantial controversy exists regarding the optimal pre-
operative imaging strategy for gallbladder cancer. The guideline from
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Fig. 5. Summary receiver operating characteristic (SROC) curve of the diag-
nostic accuracy of MRI.

the European Society of Medical Oncology (ESMO) [23] states that all
patients should receive pre-operative MRI since within the literature
superior sensitivity of MRI compared to CT has been reported for the
staging of various tumours [24,25], but other guidelines [5,26] state
that not enough evidence is available to support this approach. Our
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Fig. 4. Forest plot of reported sensitivity and specificity of studies included in the meta-analysis.
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findings confirm this notion and no difference between CT and MRI
could be demonstrated. Significant heterogeneity was found in reported
sensitivity and specificity, patient population characteristics, and re-
ference standards.

Almost all studies (with the exception of two [16,20]) were retro-
spective case series in which the criteria for additional MRI were not
clearly outlined. In current clinical practice virtually all patients receive
CT-imaging; additional MRI is only conducted when deemed necessary
by the treating physician; for example when liver involvement cannot
be clearly outlined on CT imaging. This may result in selection bias as
only those patients with ambiguous CT results will receive an additional
pre-operative MRI. Furthermore, a variety of reference standards was
used for the verification of imaging results. Most studies only included
resectable patients and chose to use histopathological analysis of the
resection specimen as the reference standard. However, some studies
also included inoperable patients and used follow-up imaging or biopsy
results to verify imaging results. Evidently, arguments supporting the
validity of both strategies can be made. On the one hand, surgical ex-
ploration and histopathological analysis remain the gold standard for
the verification of imaging results. On the other hand, this is obviously
not possible in patients not undergoing surgery and excluding irre-
sectable patients might result in significant selection bias, as more pa-
tients with irresectable e.g. locally advanced tumours are more likely
have positive distant LNM [27]. Thus, the use of an alternate reference
standard like adequate follow-up imaging can provide valuable addi-
tional information.

The materials and scanning protocols used in the included studies
differed significantly. Notably, slice thickness of the CT and MRI
scanners varied considerably. As nodal size is the most important
characteristic used for LNM detection which is obviously influenced by
slice thickness, up-to-date imaging devices with smaller slice thickness
may detect LNM more accurately. Furthermore, most studies stated that
metastatic lymph nodes missed on pre-operative imaging were usually
smaller than 10 mm in size. Newer imaging devices with a higher re-
solution or techniques like diffusion-weighted MRI or MRI using nano-
sized contrast particles have demonstrated promising results in other
hepatobiliary malignancies [28-30]and could more accurately detect
LNM.

This systematic review and meta-analysis has several limitations
that need to be considered. First and foremost, the number of included
studies was limited, resulting in a paucity of data available for meta-
analysis. Diagnostic accuracy data for CT could not be pooled since only
one study was included and MRI and CT could not be compared.
Although we planned to conduct sensitivity analyses in order to identify
sources of heterogeneity, the limited quantity of data made this im-
possible. Second, there was considerable heterogeneity regarding pa-
tient characteristics, test characteristics and reference standards used.
Some of the studies were published before 2000 and might have been
conducted using out-of-date imaging techniques. Finally, the quality of
the studies was rated as unclear on many aspects due to serious un-
derreporting regarding methodology and patient selection. This is an
important cause of concern and should be taken into consideration
when interpreting the results.

6. Conclusions

Our systematic review and meta-analysis show significant un-
certainty regarding the optimal imaging strategy for the pre-operative
detection of LNM in GBC. Current clinical practice involves standard
pre-operative imaging by CT and additional MRI only in case of in-
conclusive CT results regarding pre-operative staging. Although a po-
tential superior diagnostic accuracy of MRI has been reported, this is
not supported by our results. Both CT and MRI demonstrate varying
sensitivity and seem to be unreliable for the detection of LNM < 10 mm
in size as demonstrated by the finding that in the studies included in
this review all false negative lymph nodes were < 10 mm in size. More

European Journal of Radiology 110 (2019) 156-162

advanced pre-operative imaging techniques and better knowledge of
metastatic lymph node imaging characteristics are needed to improve
the pre-operative detection of LNM in gallbladder cancer and prevent
unnecessary surgery-related morbidity and mortality.
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