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INTRODUCTION

Cancers affecting the pancreas and the biliary tract carry poor prognosis [START_REF] Hariharan | Analysis of mortality rates for gallbladder cancer across the world[END_REF][START_REF] Hariharan | Analysis of mortality rates for pancreatic cancer across the world[END_REF][START_REF] Gourgiotis | Gallbladder cancer[END_REF]. Surgery, in the form of pancreatico-duodenectomy and/or liver resection, currently remains the only potential curative treatment modality but the majority of patients have advanced or metastatic disease precluding curative resection [START_REF] Blechacz | Cholangiocarcinoma: advances in pathogenesis, diagnosis, and treatment[END_REF][START_REF] Ghaneh | Biology and management of pancreatic cancer[END_REF]. Accurate pre-operative staging is vital to identify patients who would truly benefit from resection, while excluding patients with locally advanced disease or distant metastases. Despite technological advances in imaging modalities used to assess patients preoperatively, 20-70% of patients undergo 'open and close' (non-therapeutic) laparotomy [START_REF] Blechacz | Cholangiocarcinoma: advances in pathogenesis, diagnosis, and treatment[END_REF][START_REF] Ghaneh | Biology and management of pancreatic cancer[END_REF][START_REF] D'angelica | The role of staging laparoscopy in hepatobiliary malignancy: prospective analysis of 401 cases[END_REF][START_REF] Greten | TGF alpha transgenic mice. A model of pancreatic cancer development[END_REF]. Staging laparoscopy (SL), with or without laparoscopic ultrasound (LUS), is a minimally invasive technique enabling direct assessment of the peritoneal cavity, liver, lymph nodes and related vascular structures. Its use has been inconsistent as the available supporting evidence is controversial and inconclusive. Also, as with all 'diagnostic tests', evidence synthesis is difficult in the absence of randomised controlled trials.

The aim of our study was to clarify the role of SL/LUS in patients with potentially resectable malignant pancreatico-biliary neoplasms by performing a meta-analysis on all available literature with particular emphasis on sensitivity analysis such as that for high quality studies (STAndards for the Reporting of Diagnostic accuracy (STARD) scores > 18) [START_REF] Bossuyt | The STARD statement for reporting studies of diagnostic accuracy: explanation and elaboration[END_REF] and large (>100 patients) studies.
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METHODS

The published literature was searched using Pubmed and free text search engines using the terms 'staging laparoscopy', 'laparoscopic ultrasonography', 'utility', 'role', 'pancreatic cancer', 'pancreatic ductal adenocarcinoma', 'biliary cancer', 'gallbladder cancer', 'cholangiocarcinoma', 'hilar cholangiocarcinoma' and 'intrahepatic cholangiocarcinoma'. Journal articles were further cross-referenced by manually searching bibliographies and using the 'related article' tool on PubMed. No language restrictions were made and the date of the last search was 31 st June 2009.

Eligibility criteria and data extraction

All studies that examined the effect of SL/LUS on the surgical management of patients with potentially resectable pancreatic/peripancreatic cancers (PPC) and peri-biliary cancers (PBC) (which include gall bladder cancers (GBC) along with hilar and intrahepatic cholangiocarcinomas (HC & IHC)), based on pre-operative imaging were included. Operative surgical evaluation was considered the gold standard for staging, except when laparoscopy detected obvious metastatic lesions (in most cases biopsy-proven) affecting liver and/or peritoneum, lymph node metastases, locally advanced disease (invasion of vascular structures and/or adjacent organs), confirmed benign pathology or proven absence of disease, thus preventing surgical exploration.

Data were extracted on author, date of publication, institution, study design, patient demographics and technical aspects of the studies. All data were extracted independently by two reviewers (DH and FEMF), and discrepancy (3% of all data points) was resolved by HMK. Sensitivity and specificity were required for analysis and so studies providing insufficient information for calculations were excluded. In addition, studies which included where authors admitted to including patients numbers from their previous publications in addition to new data in subsequent publications and when an indirect assessment of laparoscopy was performed i.e. when laparotomy detected lesions that theoretically could be detected using SL/LUS, while the procedure was not actually performed, were excluded.

Quality of the studies was assessed using the STARD initiative guidelines [START_REF] Bossuyt | The STARD statement for reporting studies of diagnostic accuracy: explanation and elaboration[END_REF].

Endpoint definitions

The primary endpoint was the sensitivity and specificity of SL/LUS to alter management in patients with potentially resectable PPC and PBC. This was either quoted directly in the studies or was extractable from analysis of the true positives (TP), true negatives (TN), false positives (FP) and false negatives (FN) on a per patient basis.

Secondary endpoints included the ability of SL/LUS to detect liver metastases, peritoneal deposits, locally advanced disease (invasion into adjacent vessels or organs) and lymph node lesions. To enable statistical comparisons amongst studies, the extracted data from each study was homogenised to the following definitions: True positive (TP) was defined as the total number of unresectable patients diagnosed by laparoscopy and surgery. False positives (FP)

were the number of patients diagnosed by laparoscopy to be unresectable, whilst they were resectable on surgery. True negative (TN) comprised of patients who were diagnosed as resectable by laparoscopy and went on to have curative surgical resection, while false negatives (FN) included the total number of patients who were resectable on laparoscopy but on laparotomy were unresectable. The yield of laparoscopy in a series was defined as the ratio of the number of patients benefiting from laparoscopy i.e. those in whom unnecessary laparotomy was avoided to the number of patients submitted to SL/LUS, whilst the true yield
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Hariharan et al 6 of SL was defined as those patients who benefited when the SL/LUS procedure was complete. For the purpose of this study, patients with positive resection margins (RM) were considered to be unresectable (FN). The individual study sensitivities and specificities were extracted or calculated using two by two contingency tables for each endpoint. Pooled sensitivity (TP/[TP+FN]) and specificity (TN/[TN+FP]) with 95% confidence intervals were calculated using a random effects model to incorporate variation amongst studies. Overall and true yield of laparoscopy was calculated using sample size weighting for the mean and 95% exact binomial confidence intervals were fitted around the estimates. Verification bias occurs when the result of one test influences selection for the other test. Every patient included in the analysis underwent SL/LUS and laparotomy (reference standard), therefore primary verification bias should be zero.

Statistical analysis

Diagnostic odds ratios (DOR) were calculated that showed how much greater the odds of having unresectable disease were in the presence of a positive laparoscopy compared to a negative laparoscopy. Cochran's Q-test based on a χ 2 distribution was calculated that allowed a measure of heterogeneity between the studies. Inconsistency (I 2 ) index value was calculated that determined the percentage of total variation across all studies that was due to heterogeneity, rather than chance. SROC (Summary Receiver Operator Characteristic)

analysis was used to evaluate SL/LUS using area under the curve (AUC) and Q value as the were included as false negative 11,32 .

SL/LUS in PPC

Of the 2,827 patients that were subjected to SL/LUS, 26% were deemed unresectable (Supplemental information Figure SF2). However, 44 / 722 patients (6%) were given a trial of surgical resection, of these only 14 underwent curative surgery (false positive); suspected local vascular invasion (n=3 [START_REF] Doran | Laparoscopy and laparoscopic ultrasound in the evaluation of pancreatic and periampullary tumours[END_REF][START_REF] John | Carcinoma of the pancreatic head and periampullary region. Tumor staging with laparoscopy and laparoscopic ultrasonography[END_REF]) and metastases from neuroendocrine tumour
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Hariharan et al 9 of the pancreas did not prevent curative surgery (n=2 [START_REF] Vollmer | Utility of staging laparoscopy in subsets of peripancreatic and biliary malignancies[END_REF]), no reasons mentioned (n=9 [START_REF] Van Dijkum | Laparoscopic staging and subsequent palliation in patients with peripancreatic carcinoma[END_REF]).

The remaining 30 patients were considered as true positives (Supplemental information Table ST3).

The overall sensitivity and specificity was 64% (95%CI 61-66) and 99% (95%CI 99-100); overall and true yield was 25% and 25.2% respectively. Following SROC analysis the AUC was found to be 96 (DOR 104; 95%CI 48-226) with significant between-study heterogeneity across all test characteristics (Figure 1a). The addition of SL/LUS improved the resection rate for PPC from 61to 80%.

Of the 22 studies included in our analysis, 18 studies had definitely resectable cancers (Groups 1, Supplemental information Table ST4) and 6 studies (Group 2, Supplemental information Table ST5) included patients with CT evidence of locally advanced disease (based on size or suspicion of vascular involvement). The DOR decreased from 103 (95% CI 46-231) to 23 (95% CI 6-83), when patients with locally advanced disease were subjected to SL.

SL/LUS in PBC

True positive included liver and/or peritoneal metastases (n=109), locally advanced disease (n=34), metastases to diaphragm (n=8) or omentum (n=3), coeliac lymph nodes (n=7), other pathology (n=20), and unavailable data (n=59). Only 127 / 256 (50%) patients explored surgically had curative resection (Supplemental information, Figure SF3).

Reasons for unresectable (false negative) disease included locally advanced disease (n=60), nodal metastases (n=23), liver metastases (n=8), peritoneal metastases (n=3), benign pathology (n=1) and unavailable data (n=34). The addition of SL/LUS increased the curative resection rate from 27% to 50% in patients with PBC.
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The overall sensitivity and specificity of SL/LUS in detecting inoperable disease was 63% (95% CI 58-68) and 100% (95% CI 97-100) with significant between-study heterogeneity for sensitivity (Figure 1b). The overall and true yields were 46% (95% CI 42-51) and 47% (95% CI 43-52). SROC analysis revealed an AUC of 95% (DOR 61; 95% CI . Further data extraction from these studies permitted assessment of the role of SL/LUS in GBC and IHC separately (Supplemental information, Tables ST6 andST7 respectively).

Sensitivity and subgroup analysis

Sensitivity analysis, considering large and high quality studies, for PPC revealed no significant improvement in diagnostic accuracy compared to the overall analysis (Table 3).

On consideration of studies employing LUS, sensitivity improved with a parallel improvement in the DOR to 137 (95% CI 50-376) from 104 (95% CI 48-227) for the overall sample. In the case of PBC, there was only one study [START_REF] Weber | Staging laparoscopy in patients with extrahepatic biliary carcinoma. Analysis of 100 patients[END_REF] with sample size >100 and therefore no analysis was performed on large studies. Sensitivity analysis of high quality studies and of studies employing LUS did not result in any improvement of the diagnostic parameters. Subgroup analysis revealed a high sensitivity for liver and peritoneal lesions (no between-study heterogeneity) and low sensitivity for local/vascular tumour invasion (Figure 2).

Meta-regression analysis

Meta-regression analysis to explore potential sources of heterogeneity arising from the included studies (high quality, recent studies and large studies) and use of LUS failed to unearth statistically significant contribution towards between-study heterogeneity. Use of LUS was shown to improve diagnostic accuracy by a factor of 1.34 (Supplemental
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information, Table ST8) with a relative DOR of 4 (95% CI 0.7-22) but this did not reach statistical significance (p=0.1). Meta-regression analysis also did not show any statistically significant contribution towards between-study heterogeneity arising from study design (prospective versus retrospective), country of origin (USA versus other, UK versus other) and use of pre-operative MRI in cases of PBC (data not shown).

Laparoscopy related complications

The mortality and morbidity attributed to the use of laparoscopy in potentially resectable pancreatico-biliary cancers (PPC & PBC) was reported by 9 of the 29 studies included in our analysis [START_REF] John | Carcinoma of the pancreatic head and periampullary region. Tumor staging with laparoscopy and laparoscopic ultrasonography[END_REF][START_REF] Kwon | Preoperative laparoscopic examination using surgical manipulation and ultrasonography for pancreatic lesions[END_REF][START_REF] Jimenez | Impact of laparoscopic staging in the treatment of pancreatic cancer[END_REF][START_REF] Mosca | Long-term survival in pancreatic cancer: pylorus-preserving versus Whipple pancreatoduodenectomy[END_REF][START_REF] Bemelman | Diagnostic laparoscopy combined with laparoscopic ultrasonography in staging of cancer of the pancreatic head region[END_REF][START_REF] Goere | Utility of staging laparoscopy in subsets of biliary cancers : laparoscopy is a powerful diagnostic tool in patients with intrahepatic and gallbladder carcinoma[END_REF][START_REF] Dingerkus | Endocardial fibrosis in neuroendocrine tumors of the gastroenteropancreatic system[END_REF][START_REF] Tilleman | Diagnostic laparoscopy and laparoscopic ultrasound for staging of patients with malignant proximal bile duct obstruction[END_REF][START_REF] Kriplani | Laparoscopy in primary carcinoma of the gallbladder[END_REF]: haemorrhage requiring laparotomy (n=3), port site abscess/infection (n=3), post operative pneumonia (n=2), post procedure pancreatitis (n=2), bile leak (n=2), port site haematoma (n=2), port site recurrence (n=1).

There was one reported postoperative death due to myocardial infarction.
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Discussion

Our meta-analysis demonstrate the utility of SL and LUS in potentially resectable cancers of pancreatico-biliary origin suggesting that its adoption in routine clinical practice will benefit up to 50% of patients from undergoing unnecessary laparotomy with its attendant morbidity. Despite being an invasive procedure involving general anaesthetic, SL offers these patients tremendous benefit (early commencement of alternative treatment strategies [START_REF]Guidelines for the management of patients with pancreatic cancer periampullary and ampullary carcinomas[END_REF],

shortened hospital stay, psychological benefit of minimally invasive surgery [START_REF] Korolija | Evaluation of quality of life after laparoscopic surgery: evidence-based guidelines of the European Association for Endoscopic Surgery[END_REF]) with very little risk (failure rate ~ 1%, morbidity, mainly minor < 0.5%, and mortality < 0.05%).

Limitations

A meta-analysis of a diagnostic modality, particularly an operator-dependent partially subjective test dependent on numerous variables, such as SL, has its inherent disadvantages.

The main limitation is the heterogeneity of studies included, as indicated by the I 2 statistic (Tables 123). We have made every effort to account for this heterogeneity, by performing numerous types of sensitivity analysis and meta-regression such as; that for high quality studies (rigorous reporting and analysis criteria), those with more than 100 patients (experienced, high-volume centres), those performed after year 2000 (to account for changes in imaging modalities as well as laparoscopic experience and instrumentation), using country of origin of study (to account for differences in clinical practice and health care economics), use of additional pre-operative investigative modalities (for example MRI, EUS), use of additional SL tests (such as washings, data not shown). Nevertheless the heterogeneity remains amongst the studies for the estimate of sensitivity of SL in detecting inoperable patients. This heterogeneity is therefore real and reflects the nature of clinical practice. The sensitivity of SL, as a diagnostic test, is affected both by pre-test and post-test parameters defining inoperability.
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Pre-test parameter variability

Pre-test variability includes the investigative modality used such as CT scan. There are no set criteria for performing CT scan in patients with these cancers and the amount of information gathered can vary vastly upon, the nature of CT scan machine, the amount and type of contrast used, the phases of scanning, the rapidity of sequence acquisition, the ability to perform 3D reconstruction [START_REF]Guidelines for the management of patients with pancreatic cancer periampullary and ampullary carcinomas[END_REF]. This is further compounded by the variable use of other modalities such as endoscopic ultrasound, magnetic resonance imaging and positron emission tomography. Thus the sensitivity of these tests, either alone or in combination, may alter the pre-operative call of operability. Increasing sensitivity of these imaging modalities would decrease the sensitivity of SL. Notwithstanding these characteristics, it is in the authors' experience that the small peritoneal and liver metastatic lesions (less than 0.5 cm and surface lesions) are difficult to diagnose in any of the above imaging methods with certainty and therefore SL would be warranted. Indeed, for detection of peritoneal disease there was no between-study heterogeneity.

Post-test variability

Post-test characteristics include the definition of resectable cancers which varies from centre to centre. Thus, a small portion of portal vein encroachment may be considered resectable in most, but not all centres dealing with these cancers [START_REF] Martin | Arterial and venous resection for pancreatic adenocarcinoma: operative and long-term outcomes[END_REF][START_REF] Yekebas | En bloc vascular resection for locally advanced pancreatic malignancies infiltrating major blood vessels: perioperative outcome and long-term survival in 136 patients[END_REF]. However, arterial involvement is considered operable only by a minority of the centres of excellence and, even in those series of patients, the peri-operative outcome is not good [START_REF] Yekebas | En bloc vascular resection for locally advanced pancreatic malignancies infiltrating major blood vessels: perioperative outcome and long-term survival in 136 patients[END_REF][START_REF] Stitzenberg | Survival after pancreatectomy with major arterial resection and reconstruction[END_REF]. These aspects account for the variability in the resectability criteria for locally advanced disease. Certainly for cancers of the pancreatico-biliary system, non-contiguous liver metastasis and celiac lymph nodal involvement are considered inoperable disease (as opposed to, say, for colorectal cancers). Thus the variable criteria for the definition of resectable disease may account
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for the heterogeneity observed in this meta-analysis. Only a prospective multi-centre study (which will be practically very difficult to conduct) with previously agreed, uniform criteria for the diagnostic modality methodologies such as CT scan and the definition of 'unresectable cancer' could resolve these biases. Nevertheless, the ability of SL to correctly diagnose a large proportion (20-50%) of patients with metastatic disease merits its use in routine clinical practice, if not for assessing locally advanced disease.

An additional conundrum is the argument that, if the tumour is unresectable, then at least for pancreatic head tumours, laparotomy offers the chance to perform definitive palliative surgery such as biliary and gastric bypass. In a recent synthesis of data from various centres, we have demonstrated that endoscopic palliative procedures such as biliary and/or duodenal stenting offer not only less procedure-related-morbidity and mortality but also a shorter length of hospital stay and faster recovery [START_REF] Mukherjee | Palliative surgical bypass for pancreatic and peri-ampullary cancers[END_REF]. Thus, non-therapeutic or palliative laparotomy should be avoided in favour of equivalent, endoscopic or percutaneous, palliative procedures.

Benefits

How this staging strategy should be adopted in routine practice and which patients would most benefit? Proceeding to definitive resection straight after a negative SL offers the benefit of a single general anaesthetic but adds in the waiting time for frozen section, which may not be 100% reliable, and also planning of an operative session becomes difficult and unpredictable. Decoupling SL from the definitive procedure offers these advantages and may have the added benefit of discussing the finding with the patient and their carers (bearing a mind that a SL may still have a false negative rate of up to 20%) and assessing the ability of patients to tolerate a general anaesthetic (thus directly examining the true, not hypothetical, fitness for surgery in these usually elderly patients).
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Direct cost-benefit analyses have not been carried out, especially, given the heterogeneity of the studies assessed. However, assuming a median yield of 30% with SL (and a false negative rate of 10%) and an overnight in-patient stay for SL (though in most centres it is performed as a day case procedure) and an in-patient stay of 11 days for 'nontherapeutic laparotomy' and 15 days for a 'therapeutic laparotomy'; performing SL for 10 patients with potentially resectable cancers, would save 30 bed-days as well as 14 hours of operating theatre time. This is equivalent to performing two additional therapeutic procedures for every 10 patients for the same cost, by using SL as a diagnostic sieve. This 20% costbenefit would be additional to the actual benefit for at least 30% of patients, who can start other modalities of treatment, such as chemotherapy, without any delay.

Conclusions

The continuous evolution of imaging modalities will hopefully be able to identify the unresectable disease (particularly liver and peritoneal metastasis) and render SL, an invasive investigation, obsolete in the near future. In the current clinical practice, SL appears beneficial for patients with pancreatic and biliary cancers for detection of peritoneal disease and small, surface liver metastasis, which are currently below the threshold of imaging modalities. SL should be adopted in routine clinical practice and algorithms designed for its judicious use. 

  metastatic disease precluding resection and where laparoscopy was not performed due to failure to attain pneumoperitoneum, older studies from single institutions

  summary estimates. The Moses-Shapiro-Littenberg model based on weighted (sample size) regression analysis was used and results were compared to the hierarchical SROC model to ensure consistency. Sensitivity analysis assessed the effect of sample size (studies with >100 successful laparoscopies), study quality (STARD score≥18) and the use of LUS. Subgroup analysis was performed to assess diagnostic accuracy of SL/LUS for liver metastases, local/vascular invasion. Meta-regression analysis was performed to explore sources of heterogeneity arising from variables such as year of study publication, sample size, use of LUS and study quality. Analysis was conducted using Meta-Disc for Windows version 1.4 (XI Cochrane Colloquium,Barcelona, 2006) and STATA version 10 (StataCorp LP, Texas, USA) software. The study was undertaken in accordance with previously published guidelines for meta-analyses evaluating diagnostic modalities[START_REF] Irwig | Guidelines for meta-analyses evaluating diagnostic tests[END_REF]. All values are presented rounded to nearest integer for simplicity.M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

Figure 1 :

 1 Figure 1: Sensitivity plot for studies reporting on staging laparoscopy/laparoscopic

Figure 2 .

 2 Figure 2. Sensitivity plots for detection of liver lesions (a), peritoneal lesions (b) and

Table legends Table 1 .

 legends1 Individual and overall results following homogenisation of data from studies analysing staging laparoscopy/laparoscopic ultrasound in pancreatic/peripancreatic cancers.

	DOR -diagnostic odds ratio.

Table 2 .

 2 Individual and overall results following homogenisation of data from studies analysing staging laparoscopy/laparoscopic ultrasound in proximal biliary cancers

Table 3 .

 3 Sensitivity and subgroup analysis DOR -diagnostic odds ratio, AUC -area under the curve, *-no between study heterogeneity detected; **-only one study satisfying criterion

Table 1 .

 1 

	First Author	Laparoscopic examinations	DOR	Overall Yield%
	White, R 22	1045	27308.1	13.8
	Enestvedt, CK 23	86	138.1	27.9
	Thompson, BNJ 24	152	204.7	36.8
	Doucas, H 25	98	80.5	56.1
	Ahmed, SI 26	37	103.4	24.3
	Karachristos, A 27	63	58.9	19
	Nieveen Van Dijkum, DJ 10	286	13.6	24.1
	Doran, HE 11	216	40.9	15.2
	Zhao, Z 28	22	153	59
	Vollmer, CM 12	84	46	28.5
	Kwon, AH 14	52	826.3	34.6
	Taylor, AM 29	51	250.6	52.9
	Menack, MJ 30	27	111	25.9
	Schachter, PP 31	67	454.1	44.7
	Jimenez,RE 15	125	29.2	31.2
	Pietrabissa,A 16	42	177.0	23.8
	Durup Scheel_Hincke, J 32	34	139.3	55.8
	Reddy, KR 33	98	60.7	29.5
	Andren-Sandberg, A 34	24	21.5	37.5
	Conlon, KC 35	108	785.3	37.9
	Bemelman, WA 17	70	22.9	22.8
	John, TG 13			

Table 2

 2 

		Laparoscopic		Overall
	First Author	examinations	DOR	Yield %
	Goere, D 18	39	42.8	35.8
	Agarwal, S 19	91	135	43.9
	Weber, SM 36	100	64.8	35
	Vollmer, CM 12	11	35	63.6
	Connor, S 37	80 (4 failed laparoscopies)	22.2	45
	Tilleman, E 20	110	105.9	40.9
	Kriplani, AK 21	47	91	95.7
	TOTAL (95% CI)	478	61 (19-189)	47 (42-51)
	Heterogeneity χ 2 (p-value), I 2	-	1.14 (p=0.98), 0	-

168 (19-1500) 20(18 -22) STARD ≥18 10,16,31,32 79 (11-581) 30(26-34) Liver metastases 11,12,14,16,17,22,24,25,26,28,29,30,33,35 644 (258-1604) -*Peritoneal metastases 11,12,14,16,1722,24,25,26,29,30,33,35 854 (308-2372) -Local/vascular invasion 11,12,14,22,24,25,28,29,30,35 176 (67-464) -Studies with LUS only 10,11,12,13,14,16,1722,24,25,28,29,30,31,32,35 137(50-376) -

Proximal biliary cancers

**Studies with >100 pts 20 --STARD ≥18 36,37 38 (5-288) 40 (32-47) *Liver metastases 12,19,20,36 512 (100-2620) -*Peritoneal metastases 19,20,36 1937 (249-15071) -Local invasion 12,19,20 66 (10-416) -Studies with LUS only 12,20,37 45 (8-257) -