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Abstract: 
Background & Aims: The relationship between pyogenic liver abscess (PLA) and gastrointestinal (GI) cancer was first reported more than 20 y ago, yet little is known about this connection. We evaluated this association in a population-based retrospective cohort study.

Methods: Using the Taiwan National Health Insurance claims data, we collected data on a cohort of 14690 patients with PLA, diagnosed from 2000 through 2007. A reference cohort of 58760 persons without PLA (controls) was selected from the same database, frequency matched by age, sex, and index year. Both cohorts were followed until the end of 2009 and incidences of GI cancer were calculated.

Results: The incidence of GI cancer was 4.30-fold higher among patients with PLA than controls (10.8 vs 2.51 per 1000 person-y). Site-specific analysis showed that colorectal cancer had the highest incidence—first among patients with PLA and diabetes mellitus, followed by patients with PLA without diabetes, and then among controls with diabetes (9.58, 5.76, and 1.49 per 10000 person-y, respectively). The PLA cohort also had a high risk for small intestine cancer (adjusted hazard ratio [aHR]=12.7; 95% confidence interval [CI], 5.79–27.7) and biliary tract cancer (aHR = 9.56; 95% CI, 6.68–13.7). Their risk for pancreatic cancer (aHR=2.51; 95% CI, 1.68–3.76) was also significant. However, patients with PLA did not have an increased risk of gastric cancer, compared with controls.

Conclusion: In a population-based study, we found that the incidence of GI cancer to be increased more than 4-fold among patients with PLA, compared with controls. PLA might therefore be an indicator of GI cancer. Colorectal cancer had the highest incidence among patients with PLA, followed by cancers of the biliary tract, pancreas, and small intestine. 

Keywords: Colon cancer; Pancreas; Risk factor; Infection
INTRODUCTION

Pyogenic liver abscess (PLA) is a critical infectious disease with high morbidity and mortality rates.1 In Taiwan, the annual incidence of PLA has  increased steadily from 11.2/100000 population in 1996 to 17.6/100000 population in 2004.2 In Western countries, the annual incidence rates are lower, with 1.0/100000 population in Denmark3 and 2.3/100000 population in Canada.4 Associated co-morbidities include diabetes mellitus (DM),1,5 pancreatico-biliary tract diseases, and intra-abdominal infections such as cholecystitis, suppurative cholangitis, peritonitis, appendicitis, suppurative pylophlebitis, and diverticulitis.6-8 Cases without pancreatico-biliary tract disease, intra-abdominal infection or other obvious etiologies are called cryptogenic PLA.8-10 
The major mechanisms leading to PLA include ascending infection from the biliary and pancreatic ducts and hematologic spread from organs of the portal system involving caused by gastrointestinal lesions (including neoplasms) with mucosal defects or compromised mucosal barrier. Klebsiella pneumoniae (K. pneumoniae) is the most common infectious pathogen in DM patients with PLA.11, 12 Several studies have found that PLA is associated with an increased risk of biliary tract and pancreatic cancers, through the magnitude of risk is uncertain.4, 8, 11, 13 The relationship of colorectal cancer and colonic tubulovillous adenoma and PLA is uncertain.8, 14-20 The stomach and small intestine are also organs of the portal system and could be associated with risk.21

 To date, no large-scale population-based study has been conducted to elucidate the relationship between PLA and subsequent risk of the gastrointestinal (GI) cancers. Our primary aim is to determine if patients with PLA have an increased risk of GI cancers relative to population-based controls without PLA, by using a nationwide 23 million population-based database in Taiwan.

METHODS
Data Sources
This study used reimbursement claims data of the Taiwan National Health Insurance Program (NHIP), which is a universal insurance system reformed in 1996 by the Taiwan Department of Health to provide healthcare to almost 99% of the 23 million population of Taiwan.22 The claims data were updated annually into the National Health Insurance Research Database (NHIRD) by the National Health Research Institutes (NHRI) with insured identifications scrambled for public access. The scrambled identifications were used to link files to retrieve information on insured demographic data, medical services retrieved for both out-patient and in-patient care, and expenditures from 1996 to 2009. Diagnoses were coded by using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
Study Population
From the in-patient claims data file, patients with PLA (ICD-9-CM 572.0) newly diagnosed in 2000-2007, aged 18 and older were identified as the PLA cohort (Figure 1). The PLA diagnosis date served as the index date. For each PLA patient, four reference subjects without PLA were randomly selected for the non-PLA cohort (controls), frequency-matched by sex, age, DM history and index year of the PLA patient. Subjects with cancer history of any kind (ICD-9-CM 140-239 identified from catastrophic illness registry) before the index date were excluded. The claims data of both cohorts were assessed from the index date until 31 December 2009 (end of the study), until the time of diagnosis of GI cancer or until the patient was censored for withdrawal from insurance or lost to follow-up. Figure 1 shows the flow chart for selecting study cohorts.
Criteria and Definitions
GI cancers, including stomach cancer (ICD-9-CM 151), small intestine cancer (including duodenal cancer, ICD-9-CM 152), colorectal cancer (ICD-9-CM 153 and 154), biliary tract cancer (ICD-9-CM 156), and pancreatic cancer (ICD-9-CM 157) were identified. Pancreatico-biliary diseases were considered confounding factors associated with the development of GI cancers in the study population. Baseline co-morbidities of DM (ICD-9-CM 250), gallstone (ICD-9-CM 574), cholecystitis (ICD-9-CM 575.0, 575.1, 575.11 and 575.12), cholangitis (ICD-9-CM 576.1), or pancreatitis (ICD-9-CM 577.0 and 577.1) were also identified. 

Concurrent microorganisms such as Streptococcus (ICD-9-CM 038.0 and 041.0X), Staphylococcus (ICD-9-CM 038.0 and 041.0X), Pneumococcus (ICD-9-CM 038.1X and 041.1X), Escherichia coli (ICD-9-CM 038.42, and 041.4), K. Pneumoniae (ICD-9-CM 041.3), Proteus (ICD-9-CM  041.6), Gram-negative bacteria (ICD-9-CM 038.40, 038.49, and 041.85), and other/unspecified bacteria (ICD-9-CM 038.8, 038.9, and 041.81) were identified.

Statistical Analysis
In this study, the cohorts were first compared by risk factors, including age, sex, and pancreatico-biliary diseases. The incidence rates by demographic and baseline co-morbidities were estimated and compared. Cox proportional hazards regression analysis was used to estimate the hazard ratio (HR) and 95% confidence interval (CI) of GI cancers by demographic status and co-morbidities. 

Further data analyses measured the incidence of GI cancer for PLA patients and the control cohort with and without DM. The HRs and 95% CIs of GI cancers for PLA patients were assessed and compared to those of controls. The incidence of GI cancer by follow-up duration (<2, 2-4 and >4 years) were also measured and the diagnostic examination results for K. pneumoniae and other microorganisms were also reported. The Kaplan-Meier method was used to estimate the GI cancer-free proportion for the PLA cohort with and without diabetes and the control cohort. 
Data management and analysis were performed using the SAS 9.1 software (SAS institute, CARY, NC, USA). The survival curves were depicted using the R software and tested using the log-rank test. Statistically significance was set a two-tailed p <0.05.
RESULTS
There were 14690 patients in the PLA cohort and 58760 in the control cohort with similar distributions in age, sex and DM prevalence (41.0%) (Table 1). There were more males than females (63.0% vs. 37.0%). Pancreatico-biliary diseases were more prevalent in the PLA group than in the controls (p<0.0001).
The incidence of GI cancers was over four-fold greater in the PLA group than in the controls (10.8 vs. 2.51 per 1000 person-years) (Table 2). The risk of GI cancer was greater in females than in males among the PLA group compared to the controls (aHR 5.67 vs. 4.04). The incidence of GI cancer increased with increasing age in both cohorts and was the highest for those aged 40-49 years. In both cohorts, the incidence of GI cancer was higher for those with co-morbidity.
Except for stomach cancer, the site-specific GI cancer incidence rates were significantly higher in the PLA cohort than in the controls (Table 3). Incidence was the highest for colorectal cancer in both cohorts with a sex and age adjusted HR of 5.50 for PLA patients compared to the controls (by Cox model analysis). Biliary tract cancer had the next highest, and it had an aHR of 9.56. The incidence of small intestine cancer was the lowest, but it corresponding aHR of 12.7 was the highest for the PLA cohort. 

Co-morbidity increased cancer incidence but reduced the corresponding aHR for PLA patients compared to the controls. In the study population with biliary disease, the PLA cohort had an aHR of 2.51 for GI cancer. Among patients without any co-morbidity, the PLA cohort still had higher risk of GI cancer compared to the controls (aHR 4.47, 95% CI: 3.85-5.19). Diabetes also increased the incidence of cancer, mainly colorectal cancer. (Table 3) 
Kaplan-Meier analysis showed that the cumulative incidences of all GI cancers increased steadily for the PLA cohort and was 6.7% higher than that of controls by the end of the follow-up period (p <0.0001, log-rank test) (Fig. 2). The PLA patients had higher cumulative incidences than the control cohort for other GI cancers, except for stomach cancer (Figs. 2B-2F). The greatest difference between the two groups was in biliary tract and small intestine cancers (p <0.0001, log-rank test).
Except for colorectal cancer, the overall incidence of GI cancers in the PLA cohort decreased over time, whereas the incidence in the controls did not change insignificantly (Table 4). The aHRs for all GI cancers associated in the PLA group declined over time, from 5.75 in the first 2 years to 3.83 after 4 years of follow-up. The decline of aHR was particularly sharp for small intestine cancer (from 74.9 to 5.91) and biliary tract cancer (from 20.5 to 3.28).

Among cancer patients, 16.8% were positive for microorganism tests during the observation time (Table 5). K. pneumoniae was the major microorganism in GI cancer patients, particularly in those with colorectal cancer.
DISCUSSION

This large-scale population-based cohort study is the first to show the significant association between PLA and increased risk of GI cancer (aHR 4.58, 95% CI: 4.14-5.06), including cancers of the colon and rectum, biliary tract, small intestine, and pancreas. The cumulative incidences of GI cancers, except stomach cancer, are significantly higher in patients with PLA compared to controls, and the highest incidence is observed for colorectal cancer. The incidence of all GI cancers increases with age in both cohorts, although the highest age-specific PLA cohort-to -control cohort aHR is in patients aged <45 years. This study is also the first to show the significant risk of colorectal cancer in non-cryptogenic PLA and in PLA with and without diabetes. K. pneumoniae is the major microorganism in all GI cancers. 

Colorectal cancer is the second most common cancer and the third leading cause of cancer-related deaths in Taiwan in 2008.23 There is evidence that non-metastatic colorectal neoplasms can be associated with PLA, and that diagnosis may be delayed for two years or more (Table S1).19 The current study demonstrates an increased risk of colorectal cancer more than 4 years after the onset of PLA. These results suggest that PLA could be an early indicator of colorectal neoplasia in patients who do not have biliary tract malignancies.

We also found that patients with pancreatic-biliary disease-related PLA have an aHR for colorectal cancer, raising the possibility that PLA may increase the risk of colorectal cancer. Most prior studies have been too small to find such an association.19, 20, 24-26 Li et al,27 found that patients with biliary tract inflammation have an aHR of 2.21 (95% CI 1.45-3.37) for colorectal cancer. It is not clear if this is an association related to biliary tract inflammation or coincidence.28, 29 

Biliary tract cancers, including cancers of the gallbladder, extra-hepatic bile duct, and Ampulla of Vater, are uncommon but highly fatal.30, 31 The present study shows an increased risk of biliary tract cancer in PLA patients with and without co-morbidities. The risk is particularly high soon after the diagnosis of PLA. Chai et al.13 also report the early bile duct cancer as a cause of PLA. Kao et al.24 demonstrated that PLA patients have a standardized incidence ratio of 34.58 for biliary tract cancer, compared to that of the general population. However, the relationship between biliary tract cancer and PLA remains unclear. Biliary tract cancer may be induced by the local inflammatory process in pancreatico-biliary disease-related PLA32 and remotely evoked by growth factor, chemokines, cytokines, nitrogen and reactive oxygen species from inflammatory and immune cells in cryptogenic PLA.33
Worldwide, pancreatic cancer has become the fourth and fifth leading cause of cancer-related mortality in males and females, respectively.34 In Taiwan, pancreatic cancer is the 10th leading cause of cancer death.23 The present study also demonstrates a much higher risk of pancreatic cancer in the first two years after PLA diagnosis, except cryptogenic PLA. This further corroborates that PLA may be an early sign of pancreatic cancer similar to its association with biliary tract cancer .32 Hence, patients with PLA should undergo evaluation of obstructive biliary malignancy as suggested by Cohen JL et al.8
Small intestine (small bowel) cancer, which consists of less than 5% of GI cancers, shows an increasing trend.35 This study reveals a high hazard for small intestine cancer soon after PLA diagnosis, except in the pancreatico-biliary disease group. The mucosal defect of advanced adenoma or adenocarcinoma may play a significant role in transporting bacteria through the portal vein to colonize the liver.

Gastric cancer is the 8th most common cancer and the 6th leading cause of cancer-related deaths in Taiwan.23 This study shows no significant association between gastric cancer and PLA. The possible reason is that the stomach, which is also an organ of the portal system, decreases bacterial survival because due to gastric acid.36 Thus, the chances of bacteria penetrating the portal vein from any mucosal defect of gastric cancer is small. 

The use of a large representative nationwide population-based sample to observe the risk of GI cancer in PLA patients increases the validity of the results. This large sample size enables a stratified analysis to observe co-morbidities that simultaneously exist in PLA patients. Nevertheless, there are several limitations in this study. First, detailed information that are related to the risk of GI cancer, such as body mass index data, smoking and alcohol use, high-fat diet, high salt and lower physical activity lifestyle, and family history of GI cancer, are not available. Second, the microbiologic data is incompletely coded, thus compromising the relation to the risk of GI cancer. Third, generalization of the findings to the Western or non-Taiwanese populations is a concern. For instance, the high incidence of colorectal cancer warrant further follow-up in other populations.

In conclusion, the incidence of GI cancer is more than four-fold higher among patients with PLA, compared to a control cohort, particularly the colorectal cancer, followed by biliary tract cancer, pancreatic cancer, and small intestine cancer in this population-based study. In patients with PLA who do not have obstructive biliary malignancy, there is increased risk of other gastrointestinal malignancies. Further evaluation of these patients is warranted to achieve earlier diagnosis of these malignancies. Future studies should determine if such evaluations reduce morbidity and mortality for these patients. 
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Table 1. Comparisons in demographic characteristics and baseline co-morbidity 

between cohorts with and without pyogenic liver abscess (2000-2007)
Table 2. Incidence and Cox proportional hazards regression estimated hazard ratio of gastrointestinal cancers associated with pyogenic liver abscess

Table 3. Site-specific incidences of gastrointestinal cancer and hazard ratios in pyogenic liver abscess patients

Table 4. Hazard ratios for the occurrence of gastrointestinal cancer in the pyogenic liver abscess and control cohorts, by follow-up duration

Table 5. Concurrent microorganisms identified with gastrointestinal cancer in patients with pyogenic liver abscess
Figure 1. Flow chart of patient selection.

Figure 2. The estimated cumulative incidence of gastrointestinal cancer between the 
pyogenic liver abscess cohort and the control cohort, by Kaplan-Meier analysis.

Table 1. Comparisons in demographic characteristics and baseline co-morbidity between cohorts with and without pyogenic liver abscess (2000-2007)

	Variables
	Control cohort
n=58760 (%)
	
	PLA cohort
n=14690 (%)
	

	
	
	
	
	p value

	Age, years
	
	
	
	>0.99

	<40
	5948 (10.1)
	
	1487 (10.1)
	

	40~49
	9544 (16.2)
	
	2386 (16.2)
	

	50~59
	14156 (24.1)
	
	3539 (24.1)
	

	≥60
	29112 (49.5)
	
	7278 (49.5)
	

	Sex
	
	
	
	>0.99

	Female
	21756 (37.0)
	
	5439 (37.0)
	

	Male
	37004 (63.0)
	
	9251 (63.0)
	

	Co-morbidity
	
	
	
	

	Diabetes mellitus
	24084 (41.0)
	
	6021 (41.0)
	>0.99

	Gallstone
	1642 (2.8)
	
	2632 (17.9)
	<0.0001

	Cholecystitis
	289 (0.5)
	
	585 (4.0)
	<0.0001

	Cholangitis
	255 (0.4)
	
	978 (6.7)
	<0.0001

	Pancreatitis
	545 (0.9)
	
	564 (3.8)
	<0.0001


Table 2. Incidence and Cox proportional hazards regression estimated hazard ratio of gastrointestinal cancers associated with pyogenic liver abscess

	
	Control cohort
	
	PLA cohort
	
	Model 1
	
	Model 2

	
	PY
	Event
	Incidence*
	
	PY
	Event
	Incidence*
	
	HR (95% CI)
	p value
	
	HR (95% CI)
	p value

	Total
	312909
	784
	2.51
	
	70069
	760
	10.8
	
	4.34 (3.90-4.76)
	<0.0001
	
	4.58 (4.14-5.06)
	<0.0001

	Sex
	
	
	
	
	
	
	
	
	
	
	
	
	

	Female
	116029
	256
	2.21
	
	25630
	309
	12.1
	
	5.43 (4.60-6.40)
	<0.0001
	
	5.67 (4.81-6.70)
	<0.0001

	Male
	196880
	528
	2.68
	
	44440
	451
	10.2
	
	3.77 (3.33-4.28)
	<0.0001
	
	4.04 (3.56-4.59)
	<0.0001

	Age, years
	
	
	
	
	
	
	
	
	
	
	
	
	

	<40
	34439
	8
	0.23
	
	8294
	11
	1.33
	
	5.68 (2.28-14.12)
	0.0002
	
	5.68 (2.28-14.12)
	<0.0001

	40~49
	55649
	33
	0.59
	
	13217
	53
	4.01
	
	6.74 (4.37-10.41)
	<0.0001
	
	6.74 (4.37-10.41)
	<0.0001

	50~59
	76688
	141
	1.84
	
	17536
	187
	10.7
	
	5.80 (4.66-7.22)
	<0.0001
	
	5.80 (4.66-7.22)
	<0.0001

	≥60
	146133
	602
	4.12
	
	31022
	509
	16.4
	
	3.96 (3.52-4.46)
	<0.0001
	
	3.96 (3.52-4.46)
	<0.0001

	Co-morbidity
	
	
	
	
	
	
	
	
	
	
	
	
	

	Diabetes mellitus
	
	
	
	
	
	
	
	
	
	
	
	
	

	No
	188013
	446
	2.37
	
	42206
	406
	9.62
	
	4.04 (3.53-4.62)
	<0.0001
	
	4.34 (3.79-4.96)
	<0.0001

	Yes
	124896
	338
	2.71
	
	27863
	354
	12.7
	
	4.68 (4.03-5.43)
	<0.0001
	
	4.89 (4.21-5.68)
	<0.0001

	Gallstone
	
	
	
	
	
	
	
	
	
	
	
	
	

	No
	305651
	750
	2.45
	
	58374
	623
	10.7
	
	4.34 (3.90-4.82)
	<0.0001
	
	4.34 (3.90-4.82)
	<0.0001

	Yes
	7258
	34
	4.68
	
	11695
	137
	11.7
	
	2.53 (1.73-3.68)
	<0.0001
	
	2.53 (1.73-3.68)
	<0.0001

	Cholecystitis 
	
	
	
	
	
	
	
	
	
	
	
	
	

	No
	311631
	780
	2.50
	
	67441
	730
	10.8
	
	4.31 (3.89-4.76)
	<0.0001
	
	4.62 (4.17-5.11)
	<0.0001

	Yes
	1278
	4
	3.13
	
	2629
	30
	11.4
	
	3.57 (1.26-10.15)
	0.0168
	
	3.8 (1.33-10.81)
	0.0124

	Cholangitis
	
	
	
	
	
	
	
	
	
	
	
	
	

	No
	311874
	772
	2.48
	
	65948
	704
	10.68
	
	4.30 (3.88-4.76)
	<0.0001
	
	4.64 (4.19-5.14)
	<0.0001

	Yes
	1034
	12
	11.6
	
	4122
	56
	13.59
	
	1.24 (0.66-2.31)
	0.5070
	
	1.33 (0.70-2.50)
	0.3809

	Pancreatitis
	
	
	
	
	
	
	
	
	
	
	
	
	

	No
	310522
	775
	2.50
	
	67715
	736
	10.87
	
	4.34 (3.92-4.80)
	<0.0001
	
	4.61 (4.16-5.10)
	<0.0001

	Yes
	2387
	9
	3.77
	
	2355
	24
	10.19
	
	2.67 (1.24-5.75)
	0.0120
	
	2.77 (1.28-5.96)
	0.0094


Model 1, unadjusted; Model 2, adjusted for age and sex

Abbreviations: PY, person-years; HR, hazard ratio; CI, confidence interval

*per 1000 person-years

Table 3. Site-specific incidences of gastrointestinal cancer and hazard ratios in pyogenic liver abscess patients

	Gastrointestinal cancer
	Control cohort
	
	PLA cohort
	
	Model 1
	
	Model 2

	
	PY
	Event
	Incidence*
	
	PY
	Event
	Incidence*
	
	HR (95% CI)
	p value
	
	HR (95% CI)
	p value

	All cancers
	312909
	784
	2.51
	
	70069
	760
	10.85
	
	4.31 (3.90-4.76)
	<0.0001
	
	4.62 (4.16-5.13)
	<0.0001

	Stomach
	
	175
	0.56
	
	
	49
	0.7
	
	1.25 (0.91-1.72)
	0.1657
	
	1.34 (0.96-1.88)
	0.0870

	Colorectal
	
	484
	1.55
	
	
	510
	7.28
	
	4.70 (4.15-5.33)
	<0.0001
	
	5.50 (4.83-6.25)
	<0.0001

	Small intestine
	
	9
	0.03
	
	
	25
	0.36
	
	12.18 (5.68-26.09)
	<0.0001
	
	12.66 (5.79-27.69)
	<0.0001

	Biliary tract
	
	46
	0.15
	
	
	129
	1.84
	
	12.17 (8.69-17.04)
	<0.0001
	
	9.56 (6.68-13.69)
	<0.0001

	Pancreas
	
	70
	0.22
	
	
	47
	0.67
	
	2.97 (2.05-4.29)
	<0.0001
	
	2.51 (1.68-3.76)
	<0.0001

	Without DM†
	
	
	
	
	
	
	
	
	
	
	
	
	

	All cancers
	188013
	446
	2.37
	
	42206
	406
	9.62
	
	4.04 (3.53-4.62)
	<0.0001
	
	4.26 (3.69-4.91)
	<0.0001

	Stomach
	
	99
	0.53
	
	
	31
	0.73
	
	1.39 (0.93-2.09)
	0.1068
	
	1.54 (0.99-2.38)
	0.0535

	Colorectal
	
	280
	1.49
	
	
	243
	5.76
	
	3.87 (3.26-4.60)
	<0.0001
	
	4.57 (3.82-5.47)
	<0.0001

	Small intestine
	
	5
	0.03
	
	
	15
	0.36
	
	13.08 (4.75-35.98)
	<0.0001
	
	15.52 (5.55-43.42)
	<0.0001

	Biliary tract
	
	23
	0.12
	
	
	92
	2.18
	
	17.29 (10.95-27.3)
	<0.0001
	
	13.38 (8.24-21.72)
	<0.0001

	Pancreas
	
	39
	0.21
	
	
	25
	0.59
	
	2.83 (1.71-4.67)
	<0.0001
	
	2.11 (1.18-3.76)
	0.0112

	With DM†
	
	
	
	
	
	
	
	
	
	
	
	
	

	All cancers
	124896
	338
	2.71
	
	27863
	354
	12.7
	
	4.68 (4.03-5.43)
	<0.0001
	
	5.03 (4.32-5.86)
	<0.0001

	Stomach
	
	76
	0.61
	
	
	18
	0.65
	
	1.07 (0.64-1.78)
	0.8063
	
	1.11 (0.65-1.89)
	0.7056

	Colorectal
	
	204
	1.63
	
	
	267
	9.58
	
	5.85 (4.88-7.02)
	<0.0001
	
	6.66 (5.53-8.02)
	<0.0001

	Small intestine
	
	4
	0.03
	
	
	10
	0.36
	
	11.08 (3.47-35.32)
	<0.0001
	
	9.22 (2.75-30.91)
	<0.0001

	Biliary tract
	
	23
	0.18
	
	
	37
	1.33
	
	7.05 (4.19-11.86)
	<0.0001
	
	5.67 (3.25-9.88)
	<0.0001

	Pancreas
	
	31
	0.25
	
	
	22
	0.79
	
	3.14 (1.82-5.42)
	<0.0001
	
	2.93 (1.66-5.20)
	<0.0001

	With biliary disease
	
	
	
	
	
	
	
	
	
	
	
	
	

	All cancers
	9893
	45
	4.55
	
	15159
	184
	12.14
	
	2.69 (1.94-3.73)
	<0.0001
	
	2.86 (2.04-4.01)
	<0.0001

	Stomach
	
	12
	1.21
	
	
	11
	0.73
	
	0.58 (0.26-1.33)
	0.1992
	
	0.67 (0.28-1.59)
	0.3602

	Colorectal
	
	20
	2.02
	
	
	78
	5.15
	
	2.51 (1.54-4.10)
	<0.0001
	
	3.13 (1.89-5.19)
	<0.0001

	Small intestine
	
	0
	0
	
	
	6
	0.40
	
	-
	-
	
	-
	-

	Biliary tract
	
	5
	0.51
	
	
	66
	4.35
	
	8.93 (3.6-22.17)
	<0.0001
	
	6.94 (2.75-17.53)
	<0.0001

	Pancreas
	
	8
	0.81
	
	
	23
	1.52
	
	1.91 (0.85-4.27)
	0.1148
	
	2.31 (1.00-5.35)
	0.0513

	Without any co-morbidity‡
	
	
	
	
	
	
	
	
	
	
	
	

	All cancers
	183847
	423
	2.30
	
	32533
	292
	8.98
	
	3.89 (3.35-4.52)
	<0.0001
	
	4.47 (3.85-5.19)
	<0.0001

	Stomach
	
	93
	0.51
	
	
	23
	0.71
	
	1.40 (0.88-2.20)
	0.1525
	
	1.66 (1.05-2.63)
	0.0297

	Colorectal
	
	271
	1.47
	
	
	199
	6.12
	
	4.15 (3.46-4.99)
	<0.0001
	
	4.75 (3.95-5.71)
	<0.0001

	Small intestine
	
	5
	0.03
	
	
	13
	0.40
	
	14.5 (5.17-40.67)
	<0.0001
	
	15.59 (5.53-43.9)
	<0.0001

	Biliary tract
	
	19
	0.10
	
	
	46
	1.41
	
	13.4 (7.85-22.87)
	<0.0001
	
	15.28 (8.94-26.12)
	<0.0001

	Pancreas
	
	35
	0.19
	
	
	11
	0.34
	
	1.77 (0.90-3.48)
	0.1001
	
	2.03 (1.03-4.01)
	0.0408


*per 1000 person-years

Abbreviations: PY, person-years; HR, hazard ratio

Model 1: unadjusted; Model 2 adjusted for age, sex, and co-morbidities (i.e., diabetes mellitus, gallstone, cholecystitis, cholangitis, and pancreatitis)

†Model 2 adjusted for age, sex, and co-morbidities (i.e., gallstone, cholecystitis, cholangitis, and pancreatitis)

‡Model 2 adjusted for age and sex

Table 4. Hazard ratios for the occurrence of gastrointestinal cancer in the pyogenic liver abscess and control cohorts, by follow-up duration

	
	Control cohort
	
	PLA cohort
	
	Adjusted HR
(95% CI)

	Follow-up duration
	Event
	PY
	Incidence*
	
	Event
	PY
	Incidence*
	
	

	All cancers
	
	
	
	
	
	
	
	
	

	Year 0-2
	278
	114,379
	2.43
	
	361
	26,458
	13.64
	
	5.75 (4.89-6.78)

	Year 2-4
	232
	93,620
	2.48
	
	190
	20,974
	9.06
	
	4.11 (3.37-5.02)

	After 4 years
	274
	104,909
	2.61
	
	209
	22,638
	9.23
	
	3.83 (3.17-4.63)

	Stomach
	
	
	
	
	
	
	
	
	

	Year 0-2
	61
	114,379
	0.53
	
	21
	26,458
	0.79
	
	1.66 (0.99-2.78)

	Year 2-4
	52
	93,620
	0.56
	
	14
	20,974
	0.67
	
	1.24 (0.65-2.34)

	After 4 years
	62
	104,909
	0.59
	
	14
	22,638
	0.62
	
	1.04 (0.56-1.94)

	Colorectal
	
	
	
	
	
	
	
	
	

	Year 0-2
	174
	114,379
	1.52
	
	186
	26,458
	7.03
	
	5.37 (4.34-6.64)

	Year 2-4
	136
	93,620
	1.45
	
	153
	20,974
	7.29
	
	6.00 (4.74-7.60)

	After 4 years
	174
	104,909
	1.66
	
	171
	22,638
	7.55
	
	5.20 (4.18-6.48)

	Small intestine
	
	
	
	
	
	
	
	
	

	Year 0-2
	1
	114,379
	0.01
	
	18
	26,458
	0.68
	
	74.94 (9.88-568.67)

	Year 2-4
	4
	93,620
	0.04
	
	3
	20,974
	0.14
	
	3.45 (0.68-17.42)

	After 4 years
	4
	104,909
	0.04
	
	4
	22,638
	0.18
	
	5.91 (1.47-23.79)

	Biliary tract
	
	
	
	
	
	
	
	
	

	Year 0-2
	17
	114,379
	0.15
	
	103
	26,458
	3.89
	
	20.54 (12.07-34.95)

	Year 2-4
	16
	93,620
	0.17
	
	13
	20,974
	0.62
	
	2.71 (1.21-6.07)

	After 4 years
	13
	104,909
	0.12
	
	13
	22,638
	0.57
	
	3.28 (1.37-7.88)

	Pancreas
	
	
	
	
	
	
	
	
	

	Year 0-2
	25
	114,379
	0.22
	
	33
	26,458
	1.25
	
	5.15 (2.96-8.97)

	Year 2-4
	24
	93,620
	0.26
	
	7
	20,974
	0.33
	
	0.97 (0.38-2.46)

	After 4 years
	21
	104,909
	0.20
	
	7
	22,638
	0.31
	
	1.12 (0.42-2.99)


Model adjusted for age, sex, and co-morbidities (i.e., diabetes mellitus, gallstone, cholecystitis, cholangitis and pancreatitis)
*per 1000 person-years
Table 5. Concurrent microorganisms identified with gastrointestinal cancer in patients with pyogenic liver abscess
	
	Microorganism test

	
	Positive, n (%)
	
	Negative, n (%)
	
	Total, n

	Type of cancer
	All
	K. pneumoniae
	others
	
	
	
	

	All cancers
	128 (16.8)
	71 (9.3)
	57 (7.5)
	
	632 (83.2)
	
	760

	Stomach
	14 (28.6)
	9 (18.4)
	5 (10.2)
	
	35 (71.4)
	
	49

	Colorectal
	71 (13.9)
	36 (7.1)
	35 (6.8)
	
	439 (86.1)
	
	510

	Small intestine
	5 (20.0)
	3 (12.0)
	2 (8.0)
	
	20 (80.0)
	
	25

	Biliary tract
	27 (20.9)
	15 (11.6)
	12 (9.3)
	
	102 (79.1)
	
	129



[image: image1]
Figure 1. Flow chart of patient selection.
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Figure 2. The estimated cumulative incidence of gastrointestinal cancer between the pyogenic liver abscess cohort and the control cohort, by Kaplan-Meier analysis.

NHIRD population


(nearly 23 million people)





Excluded patients with cancer history before index date (n=1253) and age <18 (n=128)





All newly diagnosed pyogenic liver abscess (PLA) patients in NHIRD during 2000-2007 (N=16071)





PLA (N=14690) 


in finally analysis





Age-, sex-, DM-, and index year randomly frequency matched





Controls (N=58760)


 in finally analysis





Developing 760 GI cancer until 2009/12/31





Developing 784 GI cancer until 2009/12/31








PAGE  
20

