
Title: Liver resection for hepatocellular carcinoma in uremic patients: a nationwide cohort study
Introduction
Hepatocellular carcinoma (HCC) is one of the most fatal malignancy in many parts of the world, particularly in Asia1. Patients with uremia requiring hemodialysis are well known to be vulnerable to infection 2, to bruise or bleed easily due to platelet dysfunction and heparin usage3, and to be vulnerable to cardiovascular events4. As populations age across the globe, the number of patients with uremia requiring hemodialysis continues to rise.5 In addition, hemodialysis also increased the risk of blood-associated hepatitis viral infection6, which could lead to increased risk of developing chronic liver disease and associated HCC7, 8.

Based on a review of the literature, only three studies have been conducted to investigate the influence of chronic renal failure on patients requiring liver resection for the treatment of HCC9-11. However, each of these studies investigated a hospital-based cohort and the results may therefore have been confounded by selection bias and loss of patients in long-term follow-up. In addition, extent of liver resection for the treatment of HCC could be influenced by tumor location, tumor size12, and expected functional reserve of postoperative hepatic remnant13 , and these factors have also been shown to be important risk factors which influence survival outcomes in HCC patients12. However, because of the limited patient numbers in hospital-based databases, patients who received either major or minor liver resection for the treatment of HCC were not stratified in the analyses by extent of liver resection9-11. 

Herein, we present a nationwide case control study which was conducted to investigate the influence of uremia on HCC patient receiving liver resection. A comprehensive and long-term follow-up was performed and survival outcomes and postoperative major complications were compared between HCC patients with and without uremia requiring hemodialysis.

Materials and Methods

Data source

We conducted a nationwide cohort study to analyze claims data acquired from Taiwan’s National Health Institute Research Database (NHIRD). The NHIRD has been well described in our previous studies.14, 15 Briefly, the data used in the study included health care data obtained from the NHIRD, which comprises medical records of 99% of Taiwan’s total population of 23.37 million people.15, 16 We used International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) codes to define procedures and diseases. Patients with HCC were identified using the registered records in the Catastrophic Illness Patient Database in the NHIRD. Clinically, positive image findings or histological confirmation combined with increased α-fetoprotein was required for the diagnosis of hepatocellular carcinoma.17 The study was approved by the National Health Research Institute of Taiwan.

Study subjects

All National Health Insurance program-enrolled patients with HCC and receiving hepatic resection for HCC between 1996 and 2008 were eligible for inclusion. We excluded patients with any malignancy other than HCC within this time period to avoid potential confounding effects in the analysis. We also omitted patients with portal vein or inferior vena cava thrombosis and metastatic malignancy before the date of initial HCC treatment to exclude patients with advanced HCC. Because underlying age, gender, viral hepatitis status18, and liver cirrhosis13 might influence survival outcomes in HCC patients, we matched these factors between HCC patients with and without hemodialysis for uremia with ratio of 1:4.

HCC treatment

Patients were categorized into two groups: the study group, comprising HCC patients receiving liver resection with concomitant uremia, and the control group, comprising receiving hepatic resection without concomitant uremia. Major liver resection is defined as resection of 3 or more segments of liver parenchyma; minor liver resection is defined as segmental resection of 1 or 2 liver segments.  Peri-operative total red blood cell transfusion amount during index admission was also calculated for comparison between both groups.

Comorbidity 

Inpatient diagnosis of at least one of the following before index admission was considered to be a liver-associated comorbidity: alcoholic hepatitis, hepatitis B status, hepatitis C status, liver cirrhosis, gastric or esophageal varices, hepatic encephalopathy, ascites, and hepatorenal syndrome. Inpatient diagnoses at or before index admission of acute coronary syndrome, cerebrovascular disease, chronic obstructive pulmonary disease, diabetes mellitus, hypertension, and hyperlipidemia were considered to be non-liver-associated comorbidities. 

Overall survival 

The observation period began from the date of hepatic resection for HCC and lasted till the end of 2008, the cutoff date of the national health insurance coverage, or the date when patient expired (measured in days). Overall survival and cumulative incidence of mortality between HCC patients with and without underlying chronic renal failure were compared.

Disease-free survival

Disease-free survival (measured in days) was defined as the observed time interval between the date of hepatic resection and the date of recurrent HCC. The date of HCC recurrence was defined as the date that patients received a 2nd treatment for HCC. Newly developed portal vein thrombosis, inferior vena cava thrombosis, or metastatic malignancy after hepatic resection in the inpatient dataset were considered to be recurrent HCC. Disease-free survival and cumulative incidence of recurrence were also compared between HCC patients with and without underlying chronic renal failure.

Postoperative morbidity and mortality

We identified all postoperative complications with inpatient registered ICD-9-CM codes at index admission or within 3 months after discharge. Postoperative morbidity was categorized according to the Clavien-Dindo scoring system.19 A Clavien-Dindo score of 3 indicates presence of postoperative complications requiring surgical, radiological, or endoscopic intervention. We divided the complications into two subgroups: (1) Infection-related complications, including postoperative intra-abdominal sepsis, lung related infection, urinary tract infection, and other postoperative infectious complications. (2) Non-infection-related complications, including gastric ulcer bleeding, hernia, ileus, biliary tree obstruction or fistula, atelectasis or hemopneumothorax, vascular thrombosis, and liver failure. Postoperative liver failure was defined as presence of postoperative ascites, hepatorenal syndrome, or hepatic coma. A Clavien-Dindo score of 4 was defined as life-threatening complications requiring intensive care unit care, which were also divided into two subgroups: infection- and non-infection-related complications. Both subgroups included similar complications, as indicated by their Clavien-Dindo score of 3, in combination with either shock status or requiring prolonged ventilator support. A Clavien-Dindo score of 5 indicates surgery-related complications resulting in death. This group was defined as HCC patients who received liver resection and died during the same admission or who no longer received national health insurance coverage within 3 months after being discharging from the hospital.
Primary data analysis

Kaplan-Meier survival analyses were utilized to analyze disease-free survival and overall survival. Log-rank analysis was performed to compare differences between survival curves.  Fisher’s exact test was done to compare differences in percentages of postoperative morbidity and mortality. A P-value < 0.05 considered statistically significant. All tests were two-tailed. All analyses were performed using the statistical software SAS (Version 9.1, SAS Institute, Inc., Cary, North Carolina, USA). 

RESULTS

Characteristics of patients

Between 1997 and 2008, 149 HCC patients who received hemodialysis for uremia underwent hepatic resection for the treatment of HCC, and were enrolled in the study group. Within the same time period, after matching age, gender, hepatitis B, hepatitis C status, and liver cirrhosis, 596 HCC patients undergoing hepatic resection but without receiving hemodialysis for uremia were recruited and assigned to the control group. The median age of patients with concomitant end-stage renal disease was 56.8 years. Men comprised 63% of these patients. In HCC patients with end-stage renal disease, 109 (73.2%) patients received minor hepatic resection and 40 (26.8%) patients received major hepatic resection. There was no significant difference in percentage of extent of hepatic resection between the study and control groups. There were no significant differences in amount of peri-operative red blood cell transfusion amount, length of hospital stay, or postoperative mortality between both groups.

 HCC patients with uremia  had comparable liver-associated comorbidities to those without uremia. Proportions of severe liver disease, such as cirrhosis, varices, ascites, and encephalopathy were not significantly different between both groups (Table 1). With regard to non-liver-associated comorbidities, HCC patients with uremia had higher percentages of diabetes mellitus, hypertension, and acute coronary syndrome. Percentages of HCC patients with cerebral vascular disease, chronic obstructive lung disease, and hyperlipidemia were comparable between the with and without uremia groups.

Overall survival 

The Kaplan-Meier analysis revealed that the cumulative overall survival was comparable between HCC patients with and without hemodialysis for uremia who underwent liver resection for treatment of HCC (Log-rank P=0.794) (Fig.1). The 1-, 5-, and 10-year overall survival rates were, respectively, 86%, 52% and 38% for HCC patients receiving hemodialysis for uremia, and 84%, 57% and 37%, respectively, for those without receiving hemodialysis for uremia.

Disease-free survival (Fig.2)

Cumulative disease-free survival was also analyzed by Kaplan-Meier analysis (Fig. 2). Disease-free survival in HCC patients with uremia was comparable with that in patients without uremia (Log-Rank P=0.817). The 1-, 5-, and 10-year disease free survival rates were, respectively, 77%, 27%, and 18% for HCC patients with uremia, and 71%, 37%, and 25%, respectively, for those without uremia. 

Survival outcomes stratified by extent of hepatic resection

The subpopulation analysis (supplementary Fig.1 and 2) showed that in HCC patients receiving either major or minor hepatic resection, those with uremia had overall survival and disease-free survival rates comparable with those without uremia. 

Postoperative morbidity and mortality 

HCC patients with uremia had a significantly higher risk of having postoperative infectious complications, (Clavien-Dindo grade 3), as well as heart-associated complications, (Clavien-Dindo grade 4) (Table 2). Regarding operation-associated mortality, grade 5 complications, HCC patients with uremia had comparable mortality rate to those without uremia. 

Discussion

This nationwide cohort study was performed to evaluate the influence of uremia on patients undergoing liver resection for the treatment of HCC. Overall survival and disease-free survival were comparable between HCC patients with and without uremia, irrespective of extent of hepatic resection. HCC patients with uremia had a higher risk of infection-associated complications requiring invasive interventions as well as life-threatening heart-associated complications. Both groups had a similar operation-associated mortality rate.

This study indicated that hemodialysis for underlying uremic status did not influence overall survival and disease-free survival in HCC patients requiring liver resection, though the uremic patients overall had a higher risk of comorbidities, such as diabetes mellitus and hypertension. Our findings supports the results of previous hospital-based cohort studies9-11. However, this is the first study to analyze a nationwide database with a low rate of patients lost to follow-up. One of the advantages of the present study was that the analysis had a strong statistical power due to the large sample size. Furthermore, as this was a nationwide cohort study there was minimal possibility of selection bias, which is commonly encountered in hospital-based studies. 

Extent of hepatic resection influences the amount of blood transfusion and postoperative morbidity rate.20 Furthermore, the amount of peri-operative blood transfusion closely correlates with postoperative tumor recurrence and survival.21 Therefore, it is necessary to analyze survival outcomes between HCC patients with and without uremia by stratifying the data based on extent of liver resection. In previous studies with a limited number of HCC patients with concomitant uremia, it was not possible to stratify patients based on extent of hepatic resection9-11, which is an important clinical factor influencing survival outcomes.20 Our study indicated that uremic status in HCC patients receiving either major or minor hepatectomy did not influence overall and disease-free survival. Our results showed that there was no difference in blood transfusion amount between uremic and non-uremic patients, which may have contributed to the comparable survival outcomes in both groups. This study indicated that uremia is associated with increased risk of life-threatening cardiac complications and postoperative infectious complication requiring invasive intervention after liver resection for the treatment of HCC. Postoperative complications could occur after discharge from index admission or appear later during the postoperative period. The delay in occurrence of postoperative complications and loss of patients to follow-up in clinics in hospital-based cohort studies might lead to an underestimation of incidence of postoperative complications. However, this limitation was efficiently avoided in the present study which was based on a nationwide cohort. Regarding the increased risk in infection-associated complications, patients with chronic renal failure typically have acquired immune deficiency caused by concomitant diabetes mellitus, underlying comorbidities, and uremia status, and they are more susceptible to infection-associated diseases.2, 22 A previous study on heart-associated complications showed patients undergoing hemodialysis for uremia had a higher risk of coronary calcification and associated acute coronary events, even in a young population.23 In addition, concomitant diabetes mellitus and hypertension in uremia are also know to be independent risk factors for increased risk of acute coronary disease and associated mortality.24, 25 Therefore, heart- and infection-associated complications in uremic patients could be due to the higher percentages of underlying comorbidities in these patients, rather than the operation itself. Surgeons should be especially mindful of the risk of such complications in the peri-operative period, particularly for patients with uremia.

One limitation in the present study was that some clinical important parameters were not measured, such as TNM staging, tumor size, and α-fetoprotein. However, though it was not possible to obtain indicators of actual liver functional status, such as Child-Pugh score, that could be inferred from laboratory data, the demographic data, such as liver-associated comorbidities, in the study cohort were comparable. In addition, according to current clinical practice guidelines, almost all HCC patients who received liver resection had Child-Pugh A status. Thus, we believe that the basic liver functional status between both groups was comparable. Furthermore, while it was not possible to obtain tumor staging data in this study, we may reasonably speculate that, overall, patients who received the same extent of liver resection had a similar clinical tumor staging status. Therefore, because the proportions of extent of liver resection in the two groups were comparable, the comparative analysis of survival outcomes between both groups is likely reliable. Furthermore, the comparison of survival outcomes in the subpopulation analysis stratified by extent of liver resection was also likely to be valid. 
In summary, the comparable survival outcomes in HCC patients receiving hemodialysis with and without uremia indicate that uremia should not be a contraindication for liver resection, even for patients requiring major liver resection. Meticulous operative technique and careful peri-operative management may minimize the risk of peri-operative infection and heart-associated complications in HCC patients requiring hemodialysis for uremia. 

Reference
1.
Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet. 2003; 362: 1907-17.

2.
Sarnak MJ, Jaber BL. Mortality caused by sepsis in patients with end-stage renal disease compared with the general population. Kidney International. 2000; 58: 1758-64.

3.
Kaw D, Malhotra D. Platelet dysfunction and end-stage renal disease. Seminars in dialysis. 2006; 19: 317-22.

4.
Raggi P, Boulay A, Chasan-Taber S, et al. Cardiac calcification in adult hemodialysis patients. A link between end-stage renal disease and cardiovascular disease? Journal of the American College of Cardiology. 2002; 39: 695-701.

5.
Gilbertson DT, Liu J, Xue JL, et al. Projecting the number of patients with end-stage renal disease in the United States to the year 2015. Journal of the American Society of Nephrology : JASN. 2005; 16: 3736-41.

6.
Alter MJ, Mast EE. The epidemiology of viral hepatitis in the United States. Gastroenterol Clin North Am. 1994; 23: 437-55.

7.
Bruno S, Silini E, Crosignani A, et al. Hepatitis C virus genotypes and risk of hepatocellular carcinoma in cirrhosis: a prospective study. Hepatology. 1997; 25: 754-8.

8.
Nakayama E, Akiba T, Marumo F, et al. Prognosis of anti-hepatitis C virus antibody-positive patients on regular hemodialysis therapy. Journal of the American Society of Nephrology : JASN. 2000; 11: 1896-902.

9.
Yeh CN, Lee WC, Chen MF. Hepatic resection for hepatocellular carcinoma in end-stage renal disease patients: two decades of experience at Chang Gung Memorial Hospital. World J Gastroenterol. 2005; 11: 2067-71.

10.
Cheng SB, Wu CC, Shu KH, et al. Liver resection for hepatocellular carcinoma in patients with end-stage renal failure. J Surg Oncol. 2001; 78: 241-6; discussion 6-7.

11.
Orii T, Takayama T, Haga I, et al. Efficacy of a liver resection for hepatocellular carcinoma in patients with chronic renal failure. Surg Today. 2008; 38: 329-34.

12.
Nagao T, Inoue S, Goto S, et al. Hepatic resection for hepatocellular carcinoma. Clinical features and long-term prognosis. Ann Surg. 1987; 205: 33-40.

13.
Torzilli G, Makuuchi M, Inoue K, et al. No-mortality liver resection for hepatocellular carcinoma in cirrhotic and noncirrhotic patients: is there a way? A prospective analysis of our approach. Arch Surg. 1999; 134: 984-92.

14.
Wu CY, Kuo KN, Wu MS, ett al. Early Helicobacter pylori eradication decreases risk of gastric cancer in patients with peptic ulcer disease. Gastroenterology. 2009; 137: 1641-8 e1-2.

15.
Wu CY, Wu CH, Wu MS, et al. A nationwide population-based cohort study shows reduced hospitalization for peptic ulcer disease associated with H pylori eradication and proton pump inhibitor use. Clin Gastroenterol Hepatol. 2009; 7: 427-31.

16.
Cheng TM. Taiwan's new national health insurance program: genesis and experience so far. Health Aff (Millwood). 2003; 22: 61-76.

17.
Wang TE, Kao CR, Lin SC, et al. Salvage therapy for hepatocellular carcinoma with thalidomide. World J Gastroenterol. 2004; 10: 649-53.

18.
Chen MF, Jeng LB, Lee WC. Surgical results in patients with hepatitis virus-related hepatocellular carcinoma in Taiwan. World J Surg. 2002; 26: 742-7.

19.
Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo classification of surgical complications: five-year experience. Ann Surg. 2009; 250: 187-96.

20.
Belghiti J, Hiramatsu K, Benoist S, et al. Seven hundred forty-seven hepatectomies in the 1990s: an update to evaluate the actual risk of liver resection. Journal of the American College of Surgeons. 2000; 191: 38-46.

21.
Dionigi G, Boni L, Rovera F, et al. Effect of perioperative blood transfusion on clinical outcomes in hepatic surgery for cancer. World J Gastroenterol. 2009; 15: 3976-83.

22.
Hoen B, Paul-Dauphin A, Hestin D, et al. EPIBACDIAL: a multicenter prospective study of risk factors for bacteremia in chronic hemodialysis patients. Journal of the American Society of Nephrology : JASN. 1998; 9: 869-76.

23.
Goodman WG, Goldin J, Kuizon BD, et al. Coronary-artery calcification in young adults with end-stage renal disease who are undergoing dialysis. N Engl J Med. 2000; 342: 1478-83.

24.
Zager PG, Nikolic J, Brown RH, et al. "U" curve association of blood pressure and mortality in hemodialysis patients. Medical Directors of Dialysis Clinic, Inc. Kidney international. 1998; 54: 561-9.

25. Owen WF, Madore F, Brenner BM. An observational study of cardiovascular characteristics of long-term end-stage renal disease survivors. American Journal of Kidney Diseases : the official journal of the National Kidney Foundation. 1996; 28: 931-6.
Figure Legends

Fig.1:  Overall survival is comparable between uremic and non-uremic patients receiving liver resection for HCC

Fig.2: Disease free survival is comparable between uremic and non-uremic patients receiving liver resection for HCC

Supplementary Fig.1: Overall survival is comparable between uremic and non uremic patients receiving either major or minor hepatectomy for HCC

Supplementary Fig.2: Disease free survival is comparable between uremic and non uremic patients receiving either major or minor hepatectomy for HCC

