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Abstract
BACKGROUND
Combined hepatocellular and cholangiocarcinoma (HCC/CC) is a rare primary hepatic malignancy which carries a poor prognosis due to its aggressive nature. Few centers have enough cases to draw definitive conclusions and there is limited understanding of prognosis. Given the rarity of HCC/CC, an analysis of large national cancer database was needed to obtain larger number of HCC/CC cases.

AIM
To identify associated factors for 5-year survival of HCC/CC.

METHODS
We conducted a retrospective study of The Surveillance, Epidemiology, and End Results (SEER) database obtained from SEER*Stat 8.3.6 software. Previously defined histology code 8180 for the International Classification of Disease for Oncology, 3rd edition was used to identify HCC/CC cases from 2004 to 2015. We collected demographics, American Joint Committee on Cancer (AJCC) stage, treatment, tumor size, and survival data. These data were converted to categorical variables. The Shapiro-Wilk normality test was used to assess normal distribution. Mann-Whitney U test was used to compare continuous variables without normal distribution, and t-test was used to compare continuous variables with a normal distribution. The Kaplan-Meier survival curve analyzed 5-year survival. Univariate and multivariate logistic regression model was used to analyze factors associated with 5-year survival. Multivariate Cox proportional hazard regression was done on 5-year survival. We defined P < 0.05 was statistically significant.

RESULTS
We identified 497 patients with the following characteristics: mean age 62.4 years (SD: 11.3), 149 (30.0%) were female, racial distribution was: 276 (55.5%) white, 53 (10.7%) black, 84 (16.9%) Asian and Pacific Islander (API), 77 (15.5%) Hispanic, and 7 (1.4%) others or unknown. Stage I/II disease occurred in 41.5% and tumor size < 50 mm was seen in 35.6% of patients. Twenty-four (4.8%) received locoregional therapy (LRT), 119 (23.9%) underwent resection, and 50 (10.1%) underwent liver transplantation. The overall median survival was 6 mo [Interquartile range (IQR): 1-22]. After multivariate logistic regression, tumor size < 50 mm [Odds ratios (OR): 2.415, P = 0.05], resection (OR: 12.849, P < 0.01), and transplant (OR: 27.129, P < 0.01) showed significance for 5-year survival. Age > 60, sex, race, AJCC stages, metastasis, and LRT were not significant. However, API vs white showed significant OR of 2.793 (CI: 1.120-6.967). Cox proportional hazard regression showed AJCC stages, tumor size < 50 mm, LRT, resection, and transplant showed significant hazard ratio. 

CONCLUSION
HCC/CC patients with tumor size < 50 mm, resection, and transplant were associated with an increase in 5-year survival. API showed advantageous OR and hazard ratios over white, black. 
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Core Tip: Combined hepatocellular and cholangiocarcinoma (HCC/CC) is a rare primary hepatic malignancy which carries a poor prognosis due to its aggressive nature. Few centers have enough cases to draw definitive conclusions and there is limited understanding of prognosis. This analysis of Surveillance, Epidemiology, and End Results database comprised of 497 patients. HCC/CC patients with tumor size < 50 mm, resection, and transplant were associated with an increase in 5-year survival. Asian and Pacific Islander (API) showed advantageous odds ratios and hazard ratios over white, black. Elucidation of better prognosis on API are needed in the future studies.


INTRODUCTION
Malignancies of the liver are broadly grouped into hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC). Combined hepatocellular and cholangiocarcinoma (HCC/CC) is a rare primary hepatic malignancy which has a distinct phenotype, shares characteristics of both HCC and ICC. HCC/CC carries a particularly poor prognosis due to its aggressive nature. HCC/CC has an estimated incidence between 1% and 14.2%[1–4]; however, this is likely an underestimation due to diagnostic inaccuracy. HCC/CC shows phenotypic characteristics of both HCC and CC with malignant differentiation of hepatocytes and biliary epithelial cells. While HCC/CC is thought to originate from a common hepatic stem cell[5,6], there has been much debate on whether HCC/CC shares more commonalities with HCC or CC[1,7–9]. Current knowledge suggests HCC/CC is a unique entity with a spectrum of clinical features between those of HCC and CC[10]. In addition to its aggressive nature, clinical and pathologic heterogeneity results in reduced survival compared to HCC or CC alone. Furthermore, treatment of HCC/CC is challenging as there are no broadly accepted guidelines other than recommendation for resection and possible liver transplantation in patients afflicted with this condition[11,12].
Because HCC/CC is a rare malignancy, there are no large studies or randomized clinical trials to compare diagnostic or treatment modalities. The Liver Imaging Reporting and Data System is a widely used criteria for imaging diagnosis of HCC[13], but its performance in differentiating HCC/CC from HCC by magnetic resonance imaging is much less reliable[14]. Prognosis of HCC/CC after resection compared to HCC or CC alone is controversial. While Zhang et al[15] showed better early survival of HCC/CC compared to ICC and worse outcome than HCC alone, this study only included 15 HCC/CC patients. On the other hand, Song et al[16] showed HCC/CC had a significantly shorter recurrence free survival after resection compare to ICC, 0.9 years and 1.3 years, respectively. Prognostic indicators beyond this are mostly unknown. The role and indications of liver transplantation in HCC/CC also remain equivocal at this time[12,17]. For HCC, downstaging can be employed for patients to be eligible for liver resection or transplantation with favorable outcomes. However, no established protocol is available for HCC/CC. 
Despite the diagnostic and prognostic challenges, distinguishing this unique entity is crucial to its optimal management and outcomes. Few centers have enough cases to draw definitive conclusions, and there is a limited understanding of prognosis. This study attempts to further understand and identify factors associated with 5-year survival in patient with HCC/CC.

MATERIALS AND METHODS
Study design
Population data from the Surveillance, Epidemiology, and End Results (SEER) database published by the National Cancer Institute were obtained through Surveillance Research Program, National Cancer Institute SEER*Stat software (seer.cancer.gov/seerstat/) version <8.3.6>[18]. SEER Registries are population-based registries that report cancer incidence, characteristics, treatment and, mortality on select U.S. states since 1973. Approximately 34.6 % of all cancer cases in the U.S. population are covered[19]. This study was conducted after complying with the SEER Research Data Use Agreement. As we utilized a publicly available, de-identified database, approval from an Institutional Review Board was not required to conduct this study.

Patients
We collected data on patients with a diagnosis of HCC/CC between 2004 to 2015 with the previously defined International Classification of Diseases for Oncology, 3rd Edition the histology code of 8180[4]. Variables collected included age at diagnosis, year at diagnosis, sex, race (Whites, blacks, Hispanics, Asians or Pacific Islanders (API), or others), marital status, stage by the American Joint Committee on Cancer (AJCC) Staging Manual, 6th edition[20], SEER Staging, presence of metastasis, state and county of residence, tumor sizes, treatment modality of primary site, and survival (mo). SEER data utilized in this study was based on information from 18 U.S. states and regions available to conduct survival analysis including: Alaska Native Tumor Registry, California (San Francisco-Oakland, San Jose-Monterey, Los Angeles, Greater California), Connecticut, Georgia (Atlanta, Greater Georgia, Rural Georgia), Hawaii, Iowa, Kentucky, Louisiana, Michigan (Detroit), New Jersey, New Mexico, Utah and Washington (Seattle-Puget Sound) (More details available at https://seer.cancer.gov/registries/terms.html). 

Statistical analysis
We performed statistical analysis with R version 3.4.1 (The R foundation for Statistical Computing, Vienna, Austria), EZR version 1.36 (Division of Hematology, Saitama Medical Center, Jichi Medical University, Japan)[21], and SAS version 9.4 (SAS Institute Inc., Cary, NC, United States). χ2 test was used to compare categorical variables. The Shapiro-Wilk normality test was used to assess normal distribution. Mann-Whitney U test was used to compare continuous variables without normal distribution, and t-test was used to compare continuous variables with a normal distribution. The Kaplan-Meier survival curve with log-rank test was used to estimate overall survival probability and compare 5-year survival curves for risk factor groups. Continuous variables were converted to categorical variables for logistic regression models. A univariate and multivariate logistic regression model was used to analyze factors associated with 5-year survival. Exclusion of patients with unknown or other race and surgical status was done on this regression model due to small population size. Risk factor variables included in the logistic regression mode were sex (male and female), age (< 60 and ≥ 60-years old), race (White, black, Hispanic, and API), AJCC stages (I/II, III/IV, and unknown), metastasis (distant metastasis, none/unknown), tumor size (< 50 and ≥ 50 mm), surgical status [Locoregional therapy (LRT), resection, and transplant]. All of these variables were included in the multivariate model. The primary outcome variable of interest was 5-year overall survival, defined as the time from HCC diagnosis to death from any cause, with censoring if the patients were still alive after 5-years of follow-up. Hazard ratios (HR) for overall survival evaluated using multivariate Cox proportional hazard regressions mode by using the same variable as logistic regression. Logistic regression model allows prediction of variables with survival status and Cox proportional hazard regression model enables analysis of time dependent variables related to survival. P < 0.05 was considered statistically significant. The statistical methods of this study were reviewed by Ma J from Department of Biostatistics, College of Public Health, University of Nebraska Medical Center. 

RESULTS
We identified 497 patients with the following characteristics: mean age 62.4 years (SD: 11.3), 270 (54.3%) were age > 60 years old, and 149 (30.0%) were female. Racial distribution was as follows: 276 (55.5%) white, 53 (10.7%) black, 84 (16.9%) API, 77 (15.5%) Hispanic, and 7 (1.4%) others or unknown. Stage I/II disease occurred in 206 (41.5%), 128 (25.8%) had metastasis at the time of diagnosis, and tumor size < 50 mm was seen in 177 (35.6%) of patients. Twenty-four (4.8%) received LRT, 119 (23.9%) underwent resection, and 50 (10.1%) underwent liver transplantation. Detailed baseline characteristics are shown on Table 1. The overall median survival was 6 mo [Interquartile range (IQR): 1-22] (Figure 1). Age at diagnosis and survival months did not show a normal distribution by the Shapiro-Wilk normality test; therefore, comparison was made by the Mann-Whitney U test. There were significant differences for age at diagnosis, age > 60 years old, AJCC stages, SEER stages (localized, regional extension, lymph nodes involvement, distant metastasis), proportion of Stage I/II, positive lymph nodes, metastasis at the diagnosis, tumor size < 30 mm, < 40 mm, and < 50 mm, resection, and liver transplantation (all P < 0.01). There was no significant difference between 5-year survivors and non-5-year survivors for sex, race, state of residence, marital status, tumor size < 20 mm, LRT.
We compared racial differences in 12-mo, 36-mo, and 60-mo survival among white, black, Hispanics, API and others by χ2 test and there were no statistically significant differences. Among same groups, gender, age > 60 years-old, size > 50 mm, LRT, resection, or transplant did not show significant differences. We then compared API with non-Asians. API had higher resection rate 35.7% compared to 21.1% in non-Asians (P < 0.01) and higher rate of 60 mo survival 15.4% compared to 8.0% (P = 0.05). Gender, age > 60 years-old, rate of stage I or II disease, LRT, transplant, and size > 50 mm did not show significant difference. 
After excluding 8 patients with other or unknown race (7) and surgery status (1), we conducted logistic regression model. Univariate analysis (Table 2) showed age > 60, stage I/II vs unknown, I/II vs III/IV, metastasis, tumor size < 50 mm, resection, and transplant were significant predictors (all P < 0.01). Sex, race, stage III/IV vs unknown, and LRT were not significant factors. After multivariate logistic regression (Table 2), tumor size < 50 mm [Odds ratio (OR): 2.415, P = 0.05], resection (OR: 12.849, P < 0.01), and transplant (OR: 27.129, P < 0.01) were statistically significant for 5-year survival. Age > 60, sex, race, AJCC stage, metastasis, and LRT were not significant. However, API vs white showed significant OR of 2.793 (CI: 1.120-6.967). It is important to note that 12 API and 18 Hispanic patients had untraced survival status. 
Cox proportional hazard regression showed AJCC stage, tumor size < 50 mm, LRT, resection, and transplant showed significance (Table 3). Age > 60, sex, race, and metastasis did not show significant HR. Although overall race did not show significance, API showed HR of 0.654 (CI: 0.452-0.948) over black, and HR of 0.727 (CI: 0.555-0.952) over white. There was no difference for Hispanic over API, black, or white, and black over white. 

DISCUSSION
HCC/CC is a rare, aggressive variant with features of both HCC and CC and few centers have enough cases to understand how to effectively treat this. It is not clear if the treatments typically used for HCC will be effective. Before we offer specific therapies, we need to better understand the natural history of this disease so we can target our efforts appropriately. This study showed that of the clinical factors, tumor size < 50 mm, resection and transplant were predictors of 5-year survival. However, Age > 60, sex, race, AJCC stages, metastasis, and LRT were not associated with significant odds of 5-year survival. Treatment with liver transplantation or liver resection were associated with 5-year survival but transplantation had a higher odds-ratio. In addition, although overall race was not significant, API showed significant CI for OR over white, and HR over white and black. 
Our study highlighted that API patients had a higher chance of 5-year survival compared to white and black. The reasons for this were not completely clear and may be related to the underlying chronic liver disease or access to care. The high prevalence of hepatitis B in Asia may account for some of these differences. A Chinese study suggested that hepatitis B was a strong risk factor for developing HCC/CC and while this is similar in both HCC and CC alone, there was no association between underlying hepatitis C and HCC/CC[22]. A previous SEER study on HCC showed that Asians had a higher proportion of localized HCC compared to advanced HCC[23]. This may suggest that the high prevalence of hepatitis B in Asians may have prompted HCC surveillance and earlier detection. Furthermore, hepatitis B infections may lead to primary liver cancers in the absence of cirrhosis which may have allowed for more aggressive attempts at surgical resection in Asians. Unfortunately, the SEER data does not have information on underlying disease or whether HCC/ICC was found with surveillance.
Our study also demonstrated that API had a survival advantage over whites and blacks but did not have a difference in survival compared to Hispanics. However, a slightly higher proportion of API and Hispanics had no survival information. Previous studies have shown a higher incidence of HCC in Hispanics compared to Asians and Hispanics were more likely to have underlying non-alcoholic fatty liver disease and chronic hepatitis C virus infections[24]. Ha et al[25] suggested that blacks and Hispanics were less likely to receive curative therapy for HCC due to the advanced stage at presentation of HCC. Similar observations in racial and socioeconomic disparities were found in Hispanic patients with CC[26,27]. While all of these observations suggest a worse outcome for Hispanics with HCC or CC, ours is the first to describe a non-inferior prognosis for Hispanics with the combined HCC/CC variant. 
The burden of tumor likely affects overall prognosis and our study showed that tumors less than 5 cm were associated with better 5-year survival. Several other small studies have also suggested that tumor size > 5 cm was associated with a poor overall survival[15,28]. Multiple tumors and microvascular invasion were other factors associated with worse outcome after surgery[15]. However, there were several additional studies that did not support specific tumor characteristics as being prognostic in survival (Table 4). While our study demonstrated that tumor size affected long term survival, this was likely because patients with smaller tumors were more suitable candidates for surgery. Transplantation in the U.S. requires meeting Milan criteria or undergoing downstaging with LRT to meet Milan criteria and these presumably affected candidacy in our cohort.
The prognosis for HCC/CC is generally poor and our study showed that the median survival for HCC/CC was only 6 mo. Treatment with resection or transplant were associated with 5-year survival, however previous studies are divisive on which treatment is superior or how these treatments compare to patients with HCC. Itoh et al[29] compared long-term outcomes after living donor transplantation between 8 HCC/CC and 170 HCC patients and did not demonstrate a difference between overall and disease free survival. A meta-analysis of 1691 patients (42 studies) with HCC/CC suggested that there was no significant difference for 5-year overall survival after liver resection or transplantation[30]. However, Groeschl et al[31] compared the outcome between 3378 HCC and 54 HCC/CC patients and showed that both transplant and resection demonstrated a survival benefit in HCC/CC, but this benefit was inferior to transplant for HCC. They questioned the use of liver transplant in the HCC/CC variant. 
Unfortunately, only a limited number of patients qualify for surgical treatment, and this is likely contributing to a poor median and 5-year survival rate. While surgical treatment can improve survival, the use of locoregional therapy or systemic therapies for this variant is not clear. While a small study did show improvement in survival from HCC/CC with transarterial chemoembolization[32], our study did not demonstrate a 5-year survival benefit in patients who received locoregional therapy. HCC/CC patients who respond to pre transplant locoregional therapy may have better post-liver transplantation 3-year overall survival[33]. However, unlike HCC, there are no large studies with established pre-transplant therapies for patients with HCC/ICC. The A.L.A.N. score, which is calculated with baseline actual neutrophil count, lymphocytes-monocytes ratio, albumin, and neutrophil-lymphocytes ratio developed by a group in the U.K., may provide prognostic information for patients with advanced biliary cancer who received the first-line chemotherapy[34].
The role of lymph node involvement in HCC/ICC may be contributing to the outcome. A previous report noted that up to 70% of HCC/CC cases demonstrate lymph node metastasis, similar to the frequency in CC cases[35,36]. Lymph node dissection is not generally done for HCC but is recommended for moderate and high-risk CC. Unfortunately, the SEER data did not have information as to whether a node dissection was performed so we cannot draw definite conclusions on the role for this in patients with the HCC/CC variant.
This study is limited in that it was based on a large database from multiple institutions, and may be subject to reporting bias and coding errors. Data from the SEER did not report the underlying chronic liver disease, laboratory studies to assess hepatic function, and calculate CHILD Pugh score or detailed information on tumor characteristics, which would be important in determining resectability and transplant candidacy and thus impact on 5-year survival. Due to the nature of the SEER database, it is not possible to know if patients received adjuvant chemotherapy after surgical treatment, which may improve recurrence-free survival if combined HCC/CC has a higher CC component[37].
It would have also been helpful to know if patients had their tumor found with surveillance or whether they were symptomatic as this would help identify any disparity in access to care, but this information is also unknown. In spite of these limitations, the strength of this study is that it included a large number of patients with a very rare variant. Individual institutions would never have enough cases of combined HCC/CC to have the statistical power to show differences in the factors analyzed. 

CONCLUSION
Management of HCC/CC variant is difficult. The trend toward radiologic diagnosis of HCC may be facilitating misdiagnosis of this variant and delaying recognition until after the resected liver specimen has been examined. It is unclear if we should be treating HCC/ICC using similar protocols as HCC or if we should be adding adjuvant therapies to address nodal involvement of the CC component or perhaps some different approach altogether. We demonstrated that selection of tumors smaller than 5 cm and treatment with liver resection and transplant seem to be best associated with long term survival. While this study can help identify prognostic factors, further studies will be necessary to explain racial/ethnic differences, the effect of underlying chronic liver disease and the role of locoregional and systemic therapies in this rare variant.

ARTICLE HIGHLIGHTS
Research background
Combined hepatocellular and cholangiocarcinoma (HCC/CC) is a rare primary hepatic malignancy which carries a poor prognosis due to its aggressive nature. Few centers have enough cases to draw definitive conclusions and there is limited understanding of prognosis. 

Research motivation
As there has not been a randomized clinical trial done on this topic to elucidate the best treatment modality on HCC/CC, there is a need to better characterize the prognosis of this disease. 

Research objectives
In this retrospective study, we attempted to identify associated factors for 5-year survival.

Research methods
We conducted a retrospective study of The Surveillance, Epidemiology, and End Results database to identify HCC/CC cases from 2004 to 2015. We collected demographics, American Joint Committee on Cancer (AJCC) stage, treatment, tumor size, and survival data. Mann-Whitney U test was used to compare continuous variables without normal distribution, and t-test was used to compare continuous variables with a normal distribution. The Kaplan-Meier survival curve analyzed Five-year survival. These data were converted to categorical variables. Univariate and multivariate logistic regression model was used to analyze factors associated with 5-year survival. Multivariate Cox proportional hazard regression was done on 5-year survival.

Research results
We identified 497 patients with the following characteristics: mean age 62.4 years, 149 (30.0%) were female, racial distributions were 276 (55.5%) white, 53 (10.7%) black, 84 (16.9%) Asian and Pacific Islander (API), 77 (15.5%) Hispanic, and 7 (1.4%) others or unknown. Stage I/II disease occurred in 41.5% and tumor size < 50 mm was seen in 35.6% of patients. The overall median survival was 6 mo. After multivariate logistic regression, tumor size < 50 mm [odds ratio (OR): 2.415, P = 0.05], resection (OR: 12.849, P < 0.01), and transplant (OR: 27.129, P < 0.01) showed significance for 5-year survival. Age > 60, sex, race, AJCC stages, metastasis, and LRT were not significant. However, API vs white showed significant OR of 2.793 (CI: 1.120-6.967). Cox proportional hazard regression showed AJCC stages, tumor size < 50 mm, LRT, resection, and transplant showed significant hazard ratio.

Research conclusions
HCC/CC patients with tumor size < 50 mm, resection, and transplant were associated with an increase in 5-year survival. API showed advantageous OR and hazard ratios over white, black.

Research perspectives
Prognosis and possible treatment modality for HCC/CC is different from hepatocellular carcinoma or cholangiocarcinoma alone. As we depend heavily on imaging diagnosis of hepatocellular carcinoma, this study may suggest the importance of role of biopsy to confirm correct diagnosis. 
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Figure 1 Overall survival shown by Kaplan-Meir curve. Median survival was 7 mo with 95%CI of 5-9 mo.

Table 1 Baseline characteristics, n (%)
	
	Overall
	5-year survivor
	Non-5-year survivor
	P value

	Median age (IQR)
	62 (56-69)
	57 (51.25-63.75)
	62 (56-70)
	< 0.01

	Sex (%Male)
	348 (70.0)
	36 (78.3)
	312 (69.2)
	0.27

	Race
	
	
	
	0.23

	Whites
	276 (55.5)
	23 (50.0)
	253 (56.1)
	

	Blacks 
	53 (10.7)
	2 (4.3)
	51 (11.3)
	

	Hispanics
	77 (15.5)
	8 (17.4)
	69 (15.3)
	

	API
	84 (16.9)
	13 (28.3)
	71 (15.7)
	

	Others 
	7 (1.4)
	0 (0)
	7 (1.6)
	

	AJCC stages
	
	
	
	< 0.01

	I 
	116 (23.3)
	19 (41.3)
	97 (21.5)
	

	II 
	90 (18.1)
	19 (41.3)
	71 (15.7)
	

	III 
	78 (15.7)	
	5 (10.9)
	73 (16.2)
	

	IV
	139 (28.0)
	1 (2.2)
	138 (30.6)
	

	Unknown 
	74 (14.9)
	2 (4.3)
	72 (16.0)
	

	Metastasis
	128 (25.8)
	1 (2.2)
	127 (28.2)
	< 0.01

	Tumor size < 50 mm
	177 (35.6)
	34 (91.9)
	143 (56.5)
	< 0.01

	Treatment
	
	
	
	

	LRT
	24 (4.8)
	2 (4.3)
	22 (4.9)
	1.00

	Resection
	119 (23.9)
	21 (45.7)
	98 (21.8)
	< 0.01

	Transplant
	50 (10.6)
	20 (43.5)
	30 (6.7)
	< 0.01

	Median survival months (IQR)
	6 (1-22)
	96.5 (83.25-129.5)
	5 (1-16)
	< 0.01


IQR: Interquartile range; API: Asians and Pacific Islanders; AJCC: American Joint Committee on Cancer; LRT: Locoregional therapy.

Table 2 Univariate and multivariate logistic regression for 5-year survival
	
	Univariate analysis
	Multivariate analysis

	
	OR [95%CI]
	P value
	OR [95%CI]
	P value

	Age > 60 yr old
	0.372 [0.195-0.708]1
	< 0.01
	0.502 [0.231-1.088]
	0.08

	Sex (Male)
	1.604 [0.774-3.323]
	0.20
	1.264 [0.537-2.975]
	0.59

	Race 
	
	0.13
	
	0.07

	Black
	0.432 [0.099-1.888]
	
	0.483 [0.095-2.444]
	

	Hispanic
	1.275 [0.547-2.976]
	
	2.043 [0.744-5.613]
	

	API
	2.014 [0.971-4.176]
	
	2.793 [1.120-6.967]1
	

	AJCC stages
	
	
	
	0.41

	Stage I/II vs unknown
	8.143 [1.913-34.660]1
	< 0.01
	1.048 [0.185-5.935]
	

	Stage III/IV vs unknown
	1.024 [0.202-5.186]
	0.06
	0.498 [0.074-3.328]
	

	Stage I /II vs III/IV
	7.954 [3.284-19.264]1
	< 0.01
	
	

	Metastasis
	0.057 [0.008-0.416]1
	< 0.01
	0.602 [0.059-6.165]
	0.67

	Tumor size < 50 mm
	6.098 [3.067-12.200]1
	< 0.01
	2.415 [1.010-5.780]1
	0.05

	LRT
	0.884 [0.201-3.886]
	0.87
	4.622 [0.671-31.856]
	0.12

	Resection
	3.017 [1.620-5.620]1
	< 0.01
	12.849 [3.359-49.142]1
	< 0.01

	Transplant
	10.769 [5.398-21.485]1
	< 0.01
	28.129 [6.639-119.187]1
	< 0.01


1Significant confidence interval.
White as a comparison group for race. AJCC: American Joint Committee on Cancer; API: Asians and Pacific Islanders; LRT: Locoregional therapy; OR: Odds ratio. 

Table 3 Multivariate Cox proportional hazard regression for 5-year survival
	
	Hazard ratio
	95%CI
	P value

	Age > 60 years old
	0.862
	0.708-1.050
	0.14

	Sex (Male)
	1.071
	0.863-1.328
	0.54

	Race
	
	
	0.07

	API vs black
	0.654
	0.452-0.9481
	

	API vs Hispanic
	0.838
	0.595-1.180
	

	API vs white
	0.727
	0.555-0.9521
	

	Black vs Hispanic
	1.280
	0.884-1.852
	

	Black vs white
	1.111
	0.819-1.506
	

	Hispanic vs white
	0.868
	0.660-1.140
	

	AJCC stages
	
	
	< 0.01

	Stage I/II vs unknown
	0.547
	0.390-0.7681
	

	Stage III/IV vs unknown
	0.709
	0.509-0.9881
	

	Stage I/II vs III/IV
	0.772
	0.571-1.042
	

	Metastasis
	1.229
	0.918-1.645
	0.17

	Tumor size < 50 mm
	0.704
	0.545-0.9081
	< 0.01

	LRT
	1.782
	1.134-2.8011
	0.01

	Resection
	2.770
	2.137-3.5901
	< 0.01

	Transplant
	4.247
	2.809-6.5421
	< 0.01


1Significant confidence interval. AJCC: American Joint Committee on Cancer; API: Asians and Pacific Islanders; LRT: Locoregional therapy.

Table 4 Summary of previous studies
	Ref.
	Country
	Number of HCC/CC patients
	1-year survival (%)
	3-year survival (%)
	Factors predictive of survival

	Park et al[32], 2013
	South Korea
	Hepatic resection (n = 10)
	20
	20
	Age, sex, TACE and T stage by univariate analysis, but none multivariate analysis

	Antwi et al[33], 2018
	United States
	Liver transplant (n = 19)
	84
	74
	Response to neoadjuvant LRT

	Groeschl et al[31], 2013
	United States
	Hepatic resection (n = 35); Liver transplant (n = 19)
	Resection: 71; Transplant: 89
	Resection: 46; Transplant: 48
	NA

	Itoh et al[29], 2015
	Japan
	Living donor transplant (n = 8)
	87.5
	72.9
	NA

	Li et al[30], 2018
	Meta-analysis
	Hepatic resection (n = 1390); Liver transplant (n = 301)
	Resection: 79; Transplant: 85
	Resection: 63; Transplant: 63
	Vascular invasion, lymph node involvement, tumor size > 5 cm and advanced stage


HCC/CC: Combined hepatocellular and cholangiocarcinoma; TACE: Transarterial chemoembolization; LRT: Locoregional therapy; NA: Not available.

 20 / 27


image1.tiff
Probability

08

06

04

02

00

0

T
10

Number at risk

497

215

20

135

T
30

Survival months
89




