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Abstract

IMPORTANCE—In patients with intrahepatic cholangiocarcinoma (ICC), the oncologic benefit 

of surgery and perioperative outcomes for large multifocal tumors or tumors with contiguous 

organ involvement remain to be defined.

OBJECTIVES—To develop and externally validate a simplified prognostic score for ICC and to 

determine perioperative outcomes for large multifocal ICCs or tumors with contiguous organ 

involvement.

DESIGN, SETTING, AND PARTICIPANTS—This study of a contemporary cohort merged 

data from the California Cancer Registry (January 1, 2004, through December 31, 2011) and the 

Office of Statewide Health Planning and Development inpatient database. Clinicopathologic 

variables were compared between tumors that were intrahepatic, small (<7 cm), and solitary (ISS) 

and those that had extrahepatic extension and were large (≥7 cm) and multifocal (ELM). External 

validation of the prognostic model was performed using an independent data set from the National 

Cancer Institute’s Surveillance, Epidemiology, and End Results database from January 1, 2004, 

through December 31, 2013.

MAIN OUTCOMES AND MEASURES—Patient overall survival after hepatectomy.

RESULTS—A total of 275 patients (123 men [44.7%] and 152 women [55.3%]; median 

[interquartile range] age, 65 [55–72] years) met the inclusion criteria. No significant differences in 

overall complication rate (ISS, 48 [34.5%]; ELM, 37 [27.2%]; P = .19) and mortality rate (ISS, 10 

[7.2%]; ELM, 6 [4.4%]; P = .32) were found. A multivariate Cox proportional hazards model 
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demonstrated that multifocality, extrahepatic extension, grade, node positivity, and age greater 

than 60 years are independently associated with worse overall survival. These variables were used 

to develop the MEGNA prognostic score. The prognostic separation/discrimination index was 

improved with the MEGNA prognostic score (0.21; 95% CI, 0.11–0.33) compared with the 

staging systems of the American Joint Committee on Cancer sixth (0.17; 95% CI, 0.09–0.29) and 

seventh (0.18; 95% CI, 0.08–0.30) editions.

CONCLUSIONS AND RELEVANCE—The MEGNA prognostic score allows more accurate 

and superior estimation of patient survival after hepatectomy compared with current staging 

systems.

Intrahepatic cholangiocarcinomas (ICCs) are the second most common type of primary liver 

cancer.1 Approximately 10% of all cholangiocarcinomas are intrahepatic, amounting to 2000 

to 3000 cases each year in the United States with an increasing incidence worldwide.2,3 

Intrahepatic cholangiocarcinomas are resistant to chemotherapy and radiotherapy, and 

surgical resection is considered to be the mainstay of therapy, providing the only chance of 

cure. However, most patients have advanced disease at diagnosis and are not candidates for 

surgery. Resectability is defined by the ability to completely resect ICC while leaving an 

adequate liver remnant. Current consensus considers noncontiguous extrahepatic disease, 

multiple bilobar or multicentric tumors, or lymph node metastases beyond the primary 

echelon as contraindications to resection.4 The role of surgical resection for large or 

multifocal ICCs or those invading adjacent organs by direct extension remains unclear. The 

decision to pursue resection is complex because of unclear oncologic benefit and substantial 

rates of operative morbidity and mortality.

Data from specialized hepatobiliary centers5–8 have demonstrated improvement in 

hepatectomy outcomes during the past decade for major hepatic resections. These data 

suggest that resection of large or multifocal tumors is safe if an adequate liver remnant is 

preserved. Moreover, a few institutional studies9–11 have demonstrated that contiguous 

organ resection may be feasible with a higher but acceptable morbidity. Empirical evidence 

to support this practice has yet to be studied using cases derived from a population-based 

sample. We hypothesized that extended resections for ICC are safe, with acceptable 

morbidity in a population-based cohort. Furthermore, we sought to investigate predictors of 

morbidity and mortality after surgical resection in large or multifocal ICCs or those invading 

adjacent organs.

The decision to pursue surgery often hinges on the perceived oncologic benefit from, at 

times, extensive resections. To address this question, multiple prognostic nomograms have 

been developed to estimate survival after surgical resection by using data from institutional 

series.12,13 These nomograms are of limited clinical utility because they are complex and 

have not been validated in a population-based sample, and many of the variables used in the 

models are only available postoperatively. We therefore sought to identify the prognostic 

determinants of overall survival in patients with ICCs undergoing liver resection. 

Furthermore, using population-based data, we sought to develop and externally validate a 

simplified prognostic score that is easy to use in clinical practice, can be used in a 

preoperative setting, is accurate and discriminatory, and has a wide dynamic range.
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Methods

Patients

In California, reporting of cancer care is mandatory, yielding a low rate of records missing 

or lost to follow-up. The California Cancer Registry (CCR) is one of the most complete 

registries in the nation.14 Cases of ICC identified in the CCR from January 1, 2004, through 

December 31, 2011, were linked to Patient Discharge Data (PDD) available from the 

California Office of Statewide Health, Planning, and Development by applying a 

probabilistic linking algorithm based on sex, date of birth, and social security number.15 The 

PDD files contain patient-level data for all general, acute-care, nonfederal hospitals in 

California. For each admission, the PDD files include principal diagnosis and as many as 24 

secondary diagnoses coded using the International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-CM-9) format, the principal procedure, and as many 

as 20 secondary procedures. This information enables a more accurate assessment of patient 

comorbidities and more detailed information on surgical procedures than is currently 

available from cancer registry data alone. The study was approved by the institutional review 

boards of the State of California and City of Hope National Medical Center, Duarte, 

California, with a waiver of informed consent.

All adults 20 years or older with a histologic diagnosis of ICC who underwent surgical 

treatment were included. Patients undergoing transplant, biopsy, or palliative bypass were 

excluded, as were patients with metastatic disease. Patients with perihilar or distal 

extrahepatic cholangiocarcinomas were also excluded. Demographic data, tumor 

characteristics, and overall survival were obtained from cancer registry variables. 

Specifically, tumor size, tumor extent, lymph node status, and the number of lymph nodes 

assessed were obtained from the collaborative staging-related variables in the CCR. Major 

vascular invasion was defined as invasion of the branches of the main portal vein (right or 

left portal vein, not including sectoral or segmental branches) or as invasion of 1 or more of 

the 3 hepatic veins (right, middle, or left). Extrahepatic contiguous organ involvement was 

defined as any perforation of the visceral peritoneum, invasion of the hepatic artery or vena 

cava, and involvement of surrounding viscera, with the exception of the gallbladder. Tumors 

extending to the gallbladder were classified as intrahepatic tumors. The index surgery was 

identified as the first major liver resection to occur on or after the date of diagnosis, and any 

hospital readmissions within 90 days after the index surgery were identified. We used the 

Deyo modification of the Charlson Comorbidity Index (Charlson-Deyo comorbidity score; 

range, 0–25, with higher scores indicating more comorbidities), excluding any cancer-related 

comorbidities.16 Complications were identified by referencing surgery-related complications 

used in recent studies of the American College of Surgeons National Surgical Quality 

Improvement program data and by including anesthesia-related complications.17 A complete 

list of complication codes is provided in eTable 1 in the Supplement.

Statistical Analysis

Data were analyzed from January 1, 2004, through December 31, 2013. Tumors were 

classified into the following 2 groups: (1) intrahepatic, small (<7 cm), and solitary (ISS) or 

(2) extrahepatic extension, large (≥7 cm), and multifocal (ELM). A cut-off of 7 cm was 
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established previously.5,12 Bivariate analysis of categorical variables was performed using 

the χ2 test. The Kruskal-Wallis rank test was used for comparison of nonparametric variable 

medians. Multivariate analysis of variables used to estimate morbidity or mortality was 

performed using stepwise logistic regression with backward elimination. Multivariate 

survival analysis was performed using a Cox proportional hazards model. Missing data were 

assumed to be at random, and multiple imputation was performed using multivariate normal 

regression.18,19 Evaluation of the proportional hazards assumption was assessed graphically 

using methods recommended by Hosmer and Lemeshow.20 For all statistical analyses, we 

used STATA/MP software (version 14.1; StataCorp) with assumption of 2-sided tests and a 

criterion for statistical significance set at α<.05.

The prognostic score was calculated by assigning 1 point to each of the significant variables 

identified through multivariable analysis (range, 0–5, with higher scores indicating worse 

estimated survival) The prognostic score was modeled using flexible parametric survival 

analysis as detailed by Royston and Sauebrei21 to allow estimation of survival function. To 

validate the prognostic model in an independent data set, we queried the National Cancer 

Institute’s Surveillance Epidemiology and End Results (SEER) database using data from 

non-Californian registries to avoid overlap of patients. The inclusion and exclusion criteria 

were the same between the estimation and validation data sets. Patients with missing 

prognostic factors were excluded from the validation data set.

Results

Demographics and Tumor Characteristics

A total of 275 patients (123 men [44.7%] and 152 women [55.3%]; median [interquartile 

range (IQR)] age, 65 [55–72] years) met inclusion criteria. The demographic and tumor 

characteristics are summarized in Table 1. The study population consisted of 139 patients 

(50.5%) with ISS tumors and 136 patients (49.5%) with ELM tumors. Most patients were 

older than 60 years (170 [61.8%]) and had at least 1 comorbidity (220 [80%]). The median 

tumor size was 5.5 (IQR, 3.5–8.0) cm. Most tumors were moderately differentiated (123 of 

216 [56.9%]) and node negative (210 of 262 [80.2%]). Portal lymph node sampling was 

performed for 122 of 272 patients (44.8%). When portal lymphadenectomy was performed, 

a median of 4 lymph nodes were evaluated (IQR, 2–8). Approximately one-fifth of the 

tumors had major vascular invasion (58 of 267 [21.7%]). Adjuvant chemotherapy was used 

in 111 patients (40.4%), and radiotherapy was used in 44 patients (16.0%).

Patients with ELM and ISS tumors were comparable with respect to age, race/ethnicity, sex, 

year of diagnosis, insurance status, comorbidity score, grade, extent of hepatectomy, and use 

of adjuvant chemotherapy and radiotherapy. Tumors classified as ELM were more likely to 

have vascular invasion (36 of 135 [26.7%] vs 22 of 132 [16.7%]; P = .048) or to be bilobar 

(26 of 98 [26.5%] vs 2 of 99 [2.0%]; P < .001) when compared with ISS tumors. Although 

not statistically significant, ELM tumors had more frequent node-positive findings than ISS 

tumors (32 of 132 [24.2%] vs 20 of 130 [15.4%]; P = .07) and more frequently underwent 

portal lymphadenectomy (68 of 136 [50.0%] vs 54 of 136 [39.7%]; P = .09).
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Morbidity and Mortality

Overall 90-day morbidity rates were 30.9% (85 patients), and mortality was 5.8%) (16 

patients). We found no difference in the morbidity (ISS, 48 [34.5%]; ELM, 37 [27.2%]; P = .

19) or mortality (ISS, 10 [7.2%]; ELM, 6 [4.4%]; P = .32) between patients with ISS or 

ELM tumors. The most common surgical complication was hemorrhage or the need for 

blood transfusion (43 patients [15.6%]). Respiratory complications were the most common 

postoperative medical morbidity in 32 patients (11.6%). We found no differences in the 

pattern or the frequency of complications in ELM and ISS subgroups (eTable 2 in the 

Supplement). Bivariate and multivariate analysis of predictors of morbidity and mortality in 

ELM tumors are presented in eTable 3 in the Supplement. Charlson-Deyo comorbidity 

scores of 2 (odds ratio [OR], 3.02; 95% CI, 1.12–8.17) and 3 or greater (OR, 5.25; 95% CI, 

1.32–20.9) and extent of surgical resection (OR, 3.93; 95% CI, 1.50–10.30) were 

independently associated with morbidity and mortality in logistic regression models of ELM 

tumors.

Long-term Outcomes

Median follow-up for all patients was 23 months (IQR, 13–40 months). Median follow-up 

for surviving patients was 35 months (IQR, 20–73 months). One hundred seventy-nine 

deaths occurred in the entire cohort at the end of the study period. Kaplan-Meier survival 

estimates for tumors with extrahepatic extension vs intrahepatic tumors (Figure 1A), large 

(≥7-cm) vs small (<7-cm) tumors (Figure 1B), and multifocal vs unifocal tumors (Figure 

1C) are shown. Overall survival at 1, 3, and 5 years among patients with large (≥7-cm) ICCs 

(79.8%, 44.3%, and 23.0%, respectively) was comparable to that among patients with small 

(<7-cm) ICCs (81%, 45.8%, and 31.0%, respectively; log-rank P = .33). However, the 

overall survival at 1, 3, and 5 years among patients with multifocal tumors (75.0%, 21.6%, 

and 15.5%, respectively) was significantly lower compared with that among patients with 

unifocal ICCs (80.3%, 46.1%, and 28.5%, respectively; log-rank P = .01). Similarly, overall 

survival was worse at 1, 3, and 5 years was noted for ICCs with contiguous organ 

involvement (55.1%, 18.9%, and 18.9%, respectively) vs ICCs without contiguous organ 

involvement (82.5%, 43.7%, and 27.2%, respectively; log-rank P = .003).

Prognostic Score

Univariate and multivariate analyses to identify prognosticators of overall survival using the 

estimation data set are shown in Table 2. Age greater than 60 years (HR, 1.87; 95% CI, 

1.35–2.59; P < .001), high-grade tumors (HR, 1.88; 95% CI, 1.28–2.75; P = .002), node 

positivity (HR, 2.35; 95% CI, 1.60–3.47; P < .001), multifocality (HR, 1.57; 95% CI, 1.08–

2.28; P = .02), and extrahepatic extension to contiguous organs (HR, 1.91;95% CI, 1.13–

3.20; P = .007) were independently associated with lower overall survival. Tumor size, 

extent of surgery, vascular invasion, adjuvant chemotherapy or radiotherapy, and surgical 

complications were not associated with overall survival. Although node positivity was 

independently associated with lower overall survival, performing portal lymphadenectomy 

did not affect overall survival in the multivariate model (HR, 1.08; 95% CI, 0.80–1.46; P = .

61).
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Based on the multivariate analysis, a simplified prognostic score (MEGNA prognostic score) 

was calculated by assigning 1 point each for the presence of multifocality, extrahepatic 

contiguous organ involvement, grade (high), node positivity, and age older than 60 years. 

The Kaplan-Meier overall survival estimates for MEGNA prognostic categories are shown 

compared with those of the American Joint Committee on Cancer (AJCC) sixth22 and 

seventh23 edition TNM staging systems (Figure 2). We tested performance of the MEGNA 

prognostic score in an independent data set.

To validate the MEGNA prognostic score, a total of 261 patients were identified from the 

non-Californian SEER registries that met the inclusion criteria. The baseline survivor 

function of the estimation and validation set was not significantly different (eFigure in the 

Supplement) (median overall survival in CCR vs SEER: 32 months vs 29 months; log-rank P 
= .99). Distribution of prognostic variables was similar in the estimation and validation set 

(eTable4 in the Supplement). The MEGNA prognostic score demonstrated excellent 

predictive accuracy for probability of survival in all prognostic groups when tested in an 

independent validation data set (Table 3). In addition, MEGNA offered an improved 

prognostic separation and discrimination index21 (0.21; 95% CI, 0.11–0.33) compared with 

the AJCC seventh (0.18; 95% CI, 0.08–0.30) and sixth (0.17; 95% CI, 0.09–0.29) edition 

staging systems. Dynamic range in median and overall survival was also improved in the 

MEGNA prognostic score compared with the AJCC seventh and sixth edition TNM staging 

systems (Table 3).

Discussion

Liver resection outcomes have improved tremendously during the past 2 decades.7,8 What 

were once considered to be operations with a high risk for morbidity are now routinely 

performed with acceptable morbidity and very low mortality rates at high-volume centers 

owing to improvement in critical care, anesthetic management, and most important, better 

patient selection.6,24

For ICC, the safety of resecting ELM tumors remains to be defined. For instance, in a 

retrospective analysis, Yamamoto et al11 demonstrated that poor oncologic outcomes and 

complications preclude vessel resection and/or pancreatic resection in patients with ICC. On 

the contrary, Lang et al9 found that contiguous organ and vessel resection in the context of 

an extended resection is feasible with good oncologic outcomes, provided a negative margin 

is achieved. Data from Bergeat et al10 suggest that extended resections for large tumors are 

more likely to require contiguous resections and to have a higher morbidity, but the 

oncologic outcomes are comparable to those of nonextended resections. Recently, a multi-

institutional study of specialized hepatobiliary centers5 demonstrated that resection of large 

ICCs (≥7 cm) or multifocal tumors has acceptable morbidity and mortality. Together these 

studies highlight the evolving role of surgical resection irrespective of tumor size, 

multifocality, or contiguous organ involvement in specialized hepatobiliary centers. Beyond 

the experience of single institutions and highly specialized hepatobiliary centers, the data 

presented in this study demonstrate the overall safety of surgical resections in patients with 

ELM tumors in the general population. Consistent with prior studies, we note the extent that 
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liver resection and comorbidities are independently associated with worse outcome in this 

subset of patients.

In regard to oncologic outcomes, multiple prognostic nomograms have been developed in 

recent years to assess survival after surgical resection. The AJCC seventh edition TNM 

staging system is largely based on the National Cancer Institute’s SEER data set, which 

identified multifocality, vascular invasion, contiguous organ extension, and regional lymph 

node involvement as poor prognostic factors. This system was further validated in a multi-

institutional cohort study.25 Additional analysis of this multi-institutional cohort led to the 

development of the nomogram of Hyder et al,12 which includes tumor size, age, and 

cirrhosis, in addition to the prognostic variables identified in AJCC seventh edition TNM 

staging system but excludes contiguous organ extension. Wang et al26 proposed a nomogram 

based on analysis of a cohort of Chinese patients that included carcinoembryonic antigen 

level, cancer antigen 19–9 level, vascular invasion, lymph node metastases, contiguous organ 

involvement, mutifocality, and tumor size as important prognostic determinants. The 2 

nomograms have been noted to be superior to the AJCC seventh edition TNM staging 

system and have been evaluated in an independent cohort of patients.27 However, these 

prognostic models have limited external validity because they have not been validated in a 

US population-based cohort. Review of extant literature reveals a remarkable heterogeneity 

in the clinicopathologic and genomic characteristics of ICCs based on geography.28,29 

Therefore, the performance of these models should be externally validated before 

widespread acceptance by clinicians. Second, the complexity of these prognostic models 

limits their utility and their widespread use in patient care, even if they are validated. These 

limitations of prognostic models are described by Wyatt et al.13 In the present study, we 

propose a simplified, easy-to-use prognostic score. We also demonstrate evidence that the 

MEGNA prognostic score is accurate and effective and can be generalized to the US 

population. We find this score to be superior to the AJCC sixth and seventh edition TNM 

staging systems in terms of accuracy, discriminatory capacity, and dynamic range. Although 

the MEGNA prognostic score was developed using data from patients who underwent 

surgical resection, the MEGNA score can be derived preoperatively and can inform 

decisions regarding surgery and adjuvant therapy. For instance, additional imaging with 

positron emission tomography may be warranted in patients with a high MEGNA prognostic 

score to rule out distant disease.

Limitations

Some of the study limitations are inherent to using a reimbursement database to study 

complications because the application of ICD-9-CM codes is not independently verified by 

medical record review, and the severity of complications cannot be accurately graded. 

However, this bias should not have affected our comparison of ISS and ELM tumors, given 

that the same methods were used to capture complications in both groups. Moreover, the 

complications seen in this study are comparable to those observed in previous institutional 

reports.5 In regard to the development of a prognostic model, our results could be influenced 

by missing data. We note that missing data were infrequent and were statistically addressed 

by multiple imputations to minimize bias as best as possible. We were also limited in 

comparing the MEGNA prognostic score with the nomogram of Hyder et al12 or Wang et 
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al26 because the variables used in those nomograms were not available in population data 

sets. Although the MEGNA prognostic score uses variables that can be ascertained 

preoperatively, this study validates its use only in the postoperative context. Additonal 

studies are needed to assess its utility preoperatively.

Conclusions

Multifocality, large size, or contiguous organ involvement alone are not contraindications to 

resection in ICC. The decision to operate must be weighed in the context of adequate 

functional liver remnant, extent of liver resection, and patient comorbidities. Our MEGNA 

prognostic score is an easy-to-use tool that allows accurate estimation of patient survival 

after hepatectomy. Additional prospective studies are needed to evaluate its use in the 

preoperative context.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

Question

What are the prognostic determinants of overall survival among patients with intrahepatic 

cholangiocarcinoma undergoing liver resection?

Findings

In this evaluation of the California Cancer Registry and Office of Statewide Health, 

Planning, and Development database, records of 275 patients undergoing resection for 

intrahepatic cholangiocarcinoma were analyzed. A prognostic model based on the 

independent association of multifocality, extrahepatic extension, grade, nodal status, and 

age with overall survival was developed and validated.

Meaning

The prognostic score is an easy-to-use tool that allows accurate estimation of patient 

survival after hepatectomy for intrahepatic cholangiocarcinoma.
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Figure 1. 
Kaplan-Meier Overall Survival Estimates by Tumor Characteristics

Survival is estimated by tumor extension, size, and multiplicity.
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Figure 2. 
Kaplan-Meier Overall Survival Estimates of California Cancer Registry Patients by 

Prognostic System

AJCC indicates American Joint Committee on Cancer; MEGNA, multifocality, extrahepatic 

extension, grade, node positivity, and age older than 60 years. The MEGNA prognostic score 

assigns 1 point to each significant variable. Scores range from 0 to 5, with higher scores 

indicating lower estimated survival.
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Table 1

Demographic and Tumor Characteristics of the Study Population and ISS vs ELM Subgroups

Characteristic

Subgroupa

P Value
All

(N = 275)
ISS

(n = 139)
ELM

(n = 136)

Age, median (IQR) 65 (55–72) 65 (55–73) 65 (55–72) .80

Age group, y

  18–60 105 (38.2) 54 (38.8) 51 (37.5)
.82

  >60 170 (61.8) 85 (61.2) 85 (62.5)

Race/ethnicity

  Non-Hispanic white 143 (52.0) 68 (48.9) 75 (55.1)

  .76

  Asian or Pacific Islander 68 (24.7) 38 (27.3) 30 (22.1)

  Hispanic white 47 (17.1) 24 (17.3) 23 (16.9)

  Black 9 (3.3) 4 (2.9) 5 (3.7)

  Other 8 (2.9) 5 (3.6) 3 (2.2)

Sex

  Male 123 (44.7) 68 (48.9) 55 (40.4)
.16

  Female 152 (55.3) 71 (51.1) 81 (59.6)

Year of diagnosis

  2004–2006 81 (29.4) 35 (25.2) 46 (33.8)

.16  2007–2009 105 (38.2) 60 (43.2) 45 (33.1)

  2010–2012 89 (32.4) 44 (31.7) 45 (33.1)

Insurance

  Government 152 (55.3) 76 (54.7) 76 (55.9)
.84

  Private 123 (44.7) 63 (45.3) 60 (44.1)

NCI-designated cancer center

  No 209 (76.0) 110 (79.1) 99 (72.8)
.22

  Yes 66 (24.0) 29 (20.9) 37 (27.2)

Charlson-Deyo comorbidity score16,b

  0 55 (20.0) 27 (19.4) 28 (20.6)

.62
  1 143 (52.0) 74 (53.2) 69 (50.7)

  2 48 (17.5) 21 (15.1) 27 (19.8)

  ≥3 29 (10.5) 17 (12.2) 12 (8.8)

Tumor size, median (IQR), cm 5.5 (3.5–8.0) 4.0 (3.0–5.5) 7.9 (5.35–10.0) <.001

Grade

  Well differentiated 28 (13.0) 13 (12.3) 15 (13.6)

.60  Moderately differentiated 123 (56.9) 64 (60.4) 59 (53.6)

  Poorly differentiated 65 (30.1) 29 (27.4) 36 (32.7)

Node positivity

  No 210 (80.2) 110 (84.6) 100 (75.8) .07
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Characteristic

Subgroupa

P Value
All

(N = 275)
ISS

(n = 139)
ELM

(n = 136)

  Yes 52 (19.8) 20 (15.4) 32 (24.2)

No. of nodes examined, median (IQR) 4 (2–8) 4 (2–8) 3 (2–7) .52

Extent of hepatectomy

  Ablation only 28 (10.3) 14 (10.3) 14 (10.4)

.68
  Partial hemihepatectomy 81 (29.9) 43 (31.6) 38 (28.1)

  Hemihepatectomy 102 (37.6) 53 (39.0) 49 (36.3)

  Extended hemihepatectomy 60 (22.1) 26 (19.1) 34 (25.2)

Portal lymphadenectomy

  No 150 (55.1) 82 (60.3) 68 (50.0)
.09

  Yes 122 (44.9) 54 (39.7) 68 (50.0)

Vascular invasion

  No 209 (78.3) 110 (83.3) 99 (73.3)
.048

  Yes 58 (21.7) 22 (16.7) 36 (26.7)

Bilobar tumor

  No 169 (85.8) 97 (98.0) 72 (73.5)
<.001

  Yes 28 (14.2) 2 (2.0) 26 (26.5)

Adjuvant chemotherapy

  No 164 (59.6) 86 (61.9) 78 (57.3)
.44

  Yes 111 (40.4) 53 (38.1) 58 (42.6)

Adjuvant radiotherapy

  No 231 (84.0) 118 (84.9) 113 (83.1)
.68

  Yes 44 (16.0) 21 (15.1) 23 (16.9)

Abbreviations: ELM, extrahepatic extension, large (≥7cm), and multifocal; IQR, interquartile range; ISS, intrahepatic, small (<7cm), and solitary; 
NCI, National Cancer Institute.

a
Data are presented as number (percentage) of patients unless otherwise indicated. Missing data are not included in the calculation of percentages. 

Percentages have been rounded and may not total 100.

b
This score is the Deyo modification of the Charlson Comorbidity Index. Scores range from 0 to 25, with higher scores indicating more 

comorbidities.
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Table 2

Variables Associated With Overall Survival Using Cox Proportional Hazards Model

Variable

Cox Proportional Hazards Analysis
(n = 275)

Univariate Multivariate

HR (95% CI) P Value HR (95% CI) P Value

Age, continuous 1.02 (1.01–1.03) .001 NA NA

Age, y

  18–60 1 [Reference] NA NA NA

  >60 1.76 (1.28–2.43) <.001 1.87 (1.35–2.59) <.001

Race/ethnicity

  Non-Hispanic white 1 [Reference] NA NA NA

  Asian or Pacific Islander 0.99 (0.69–1.41)   .94 NA NA

  Hispanic white 1.34 (0.94–2.04)   .10 NA NA

  Black 0.74 (0.27–2.02)   .56 NA NA

  Other 1.17 (0.48–2.89)   .73 NA NA

Sex

  Male 1 [Reference] NA NA NA

  Female 0.93 (0.70–1.25)   .66 NA NA

Year of diagnosis

  2004–2006 1 [Reference] NA NA NA

  2007–2009 1.34 (0.94–1.92)   .11 NA NA

  2010–2012 1.52 (0.99–2.35)   .06 NA NA

Insurance

  Government 1 [Reference] NA NA NA

  Private 0.66 (0.49–0.90)   .009 NA NA

NCI-designated cancer center 0.68 (0.48–0.98)   .04 NA NA

Charlson-Deyo comorbidity score16,a

  0 1 [Reference] NA NA NA

  1 0.73 (0.50–1.08)   .12 NA NA

  2 0.84 (0.52–1.36)   .48 NA NA

  ≥3 1.42 (0.84–2.39)   .19 NA NA

Tumor size, continuous 1.04 (0.99–1.10)   .09 NA NA

Tumor size, cm

  <7 1 [Reference] NA NA NA

  ≥7 1.17 (0.86–1.61)   .32 NA NA

Grade

  Low to moderate 1 [Reference] NA NA NA

  High 1.83 (1.27–2.64)   .001 1.88 (1.28–2.75)   .001

Node positivity 2.44 (1.69–3.51) <.001 2.35 (1.60–3.47) <.001
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Variable

Cox Proportional Hazards Analysis
(n = 275)

Univariate Multivariate

HR (95% CI) P Value HR (95% CI) P Value

No. of nodes examined, continuous 1.00 (0.99–1.01)   .89 NA NA

Resection

  Partial hepatectomy 1 [Reference] NA NA NA

  Hemihepatectomy or extended 1.13 (0.83–1.53)   .43 NA NA

Portal lymphadenectomy 1.08 (0.80–1.46)   .61 NA NA

Vascular invasion 1.31 (0.93–1.85)   .12 NA NA

Bilobar 1.69 (1.05–2.72)   .03 NA NA

Multifocal 1.60 (1.13–2.28)   .009 1.57 (1.08–2.28)   .02

Extrahepatic extension 1.94 (1.21–3.10)   .006 1.91 (1.13–3.20)   .02

Adjuvant chemotherapy 0.92 (0.68–1.24)   .57 NA NA

Adjuvant radiotherapy 1.04 (0.70–1.54)   .84 NA NA

Postoperative complication 1.13 (0.83–1.53)   .43 NA NA

Abbreviations: HR, hazard ratio; NA, not applicable; NCI, National Cancer Institute.

a
This score is the Deyo modification of the Charlson Comorbidity Index. Scores range from 0 to 25, with higher scores indicating more 

comorbidities.
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