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Abstract

Background: Hepatic resection of colorectal liver metastases (CRLM) is associated with long-

term survival. This study analyzes actual 10-year survivors following resection of CRLM, reports 

the observed rate of cure, and identifies factors that preclude cure.

Methods: A single-institution, prospectively-maintained database was queried for all initial 

resections for CRLM 1992–2004. Observed cure was defined as actual 10-year survival with either 

no recurrence or resected recurrence with at least 3 years of disease-free follow-up. Clinical risk 

score (CRS) was dichotomized into low (0–2) and high (3–5). Semiparametric proportional 

hazards mixture cure model was utilized to estimate probability of cure.

Results: 1211 patients were included with a median follow-up for survivors of 11 years. Median 

DSS was 4.9 years (95% CI: 4.4–5.3). 295 patients (24.4%) were actual 10-year survivors. The 

observed cure rate was 20.6% (n=250). Among 250 cured patients, 192 (76.8%) had no recurrence 

and 58 (23.2%) had a resected recurrence with at least 3 years of disease-free follow-up. 

Extrahepatic disease (EHD, n=88), CEA >200 (n=119), positive margin (n=109), and >10 tumors 

(n=31) had observed cure rates less than 10%. In cure model analysis, patients with both EHD and 

high CRS (n=31) had an estimated probability of cure of 3.5%.

Conclusion: Actual 10-year survival after resection of CRLM is 24% with an observed 20% 

cure rate. Patients with both high CRS and EHD have an estimated probability of cure less than 

Corresponding Author: Michael I. D’Angelica, MD, FACS, Enid A. Haupt Chair in Surgery, Memorial Sloan Kettering Cancer 
Center, Attending Surgeon, Hepatopancreatobiliary Service, Program Director, Complex Surgical Oncology and HPB Fellowship, 
Professor of Surgery, Cornell University, Weill Medical College, 1275 York Avenue, C-898, New York, NY 10065, (Telephone) 
212-639-3226, (Fax) 212-717-3218, dangelim@mskcc.org. 

Disclosures: No conflicts of interest to disclose

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Surgery. Author manuscript; available in PMC 2020 August 20.

Published in final edited form as:
Surgery. 2018 June ; 163(6): 1238–1244. doi:10.1016/j.surg.2018.01.004.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5%. When such factors are identified, strong consideration may be given to preoperative strategies, 

such as neoadjuvant chemotherapy, to help select patients for surgical therapy.

TOC Statement- 20171017

Actual 10-year survival after resection of CRLM is 24% with an observed 20% cure. The 

significance of this report is that no single factor precludes cure, although patients with both a high 

CRS and EHD had an estimated probability of cure of 3.5%.

Introduction

Resection of colorectal liver metastases (CRLM) in selected patients has become standard 

treatment over the last 3 decades. As this operation became more prevalent, surgical series 

reported 10-year survival rates between 16% and 23%.1–3 10-year follow-up ensured that 

late recurrences were taken into account and delineated a portion of patients apparently 

cured of disease. These published results, in which all patients had a minimum of 10 years 

potential follow-up, demonstrated the true curative potential for resection in a time when 

chemotherapy options were limited.

In the interval time, management of patients undergoing hepatic resection of CRLM has 

evolved. Although randomized trials have demonstrated that perioperative adjuvant systemic 

chemotherapy does not increase overall survival, exposure to modern chemotherapy 

throughout patients’ entire clinical courses in select studies has significantly increased and 

improved outcomes.4–7 Furthermore, salvage resection and/or ablation for limited recurrence 

can effectively control disease and is being successfully utilized.8, 9 The profile of selected 

patients has also changed over time with liver resections being performed on patients with 

worse clinical and pathologic characteristics including limited and resectable extrahepatic 

disease, extensive liver disease and close margins.10–12 For contemporary physicians, an 

updated assessment of the outcomes and cure rates of hepatic resection for CRLM are 

needed in the current clinical context.

Perioperative risk scores derived from clinicopathologic factors are used for prognostication, 

but few if any factors (individually or as conglomerate scores) precluded long-term survival 

and cure in previous analyses.2, 13–16 In our initial publication of patients that underwent 

hepatic resection from 1985–1994, one patient died of disease beyond 10 years and only a 

positive hepatic margin correlated with the absence of 10-year survival.2 Therefore, patient 

selection remained challenging, and further improvements in prognostication are necessary 

to identify patients unlikely to benefit from resection.

The aim of this study was to analyze the characteristics of actual 10-year survivors following 

resection of CRLM in a modern cohort and, analyze the observed cure rate, and identify any 

factors that preclude cure.
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Methods

Study Design and Patients

All patients evaluated by a hepatopancreatobiliary surgeon at Memorial Sloan Kettering 

Cancer Center (New York, NY) are entered into a prospectively-maintained database. With 

approval of the Institutional Review Board and a waiver of informed consent, all patients 

undergoing initial hepatic resection for CRLM without residual macroscopic (R2) disease 

were obtained from the database. Between 1992 and 2004, 1316 patients met these criteria 

and were reviewed. All patients within this chosen interval had the potential for 10 years of 

follow-up. From this group, the following exclusion criteria were applied: 90 day 

postoperative death (n=35) or no follow-up beyond 90 days from operation (n=70). The 

remaining patients formed the study population. General guidelines for resectability have 

been described previously.13 Most patients had disease confined to the liver or in highly 

selected cases had limited and resectable extrahepatic metastases.11 Hepatic artery infusion 

pump (HAIP) placement was performed selectively as previously described.17–19 Resection 

and intraoperative ablation were used in the same setting for some patients, but patients 

treated with ablation only were not included in the initial query.

Clinical risk score (CRS) has been previously defined and is comprised of five factors: >1 

tumor, >5cm tumor, CEA >200 ng/mL, lymph node positive primary, and DFI <12 months.
13 CRS was dichotomized into low (0–2) and high (3–5) risk groups. Positive margin was 

defined as malignant cells extending to the inked surface of the transected liver.12 

Extrahepatic disease represented those patients with metastatic lesions known at the time of 

the hepatic resection and either resected at the same time or within 6 months of 

hepatectomy.11 Perioperative chemotherapy represented any chemotherapy administered 

within 3 months of surgery.

Observed Cure and Follow-up Status

Observed cure was defined as 10-year survival with either no recurrence or resected 

recurrence with at least 3 years of disease-free follow-up. Previous studies from our 

institution have utilized 3 years of disease-free survival as effective salvage therapy after 

resection of recurrence due to the rare incidence of recurrence after this period of time.8, 20 

Therefore, the same duration of disease-free follow-up was required for a 10-year survivor to 

be considered cured. At last clinical follow-up, patients were considered without disease 

(NED) if they were alive without documented recurrence or had all sites of recurrent disease 

resected. Patients that died of disease (DOD) had a date of recurrence and subsequent date of 

death. Patients were considered dead of unknown cause (DUC) if no identifiable cause of 

death was found in the medical record and the patient did not have a documented recurrence. 

Patients were considered dead of other cause (DOC) if a clearly attributable non-cancer 

reason for death was reported. Ten-year survivors that had died but were lost to follow-up 

were classified as either DOC or DUC; those with greater than 5 years of disease-free 

follow-up were considered DOC, while those that died with less than 5 years of disease-free 

follow-up were classified as DUC.
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Data Analysis and Cure Model

Disease-specific survival (DSS) was calculated from the date of hepatic resection until 

cancer-related death. Patients who died of non-cancer related causes were censored at the 

date of last follow-up. DSS was estimated using Kaplan-Meier methods, and compared 

using log-rank test between CRS (0–2 vs 3–5).

A plateau in the DSS curve suggested that this sample consisted of a mixture of patients: a 

fraction that are long-term survivors and another fraction that experienced the event of 

interest. Standard Cox proportional hazard model presumes a homogeneous population and 

the assumption of proportional hazards can fail when survival curves have plateaus at the 

tails.21 Hence, a semiparametric proportional hazards mixture cure model was used to 

estimate the probability of cure and assess heterogeneity between patients that were long-

term survivors and those that were not. In this model, the probability of being cured was 

modeled with logistic regression and the survival probability for patients who experienced 

the event of interest was estimated using a proportional hazards model.22–27 All analyses 

were done in SAS version 9.3 (SAS Institute Inc, Cary, NC) or R version 3.3.2 (R 

Foundation for Statistical Computing, Vienna, Austria) using the “smcure” package. 25 All 

p-values were two-sided and values of <0.05 were considered statistically significant.

Results

Patient Characteristics and Follow-up Status

Between 1992 and 2004, 1211 patients met criteria for inclusion and formed the study 

population. Perioperative and postoperative characteristics are reported in Table 1. The 

majority of patients had a node-positive primary (n=727, 60.0%) and metachronous disease 

(n=720, 59.5%). Patients with extrahepatic disease comprised a small minority of the 

patients (n=88, 7.3%). Three hundred and forty-eight patients (28.7%) received perioperative 

HAIP chemotherapy.

Disease status at last follow-up included 748 patients (61.8%) that were DOD and 35 (2.9%) 

that were alive with disease (AWD). Sixty-three patients (5.2%) were DOC and another 63 

(5.2%) were DUC. Three hundred and two patients (24.9%) were NED, however 82 (6.8%) 

of these patients were lost to follow-up prior to 10 years. There was wide variation regarding 

when these 82 patients were censored with a median follow-up time of 3.7 years (range 

0.25–9.99 years). Figure 1 illustrates a flowchart of the current status and outcomes of 

patients.

Disease-Specific Survival

Figure 2a demonstrates the DSS for the entire cohort (n=1211). Median follow-up was 11 

years for survivors, and median DSS was 4.9 years (95% CI: 4.4–5.3). The estimated 10-

year DSS was 34% (95% CI: 31–37%), with 193 patients censored prior to 10 years. 

Stratified by CRS, patients with a low CRS had a 10-year DSS of 42% (95% CI: 37–46%) 

compared to 25% (95% CI: 21–29%) for those with a high CRS (p<0.001), Figure 2b.
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Actual 10-Year Survivors

Table 2 reports the characteristics of patients in specific survival cohorts with patients 

grouped into less than 2 years, 2–5 years, 5–10 years, and greater than 10-year survival. 

Patients that were either DUC, DOC, or lost to follow-up prior to 10 years were excluded 

from the respective survival cohorts. The 10-year survivor cohort included all patients except 

those DUC (n=11). Overall, 295 patients (24.4%) survived 10 years. Excluding the 11 DUC 

patients, there were 284 patients in the 10-year survivor cohort. Among the 10 year survivors 

(n=284), the majority were NED (n=220, 77%). Thirty-four (2.8 %) patients died a non-

cancer related death, 5 were AWD, and 25 ultimately died of disease greater than 10 years 

after their initial hepatectomy. Only one patient developed a first recurrence beyond 10 

years.

Observed Cure

The observed cure rate was 20.6 % (n=250). One hundred and ninety-two patients (15.6%) 

were 10-year survivors without recurrence, while 58 (4.8%) had a recurrence and subsequent 

resection before meeting the criteria for cure. Among the cured patients with a documented 

recurrence, isolated lung recurrence (n=29) was more frequent than other recurrence patterns 

(liver only, n=18; liver/lung, n=1; other, n=10). Among the 10 patients with extrahepatic and 

non-pulmonary recurrence, there was a variety of recurrence patterns and subsequent 

treatment: 5 recurred in the peritoneum and had subsequent surgery, 2 patients had 

anastomotic recurrence in the colon years after their initial colectomy, and 3 patients had a 

chest wall or needle tract recurrence with subsequent resection. In all situations, the patients 

survived at least 10 years and had 3 years of DFS following resection of recurrence.

No analyzed individual prognostic factors precluded cure, although observed cure rates were 

8%, 8.3%, and 9.2% for patients with EHD, margin positive resection, and CEA >200, 

respectively. One patient with more than 10 hepatic tumors met our definition of cure 

(3.2%), and final pathologic review for that patient revealed 11 tumors (Table 3).

Cure Model

A plateau in the DSS survival curve was observed at approximately 13 years after initial 

hepatectomy. Using semiparametric mixture cure model analysis, clinicopathologic factors 

were assessed for their association with the probability of being cured. In univariate analysis, 

the estimated probability of cure for patients with positive margin was 8.0% and for patients 

with EHD was 10.4% (Table 3). High CRS (CRS 3–5) and EHD were known preoperative 

clinical factors to have poor survival outcomes. Among the subset of patients with both 

features (n=31), the median DSS was 2.3 (95% CI: 1.3–3.4) years and the probability of cure 

was 3.5%.

Discussion

The demographics of 10-year survivors and patients cured of CRLM have not been well 

described in a modern cohort. This study reports the outcomes of the largest series at a 

single-institution focused on actual 10-year survival and cure following resection of CRLM. 

In this study, resection of CRLM had a 20% minimum observed rate of cure. Individual poor 
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prognostic factors (CEA>200, extrahepatic disease, greater than 10 tumors, and positive 

margin) did not preclude cure but had observed cure rates less than 10%. In cure model 

analysis, a combination of poor preoperative factors (high CRS and EHD, n=31) reveals a 

subset of patients with an estimated probability of cure of 3.5%.

Over the last 3 decades, hepatic resection of CRLM in selected patients has been established 

as an effective treatment with potential for long-term survival. Early studies demonstrated 

five-year survival between 20 and 30%.28–30 However, as surgical series matured, 10-year 

survival was reported to describe the actual outcomes and frequency of late recurrences. In 

these early analyses, the majority of 10-year survivors were disease-free and died non-cancer 

related deaths.1–3 Disease-specific survival curves plateaued at the 10-year time period, and 

patients that lived to 10 years appeared cured of disease. Our group has previously analyzed 

survival trends over different time periods, with an increase in DSS but not RFS seen in 

more recent patients.10 As such, it was necessary to update the demographics of actual 10-

year survivors, report of the rates of cure, and reassess factors that preclude cure in the 

current clinical context.

In our initial publication reporting long-term outcomes of hepatic resections performed 

between 1985 and 1994, median survival for the entire cohort was less than 4 years (44 

months).2 In this updated analysis (1992–2004), median survival approaches 5 years and 10-

year survival was no longer restricted to patients cured of disease. In the original 

publication, only one patient died of disease beyond 10 years. However, in this update, 25 

patients had a disease-related death greater than 10 years after initial hepatic resection and 

five current 10-year survivors are AWD. Our data suggests that patient selection, salvage 

resection, and modern chemotherapy may be associated with a prolongation of survival in 

patients who are not cured following resection of CRLM.8 Modern chemotherapy, that may 

prolong survival when used to treat a recurrence, has not been associated with improved OS 

in a recent randomized trial of resectable CRLM.4 Therefore, perioperative chemotherapy 

likely should not impact the overall rate of cure in a sample with hepatic resection of CRLM 

from 1992–2004. This data, although it represents hepatic resections performed over 10 

years ago, provides necessary clinical follow-up and describes the long-term survival 

outcomes of patients with resection of CRLM.

Furthermore, recurrence after hepatic resection does not preclude long-term survival and 

cure. Our group utilized a definition of cure which required 10-year survival and either no 

recurrence or a minimum of 3 years disease-free interval from the time of resection of 

recurrence. This conservative definition restricts cure to a small group with strict criteria. 

250 patients (20.6%) were classified as being cured. Seventy-seven percent of cured patients 

(192/250) underwent a single liver resection. This percentage is lower than our original 

report, but notably higher than Japanese series with increased utilization of parenchymal-

sparing surgery.9, 31 However, 58 patients within this group had a repeat resection and 

greater than 3 years of disease-free survival to qualify for inclusion. Among these cured 

patients, isolated lung recurrence was more frequent than other recurrence patterns. These 

results are consistent with what has previously been described regarding recurrence patterns 

of CRLM and outcomes in which patients with resected isolated lung recurrence can have 

prolonged survival and cure.20 In our previous descriptive report, only 16 of 102 10-year 
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survivors had a recurrence, and it was evenly split between the liver and lung. While an early 

recurrence has a particularly poor prognosis, patients with recurrence and subsequent 

resection are still able to achieve 10-year survival and cure.32

Contrary to our original report on long-term survival, microscopic positive resection margin 

does not preclude 10-year survival or cure. Our group has proposed that a microscopic 

positive margin may be an indicator of aggressive tumor biology as opposed to surgical 

technique.12 Furthermore, this factor is not easily predictable preoperatively and has limited 

utility in patient selection. Within our data, the observed cure rate for a positive margin was 

8.3%. Although low, this number represents a real possibility of cure in a group with 

aggressive tumor biology. In the same way, CEA >200 and extrahepatic disease had 

particularly low observed rates of cure below 10%; however, only patients with greater than 

10 tumors had an observed cure rate less than 5% for a single prognostic variable.

Actual 10-year survivors were used to define the observed rates of cure, but it does not take 

into account the patients that are lost to follow-up or discharged from clinic prior to 10 

years. The semiparametric proportional hazards mixture cure model accounts for censored 

patients and models the shape and plateau of the DSS curve for cured and uncured patients 

separately. This has the advantage over the conventional methods to determine the 

association between clinical factors and long-term effect. In a study sample that consists of a 

mixture of long-term survivors and those that die of recurrent disease, the proportional 

hazards mixture cure model provides better insight into the pattern of long-term survival 

than conventional Cox models.22–24, 26, 27 Conventional Cox models assume that survival 

approaches zero, or that every patient eventually will be an event. As evidence by the 

observed rates of cure following hepatectomy for CRLM, this assumption is not valid in this 

dataset with extensive follow-up, and a conventional Cox model does not adequately 

describe the relationship between specific clinical factors and long-term survival. Thus, the 

cure model most appropriately addresses the clinical question of identifying factors that 

preclude cure. The estimated probabilities, in general, are slightly higher than observed cure 

rates, but not substantially different. However, this is an expected finding given the strict 

definition of observed cure utilized for this analysis. Therefore, by combining preoperative 

variables with a poor prognosis (both high CRS and EHD) in the model, we identify a subset 

of patients with a probability of cure at 3.5%.

The outcome of the small subset of patients with both high CRS and extrahepatic disease 

(n=31), demonstrates that patients with this particular presentation of adverse prognostic 

factors can rarely if ever be cured. The median survival for this group of patients was just 

over 2 years. With only 31 patients in the time interval of this study, it highlights the fact that 

the majority of patients with these poor disease characteristics never undergo resection. In 

such high-risk patients with known extrahepatic disease, hepatic resection may have limited 

impact on the outcome beyond the best modern systemic chemotherapy.33 These factors 

provide prognostic information about the potential for cure and require careful consideration 

during patient selection.

This is not the first study to apply a definition of cure and attempt to identify factors related 

to that outcome. An alternate statistical cure model by Cuchetti et al provides a separate 
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definition that also has limitations.34 The probability of being cured was similar at 20%. 

Their statistical definition of cure was the time period when the mortality of patients 

following resection of CRLM returns to the same level as that of the general population. 

Disease-free survival is an important component, but the description of actual 10-year 

survivors in our data demonstrates that this is not the same as clinical cure. We have shown 

that cure is possible even in patients that develop a recurrence. Though informative, we 

believe that their statistical model fails to fully describe the outcomes of documented long-

term survivors and patients cured of disease.

This study has several limitations. The generalizability of these results may be restricted to 

specialized centers with clinical experience and infrastructure to support high-volume 

hepatic resections. Approximately 30% of patients in our sample received perioperative 

hepatic artery infusion pump (HAIP) placement. This treatment strategy is not universally 

available, and may impact survival results that do not reflect hepatic resection for CRLM 

across all institutions. Our analysis of survival and cure was limited to patients that were 

evaluated beyond the perioperative encounter, so patients with postoperative death or no 

follow-up beyond 90 days were excluded. It is possible that our sample is biased towards 

patients with improved outcomes. However, if compared to the total number of hepatic 

resections during this time interval (n=1316) even before the study exclusions, the observed 

cure rate remains 19.0% (250/1316). In general, patients had surveillance imaging 

performed at least every 6 months following surgery. However, there was no standardized 

protocol for surveillance imaging in this entire surgical series; therefore the timing of 

recurrence is subject to some variation. This analysis also did not include molecular 

characteristics which are related to survival and now often collected on patients with 

metastatic colorectal cancer, such as BRAF and KRAS mutation status.35, 36 The years and 

scope of this project did not allow this correlation, but it will be an important prognostic 

factor to include in future analyses of cure. Nonetheless, this is the largest dataset 

documenting long-term survival and cure following resection of CRLM and serves as the 

best cohort to assess factors associated with these outcomes.

Conclusion

Resection of CRLM in selected patients is associated with a 20% observed cure rate. Poor 

prognostic factors such as positive margin, extrahepatic disease, CEA >200, and more than 

10 hepatic tumors do not preclude cure but have rates less than 10%. Patients with both a 

high CRS and EHD have a predicted cure rate of 3.5%. When such factors are identified, 

strong consideration may be given to preoperative strategies, such as neoadjuvant 

chemotherapy, to help select patients for surgical therapy. Future correlation with molecular 

data, radiographic biomarkers, and other novel factors related to tumor biology are also 

needed to better select patients for surgical therapy.
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Figure 1. 
Flowchart representing current status and observed cure in study population
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Figure 2. 
a. Kaplan-Meier plot of DSS for 1211 patients undergoing resection of CRLM from 1992–

2004, 95% confidence interval represented by dotted lines.

b. Kaplan-Meier DSS curve stratified by clinical risk score (CRS, 0–2 vs 3–5). Low CRS 

(0–2) had a 10-year DSS of 42% (95% CI: 37–46%) compared to 25% (95% CI: 21–29%) 

for those with a high CRS (3–5) (p < 0.001).
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Table 1.

Demographic characteristics of patients with resection of CRLM, 1992–2004.

Characteristics Total (N=1211)

Age at surgery, years-Median (range) 63 (23–88)

Gender, Male- N (%) 695 (57.5)

Synchronous Disease- N (%) 491 (40.5)

Positive nodes in primary – N (%)

 Yes 727 (60.0)

 No 473 (39.1)

 Unknown 11 (0.9)

CEA – N (%)

 >200 119 (9.8)

 ≤200 936 (77.3)

 Unknown 156 (12.9)

DFI < 12 months– N (%) 637 (52.6)

No. of hepatic tumors

 Median (range) 2 (1–50)

 1 588 (48.6)

 2–4 477 (39.4)

 5–10 115 (9.5)

 >10 31 (2.6)

Size of hepatic tumor, cm- Median (range) 4.0 (0–40)

Clinical Risk Score – N (%)

 Low (0,1,2) 627 (51.8)

 High (3,4,5) 420 (34.7)

 Unknown 164 (13.5)

Extrahepatic Disease- N (%) 88 (7.3)

Surgical margin – N (%)

 Positive 109 (9.0)

 Negative 1102 (91.0)

Perioperative chemotherapy – N (%)

 Yes 1120 (92.5)

 No 91 (7.5)

Perioperative HAIP- N (%)

 Yes 348 (28.7)

 No 863 (71.3)

Vital Status at last contact – N (%)

 NED 302 (24.9)

 AWD 35 (2.9)

 DOD 748 (61.8)
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Characteristics Total (N=1211)

 DOC 63 (5.2)

 DUC 63 (5.2)

Abbreviations: CEA, carcinoembryonic antigen; DFI, disease-free interval; HAIP, hepatic artery infusion pump; NED, no evidence of disease; 
AWD, alive with disease; DOD, dead of disease; DOC, dead other cause; DUC, dead unknown cause.
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Table 2.

Prognostic factors across survival cohorts.

<2yr Survival 
Ɨ

2–5yr Survival 
Ɨ

5–10yr Survival 
Ɨ

>10yr Survival *

Total Number % Number % Number % Number %

1007 217 21.5% 361 35.8% 145 14.4% 284 28.2%

Preoperative Factors

Synchronous 426 93 21.8% 170 39.9% 53 12.4% 110 25.8%

Node-Positive 616 153 24.8% 237 38.5% 86 14.0% 140 22.7%

N1 389 85 21.9% 148 38.0% 63 16.2% 93 23.9%

N2 227 68 30.0% 89 39.2% 23 10.1% 47 20.7%

Preoperative CEA >200 107 37 34.6% 43 40.2% 11 10.3% 16 15.0%

DFI <12 months 543 131 24.1% 205 37.8% 64 11.8% 143 26.3%

No. of hepatic tumors

 Median 2 2 1 1

 1 468 77 16.5% 159 34.0% 82 17.5% 150 32.1%

 2 to 4 412 92 22.3% 156 37.9% 49 11.9% 115 27.9%

 5 to 10 101 33 32.7% 38 37.6% 12 11.9% 18 17.8%

 >10 26 15 57.7% 8 30.8% 2 7.7% 1 3.8%

Largest Hepatic Tumor >5cm 340 95 27.9% 129 37.9% 48 14.1% 68 20.0%

Largest tumor, median cm 5cm 4.0cm 3.65cm 3.20cm

Extrahepatic Disease 77 29 37.7% 29 37.7% 10 13.0% 9 11.7%

Clinical Risk Score 884 182 20.6% 324 36.7% 119 13.5% 259 29.3%

 <2 511 78 15.3% 174 34.1% 78 15.3% 181 35.4%

 ≥3 373 104 27.9% 150 40.2% 41 11.0% 78 20.9%

Postoperative

Margin positive 103 31 30.1% 45 43.7% 17 16.5% 10 9.7%

Resection >3 segments 655 165 25.2% 243 37.1% 83 12.7% 164 25.0%

Perioperative HAIP 314 43 13.7% 97 30.9% 55 17.5% 119 37.9%

Perioperative Chemo 937 199 21.2% 335 35.8% 136 14.5% 267 28.5%

Note:

Ɨ
Patients DUC, DOC, or lost to follow-up with less than 10 years survival were excluded.

*
Among 10-year survivors, cohort includes all patients except dead of unknown cause (DUC, n=11).
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Table 3.

Characteristics of patients with observed cure and probability of cure estimated from the semiparametric 

mixture cure model.

All Patients Observed Cure* Probability of Cure 
Ɨ

Total Number % of Patients %

1211 250 20.6% -

Synchronous 491 96 19.6% 22.5%

Metachronous 720 154 21.4% 27.8%

Node-Positive Primary 727 121 16.6% 21.4%

 N1 466 82 17.6% 21.1%

 N2 261 39 14.9% 20.3%

Node-Negative Primary 473 128 27.1% 30.0%

Preoperative CEA >200 119 11 9.2% 11.4%

Preoperative CEA ≤200 936 217 23.2% 25.7%

DFI <12 months 637 121 19.0% 23.4%

DFI ≥12 months 574 129 22.5% 24.9%

No. of hepatic tumors

 Median 2 1

 1 588 134 22.8% 24.3%

 2 to 4 477 100 21.0% 25.8%

 5 to 10 115 15 13.0% 15.1%

 >10 31 1 3.2% 11.7%

Largest Hepatic Tumor >5cm 399 58 14.5% 18.6%

Largest Hepatic Tumor ≤5cm 812 192 23.6% 26.7%

Largest tumor, median cm 4.0cm 3.25cm

Extrahepatic Disease 88 7 8.0% 10.4%

No Extrahepatic Disease 1123 243 21.6% 25.2%

Fong Score

 <2 627 165 26.3% 27.2%

 ≥3 420 63 15.0% 17.7%

Resection ≥3 segments 771 145 18.8% 25.2%

Perioperative HAIP 348 105 30.2% 29.5%

No Perioperative HAIP 863 145 16.8% 21.3%

Perioperative Chemo 1120 234 20.9% 24.6%

No Perioperative Chemo 91 16 17.6% 23.0%

Margin positive 109 9 8.3% 8.0%

Margin negative 1102 241 21.9% 27.2%

Note:

*
Observed Cure defined as 10-year survival with either no recurrence or resected recurrence with at least 3 years of disease-free follow-up,
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Ɨ
Probability of cure was estimated from semiparametric mixture cure models
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