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Abstract

Background: Conditional recurrence-free survival (RFS) probability, i.e., recurrence probability 

after a given interval without recurrence, has not been reported after resection of colorectal liver 

metastases (CLM). We aimed to estimate conditional RFS and identify factors affecting 

conditional RFS.

Study design: Patients undergoing initial resection of CLM during 2000-2016 with mutation 

data were identified. RFS and risk factors for recurrence were evaluated at the time of resection for 

all patients and at 1 year and 2 years after resection for patients who remained recurrence-free.

Results: Of 2118 patients, 485 met the inclusion criteria, of whom 225 were recurrence-free at 1 

year and 109 were recurrence-free at 2 years. The 5-year RFS rates were 17.3%, 36.8%, and 

70.7% for all patients and the 1-year and 2-year recurrence-free groups, respectively, when 

assessed from the time of initial CLM resection. RAS/TP53 co-mutation was the only factor 

independently associated with increased risk of recurrence for all groups (all patients, hazard ratio 

[HR] 1.47, 95% confidence interval [CI] 1.19–1.82, P<0.001; 1-year recurrence-free, HR 1.69, 

95% CI 1.17–2.43, P=0.005; 2-year recurrence-free, HR 2.41, 95% CI 1.12–5.17, P=0.024). T 

category, extrahepatic disease, multiple CLM, largest CLM diameter, and surgical margin status 

were risk factors for recurrence in all patients and/or the 1-year recurrence-free group but not the 

2-year recurrence-free group. Median RFS was lower for patients with RAS/TP53 co-mutation 
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than for those with RAS/TP53 wild-type in the 1-year (1.5 vs. 2.8 years; P=0.006) and 2-year 

recurrence-free groups (3.0 vs. 5.9 years; P=0.024).

Conclusion: Conditional RFS is useful for updating prognosis after a given time interval without 

recurrence after CLM resection. Importantly, RAS/TP53 co-mutation has a persistent deleterious 

association with recurrence.

Precis

Conditional recurrence-free survival probability, ie recurrence probability after a given interval 

without recurrence is useful for updating prognosis in patients undergoing resection of colorectal 

liver metastases. RAS/TP53 co-mutation has a persistent deleterious association with recurrence 

for patients free from recurrence at 1 year and 2 years.

INTRODUCTION

Surgical resection is the current standard of care for colorectal liver metastases (CLM), 

producing 5-year overall survival (OS) rates that range from 40% to 58% (1-3). However, 

most patients undergoing liver resection for CLM experience recurrence; 5-year recurrence-

free survival (RFS) rates after CLM resection range from 20% to 35% (1-4). Various 

clinicopathologic factors have been shown to be association with risk of recurrence, 

including factors related to the primary colorectal cancer and factors reflecting the extent of 

liver involvement (5-8). In addition, molecular biomarkers have emerged as important 

prognostic factors to guide systemic therapy and patient selection for surgery. Previous 

studies showed that somatic mutations of BRAF, RAS, TP53, APC, and PIK3CA were 

associated with prognosis after CLM resection (9-13). Specifically, our group has reported 

that RAS and TP53 co-mutation was associated with worse prognosis than RAS mutation 

alone (14).

Traditionally, to estimate a patients’ risk of recurrence and death after CLM resection, 

clinicopathologic factors and molecular biomarkers are assessed once at the time of liver 

resection. However, the risks of recurrence and death after CLM resection are not constant 

over time (15, 16). The risk of death is reported to be highest within the first year after CLM 

resection and to decline over time (16, 17). Because patients living longer want to 

understand their prognosis better (18), conditional survival, defined as the survival 

probability after a given length of survival, has been advocated as an alternative meaningful 

measure of survival probability (16, 19-22). Conditional survival estimates can provide 

useful prognostic information. However, such estimates do not provide information about 

the risk of recurrence. Two previous reports focused on conditional OS after resection of 

CLM (16, 17). However, to our knowledge, no study has focused on conditional RFS (i.e., 

the recurrence probability after a given interval without recurrence) or changes over time in 

risk factors for recurrence after CLM resection.

To address these gaps, we assessed changes over time in recurrence probability and risk 

factors for recurrence in patients who had not experienced recurrence at predefined times 

after CLM resection.
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METHODS

Study population

A prospectively compiled database was searched to identify patients who underwent liver 

resection for CLM at The University of Texas MD Anderson Cancer Center from 2000 to 

2016. Only patients undergoing a first-time liver resection for CLM with curative intent 

were included for analysis. To permit assessment of the impact of tumor mutation profile, 

patients without genetic sequencing were excluded. The study was approved by the 

institutional review board at MD Anderson Cancer Center.

Institutional approach to surgical management of CLM

At our institution, the vast majority of patients with CLM receive preoperative 

chemotherapy. During preoperative chemotherapy, restaging is performed. CLM are deemed 

resectable when a hepatectomy can achieve a negative margin while preserving more than 

20% to 30% of the total estimated liver volume, sparing 2 contiguous hepatic segments, and 

maintaining vascular inflow, vascular outflow, and biliary drainage (23). In the case of 

disease progression or suboptimal tumor response after first-line chemotherapy, second-line 

chemotherapy is considered (24). For patients with synchronous CLM and an intact primary 

tumor, decisions regarding the treatment sequence (primary tumor first, combined, or liver 

first) are discussed at a multidisciplinary conference, where decisions are primarily based on 

the extent of the primary tumor and CLM (11). For patients with an anticipated insufficient 

future liver remnant, preoperative portal vein embolization and staged hepatectomy are 

proposed. Postoperative chemotherapy is typically administered to complete a total of 12 

cycles, including those given preoperatively (25). The interval between the last dose of 

chemotherapy and liver resection is 3–6 weeks. Patients are routinely followed after 

resection with history, physical examination, laboratory evaluation, and axial imaging every 

3 to 4 months for the first 2 years and every 4 to 6 months for the subsequent 3 years.

Somatic gene mutation profiling

Tumor DNA was isolated from 5-mm-thick unstained sections from tumor tissue blocks or 

slides from primary colorectal cancer or CLM specimens. Macrodissection was performed 

in cases of low tumor cellularity. Next-generation sequencing was performed with a 

multigene panel (eAppendix 1) using the Ion Torrent Personal Genome Machine (Life 

Technologies, CA) in a Clinical Laboratory Improvement Amendment-certified molecular 

diagnostic laboratory (26). RAS mutation analysis included analysis of KRAS exons 2–4 

(codons 5–66 and 114–150), NRAS exons 2–4 (codons 3–31, 43–69, and 112–150), and 

HRAS exons 2 to 3 (codons 5–35 and 42–82).

Estimation of changing probability of recurrence and conditional RFS and analysis of 
changes over time in risk factors for recurrence

Changing probability of recurrence was estimated using the Kernel-smoothed hazard 

estimate method (27, 28). We defined the conditional RFS rate as the recurrence probability 

calculated in patients who had not experienced recurrence by a predefined time after CLM 

resection, based on the concept of “conditional survival” estimate analysis (20). RFS and 
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risk factors for recurrence after CLM resection were evaluated at the time of liver resection 

for all patients. For patients who remained recurrence-free 1 year after CLM resection (the 

1-year recurrence-free group), risk factors for subsequent recurrence were analyzed. The 

same sub-analysis was performed for patients who remained recurrence-free 2 years after 

CLM resection (the 2-year recurrence-free group).

Definitions

Synchronous metastases were defined as metastases diagnosed within 12 months of primary 

tumor diagnosis. A positive surgical margin was defined as the presence of tumor cells 

within 1 mm of the transection line. The number and diameter of liver metastases were 

determined from examination of surgical pathology specimens. Pathologic response was 

defined as less than 50% residual cancer cells remaining (29). T category was classified 

according to the staging system in the AJCC Cancer Stating Manual, seventh edition (30). 

Preoperative chemotherapy regimens were recorded and further categorized according to 

whether they included an anti-VEGF or anti-EGFR agent.

Statistical analysis

Categorical variables were expressed in numbers and percentages and were compared 

among groups using Fisher’s exact test or the chi-square test, as appropriate. Continuous 

variables were expressed as median values with the interquartile range (IQR) and were 

compared using Wilcoxon’s rank-sum test. OS and RFS curves were constructed using the 

Kaplan-Meier method and compared using the log-rank test. Deaths without recurrence were 

censored for the RFS analysis. A Cox proportional hazards model analysis initially included 

the following factors: age (> 65 vs. ≤ 65 yr), sex, primary tumor location, T category, 

primary lymph node metastasis, prehepatectomy carcinoembryonic antigen level (> 5.0 vs. ≤ 

5.0 ng/mL), timing of metastasis (synchronous vs. metachronous), prehepatectomy 

chemotherapy, extrahepatic disease, number of CLM (multiple vs. single), largest CLM 

diameter (> 5 cm vs. ≤ 5 cm), surgical margin status (R1 vs. R0), pathologic response, 

BRAF mutation, RAS mutation, TP53 mutation, APC mutation, and PIK3CA mutation. A 

backward elimination with a threshold P value of 0.05 was used to select variables for the 

final models. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for 

each factor. P ≤ 0.05 was considered statistically significant. Statistical analysis was 

conducted with SAS (SAS Institute, Cary, NC).

RESULTS

Study population

Of 2118 patients who underwent CLM resection during the study period, 485 patients were 

included in the analysis (eFigure 1). Demographic and clinicopathologic characteristics are 

summarized in Table 1. The median duration of follow-up was 3.1 years (IQR, 2.1–4.7 

years). Of the 485 patients, 256 patients experienced recurrence and 4 patients were 

censored within 1 year of CLM resection, leaving 225 patients in the 1-year recurrence-free 

group. Of these 225 patients, 106 experienced recurrence and 10 patients were censored 

between 1 and 2 years after CLM resection, leaving 109 patients in the 2-year recurrence-
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free group. The median duration of follow-up for patients in the 2-year recurrence-free 

group was 3.6 years (range, 2.0–11.6 years).

Changing probability of recurrence

In the overall study group, the probability of recurrence peaked at approximately 1 year and 

diminished thereafter (Figure 1). The fact that the risk of recurrence changed over time 

implied that conditional RFS and the risk factors for recurrence might change over time too. 

Therefore, we examined changes over time in conditional RFS and risk factors for 

recurrence.

RFS and OS estimates for the entire group and the 1-year and 2-year recurrence-free 
groups

RFS curves for the entire cohort and the 1-year and 2-year recurrence-free groups are shown 

in Figure 2A. The 5-year RFS rates were 17.3%, 36.8%, and 70.7% in the entire cohort, the 

1-year recurrence-free group, and the 2-year recurrence-free group, respectively. The 5-year 

OS rates were 58.6%, 79.7%, and 89.4% in the entire cohort, the 1-year recurrence-free 

group, and the 2-year recurrence-free group, respectively (Figure 2B).

Changes in risk factors for recurrence after given time intervals free from recurrence

Risk factors for recurrence after given time intervals free from recurrence are summarized in 

Table 2. A multivariable Cox proportional hazards model identified RAS/TP53 co-mutation 

as the only factor significantly associated with RFS for every group (Table 2). In addition, T 

category ≥ 3, extrahepatic disease, Multiple CLM, largest CLM diameter > 5 cm, and 

surgical margin status were associated with recurrence in all patients at the time of liver 

resection, and largest CLM diameter > 5 cm were associated with recurrence in the 1-year 

recurrence-free group.

Conditional RFS by RAS/TP53 co-mutation

RFS was significantly shorter in patients with RAS/TP53 co-mutation than in those without 

RAS/TP53 co-mutation (Figure 3) in both the 1-year recurrence-free group (median RFS, 

1.5 years vs. 2.8 years; P = 0.006) and the 2-year recurrence-free group (median RFS, 3.0 

years vs. 5.9 years; P = 0.024).

DISCUSSION

The findings of this study show that the rates of RFS for patients who survive without 

recurrence progressively improve with the duration of time without recurrence after CLM 

resection. Furthermore, risk factors for recurrence may have changed with the recurrence-

free interval. Importantly, RAS/TP53 co-mutation had a persistent deleterious association 

with recurrence over time; RAS/TP53 co-mutation was a risk factor not only for patients at 

the time of CLM resection but also for patients who remained recurrence-free at 1 year or 2 

years after resection. Conditional RFS estimates and information about changes in risk 

factors with increasing recurrence-free interval should be taken into account in 

individualizing postoperative therapy and surveillance intensity and can be used to update 

patients’ prognosis. The current study assessed conditional RFS (i.e., RFS probability after a 
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given time interval without recurrence) and demonstrated that the risk of recurrence was 

lower in patients who did not experience recurrence within 1 or 2 years after CLM resection 

than in all patients at the time of resection. At 5 years, 17.3% of all patients were estimated 

to be recurrence-free. However, the proportion of patients recurrence-free at 5 years was 

36.8% among patients who had not experienced a recurrence within 1 year of CLM 

resection. The recurrence-free rate at 5 years was even higher, 70.7%, for patients who 

remained free of recurrence 2 years after CLM resection.

OS rates were also higher in patients remaining free of recurrence at 1 or 2 years than in the 

entire group of patients from the time of CLM resection. Conditional OS estimates update 

the survival probability for a patient but do not stratify the changing survival probabilities 

based on whether or not a patient has experienced recurrence (16, 17). Conditional OS is 

clearly important. However, for surgeons and/or medical oncologists caring for patients after 

CLM resection, the most important considerations after CLM resection revolve around 

preventing and accurately detecting disease recurrence. Thus, we believe that the concept of 

conditional RFS provides a more useful tool for clinical decision-making such as selecting 

between repeat resection or chemotherapy, determining surveillance frequency and intensity, 

and scheduling clinical follow-up visits.

We previously showed that RAS/TP53 co-mutation is a strong independent predictor of 

worse survival after CLM resection (14). In line with those findings, we found in the current 

study that RAS/TP53 co-mutation exerted a persistent deleterious effect on the risk of 

recurrence. Patients with this co-mutation remained at increased risk for recurrence even if 

they had been recurrence-free for 2 years after CLM resection and may need to be followed 

more stringently.

Similar to previous studies (5, 31), our current study showed that traditional 

clinicopathologic factors, including T category, extrahepatic disease, largest CLM diameter, 

surgical margin status were association with risk of recurrence and were clinically relevant 

for counseling patients in the immediate postoperative follow-up period. However, these 

traditional clinicopathologic factors were no longer significantly associated with risk of 

recurrence once a patient had survived 2 years without recurrence.

This study has several limitations. First, only one-fifth of all patients who underwent CLM 

resection at our institution during the study period were analyzed as multigene panel testing 

was not performed in patients undergoing CLM resection before 2012. Mutations were 

determined through analysis of primary tumor tissue in some patients and CLM tissue in 

others. However, many studies suggest a high rate of concordance (> 90%) for RAS, TP53, 
APC, and PIK3CA mutations between primary tumors and metastases (32-35). Another 

limitation is that we estimated conditional RFS and risk factors for recurrence after given 

time intervals free from recurrence only for patients remaining free of recurrence at 1 and 2 

years after resection of CLM. From a clinical standpoint, it may be useful to know factors 

associated with recurrence for patients who have survived 3 or more years without 

recurrence. However, because 75% of the patients in our series had recurrence within 2 

years, this analysis was not performed. Additionally, the number of events for patients who 
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were recurrence free at 2 years also decreases, thus limiting the number of variables that can 

be included in a proportional hazard model.

CONCLUSIONS

In conclusion, conditional RFS estimates and knowledge of the risk factors for recurrence at 

specific recurrence-free intervals after initial liver resection for CLM allow clinicians to 

update a patient’s prognosis after a given time interval without recurrence and may allow 

oncologists to offer precision clinical care by altering surveillance intensity and follow-up 

periods in accordance with prognostic risk changes. In particular, patients with RAS/TP53 
co-mutation may need to have more intense surveillance strategy as RAS/TP53 co-mutation 

exhibits a persistent deleterious association with recurrence for patients who have not yet 

experienced recurrence.
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Figure 1. 
Risk of recurrence over time after resection of colorectal liver metastases. The risk of 

recurrence peaked at approximately 1 year, diminished from 1 year to 3 years, and remained 

fairly steady after 4 years.
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Figure 2. 
(A) Recurrence-free and (B) overall survival in the entire cohort, 1-year recurrence-free 

group, and 2-year recurrence-free group.
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Figure 3. 
Conditional recurrence-free survival (RFS) by RAS/TP53 co-mutation status. (A) In the 1-

year recurrence-free group (n=225), median RFS was 1.5 years in patients with RAS/TP53 
co-mutation (n=59) vs 2.8 years in patients without RAS/TP53 co-mutation (n=166) (P = 

0.006). (B) In the 2-year recurrence-free group (n=109), median RFS was 3.0 years in 

patients with RAS/TP53 co-mutation (n=25) vs 5.9 years in patients without RAS/TP53 co-

mutation (n=84) (P = 0.024).
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Table 1.

Demographic and Clinicopathologic Characteristics of 485 Patients Who Underwent Resection of Colorectal 

Liver Metastases

Characteristic Value

Patient factor

  Age, y, median (IQR) 55 (46–62)

  Sex, n (%)

  Male 274 (56.5)

  Female 211(43.5)

 ASA score ≥ 3, n (%) 418 (86.2)

Primary lesion factor, n (%)

 Location, n (%)

  Colon 333 (68.7)

  Rectum 152 (31.3)

 T category ≥ 3, n (%)* 420 (86.6)

 Lymph node metastasis, n (%)* 333 (68.7)

Liver metastasis clinical factor

 Prehepatectomy CEA level, ng/mL, median (IQR) 4.0 (2.2–12.4)

 Synchronous metastasis, n (%) 372 (76.7)

 Extrahepatic metastasis, n (%) 80 (16.5)

 Prehepatectomy chemotherapy, n (%) 439 (90.5)

  > 6 cycles 139 (28.7)

  Oxaliplatin-containing regimen 362 (74.6)

  Irinotecan-containing regimen 103 (21.2)

  Anti-VEGF agent-containing regimen 345 (71.1)

  Anti-EGFR agent-containing regimen 38 (7.8)

Liver metastasis histopathologic factor

 Tumor number, median (IQR) 2 (1–4)

 Maximum tumor size, cm, median (IQR) 2.5 (1.5–4.0)

 R1 surgical margin, n (%) 98 (20.2)

 Pathologic response, n (%)* 236 (48.7)

 Somatic mutation, n (%)

  BRAF 11 (2.3)

  RAS† 246 (50.7)

  TP53† 336 (69.3)

  APC 253 (52.2)

  PIK3CA 79 (16.3)

*
Data missing on T category for 6 patients, lymph node metastasis for 15 patients, and pathologic response for 19 patients.

†
RAS/TP53 co-mutation, 155 (32.0%)
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IQR, interquartile range; ASA, American Society of Anesthesiologists; CEA, carcinoembryonic antigen; VEGF, vascular endothelial growth factor; 
EGFR, epidermal growth factor receptor
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