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Abstract

Background—Resection of colorectal liver metastases(CRLM) is associated with improved 

survival; however, the impact of time to resection on survival is unknown. The current multi-

institutional study sought to evaluate the influence of time from diagnosis to resection(Dx-Rx) on 

survival outcomes among patients with resectable, metachronous CRLM and to compare practice 

patterns across hospitals.

Study Design—Medical records of patients with ≤ 4 metachronous CRLM treated with surgery 

were reviewed and analyzed retrospectively. Time from Dx-Rx, was analyzed as a continuous 

variable and also dichotomized into two groups [Dx-Rx<3 months (Group 1), Dx-Rx≥ 3months 

(Group 2)] for further analysis. Survival time distributions after resection were estimated using the 

Kaplan-Meier method. Between group univariate comparisons were based on the log-rank test and 

multivariable analysis was done using Cox-proportional hazards model.
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Results—From 2000-2010, 626 patients were identified. Type of initial referral(p<0.0001) and 

use of neoadjuvant(p=0.04) and/or adjuvant (p<0.0001)chemotherapy were significantly different 

among hospitals. Patients treated with neoadjuvant chemotherapy(n=108) and those with 

unresectable disease at laparotomy(n=5) were excluded from final evaluation. Median overall(OS) 

and recurrence free(RFS) survival [median(min-max)] were 74(63.8-84.2)months and 

29(23.9-34.1)months, respectively. For the entire cohort, longer time from Dx-Rx was 

independently associated with shorter OS[Hazard ratio(HR), 95% Confidence Interval(CI)];(HR 

1.12, 95% CI 1.06-1.18, p<0.0001) but not RFS. Median OS for Group 1 was 

76(62.0-89.2)months vs. 58(34.3-81.7) months in Group 2, p=0.10. Among patients with available 

data pertaining to adjuvant chemotherapy (n=457; 318 treated, 139 untreated), OS[87(71.2-102.8) 

vs. 48(25.3-70.7) months, p<0.0001] and RFS[33(25.3-40.7) vs. 22(14.5-29.5) months, 

p=0.05]were significantly improved.

Conclusions—In select patients undergoing initial resection for CRLM, longer time from Dx-

Rx is independently associated with worse OS. Furthermore, despite uniform disease 

characteristics, practice patterns related to definitely resectable CRLM vary significantly across 

hospitals.

Introduction

Complete resection of colorectal cancer liver metastases (CRLM) is the only treatment 

consistently associated with long term survival and potential cure in up to 16% of 

patients[1]. Unfortunately, resection is only feasible in 10-20% of patients at 

presentation[2]and despite improved overall survival(OS) following hepatectomy, disease 

recurrence is common[3]. As a consequence, the potential utility of chemotherapy amongst 

patients with clearly resectable CRLM has been of clinical interest. Initial results of the 

European Organization for Research and Treatment of Cancer (EORTC) prospective 

randomized trial of surgery +/− perioperative chemotherapy for resectable CRLM suggested 

a small but significant benefit in progression free survival(PFS) at 3 years in the 

chemotherapy treatment arm [4], however, this benefit disappeared with longer follow-up[5]. 

Additionally, retrospective series have shown that outcomes in patients with minimal liver 

only metastatic disease treated with surgery first are superior to those observed in patients 

treated with neoadjuvant chemotherapy [6, 7]. These findings suggest that patients with 

clearly resectable, metachronous, liver only CRLM do not benefit from chemotherapy prior 

to hepatectomy and primary treatment should be directed at definitive oncologic resection.

Nevertheless, determining resectability is challenging and differing notions of resectable 

disease may give rise to uncertainty as to when, and in whom, surgical referral is 

appropriate. The number and location of metastases, length of disease free interval and 

presence of extrahepatic disease are the most common clinical factors used to ascertain 

resectability [8, 9]; however, the relative importance of each is debatable and subject to 

individual and institutional variability. Given the lack of uniformity in defining resectability 

and differing attitudes regarding chemotherapy, significant heterogeneity in referral and 

treatment of metachronous CRLM amenable to surgical resection exists. Lack of consensus 

regarding management in this setting may lead to unnecessary time delays to definitive 

treatment and potentially impact clinical and oncologic outcomes.
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Time delay to definitive treatment has been evaluated for a number of primary cancers, with 

mixed results[10-19]. However, no study has specifically evaluated the influence of time to 

surgery on clinical and oncologic outcomes in patients with resectable CRLM. The primary 

objective of this multi-institutional study was to evaluate the potential association between 

time from diagnosis to resection on survival outcomes in patients with resectable, 

metachronous CRLM and to characterize/compare practice patterns across study centers. To 

minimize variability related to institutional differences in the treatment of patients with very 

advanced disease, the current study specifically focused on patients with minimal, liver only, 

metastatic disease with the most favorable risk.

Methods

Study Design

Four academic referral hospitals participated in this multi-institutional study. Ethics approval 

was obtained through institutional review at each site. Patients with metachronous, 

resectable CRLM diagnosed from 2000 to 2010 were identified from institutional databases 

and retrospectively reviewed. CRLM were considered metachronous if disease free interval 

was >6 months, and resectable if there were ≤ 4 tumors amenable to complete resection in a 

single stage operation. Patients were excluded based on the following: presence of 

extrahepatic disease, use of ablative therapy to achieve R0 resection, recurrent CRLM, 

concomitant malignancy and/or use of neoadjuvant chemotherapy.

Data Collection

Demographic and clinicopathologic characteristics were obtained from institutional 

databases and supplemented with information from the medical record where necessary. 

Date of diagnosis was defined as the first radiographic evidence of CRLM and date of 

referral as the initial clinic visit addressing CRLM. Clinically relevant time intervals 

included: time from diagnosis to initial referral (Dx-Rf), initial referral to resection (Rf-Rx) 

and diagnosis to resection (Dx-Rx). Clinical risk scores (CRS) were calculated as previously 

described by Fong et al [20]. Modified CRS were tabulated for patients with missing data 

pertaining to 1 or 2 variables (n=116), no score was assigned if >2 variables were missing 

(n= 5). Patients were then stratified into either low (CRS 0-2), or high (CRS 3-5) risk 

categories prior to analysis. Operative reports were reviewed and patients with unresectable 

disease at laparotomy were excluded from final analysis. Resection margin positivity was 

defined by the presence of tumor cells at the inked margin. Postoperative complications were 

graded on a scale from 1 to 5 [21], with complications graded ≥ 3 considered major.

Follow-up time for OS analyses was from the date of surgery to the date of death or date last 

clinical contact, at which time data were censored. Post-operative disease surveillance was 

not standardized across centers. In general, however, follow-up was based on guidelines 

available at the time of resection [22]. Typically this included clinical assessment +/− serial 

CEA every 3-6 months for 2 years, then every 6 months for 3 years. Radiographic imaging 

of the chest, abdomen and pelvis was also obtained every 6-12 months for a minimum of 5 

years following resection. Disease recurrence was determined radiographically. Review of 

medical records, public access obituaries and social security death index were used to 
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determine survival status. These sources were last searched and vital statistics updated in 

January 2015.

Data Analysis

Demographic, clinicopathologic, operative and time to surgery data are presented as 

frequencies (%) or mean +/− standard deviation. All baseline measures were obtained on the 

date of surgery. Length of stay, follow up time, recurrence and survival data are expressed as 

median (min-max). Continuous data were compared using Mann-Whitney U or t-tests where 

appropriate and categorical data compared using Chi-square tests. Survival times were 

evaluated from the date of surgery to the date of censoring. The endpoint for RFS was 

disease recurrence and/or death and for OS it was death from any cause. The Kaplan-Meier 

method was used to estimate survival times. OS and RFS are reported as median (95% CI). 

Actuarial 1-, 2-, and 5-year survival rates are also reported. To identify variables 

independently associated with survival outcomes univariate analysis was completed and 

variables with p<0.10, were subsequently included in a multivariable model using Cox 

proportional hazards regression. A stepwise backward Wald method using p>0.05 as criteria 

for exclusion was employed to determine the final model. Of note, variables with more than 

10% missing data were excluded from multivariable analysis.

A maximal chi square test was used to determine if a single cutpoint in time from Dx-Rx 

existed whereby OS and/or RFS began to differ significantly [23]. Using this test no 

statistically significant cutpoint was identified. Consequently a clinically relevant cutpoint of 

3 months was determined based on the mean time from Dx-Rx from the current study and 

previously published data regarding optimal timing of resection for hepatobiliary 

malignancies [24]. Patients were stratified into two groups: Group 1- Dx-Rx <3 months and 

Group 2- Dx-Rx ≥3 months, and outcomes were compared. OS and RFS were assessed 

using the Kaplan-Meier method and comparison between groups made using the log rank 

test. Similar subgroup analyses based on use of adjuvant chemotherapy and treating hospital 

were also performed. All statistical analysis was completed using SPSS software version 21 

(Chicago IL, USA), all tests were two-tailed and significance was set at p<0.05.

Results

Patient Characteristics and Operative Outcomes

From January 2000 -December 2010, 626 patients with metachronous, resectable CRLM 

were identified; of these, 108 patients treated with neoadjuvant chemotherapy and 5 patients 

unresectable at laparotomy were excluded. The remaining 513 patients underwent surgery as 

the first mode of treatment and were included in primary analysis. Baseline demographics 

and clinicopathologic characteristics are outlined in Table 1. Following diagnosis of CRLM 

the majority of patients were initially referred to a surgeon (88.1%, n=452) rather than a 

medical oncologist. Mean time from Dx-Rf was 0.65 +/−1.43 months, from Rf-Rx 0.68 +/

−1.04 months and from Dx-Rx 1.92 +/−2.5 months. Operative characteristics and outcomes 

are outlined in Table 2. Postoperatively, 146(28.5%) patients experienced a complication, 

63(12.3%) were considered major. Overall, 30 and 60-day mortality were 0.2%(n=1) and 
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1.2%(n=6), respectively. Positive resection margins were documented in 10.3% (n=53) of 

patients and 62%(n=318) of patients received adjuvant chemotherapy.

Recurrence/Survival Analysis

Median follow-up time was 37 (0-163) months for the entire cohort and 54 (0-163) months 

for survivors. Disease recurrence occurred in 243 (47.4%) patients, median RFS was 29 

(23.9-34.1) months an estimated 1, 2, and 5 year RFS rates were 74.3%, 53.6%, and 34.1%, 

respectively (Figure 1A). Baseline demographic, clinicopathologic and operative 

characteristics outlined in Table 1 and 2 were included in univariate RFS analysis. Age, 

treating hospital, EBL, Pringle time, CRS, diameter of largest metastases, number of 

metastases, use of adjuvant chemotherapy and resection margin status were significantly 

associated with RFS (Table 3). However, time from Dx-Rf [HR (95% CI); 1.02 (0.95-1.11), 

p=0.54], Rf-Rx [0.98 (0.88-1.09), p=0.70] and Dx-Rx [1.02 (0.97-1.06), p=0.49] were not 

significantly associated with RFS. Covariates included in multivariable RFS analysis are 

outlined in Table 3. Adjuvant chemotherapy (11% missing data) and Pringle time (51% 

missing data) were not included. Furthermore, CRS correlated with tumor size (Spearman 

r=0.17, p<0.0001) and was also excluded from the model. Age, treating hospital and 

diameter of largest metastases > 5cm retained significance and were independently 

associated with RFS.

At the time of analysis, 234(45.6%) patients had died. Median OS was 74(63.8-84.2) months 

an estimated 1, 2, and 5-year OS rates were 94.5%, 86.5% and 55.7%, respectively (Figure 

1B). Among variables assessed in univariate OS analysis, age, BMI, treating hospital, 

operative procedure, EBL (per 100mL), CRS, diameter of largest metastasis, major 

complication, use of adjuvant chemotherapy and disease recurrence were significantly 

associated with OS. Time from Dx-Rf and from Dx-Rx were also significantly associated 

with OS (Table 4). Since time from Dx-Rx was correlated with time from Dx-Rf (Spearman 

r=0.60, p<0.0001) only time from Dx-Rx was included in further analysis. Results from 

multivariable OS analysis are shown in Table 4. Age, BMI, treating hospital, EBL (per 

100mL), diameter of largest metastases, disease recurrence and time from Dx-Rx maintained 

significance and were independently associated with OS.

Time from Diagnosis to Resection: <3 months versus ≥3 months

No definitive cutpoint in time from Dx-Rx was found. Thus, using current literature [10] and 

the distribution of time from Dx-Rx in the current study (1.92 +/− 2.5 months), a cutpoint of 

3 months was chosen for stratification and comparison of survival outcomes; Group 1(Dx-

Rx < 3 months, n=394) and Group 2(Dx-Rx ≥ 3 months, n=119). In terms of baseline 

demographic and clinicopathologic characteristics the groups were comparable (Table 1). 

The mean time +/− SD from Dx-Rx was 1.0+/− 0.7 months for Group 1 and 5.1+/−3.5 

months for Group 2 (p<0.0001), respectively. Time from Dx-Rf for Group 1 was 0.2+/−0.4 

months versus 2.1+/−2.3 months for Group 2 (p<0.0001). Similarly, time from Rf-Rx was 

significantly shorter in Group 1 (0.4+/−0.6 months) compared to Group 2 (1.6+/−1.6 

months, p<0.0001). Table 2 outlines operative characteristics and clinical outcomes of the 

groups. No differences were observed in postoperative complications, margin positivity, or 
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disease recurrence; however, use of adjuvant chemotherapy was more common in Group 1 

compared to Group 2 (66% vs. 49%, p=0.004).

Median follow-up time was significantly different between Groups [40 (0-163) months in 

Group 1 versus 32 (0-146) months in Group 2, p=0.02]. Median RFS was 29 (24.0-34.0) 

months in Group 1 and was not different compared to Group 2 [24(10.1-37.9) months, 

p=0.59,Figure 2A]. Median OS for Group 1 was 76 (62.8-89.2) months versus 58 

(34.3-81.7) months for Group 2 (p=0.10). Differences in OS did not achieve statistical 

significance; however, a clinically relevant tendency towards improved OS in Group 1 

compared to Group 2 was observed (Figure 2B).

Subgroup Analysis

Adjuvant Chemotherapy—Of the 513 study patients, data pertaining to adjuvant 

chemotherapy administration was available for 457 (89.1%) patients. Of these patient, 318 

(69.6%) received adjuvant chemotherapy and 139 (30.4%) did not. Of the treated patients, 

224 (70.4%) received systemic chemotherapy alone, 91 (28.6%) received combination 

hepatic artery infusion (HAI) + systemic chemotherapy and 1(0.02%) received HAI alone. 

Demographic, operative, and outcome variables were compared between groups (Table 5). 

No differences between treated and untreated patients were observed in CRS, operative 

characteristics, or margin positivity rate. Patients receiving adjuvant therapy had shorter time 

from Dx-Rx (1.58 +/−1.71 months) compared to those who did not (2.18+/−2.68), p=0.005.

Disease recurrence rate was not different between treated (166/318, 52.2%) and untreated 

(59/139, 42.4%) patients, p=0.06. However, median RFS was significantly longer in the 

adjuvant chemotherapy group [33 (25.3-40.7) months] compared to the no adjuvant 

chemotherapy group [22(14.5-29.5) months, p=0.05]. Similarly, median OS was 

significantly longer in treated patients [87(71.2-102.8) months vs. 48 (25.3-70.7) months, 

p<0.0001 (Figure 3). When patients receiving adjuvant HAI chemotherapy were excluded 

(n=92), OS remained significantly greater among treated [84(67-100) months] versus 

untreated [48(25-70) months, p=0.005] patients, while RFS did not (p=0.15). As a 

consequence of missing data (11%), adjuvant chemotherapy was not included in primary 

multivariable analysis. However, we did perform a sensitivity analysis in which adjuvant 

chemotherapy was included. In this analysis adjuvant chemotherapy was independently 

associated with OS but not with RFS. Importantly, even with the addition of adjuvant 

chemotherapy to the multivariable OS model, the association between times from Dx-Rx 

remained significant.

Treating Hospital—Demographic, operative, and outcome variables were compared 

between study centers. Time from Dx-Rf, Rf-Rx and Dx-Rx were significantly different 

across treating hospitals (p<0.0001). The proportion of initial referrals made to a surgeon 

varied from 73.9% to 99.3% (p<0.0001), use of neoadjuvant chemotherapy from 7.4-28%, 

(p=0.03) and adjuvant chemotherapy use from 44%-76%, (p<0.0001) across treating 

hospitals.

Disease recurrence rates were not different between centers (p=0.75); however, significant 

differences were observed in median RFS [32 (24.3-39.7) months, 18(7.5-28.5) months, 
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22(16.0-28.0) months and 47(9.2-84.8) months, at Hospitals 1-4, respectively, p=0.02]. 

Likewise, median OS was significantly different amongst study centers [86 (66.6-105.4) 

months, 80 (72.5-87.5) months, 45 (40.4-49.6) months and median OS not reached, at 

Hospitals 1-4, respectively, p<0.0001].

Discussion

The survival advantage for patients with CRLM amenable to resection is well established [1, 

25-28]; however, the potential relationship between time to surgical resection and survival 

outcomes is unknown. In this study, a uniform group of patients with minimal (≤ 4 

metastases), metachronous CRLM treated with surgery first were reviewed, practice patterns 

characterized, and the association of time from Dx-Rx on disease recurrence and survival 

was evaluated.

Based on clinical criteria, the current study reflects outcomes in patients with the most 

favorable risk (88% CRS 0-2). Observed OS (74 months) and RFS (29 months) are amongst 

the highest reported in modern series [29] and represent a benchmark for outcomes in this 

select population [30]. In conjunction with commonly cited clinicopathologic predictors of 

RFS and OS, the current study suggests that time from Dx-Rx is independently associated 

with OS (HR 1.13 95% CI 1.07-1.20, p<0.0001); however, it was unrelated to RFS. To date, 

time to definitive intervention has been shown to impact OS in a variety of other 

malignancies [10-13, 17, 19], however, this has not previously been reported in the setting of 

resectable CRLM. In 2010, Croome et al. [24] evaluated the impact of time from clinical 

presentation to surgical referral on resectability rates amongst 350 patients with a variety of 

hepatobiliary malignancies (76, 22% CRLM). Impact on OS was assessed as a secondary 

endpoint. It was found that time delay from Dx-Rf of >30 days was a significant 

independent predictor of worse OS (p=0.04). Unfortunately, the heterogeneity of cancer 

diagnoses included in the analysis makes interpretation difficult and application to resectable 

CRLM specifically is likely not justified.

The relationship between time to surgery and survival in the current study appears to be 

continuous in nature, with a clinically relevant tendency towards improved OS observed 

when time from Dx-Rx was < 3 months. This finding is similar to that observed in patients 

with primary hepatocellular cancer where delay to surgery of > 3 months independently 

predicted OS (Relative risk; RR 3.67, p= 0.002)[10]. In our study cohort, patients waiting ≥ 

3 months vs. < 3 months were not different in terms of age, sex, BMI, or CRS suggesting 

that longer time to surgery was unlikely related to differences in time required for surgical 

optimization and/or burden of disease; however, details regarding specific comorbid 

conditions were not available for analysis. Furthermore, longer time from Dx-Rx was 

composed of both longer time from Dx- Rf and from Rf-Rx. Prolongation of both intervals 

suggests that delays are not a consequence of a single variable but are multifactorial and 

related to the combination of patient factors, physician biases and resource availability.

To date, randomized trials have failed to show an OS benefit for adjuvant chemotherapy 

amongst patients with resectable CRLM [5, 31]. Despite this, 69.6% of 457 patients with 

available data received adjuvant chemotherapy, this rate varied significantly (44.3% to 
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80.9%) across study centers (p<0.0001). Patients receiving adjuvant chemotherapy were not 

different in terms disease burden, operative characteristics or margin positivity, suggesting 

variability in chemotherapy use may be related to institutional bias as opposed to patient or 

tumor characteristics. Adjuvant chemotherapy was more common amongst patients with 

shorter time from Dx-Rx and was strongly associated with OS and RFS on univariate 

analysis but due to missing data was not included in formal multivariable analysis. Notably, 

inclusion of adjuvant chemotherapy in a multivariable sensitivity analysis did not negate the 

independent association between time from Dx-Rx and OS, indicating that the improved OS 

observed with shorter time to surgery was not merely a surrogate for adjuvant chemotherapy.

In conjunction with adjuvant chemotherapy use, initial referral type and neoadjuvant 

chemotherapy use varied significantly across individual hospitals and likely contributed to 

differences in time delay to surgery. Importantly, these variations in practice patterns were 

observed despite uniform disease characteristics within the study cohort, and may contribute 

to differences in RFS and OS across study centers. At present, it is unlikely that any one 

treatment center’s approach to the management of this select group of patients is superior. 

However, the current study does highlight the fact that development and implementation of 

more uniform treatment strategies are requisite to reduce time delay to surgery and 

potentially improve survival outcomes.

This study is subject to the typical limitations associated with its retrospective design. 

Surveillance of patients following resection, although similar, was not standardized and may 

have impacted timing of documented recurrence events. Likewise, post-operative treatment 

and management of disease recurrence, was not consistent across study centers and limits 

direct comparisons. To date, studies of CRLM have evaluated time from presentation to 

definitive diagnosis [32], clinical characteristics and predictors of surgical referral [24, 33, 

34] and time related to therapeutic decision making [6, 9, 16]. To our knowledge, ours is the 

first study to suggest that time from Dx-Rx is significantly associated with OS and propose 

that longer time intervals from Dx-Rx portend worse OS in patients with best risk resectable 

CRLM. These findings are critically important, in that, time from Dx-Rx is a potentially 

modifiable risk factor and they suggest that increased uniformity and efficiency in delivery 

of care may impact oncologic outcomes.

Conclusion

Time from Dx-Rx is independently associated with OS in patients with the best risk CRLM. 

Its impact appears to vary along a continuum with a clinically meaningful tendency towards 

worse OS when delay is ≥ 3 months. Furthermore, even amongst high volume academic 

centers, practice patterns surrounding clearly resectable CRLM varied significantly, raising 

considerable clinical concern. These findings are novel and suggest that vigilant attention to 

timely referral, assessment, therapeutic decision making and surgical intervention in patients 

with low volume (≤4) metachronous CRLM is essential to improving patient outcomes. 

Further evaluation of this complex relationship is needed.
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Figure 1. 
Kaplan-Meier (A) recurrence-free and (B) overall survival curves for patients with 

metachronous, resectable colorectal liver metastases. Time zero = Date of surgery. Patients 

were censored at the time of event occurrence (death/recurrence) or date of last contact at the 

treating hospital.
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Figure 2. 
Comparison of Kaplan-Meier (A) recurrence-free and (B) overall survival curves based on 

time from diagnosis to resection < 3 months vs ≥ 3 months. Time zero = Date of surgery. 

Patients were censored at the time of event occurrence (death/recurrence) or date of last 

contact at the treating hospital.
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Figure 3. 
Comparison of Kaplan-Meier (A) recurrence-free and (B) overall survival curves based on 

the use of adjuvant chemotherapy. Time zero = Date of surgery. Patients were censored at 

the time of event occurrence (death/recurrence) or date of last contact at the treating hospital.
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Table 1

Baseline Demographic and Clinicopathologic Characteristics Stratified by Time from Diagnosis to Resection 

< 3 months vs ≥ 3 months

Variable Study cohort Time from
diagnosis to
surgery < 3

mo

Time from
diagnosis to

surgery ≥ 3 mo

p Value

n 513 394 (76.8) 119 (23.20

Sex 0.52

 Female 194(37.8) 152(38.6) 42(35.3)

 Male 319(62.2) 242(61.4) 77(64.7)

Age, y 64.1(11.5) 63.6(11.4) 65.7(11.7) 0.08

BMI, kg/m2 28.3(5.5) 28.2(5.4) 28.3(5.6) 0.95

Type of initial referral 0.55

 Medical 61(11.9) 45(11.4) 16(13.4)

 Surgical 452(88.1) 349(88.6) 103(86.6)

Year of surgery 0.06

 2000-05 259(50.5) 208(52.8) 51(42.9)

 2006-10 254(49.5) 186(47.2) 68(57.1)

Preoperative PVE 18(3.5) 6(1.5) 12(10.1) <0.0001

Lymph node + primary 227(44.2) 174(44.2) 53(44.5) 0.68

Preoperative CEA, ng/mL 0.72

 CEA ≤ 200 424(82.7) 336(85.3) 88(73.9)

 CEA >200 12(2.3) 9(2.3) 3(2.5)

Diameter of largest metastasis, cm 0.94

 ≤5 374(72.9) 287(72.8) 87(73.1)

 > 5 135(26.3) 104(26.4) 31(26.1)

No. of metastases 0.07

 1 316(61.6) 252(64.0) 64(53.8)

 >1 194(37.8) 141(35.8) 53(44.5)

Disease-free interval, mo 26.7(21.5) 0.56

 <12 91(17.7) 68(17.3) 23(19.3)

 ≥ 12 414(80.7) 321(81.5) 93(78.2)

Clinical Risk Score 0.82

 0 88(17.2) 71(18.0) 17(14.3)

 1 232(45.2) 179(45.4) 53(44.5)

 2 136(26.5) 102(25.9) 34(28.6)

 3 47(9.2) 34(8.6) 13(10.9)

 4 5(1.0) 4(1.0) 1(0.8)

 5 - - -

 Low risk (0-2) 456(88.9) 352(89.3) 104(87.4) 0.51
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Variable Study cohort Time from
diagnosis to
surgery < 3

mo

Time from
diagnosis to

surgery ≥ 3 mo

p Value

 High risk (3-5) 52(10.1) 38(9.6) 14(11.8)

Time from diagnosis to
referral, mo

0.65 +/− 1.43 0.21+/−0.43 2.13+/−2.30 <0.0001

Time from referral to
resection, mo

0.68 +/− 1.04 0.41+/−0.60 1.56+/−1.56 <0.0001

Time from diagnosis to
resection, mo

1.92 +/− 2.5 0.98+/−0.70 5.06+/−3.46 <0.0001

Percentages for individual variables are tabulated based on total number of patients in each group (n= 394, diagnosis to resection <3 months and 
n=119, diagnosis to resection ≥ 3 months). Categorical data are presented as frequency (%) and continuous data mean +/− standard deviation. 
p<0.05 was considered significant.

PVE, portal vein embolization; CEA, carcinoembryonic antigen.
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Table 2

Operative Characteristics and Postoperative Outcomes of Patients with Resectable Colorectal Liver Metastases 

Stratified by Time from Diagnosis to Resection < 3 months vs ≥ 3 months

Variable Study cohort Time from
diagnosis to
resection < 3

mo

Time from
diagnosis to
resection ≥ 3

mo

p Value

n (%) 513 394(76.8) 119(23.2)

Operative procedure, n
(%)

0.05

 Wedge 26(5.1) 22(5.6) 4(3.4)

 Right lobectomy 144(28.1) 107(27.2) 37(31.1)

 Left lobectomy 54(10.5) 44(11.2) 10(8.4)

 Right
 trisegmentectomy

43(8.4) 25(6.3) 18(15.1)

 Left
 trisegmentectomy

16(3.1) 12(3.0) 4(3.4)

 Central
 hepatectomy

11(2.1) 10(2.5) 1(0.8)

 Anatomic
 segmentectomy or
 sectorectomy

219(42.7) 174(44.2) 45(37.8)

Procedure time, 30
minute blocks (%)

7.3(2.6) 7.2(2.5) 7.6(2.7) 0.17

EBL, per 100 mL, (%) 5.6(6.6) 5.6(7.2) 5.6(4.4) 0.97

LOS, d, mean±SD 7.0+/− 7.8+/−4.9 8.8+/−9.2 0.10

30-d Complication, n
(%)

146(28.5) 112(28.4) 34(28.6) 0.98

Major complication, n
(%)

63(12.3) 46(11.7) 17(14.3) 0.45

30-d Mortality , n (%) 1(0.2) 1(0.3) 0(0.0) 0.59

60-d Mortality, n (%) 6(1.2) 5(1.2) 1(0.8) 0.72

Margin status , n (%) 0.68

 Positive 53(10.3) 42(10.7) 11(9.2)

 Negative 459(89.5) 352(89.3) 107(89.9)

Adjuvant
chemotherapy, n (%)

0.004

 Yes 318(62) 260(66.0) 58(48.7)

 No 139(27) 97(24.6) 42(35.3)

Disease recurrence, n
(%)

0.25

 Yes 243(47.4) 192(48.7) 51(42.9)

 No 269(52.4) 201(51.0) 68(57.1)

Time to recurrence, mo
(minimum to
maximum)

13.0(1-80) 13(1-80) 13(3-73) 0.72

Site of first recurrence,
n (%)

0.96
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Variable Study cohort Time from
diagnosis to
resection < 3

mo

Time from
diagnosis to
resection ≥ 3

mo

p Value

 Lung 103(20.1) 79(20.1) 24(20.2)

 Nodal 17(3.3) 14(3.6) 3(2.5)

 Liver 77(15.0) 60(15.2) 17(14.3)

 Local/pelvic 12(2.3) 10(2.5) 2(1.7)

 Peritoneal 15(2.9) 13(3.3) 2(1.7)

 Anastomotic 3(0.6) 2(0.5) 1(0.8)

 Adrenal 1(0.2) 1(0.3) 0(0)

 Other 14(2.7) 12(3.0) 2(1.7)

Status at last follow up,
n (%)

0.86

 NED 291(56.7) 221(56.1) 70(58.8)

 AWD 198(38.6) 152(38.6) 43(36.1)

 DWD 24(4.7) 18(4.6) 6(5.0)

Follow-up time, mo
(minimum to
maximum)

37.0(0-163) 40(0-163) 32(0-146) 0.02

Percentages for individual variables are tabulated based on total number of patients in each group (n= 394, Dx-Rx <3 months and n=119, Dx-Rx ≥ 
3 months). Categorical data are presented as frequency (%), continuous data as mean +/− standard deviation and follow-up time/time to recurrence 
are presented as median (min-max). p<0.05 was considered significant.

EBL, estimated blood loss; LOS, length of stay; NED, no evidence of disease; AWD, alive with disease; DWD, dead with disease.
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Table 3

Univariate and Multivariable Recurrence-Free Survival Analysis for Patients with Low Volume, 

Metachronous, Colorectal Liver Metastases

Variable Univariate
HR

Univariate
95% CI

p Value Multivariable
HR

Multivariable
95% CI

p Value

Age, y 1.02 (1.01-1.03) 0.004 1.01 1.00-1.03 0.01

Hospital 0.02 0.03

 1 1.0 (ref) - 1.0 (ref) -

 2 1.22 (0.86-1.71) 1.09 0.76-1.57

 3 1.49 (1.15-1.93) 1.52 1.15-2.03

 4 0.95 (0.54-1.67) 0.83 0.42-1.62

EBL, per 100
mL

1.02 (1.00-1.03) 0.02 1.01 1.00-1.02 0.13

Pringle time,
min

1.02 (1.01-1.03) 0.004 - - -

No. of
metastases

0.06 0.31

 1 1.0 (ref) - 1.0 (ref) -

 >1 1.24 (0.99-1.55) 1.14 0.89-1.46

Diameter of
largest
metastases, cm

0.02 0.01

 ≤ 5 1.0 (ref) - 1.0 (ref) -

 >5 1.34 (1.05-1.70) 1.40 1.08-1.82

Clinical risk
score

<0.0001

 Low risk(0-
 2)

1.0 (ref) - - - -

 High risk(3-
 5)

1.86 (1.35-2.57)

Positive
resection
margin

1.43 (1.03-1.99) 0.03 1.38 0.97-1.97 0.07

30-d
Complication

1.23 (0.97-1.56) 0.09 0.98 0.75-1.28 0.88

Adjuvant
chemotherapy

0.78 (0.60-1.00) 0.05 - - -

53 (11%) patients and 262 (51%) of patients were missing data pertaining to adjuvant chemotherapy use and Pringle time, respectively, as such 
these were not included in the final multivariable model. Clinical risk score was correlated with tumor size (Spearman r=0.17, p<0.0001) and was 
excluded from the final multivariable model.

HR, hazard ratio; 95% CI, 95% confidence interval; (ref), reference category; EBL, estimated blood loss.
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Table 4

Univariate and Multivariable Overall Survival Analysis for Patients with Low Volume, Metachronous, 

Colorectal Liver Metastases

Variable Univariate
HR

Univariate
95% CI

P-value Multivariabl
e HR

Multivariabl
e 95% CI

p Value

Age 1.02 (1.01-1.03) 0.001 1.02 1.00-1.03 0.005

BMI 0.97 (0.94-0.99) 0.02 0.97 0.94-1.00 0.04

Hospital <0.0001 <0.0001

 1 1.0 (ref) - 1.0 (ref) -

 2 1.07 (0.69-1.66) 0.56 0.33-0.95

 3 1.92 (1.43-2.57) 1.8 1.28-2.53

 4 0.95 (0.48-1.87) 0.79 0.34-1.81

Primary procedure 0.02 0.12

 Wedge 1.0 (ref) - 1.0 (ref) -

 Right lobectomy 0.80 (0.45-1.42) 0.77 0.37-1.58

 Left lobectomy 0.65 (0.33-1.28) 0.56 0.24-1.29

 Right
 trisegmentectomy

0.93 (0.48-1.82) 0.98 0.43-2.23

 Left
 trisegmentectomy

1.01 (0.45-2.28) 0.86 0.33-2.26

 Central
 hepatectomy

2.12 (0.89-5.07) 2.21 0.79-6.20

 Anatomic
 segmentectomy

0.63 (0.36-1.11) 0.71 0.36-1.39

EBL, per 100 mL 1.02 (1.01-1.04) 0.006 1.02 1.0-1.04 0.05

No. of metastases 0.06 0.64

 1 1.0 (ref) - 1.0 (ref) -

 >1 1.29 (0.99-1.67) 1.08 0.79-1.47

Diameter of largest
metastases, cm

0.003 0.02

 ≤5 1.0 (ref) - 1.0 (ref) -

 >5 1.51 (1.15-1.99) 1.45 1.07-2.00

Clinical risk score 0.001

 Low risk (0-2) 1 (ref) - - - -

 High risk (3-5) 1.84 (1.28-2.65) - - -

Time from Dx-Rf 1.08 (1.01-1.17) 0.03 - - -

Time from Dx-Rx 1.06 (1.01-1.12) 0.01 1.12 1.06-1.18 <0.0001

30-d Complication 1.29 (0.97-1.70) 0.08 0.81 0.54-1.22 0.31

Major complication 1.47 (1.03-2.10) 0.04 1.15 0.75-1.75 0.53

Positive resection
margin

1.44 (0.98-2.10) 0.06 1.07 0.69-1.65 0.77

Adjuvant
chemotherapy

0.58 (0.43-0.78) <0.0001 - - -
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Variable Univariate
HR

Univariate
95% CI

P-value Multivariabl
e HR

Multivariabl
e 95% CI

p Value

Recurrence 2.69 (2.03-3.57) <0.0001 2.68 1.95-3.67 <0.0001

53 (11%) patients were missing data pertaining to adjuvant chemotherapy use and were not included in the final multivariable model. Clinical risk 
score correlated with tumor size (Spearman r=0.17, p<0.0001), and time from Dx-Rf correlated with time from Dx-Rx (Spearman r=0.6) and were 
excluded from multivariable model.

HR, hazard ratio; 95% CI, 95% confidence interval; (ref), reference category; BMI, basal metabolic index; EBL, estimated blood loss; Dx-Rf, 
diagnosis to referral; Dx-Rx, diagnosis to resection.
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Table 5

Demographic, Clinicopathologic, Operative and Outcomes Characteristics of Patients with Resectable 

Metachronous Colorectal Liver Metastases Stratified by Use of Adjuvant Chemotherapy

Variable No adjuvant
chemotherapy

Adjuvant
chemotherapy

p Value

n=457 (%) 139(30.4) 318(69.6)

Sex

 Female 61(44.0) 117(37) 0.15

 Male 78(56.0) 201(63)

Age, y 66.8+/−11.6 62.3+/−11.3 <0.0001

BMI, kg/m2 28.1+/−6.0 28.3+/−5.1 0.79

Year of surgery

 2000-05 54(38.8) 174(54.7) 0.002

 2006-10 85(61.2) 144(45.3)

Hospital site <0.0001

 1 50(36.0) 212(66.7)

 2 34(24.5) 35(11.0)

 3 47(33.8) 60(18.9)

 4 8(5.8) 11(3.5)

Country <0.0001

 USA 97(69.8) 272(85.5)

 Canada 42(30.2) 46(14.5)

Type of initial referral 0.23

 Medical 14(10.1) 45(14.2)

 Surgical 125(89.9) 273(85.8)

Type of procedure 0.64

 Wedge 10(7.2) 15(4.7)

 Right hepatectomy 43(30.9) 84(26.4)

 Left hepatectomy 13(9.4) 35(11.0)

 Extended right
 hepatectomy

8(5.8) 30(9.4)

 Extended left
 hepatectomy

4(2.9) 11(3.5)

 Central hepatectomy 4(2.9) 6(1.9)

 Anatomic
 Segmentectomy
 (including left lateral)

57(41.0) 137(43.1)

Preoperative PVE 5(3.6) 12(3.8) 0.98

HAI

 No - 224(70.4) -

 Yes - 91(28.6)

30-d Mortality 1(0.7) 0(0) 0.12
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Variable No adjuvant
chemotherapy

Adjuvant
chemotherapy

p Value

30-d Complication 50(36.0) 83(26.1) 0.03

Major complication 21(15.1) 36(11.3) 0.26

Lymph node + primary 72(51.8) 140(44.0) 0.003

Preoperative CEA, ng/mL 0.44

 ≤200 112(80.6) 275(86.5)

 >200 2(1.4) 9(2.8)

Diameter of largest
metastases, cm

0.93

 ≤5 102(73.4) 234(73.6)

 > 5 35(25.2) 82(25.8)

No. of tumors 0.15

 1 79(56.8) 202(63.5)

 >1 60(43.2) 114(35.8)

Disease-free interval, mo 0.99

 <12 23(16.5) 53(16.7)

 ≥12 114(82.0) 262(82.4)

Clinical risk score 0.07

 0 23(16.5) 52(16.4)

 1 53(38.1) 157(49.4)

 2 48(34.5) 73(23.0)

 3 11(7.9) 32(10.1)

 4 2(1.4) 2(0.6)

 5 - -

Clinical risk score
dichotomized

0.68

 Low risk (CRS 0-2) 124(89.2) 284(88.7)

 High risk (CRS 3-5) 13(9.4) 34(10.7)

Margin status 0.06

 Positive 9(6.5) 39(12.3)

 Negative 130(93.5) 278(87.4)

Recurrence 0.06

 Yes 59(42.4) 166(52.2)

 No 80(57.6) 152(47.8)

Site of first recurrence 0.73

 Lung 27(19.4) 71(22.3)

 Nodal 3(2.2) 13(4.1)

 Liver 18(12.9) 52(16.4)

 Local/Pelvic 2(1.4) 10(3.1)

 Peritoneal 5(3.6) 10(3.1)

 Anastomotic 2(1.4) 1(0.3)

J Am Coll Surg. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Leal et al. Page 23

Variable No adjuvant
chemotherapy

Adjuvant
chemotherapy

p Value

 Adrenal 0(0) 1(0.3)

 Other 3(2.2) 7(2.2)

Status at last follow-up 0.59

 NED 82(59.0) 172(54.1)

 AWD 50(36.0) 129(40.6)

 DOD 6(4.3) 16(5.0)

Survival status 0.60

 Dead 64(46.0) 180(56.6)

 Alive 75(54.0) 138(43.4)

LOS, d 8.3+/−6.7 8.0+/−6.4 0.72

Time from Dx-Rf, mo 0.72+/−1.4 0.55+/−1.30 0.23

Time from Rf-Rx, mo 0.78+/−1.10 0.63+/−0.96 0.14

Time from Dx-Rx, mo 2.18+/−2.68 1.58+/−1.71 0.005

Procedure time, per 30 min 6.9+/−2.3 7.6+/−2.7 0.007

Pringle time, min 33.1+/−13.9 34.9+/−14.0 0.44

EBL, per 100mL 6.2+/−6.7 5.2+/−4.8 0.08

Follow-up time from
surgery, mo

24(0-150) 49(0-163) <0.0001

Percentages for individual variables are tabulated based on total number of patients in each group (n=139, no adjuvant chemotherapy group and 
n=318, adjuvant chemotherapy). Categorical data are presented as frequency (%), continuous data as mean +/− standard deviation and follow-up 
time median (min-max). P<0.05 was considered significant.

BMI, basal metabolic index; PVE, portal vein embolization; EBL, estimated blood loss; CEA, carcinoembryonic antigen; HAI, hepatic artery 
infusion; NED, no evidence of disease; AWD, alive with disease; DOD, dead of disease; LOS, length of stay; Dx-Rf, diagnosis to referral; Rf-Rx, 
referral to resection; Dx-Rx, diagnosis to resection.

J Am Coll Surg. Author manuscript; available in PMC 2017 May 01.


	Abstract
	Introduction
	Methods
	Study Design
	Data Collection
	Data Analysis

	Results
	Patient Characteristics and Operative Outcomes
	Recurrence/Survival Analysis
	Time from Diagnosis to Resection: <3 months versus ≥3 months
	Subgroup Analysis
	Adjuvant Chemotherapy
	Treating Hospital


	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

