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ABSTRACT

Background. After resection of colorectal liver metas-

tases (CLM), up to 40% of patients will develop

intrahepatic recurrence. This study aims to identify patterns

of intrahepatic recurrence and their impact on survival after

preoperative chemotherapy and CLM resection.

Methods. A retrospective review was performed of

patients developing intrahepatic recurrence after CLM

resection following preoperative chemotherapy.

Prechemotherapy, preoperative, and postoperative com-

puted tomography scans were reviewed. Recurrences were

classified as in situ, de novo, or both in situ and de novo.

Median follow-up was 42 months (range 2–144 months).

Results. Among 223 patients meeting study criteria,

intrahepatic recurrence was identified a median of

9 months after hepatectomy. Isolated de novo or in situ

recurrence developed in 105 (47%) and 86 (39%) patients,

respectively. Thirty-two patients (14%) developed both

in situ and de novo recurrence, which was associated with

significantly lower median overall survival of 33 months

compared with 49 and 45 months with isolated in situ or de

novo recurrence, respectively (p = 0.048). Among 118

patients (53%) who developed in situ recurrence as a

component of disease relapse, recurrences resulted from

disappearing or missed liver metastases in 47 patients

(40%).

Conclusions. An intrahepatic recurrence pattern of both

in situ and de novo metastases after CLM resection fol-

lowing preoperative chemotherapy predicts significantly

worse overall survival compared with isolated in situ or de

novo recurrence.

Colorectal cancer is the third highest cause of cancer-

related mortality in the USA, and most patients dying of

colorectal cancer will have liver metastases.1 Owing to

advances in systemic therapy, surgical technique, and

diagnostic and interventional radiology, more patients are

eligible for hepatic resection with curative intent, which is

associated with a 5-year overall survival rate of 58%.2

However, after hepatic resection, 50–70% of patients will

suffer disease relapse, most commonly in the remnant

liver.3 Prior studies have examined all sites of disease

relapse after resection of colorectal liver metastases (CLM)

and demonstrated that isolated liver or pulmonary recur-

rence is associated with better survival than multiple sites

of disease failure.4,5

For patients who develop intrahepatic recurrence, the

prognostic significance of in situ compared with de novo

metastases is not well established. Recognizing patterns of

intrahepatic recurrence and their prognostic implications

can potentially inform surgical strategies to prevent in situ

relapse and guide therapy for recurrent disease. The aims

of this study are to analyze patients who developed intra-

hepatic recurrence after CLM resection following

preoperative chemotherapy and to determine survival out-

comes based on patterns and treatment of intrahepatic

recurrence.

PATIENTS AND METHODS

Patients

From 819 patients undergoing CLM resection after

preoperative chemotherapy at the University of Texas MD
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Anderson Cancer Center between 2004 and 2011, 223

patients suffered disease relapse in the liver as a component

of first recurrence and had prechemotherapy, preoperative,

and postoperative computed tomography (CT) imaging

available. Computerized medical records were reviewed

for data on clinicopathological factors, tumor recurrence,

and patient survival. Major hepatectomy was defined as

anatomic resection of three or more Couinaud segments.6

The number and diameter of liver metastases were deter-

mined from surgical pathology specimens. R1 resection

margin was defined as tumor cells\ 1 mm of the tran-

section line.

Pre- and postoperative chemotherapy was administered

at the discretion of treating providers. Our institutional

practice is to administer short-course preoperative

chemotherapy to most patients before liver resection, fol-

lowed by postoperative chemotherapy to complete

6 months total of systemic therapy.7 Selection criteria for

liver resection include sufficient future liver remnant vol-

ume and technical resectability, as previously described.8,9

Patients with insufficient future liver remnant volume

underwent portal vein embolization.10 Two-stage hepatec-

tomy, with our without portal vein embolization, was

performed in patients with bilateral metastases that could

not be safely resected in one stage.11 Patients with extra-

hepatic disease were considered for surgery if all sites of

disease could be resected, or if patients had indeterminate

or disappearing lung lesions.

This study was approved by the institutional review

board at the University of Texas MD Anderson Cancer

Center.

CT Technique and Analysis

Triphasic liver protocol CT scans included an unen-

hanced evaluation of the liver, followed by images

obtained 30, 50, and 70 s after the start of intravenous

injection of ioversol at rate of 5 mL/s. Image reconstruc-

tion thicknesses used for diagnostic interpretation were 2.5

and 5 mm.

Recurrence

Disease recurrence was recorded as the first site(s) of

relapse after initial hepatectomy. In situ intrahepatic

recurrence was defined as metastases visible on CT before

chemotherapy or developing at the margin of prior resec-

tion or ablation. De novo recurrence was defined as new

tumors remote from the site of metastases identified on

prechemotherapy and preoperative CT scans.

Statistical Analysis

Comparisons between groups were analyzed using the

Chi squared test for categorical data and Mann–Whitney

test for continuous variables. Overall survival was calcu-

lated from date of initial hepatic resection, unless otherwise

specified. For patients undergoing two-stage hepatectomy,

survival was calculated from date of the second-stage

hepatectomy. Survival was estimated by Kaplan–Meier

method, and comparisons between groups were performed

using the log-rank test. p value\ 0.05 was considered

statistically significant. Statistical analysis was performed

using SPSS Statistics 24.0 (IBM Corporation, Armonk,

NY, USA). Data are presented as median (range), unless

otherwise specified.

RESULTS

Patients

Among 819 patients undergoing CLM resection after

preoperative chemotherapy, 223 patients developed intra-

hepatic disease relapse as a component of first recurrence

and had prechemotherapy, preoperative, and postoperative

CT imaging available. In addition to preoperative CT, 24 of

the 223 patients (11%) underwent magnetic resonance

imaging (MRI). Clinicopathologic factors of the 223

patients are listed in Table 1. Resection of a solitary liver

metastasis was performed in 46 patients (21%) and multi-

ple CLM in 177 patients (79%). Most patients received

FOLFOX and bevacizumab preoperatively. At time of

initial hepatic resection, 37 patients (17%) had extrahepatic

disease, most commonly in the lungs (n = 18) and portal

lymph nodes (n = 6).

Patterns of Recurrence

The initial recurrence involved the liver only in 137

patients (61%) and liver and extrahepatic sites in 86

patients (39%). Sites of extrahepatic metastases were the

lungs (n = 43), intraabdominal and/or retroperitoneal

lymph nodes (n = 14), peritoneum (n = 9), bone (n = 1),

colon (n = 1), and multiple sites (n = 18).

Intrahepatic recurrences were classified as de novo in

105 patients (47%), in situ in 86 patients (39%), and both

de novo and in situ in 32 patients (14%). Among the 118

patients with in situ recurrence as a component of disease

relapse, reasons for local failure were disappearing or

missed metastases in 47 patients (40%), marginal recur-

rence after resection in 55 patients (47%), and local tumor

progression after ablation in 16 patients (13%).
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Patterns of Intrahepatic Recurrence and Overall

Survival

For all patients, median follow-up was 42 months (range

2–144 months); median and 5-year overall survival rates

were 44 months [95% confidence interval (CI)

39–49 months] and 34%. Among patients with both de

novo and in situ recurrence, median and 5-year overall

survival rates were 33 months (95% CI 21–45 months) and

24%, compared with 45 months (95% CI 35–55 months)

and 34% with isolated de novo recurrence, and 49 months

(95% CI 41–57 months) and 38% with isolated in situ

recurrence (Fig. 1, p = 0.048).

Median time to recurrence was 9 months for all patients

and not significantly different based on patterns of intra-

hepatic recurrence. Median recurrence-free survival was

8 months (95% CI 7–9 months) with de novo recurrence,

9 months (95% CI 7–11 months) with in situ recurrence,

and 6 months (95% CI, 3–9 months) with both de novo and

in situ recurrence (p = 0.065).

Factors at the initial hepatic resection significantly

associated with development of both de novo and in situ

intrahepatic recurrence were R1 margin, concomitant

ablation, bilateral liver metastases,[ 1 liver metastasis,

and duration of preoperative chemotherapy C 6 months

(Table 2).

On multivariable analysis, pattern of intrahepatic

recurrence as both de novo and in situ recurrence was an

independent predictor of overall survival (Table 3). Other

factors independently associated with overall survival were

extrahepatic disease at time of hepatectomy and size of

largest metastasis[ 5 cm.

Extrahepatic Recurrence

Disease relapse in both the liver and extrahepatic sites

occurred in 45% (47 of 105) of patients with de novo

intrahepatic recurrence, 37% (23 of 63) of patients with

in situ recurrence, and 50% (16 of 32) of patients with both

de novo and in situ recurrence (p = 0.014).

TABLE 1 Clinicopathologic factors of 223 patients developing

intrahepatic recurrence after resection of colorectal liver metastases

following preoperative chemotherapy

Factor n (%)

Median age (range), years 58 (25–82)

Gender

Male 141 (63)

Female 82 (37)

Primary tumor

Colon 178 (80)

Rectum 45 (20)

Preoperative chemotherapy

Oxaliplatin based 164 (74)

Irinotecan based 41 (18)

Both oxaliplatin and irinotecan 13 (6)

5-Fluorouracil or capecitabine alone 5 (2)

Preoperative biologic agents

Anti-VEGF 163 (73)

Anti-EGFR 10 (4)

Both anti-VEGF and anti-EGFR 9 (4)

None 41 (18)

Median duration of preoperative chemotherapy

(range), months

3 (1–31)

Postoperative chemotherapy 128 (57)

Node-positive primary tumora 167 (80)

Bilateral metastases 151 (68)

Two-stage resection 27 (12)

Portal vein embolization 39 (17)

Extrahepatic metastases at time of hepatectomy 37 (17)

Major hepatectomy 143 (64)

Concomitant radiofrequency ablation 46 (21)

Resection margin

R0 174 (78)

R1 49 (22)

Median diameter of largest metastasis (range), cm 2.5 (0.3–15.0)

Median number of liver metastases (range) 3 (1–76)

VEGF vascular endothelial growth factor, EGFR epidermal growth

factor receptor
aData not available in 15 patients
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FIG. 1 Overall survival from date of hepatic resection, stratified by

pattern of intrahepatic recurrence
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Treatment of Intrahepatic Recurrence

Treatment of intrahepatic recurrence included surgery or

ablation in 79 patients, chemotherapy alone in 124 patients,

and chemotherapy plus external-beam radiation or yttrium-

90 radioembolization in 13 patients. Seven patients

received best supportive care. Median and 3-year overall

survival rates from date of initial intrahepatic recurrence

were 59 months (95% CI 51–67 months) and 74% for

patients undergoing repeat hepatectomy or ablation,

25 months (95% CI 19–31 months) and 32% with

chemotherapy alone, 37 months (95% CI 11–63 months)

and 51% with chemotherapy plus radiotherapy, and

5 months (95% CI 1–7 months) and 0% with best sup-

portive care (Fig. 2, p\ 0.001).

Repeat hepatectomy or ablation was performed in 42%

(36 of 86) of patients with in situ recurrence, 33% (35 of

105) of patients with de novo recurrence, and 25% (8 of 32)

of patients with both in situ and de novo recurrence

(p = 0.19).

DISCUSSION

Despite advances in surgical technique and periopera-

tive chemotherapy, and improved patient selection, relapse

in the remnant liver occurs in up to 40% of patients after

resection of CLM.12 Recognizing patterns of intrahepatic

recurrence and their prognostic significance is important in

informing surgical strategy at the initial hepatectomy to

potentially prevent remnant liver recurrence and to guide

treatment decisions for recurrent disease. The aims of this

study are to analyze patients whose initial site(s) of

recurrence after preoperative chemotherapy and CLM

resection involved the liver and to identify patterns of

intrahepatic recurrence and their effects on patient survival.

In this study, a minority of patients (14%) developed

both in situ and de novo intrahepatic recurrence compared

with isolated in situ (39%) or de novo (47%) relapse.

Factors at initial hepatectomy that correlated with devel-

opment of both in situ and de novo recurrence were

multiple, bilateral metastases, receipt of C 6 months of

chemotherapy, R1 margin, and concomitant ablation.

Extrahepatic disease as a component of disease failure

occurred in more patients with both de novo and in situ

intrahepatic recurrence (50%) than patients with isolated

in situ (37%) or de novo (45%) recurrence. The median

overall survival rate with both in situ and de novo intra-

hepatic recurrence was 33 months compared with 45 and

49 months with isolated de novo or in situ recurrence,

respectively. These data support prior studies showing that

local intrahepatic recurrence alone does not determine

survival.13,14 On the other hand, disseminated disease in

the form of both in situ and de novo intrahepatic recur-

rence, compounded by extrahepatic disease, signals poor

tumor biology and worse patient survival.

Recurrent liver metastases after CLM resection are

hypothesized to represent progression of disease over-

looked at the first liver resection.15 In this report, 53% of

patients developed in situ intrahepatic recurrence, resulting

from disappearing or missed metastases, marginal recur-

rence, or progression after ablation. Other studies have

shown low rates of local failure after hepatic resection,

ranging from 2 to 4%.2,16 The high rate of local recurrence

in the present study is attributable to careful review of

prechemotherapy imaging for disappearing or missed liver

metastases. Furthermore, the current analysis is limited to

only patients who suffered intrahepatic disease relapse, in

contrast to prior studies that evaluated all patients under-

going CLM resection.

TABLE 2 Factors associated with pattern of intrahepatic recurrence in 223 patients, n (%)

De novo, n = 105 In situ, n = 86 Both de novo and in situ, n = 32 p

Major hepatectomy 72 (69) 52 (60) 19 (59) 0.424

Two-stage hepatectomy 12 (11) 9 (10) 6 (19) 0.452

R1 margin 19 (18) 17 (20) 13 (41) 0.022

Ablation during liver resection 11 (18) 24 (28) 11 (34) 0.001

Bilateral liver metastases 62 (59) 62 (72) 27 (84) 0.015

[ 1 liver metastasis 88 (84) 61 (71) 28 (88) 0.043

Extrahepatic disease at time of hepatectomy 22 (21) 9 (10) 6 (19) 0.143

Duration of preoperative chemotherapy C 6 months 16 (15) 25 (29) 14 (44) 0.002

Diameter of largest metastasis[ 5 cm 18 (17) 10 (12) 9 (28) 0.099

Receipt of postoperative chemotherapy 63 (60) 46 (53) 19 (59) 0.644
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In situ intrahepatic recurrence resulted from disappear-

ing or missed metastases in 40% of patients and marginal

recurrence in 47% of patients. A report by Owen et al.

categorized metastases not visualized on intraoperative

ultrasound but retrospectively identified on MRI as missed

metastases.14 Such metastases were typically multiple,

small, and not individually identified in radiology reports.

Recurrence of disappearing or missed CLM underscores

the need for annotation of individual metastases and

resection of all metastases visualized on prechemotherapy

imaging.13 The current study shows that marginal recur-

rence represents a significant cause of disease failure.

Although the necessary width of negative resection margin

is controversial, most series demonstrate that a positive

margin is an independent predictor of worse survival.16,17

Taken together, these results highlight the importance of

high-quality imaging, particularly before chemotherapy,

and negative margins at the initial hepatectomy to avoid

preventable recurrences.

Intraoperative ablation at time of initial hepatectomy

was significantly associated with development of both

in situ and de novo intrahepatic recurrence. A study by

Abdalla et al. observed an intrahepatic recurrence rate of

28% after concomitant ablation and resection compared

with 11% after resection alone.2 Brouquet and colleagues

analyzed 28 patients who underwent resection of postab-

lation CLM recurrence, including in situ recurrence in 22

patients, de novo metastases in 2 patients, and both in situ

and de novo recurrence in 4 patients.18 Resection after

prior ablation was associated with significant 90-day

postoperative morbidity and mortality rates of 46% and

7%, respectively. Twelve of the 28 patients underwent

TABLE 3 Multivariable overall survival analysis of 223 patients who developed intrahepatic recurrence after resection of colorectal liver

metastases

Factor n Median OS, months 5-year OS (%) Univariable p Multivariable p Hazard ratio

Age 0.705

Gender 0.740

Male 141 43 31

Female 82 45 39

Extrahepatic disease at time of hepatectomy 0.011 0.012 1.63 (1.12–2.39)

Yes 37 33 19

No 186 46 37

[ 1 liver metastasis 0.091

Yes 177 42 30

No 46 56 50

Diameter of largest metastasis[ 5 cm \ 0.001 0.006 1.74 (1.17–2.57)

Yes 37 27 20

No 186 47 37

Two-stage hepatectomy 0.864

Yes 27 43 28

No 196 44 35

Major hepatectomy 0.009 0.050 1.38 (1.00–1.91)

Yes 143 40 29

No 80 52 43

Radiofrequency ablation 0.198

Yes 46 43 24

No 177 45 37

Resection margin 0.118

R0 174 45 36

R1 49 42 29

Pattern of intrahepatic recurrence 0.030 0.030 1.58 (1.05–2.38)

De novo or in situ 191 46 36

Both de novo and in situ 32 33 24

OS overall survival

Hepatic Relapse After Colorectal Liver Metastases 279



resection of adjacent organs, most commonly the dia-

phragm. These data support resection over ablation as gold-

standard treatment for resectable CLM.19 In carefully

selected patients who require parenchymal sparing, CT-

guided percutaneous ablation after hepatectomy of metas-

tases\ 2 cm is associated with a 0% local tumor

progression rate.20

Strategies to prevent intrahepatic recurrence include

preoperative imaging with MRI and hepatic arterial infu-

sion pump chemotherapy (HAI). Preoperative

chemotherapy induces pathological changes in the liver

parenchyma, which decrease the sensitivity of CT imaging

and intraoperative ultrasound.21 Prior studies have shown

increased sensitivity of MRI over CT to identify hepatic

metastases after chemotherapy, particularly with the use of

hepatobiliary contrast agents.13,14,22 Randomized studies

have demonstrated that adjuvant HAI increases progres-

sion-free and hepatic progression-free survival compared

with systemic therapy alone.23,24

Treatment of intrahepatic recurrence included repeat

hepatectomy or ablation in 79 patients (35%), which was

associated with median overall survival of 59 months from

date of recurrence. Repeat hepatectomy or ablation was

performed in a higher percentage of patients with isolated

in situ recurrence (42%) than patients with both de novo

and in situ (25%) or isolated de novo recurrence (33%).

Prior studies have shown that survival after repeat hepa-

tectomy is comparable to survival after initial resection of

CLM.3,15,25,26 Factors associated with worse survival after

repeat hepatectomy include CLM size C 5 cm and R1

resection at initial hepatectomy, and RAS mutations.26,27

These findings suggest that durable survival can be

achieved after repeat hepatectomy in selected patients with

favorable tumor biology.

A limitation of this study is the lack of a denominator of

patients who did not recur after CLM resection. Extensive

literature has been published on risk factors for disease

relapse after CLM resection, which were not the focus of

the present study.5,25 Another limitation is the absence of

data on somatic mutations, because many patients in the

study did not undergo mutational testing. BRAF and RAS

mutations have been shown to be important predictors of

recurrence and prognosis.28,29 Furthermore, only 11% of

patients underwent preoperative MRI. The small number of

patients undergoing preoperative MRI precluded analysis

of the differences in true complete response rates with

addition of MRI compared with CT alone. Prior studies

have shown that the inability to detect liver metastases on

MRI imaging is predictive of true complete response.22,30

In conclusion, this analysis of intrahepatic recurrence

after preoperative chemotherapy and CLM resection

demonstrates that both de novo and in situ intrahepatic

recurrence predicts significantly worse overall survival

than isolated de novo or in situ recurrence. In situ intra-

hepatic relapse occurred in 53% of patients and resulted

from disappearing or missed liver metastases, marginal

recurrence, or local tumor progression after ablation. One-

third of patients in this series underwent repeat hepatec-

tomy or ablation, which was associated with prolonged

survival from date of recurrence.
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