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Abstract

 Background—In patients with bilateral colorectal liver metastases (CLM) not resectable in 

one operation, 2-stage hepatectomy is the standard surgical approach. The objective of this study 

was to determine factors associated with safety and efficacy of 2-stage hepatectomy.

 Study Design—The study included all 109 patients for whom two-stage hepatectomy for 

CLM was planned during 2003-2014. RAS mutation status and other clinicopathologic factors 

were evaluated for association with major complications and survival using multivariate analysis.

 Results—Two-stage hepatectomy was completed in 89 of 109 patients (82%). Reasons for 

dropout after first stage were disease progression (n=12), insufficient liver growth (n=5), and 

complications after first stage or portal vein embolization (n=3). More than six cycles of 

preoperative chemotherapy were associated with failure to proceed to second stage (p=0.009). 

Rates of major complications (26% vs. 6%; p<0.001) and 90-day mortality (7% vs. 0%; p=0.006) 

were higher after second stage. The cumulative rate of major complications was 15% (n=29). 

Factors independently associated with major complications were rectal primary tumor, 

metachronous CLM, and more than one lesion resected at first stage. At median follow-up of 29.5 

months, 3-year (68% vs. 6%; p<0.001) and 5-year overall survival rates (49% vs. 0%; p<0.001) 

were better after two-stage hepatectomy completion than noncompletion. Factors independently 

associated with poor overall survival were rectal primary tumor (p=0.044), more than five CLM 

(p=0.043), need for chemotherapy after first stage (p=0.046), and RAS mutation (p<0.001).

 Conclusions—RAS mutation independently predicts the oncologic efficacy of two-stage 

hepatectomy and may help guide patient selection for this aggressive surgical strategy.
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 Introduction

Advances in chemotherapy and surgical techniques during the past decade have improved 

the prognosis of patients with colorectal liver metastases (CLM) considerably. Two-stage 

hepatectomy, first described in 2000, (1) in combination with systemic chemotherapy has 

become the standard of care for patients with bilateral CLM that cannot be resected in one 

operation because of insufficient volume of the future liver remnant.(2) The main problems 

with two-stage hepatectomy are morbidity rates of 20% to 59%, mortality rates of up to 7%, 

(2-8) and progression after first-stage resection resulting in noncompletion of second-stage 

resection in 20% of patients.(9)

During the past decade, mutations in the rat sarcoma viral oncogene homolog (RAS) have 

been found in 15% to 35% of patients with resectable CLM and have been associated with 

worse survival.(10-12) Clinical parameters initially reported as prognostic factors after CLM 

resection, including CLM size, number of CLM, and carcinoembryonic antigen level, have 

limited clinical value in the era of modern chemotherapy.(13) Clinicopathological score (3) 

and pathological response (14, 15) have been reported to be major prognostic factors but can 

only be evaluated postoperatively following examination of the resected surgical specimen. 

Unlike clinical parameters, RAS mutation appears to remain a reliable prognostic factor over 

time, even after interval chemotherapy, (16) and does not depend on pathological analysis of 

the resected surgical specimen. Recently, RAS mutation status was reported to be a major 

biological prognostic factor after liver resection for CLM.(17) To date, no study has 

evaluated the effect of RAS mutation status on outcome after two-stage hepatectomy.

Because of the low numbers of patients with bilateral CLM amenable to resection, it has 

been difficult to determine factors influencing postoperative outcomes and survival after 

two-stage hepatectomy. The purpose of our study was to determine factors associated with 

safety and oncologic efficacy after two-stage hepatectomy using a large institutional 

prospective database of patients undergoing resection of bilateral CLM.

 Methods

 Patient population

The Institutional Review Board of The University of Texas MD Anderson Cancer Center 

approved this study protocol (IRB 15-0203). A total of 1502 patients underwent surgical 

resection of CLM between November 2003 and September 2014 and had their 

clinicopathologic factors prospectively recorded in a liver-resection database. Of these 

patients, 109 were considered for two-stage hepatectomy. Their computerized medical 

records were queried for data on clinicopathologic factors, including RAS mutation status, 

treatment variables, perioperative details, pathologic response, recurrence, and survival.

 RAS Mutation Profiling

DNA from CLM was used to determine RAS mutation status, as previously described.(12) 

Routine polymerase chain reaction-based primer extension assay was performed to screen 

for mutations in KRAS codons 12 and 13 in all patients and for mutations in KRAS codons 

61 and 146 and NRAS codons 12, 13, and 61 in the majority of patients treated since 2012. 
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The lower limit of detection of this assay was approximately one mutant allele in a 

background of nine wild-type alleles. Single mutations in the various codons of KRAS and 

NRAS were analyzed together and reported as RAS mutations.

 Two-stage hepatectomy

Two-stage hepatectomy was considered for patients with advanced bilateral CLM who 

responded to chemotherapy when CLM could be completely resected with a future liver 

remnant volume of 20% to 30% of the total liver volume with adequate inflow and outflow.

(18) Portal vein embolization (PVE) was performed before second-stage resection when the 

future liver remnant volume was deemed insufficient, as previously described.(19) Interval 

chemotherapy was not used routinely but was used in patients with progressive disease or 

insufficient growth of the future liver remnant after first-stage resection. For patients with 

progressive disease after first-stage resection, response was reevaluated after 2 months of 

chemotherapy, and if disease had remained stable or responded, second-stage resection was 

performed. For patients with insufficient growth of the future liver remnant, repeat PVE 

including segment IV or hepatic vein embolization was considered. Liver growth was 

reevaluated 4 weeks after repeat embolization, and if the future liver remnant was deemed 

sufficient at that time, second-stage resection was considered. For patients in whom two-

stage hepatectomy was completed, adjuvant chemotherapy was recommended to complete a 

total of 12 cycles, including preoperative and postoperative chemotherapy.(20) Regarding 

the management of the primary tumor, a reverse staged approach was preferred, but a 

combined primary resection could be considered during the first stage. Extra-hepatic disease 

at the time of the first-stage hepatectomy was not considered a contraindication to liver 

resection if the extra-hepatic lesion was deemed resectable and at least stable after systemic 

chemotherapy.

 Morbidity and mortality

Postoperative 90-day morbidity and mortality were prospectively recorded. Morbidity was 

graded according to the Dindo classification.(21) Postoperative hepatic insufficiency was 

defined as a peak total bilirubin level greater than 7 mg/dL.(22)

 Statistical analysis

Quantitative and qualitative variables were expressed as median and range and percentage. 

Categorical variables were compared using the chi-square test, and continuous variables 

were compared using the Mann-Whitney U test. For the detection of factors associated with 

completion of second-stage resection or major complications, variables with p value of less 

than 0.1 from univariate analyses were entered into multivariate analysis using binary 

logistic regression with enter method.

Overall (OS) and progression-free survival (PFS) rates were calculated using the Kaplan-

Meier method and compared using the log-rank test. Survival was calculated from the date 

of first-stage resection. PFS was calculated from the date of first-stage resection for patients 

who did not undergo second-stage resection and from the date of first progression for 

patients in whom two-stage hepatectomy was completed. Survival was analyzed on an 

intent-to-treat basis, including patients who died from surgery and patients who did not 
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undergo second-stage resection. Variables with p value of less than 0.1 from univariate 

analyses were entered into Cox regression survival analyses with backward conditional 

method to assess predictors of survival. Completion of second-stage resection was highly 

correlated with OS and PFS and was not included in the multivariate model because of a 

linear dependence with other covariates. P<0.05 was considered statistically significant. 

Statistical analysis was performed using SPSS, version 22 (SPSS Inc., IBM, Chicago, IL).

 Results

 Patient characteristics

Clinicopathologic factors of the 109 patients for whom two-stage hepatectomy was planned 

are listed in Table 1. A major hepatectomy (>3 segments) was performed for 3% (3/109) of 

patients during the first-stage, and 82% (73/89) during the second-stage, among them 49 

(55%) underwent an extended liver resection. Twenty patients (18%) who underwent first-

stage resection did not undergo second-stage resection because of disease progression 

(n=12), insufficient future liver remnant volume (n=5), or complications after first-stage 

resection or PVE (n=3). Complications precluding second-stage resection were hepatic 

insufficiency after first-stage resection in 1 patient, portal hypertension after PVE in 1 

patient, and portal vein thrombosis extending to the future liver remnant after PVE in 1 

patient. Regarding extra-hepatic disease at time of first-stage, 13 presented lung metastases, 

1 ovarian metastases, 1 peritoneal implant and 1 retrocaval nodes, and half of them could 

underwent a resection of the metastatic disease.

 Completion of two-stage hepatectomy

Patients who did not complete the two-stage hepatectomy presented significantly more 

extrahepatic metastases, larger size and number of metastases, more cycles of chemotherapy 

before FS, and need for chemotherapy after FS (table 1). When evaluating factors available 

after FS, on multivariate analysis, the only factor independently associated with 

noncompletion of two-stage hepatectomy was receipt of more than six cycles of 

chemotherapy before first-stage resection (Table 2). RAS mutation status was not associated 

with noncompletion of two-stage hepatectomy.

 Morbidity and mortality

Postoperative morbidity and mortality are summarized in Table 3. Major complications 

occurred after first-stage resection in 6 of 109 patients (6%) and after second-stage resection 

in 23 of 89 patients (26%). One patient suffered major complications after both first-stage 

and second-stage resection; therefore, 28 patients presented with major complications after 

first- or second-stage resection. Hepatic insufficiency, bile leak, major complications, need 

for interventional radiology procedure and death within 90 days after resection were 

significantly more frequent after second-stage resection than after first-stage resection. 

Factors independently associated with major complications when complications after first-

stage and second-stage resection were analyzed together were rectal primary tumor, 

metachronous CLM, and more than one lesion resected during first-stage resection (Table 4). 

The same factors were independently associated with complications when the analysis was 

limited to complications after second-stage resection (data not shown).
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 Survival

At a median follow-up time of 29.5 months (range, 2.5-135.5 months), median OS was 40 

months (95% CI, 25-56 months). Median OS times for patients who did and did not undergo 

second-stage resection were 56.8 months and 20.4 months, respectively (p<0.001, Figure 1). 

Three- and 5-year survival rates were 68% and 49%, respectively, for patients who 

underwent second-stage resection and 6% and 0%, respectively, for patients who did not. 

Three- and 5-year survival were significantly better for patients who underwent second-stage 

resection (p<0.001). Median PFS for patients who underwent second-stage resection was 

12.5 months.

On intent-to-treat analysis, median OS times for patients with RAS mutated and RAS wild-

type tumors were 33.9 months and 101.6 months, respectively (p<0.001; Figure 2). 

Similarly, median PFS was shorter for patients with RAS mutated tumors (9.2 vs. 12.2 

months, p<0.006). Among patients who underwent second-stage resection, median OS times 

for patients with RAS mutated and RAS wild-type tumors were 44.5 months and 101.6 

months, respectively (p<0.001), and 5-year survival rates were 12% and 67%, respectively 

(Figure 3a). Similarly, among patients who underwent second-stage resection, median PFS 

was shorter for patients with RAS mutated tumors (11 vs. 15.3 months, p=0.009; Figure 3b).

For all patients, factors independently associated with poor OS were rectal primary tumor, 

more than five CLM, need for chemotherapy after first-stage resection, and RAS mutation 

(Table 5). For patients who underwent second-stage resection, RAS mutation was the only 

factor independently associated with OS (data not shown). Factors independently associated 

with poor PFS were synchronous CLM, more than six cycles of chemotherapy before first-

stage resection, and RAS mutation (Table 5). For patients who underwent second-stage 

resection, RAS mutation was the only factor independently associated with PFS (data not 

shown).

 Discussion

Patients with bilateral CLM have a high risk of recurrence and poor survival; therefore, 

appropriate tools are needed for deciding which such patients are appropriate candidates for 

hepatic resection. The main finding of our study was the impact of RAS mutation status on 

survival for patients with bilateral CLM considered for two-stage hepatectomy. Patients with 

RAS mutation had significantly worse long-term survival than patients with RAS wild-type 

tumors. For patients who underwent second-stage resection, RAS mutation was the only 

factor independently associated with OS and PFS. A recent meta-analysis evaluating the 

impact of KRAS mutations in 1181 patients undergoing resection of CLM showed a 

negative impact of KRAS mutation on OS and PFS, irrespective of preoperative 

chemotherapy regimen. (17) In the studies analyzed, clinical and morphological parameters 

were considered, and KRAS mutations remained an independent predictor of OS and PFS. 

RAS mutation status is highly concordant between colorectal primary tumors and metastases 

(23, 24) and remains stable over time, even after interval chemotherapy.(16) Therefore, RAS 
mutation status can be determined in a biopsy specimen of the primary tumor or metastases, 

a primary tumor resection specimen, or the surgical specimen from first-stage hepatectomy. 

In this study, among patients in whom two-stage hepatectomy was completed, the only 
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factor independently associated with OS was RAS mutation status, a fact that identifies RAS 
mutation status as a biologic selection factor that trumps other factors.

For patients with bilateral CLM that cannot be resected in one operation, two-stage 

hepatectomy offers the best chance for prolonged survival.(2) However, two-stage 

hepatectomy is a demanding treatment strategy that includes systemic chemotherapy, two 

consecutive hepatic resections, and in most patients interval PVE. Given this extensive and 

stressful treatment strategy, selection criteria are pivotal. In the past, selection factors for 

hepatectomy have included number and size of CLM, serum carcinoembryonic antigen 

level, and primary tumor nodal status.(2, 7, 8, 25) However, these traditional factors are less 

relevant with the use of effective perioperative chemotherapy. Our group previously 

demonstrated the importance of pathologic response to preoperative chemotherapy as a 

surrogate marker of tumor biology and predictor of survival after resection of CLM.(15) 

More recently, we identified specific radiographic response criteria that predict pathologic 

response, providing a powerful preoperative selection tool.(26) The current study highlights 

the evolution of selection tools to a biologic factor, RAS, which was the only factor 

independently associated with survival in patients with completed two-stage hepatectomy. 

Patients with RAS mutation had no hope of cure, as they all had recurrence within 18 

months after first-stage resection. Furthermore, among all patients, only 1 patient with RAS 
mutation was alive 5 years after the first-stage, compared to 16 patients without RAS 
mutation. As such it defines 2 different populations of colorectal liver metastases patients: 

those who undergo palliative resection and those who benefit from curative resection.

This study affirms prior reports showing that two-stage hepatectomy offers oncologic 

benefits by allowing assessment of response to preoperative chemotherapy and avoiding the 

second-stage, major hepatectomy in patients with aggressive tumor biology. A prospective 

study evaluating 54 patients considered for two-stage hepatectomy reported a 20% rate of 

noncompletion of second-stage resection because of disease progression.(9) In our study, 

18% of patients did not undergo second-stage resection, and these patients presented initially 

with significantly more and larger CLM, received more cycles of chemotherapy before first-

stage resection, and were more likely to need interval chemotherapy. In multivariate 

analysis, more than six cycles of chemotherapy before first-stage resection was the only 

independent predictor of noncompletion of two-stage hepatectomy. These findings support a 

recent multi-institutional study of 130 patients that showed that tumor progression during 

preoperative chemotherapy predicted failure to complete two-stage hepatectomy.(25) At our 

institution, we use response to chemotherapy as a selection factor for patients considered for 

two-stage hepatectomy.(2) Chemosensitivity appears to be a major predictor of completion 

of two-stage hepatectomy, but better predictors of response to chemotherapy need to be 

determined.

One-stage hepatectomy (27, 28) and Associating Liver Partition and Portal Vein Ligation for 

Staged Hepatectomy (ALPPS) (29) have both been proposed to decrease the risk of dropout 

after first-stage resection. In a study by Torzilli et al, one-stage hepatectomy for bilateral 

CLM was associated with no local recurrences. However, this study included only 29 

patients and had a short median follow-up of 14 months. To increase resectability of bilateral 

CLM in one-stage hepatectomy, concomitant radiofrequency ablation has been performed.
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(28) A recent case-matched study of one-stage hepatectomy with radiofrequency ablation 

compared to two-stage hepatectomy reported comparable OS and PFS.(30) However, 

patients treated with one-stage hepatectomy received significantly more postoperative intra-

arterial chemotherapy than patients treated with two-stage hepatectomy, which could bias 

the results. For solitary CLM, the local recurrence rate after radiofrequency ablation is 

significantly higher than after liver resection, (31) and a recent study suggested limiting 

radiofrequency ablation to solitary, small CLM (<2 cm).(32) Regarding ALPPS, the 

mortality rate remains elevated, and no long-term outcomes have yet been reported.(33)

We were somewhat surprised that our findings did not show significant improvement in 

postoperative morbidity and mortality rates compared to the findings from our prior report 

on two-stage hepatectomy, which covered the years 2002-2010(2). However, the kinetic 

growth rate, defined as the degree of hypertrophy divided by number of weeks elapsed after 

PVE, has only recently been routinely used to avoid postoperative hepatic insufficiency, and 

we expect future improvements in complication rates resulting from routine use of this 

measure.(34)

A limitation of this study is the fact that methods for RAS determination have changed over 

time; mutations in KRAS codons 61 and 146 and NRAS codons 12, 13, and 61 were 

evaluated only in recent years. It is likely that a number of patients with RAS mutation were 

included among patient without RAS mutation but these are rare mutations and their 

inclusions would only have increased the observed differences in survival between groups.

In conclusion, this study demonstrates the importance of RAS as a biological marker to 

select patients with bilateral CLM for surgical treatment; the long-term survival benefit of 

two-stage hepatectomy is limited in patients with RAS mutation. On the other hand, in 

patients with RAS wild-type tumors, the 5-year OS rate of 67% underscores the benefit of 

two-stage hepatectomy in patients with bilateral CLM previously considered borderline 

resectable. Further studies evaluating predictors of chemosensitivity and more effective 

systemic agents for patients with RAS mutated tumors are needed to improve patient 

outcomes after two-stage hepatectomy.
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Figure 1. 
Overall survival from the date of first-stage resection in patients with bilateral colorectal 

liver metastases in whom 2-stage hepatectomy was and was not completed.
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Figure 2. 
Overall survival on intent-to-treat from the date of first-stage resection in patients with 

bilateral colorectal liver metastases for whom 2-stage resection was planned, by RAS status.
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Figure 3a
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Figure 3b

Figure 3. 
(A) Overall survival and (B) progression-free survival in patients with bilateral colorectal 

liver metastases who underwent second-stage resection, by RAS status.
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Table 1
Clinicopathologic Factors of 109 Patients for Whom 2-Stage Hepatectomy Was Planned

Characteristic

Only first-stage 
resection completed 

(n=20)
Second-stage resection 

completed (n=89) p Value

Median age, y (range) 51 (26-68) 52 (23-72) 0.416

Sex, n (%) 0.680

 Male 14 (70) 58 (65)

 Female 6 (30) 6 (30)

Primary tumor location, n (%) 0.642

 Colon 16 (80) 75 (84)

 Rectum 4 (20) 14 (16)

Primary tumor nodal status, n (%) 0.650

 Positive 14 (70) 58 (65)

 Negative 2 (10) 12 (14)

 Unknown 4 (20) 19 (21)

Synchronous presentation of CLM, n (%) 19 (95) 74 (83) 0.176

Combined primary resection at first-stage*, n (%) 4 (20) 21 (24) 0.730

Extrahepatic metastases at time of first-stage resection, n (%) 0 16 (18) 0.040

No. of CLM on preoperative imaging, median (range) 9 (4-60) 6 (2-25) 0.004

Median diameter of largest metastasis on preoperative imaging, mm 
(range)

45 (18-120) 29 (10-144) 0.011

Median no. of cycles of chemotherapy before first-stage resection (range) 10 (3-26) 6 (1-24) 0.006

Interval chemotherapy administered after first-stage resection, n (%) 19 (95) 39 (44) <0.001

Positive margin on first- or second-stage resection, n (%) 2 (10) 22 (25) 0.150

Portal vein embolization, n (%) 18 (90) 62 (70) 0.063

RAS mutation†, n (%) 8 (40) 32 (36) 0.378

Pathological response on final resection (first- or second-stage), n (%)

 Complete NA 5 (5.5) NA

 Major 22 (24.5)

 Minor 37 (42)

 Unknown 25 (28)

*
In addition, only one patients underwent a combined primary resection at time of second stage.

†
Sixteen patients (15%) did not undergo evaluation of RAS mutation status, and no patient had NRAS mutations.

CLM, colorectal liver metastases.
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Table 3
Postoperative Morbidity and Mortality after First- and Second-Stage Resection

Outcomes First-stage resection (n=109) Second-stage resection (n=89) p Value

Postoperative hepatic insufficiency, n (%) 1 (1) 6 (7) 0.030

Bile leak, n (%) 2 (2) 11 (12) 0.003

Major complication, n (%) 6 (6) 23 (26) <0.001

Admission to intensive care unit, n (%) 1 (1) 4 (4.5) 0.110

Need for interventional radiology procedure, n (%) 2 (2) 19 (21) <0.001

Reoperation, n (%) 2 (2) 0 0.199

Death < 30 d (%) 0 2 (2) 0.110

Death < 90 d (%) 0 6 (7) 0.006
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