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Background: The only possibility for cure in patients with colon adenocarcinoma (CAC) with isolated
liver metastases (ILM) is resection of both primary and metastatic tumors. Little is known about the
implication of the sequence in which a colectomy and hepatectomy are performed on outcomes. This study
analyzes whether resection sequence impacts clinical outcomes.

Methods: The National Cancer Database was queried for CAC cases with hepatic metastases from 2010-
2015 with exclusion of extrahepatic metastases. We compared patients treated with a liver-first approach (LFA)
to those treated with a colectomy-first or simultaneous approach using Kaplan Meier and multivariable Cox
proportional hazards analysis.

Results: In 21,788 CAC patients identified, the LFA was uncommon (2%), but was associated with higher
rates of completion resection of remaining tumor (41% wvs. 22%, P<0.001). Patients selected for LFA were
younger, less comorbid, and more commonly received upfront chemotherapy (P<0.05). The LFA was
associated with increased median survival [34 months, 95% CI (30.5-39.6 months) vs. 24 months, 95% CI
(23.7-24.6 months), logrank P<0.001] and decreased risk of death [HR 0.783; 95% CI (0.67-0.89), P=0.001].
Conclusions: The LFA to CAC with synchronous ILM is uncommon but is associated with greater

likelihood of receiving chemotherapy prior to surgery and increased survival in selected candidates.
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Introduction isolated liver metastases (ILM) (2). A subset of ILM are

amenable to treatment with liver resection or liver directed

Colon cancer remains one of the most common . . . .
therapies equating to improved survival (3-6).
malignancies in the United States with 97,220 new cases To treat ILM arising from colon cancer, some surgeons

expected in 2018 (1). Distant metastases account for 90% of favor a staged surgical approach entailing primary tumor

deaths, with only 12% of patients surviving beyond 5-years
after diagnosis with stage IV disease (1). Approximately

1/3 of patients with metastatic colon cancer present with
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resection (colectomy) followed by eradication of remaining
metastases with hepatectomy and/or locoregional therapy
(7,8). Others simultaneously resect primary and metastatic
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tumors in the same operative setting (9-11). A third strategy,
called the liver-first approach (LFA), focuses on elimination
of metastatic disease with staged colectomy (12). Level 1
data has not been collected to support one sequence over
another. Furthermore, scarce retrospective data exists to
evaluate these approaches, specifically in colon (excluding
rectal) adenocarcinoma (CAC).

This study queries the National Cancer Data Base
(NCDB) to examine treatment practices in the United
States for the surgical management of CAC presenting with
synchronous ILM. A secondary objective is to examine if a
particular sequence of surgeries to the primary tumor and
metastases equates to improved clinical outcome.

Methods
Data source

The NCDB is a tumor registry curated by the Commission
on Cancer of the American College of Surgeons and the
American Cancer Society capturing facility-based oncology
data from approximately 70% of all newly diagnosed
malignancies in the United States (13). The 2015 edition
of the Participant User File was used for this analysis in
accordance with our Institutional Review Board approved
protocol with patient consent waived. According to NCDB
policy: “the data used in the study are derived from a de-
identified NCDB file. The American College of Surgeons
and the Commission on Cancer have not verified and are
not responsible for the analytic or statistical methodology
employed, or the conclusions drawn from these data by the
investigator.” (14). The NCDB provides data on patient
characteristics, tumor staging, treatment and survival. A
complete list of the variables provided in the NCDB can be
accessed online (14).

Patient selection

All adult patients (age >20) diagnosed with CAC with liver
metastases from 2010-2015 were identified. Given the
distinct biology and treatment of rectal cancer (RC), we
excluded patients with RC to avoid confounding effects.
Patients with additionally documented lung, bone or brain
metastases were excluded (Figure I). Data on metastases to
other anatomic sites is not available in the NCDB. Patients
were defined as having a metastasectomy if the NCDB
variable “surgery other site” was recorded as, “nonprimary
surgical procedure to distant site.” (15). Patients who did
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not undergo either metastasectomy or definitive resection
of their primary were excluded. Timing of resection was
determined using the NCDB variables “first surgical
procedure, days from diagnosis” and “definitive surgical
procedure, days from diagnosis”. Of those patients,
treatment cohorts were stratified according to the sequence
of resection approach with an intention-to-treat paradigm:
liver-first (n=447), and colectomy-first/synchronous
(n=21,341) (16). Patients were defined as intent to treat
based on initial operation performed, regardless if they
completed resection of the remaining tumor burden (17,18).

Statistical analysis

Characteristics between the groups were compared using
Chi-square test and Student’s 7 test. Survival from time
of diagnosis was compared with Kaplan-Meier analysis in
the subset of patients with known follow up data (n=358
liver-first, n=18,042 colectomy-first/simultaneous). In an
effort to determine variables that may confound or explain
the differences in survival between the groups, two Cox
proportional hazards analyses were constructed. The first
model was adjusted for patient and tumor characteristics
including age, sex, race, Charlson Deyo comorbidity
index score, tumor size, lymph node metastases and
year of diagnosis. The next model additionally included
concomitant treatment with chemotherapy prior to and
after surgery.

Results
Patient, tumor and treatment characteristics

A total of 545,099 patients diagnosed with CAC from 2010-
2015 were identified. Seven percent (n=36,576) had hepatic
metastases at diagnosis without extrahepatic metastases
to the bone, brain or lung. Of these patients, the majority
(21,788, 60%) underwent surgical intervention (Figure I).
The LFA was employed in only 2% (n=447) of cases, but
was associated with a higher rate of completion resection
of the remaining tumor (subsequent colectomy) compared
to patients who underwent colectomy first or simultaneous
resection (via subsequent hepatectomy) (41% wvs. 22%,
P<0.001, respectively).

Patients who underwent the LFA were similar to those
undergoing the colectomy first or simultaneous approach in
terms of sex, race, and treatment with radiation. However,
patients who were selected for the LFA were younger,
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Figure 1 Determination of patient treatment group cohorts.

less comorbid (by Charlson Comorbidity score) and more
commonly received chemotherapy (P<0.05) (Tuble I).
Strikingly, the proportion of patients who had received
upfront chemotherapy was markedly larger for the liver-
first group (41.2% vs. 12.4%, P<0.001).

Hospital characteristics

Many hospitals attempted at least one LFA resection but
few had repeated experience during the study period. Out
of 1,323 hospitals that treated patients with colon cancer
with hepatic metastasis in the NCDB, 649 (49%) attempted
a liver-first resection. Notably, 84% of the hospitals
that attempted the LFA only did so for 1-2 cases during
the study period (7able 2). Patients undergoing the LFA
were also more likely to be treated at an academic center
compared to a community or comprehensive cancer center

(54.4% vs. 5.8%, 54.4% vs. 24.6%, P<0.001) (Tuble 1).

Survival

Kaplan Meier analysis demonstrated increased survival
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Simultaneous Approach
(Completed both
resections) (n=4,720)

associated with a LFA compared to the colectomy-first and
simultaneous resection group [median survivals: 34 months,
95% CI (30.5-39.6 months) vs. 24 months, 95% CI (23.7-
24.6 months); logrank P<0.0001] (Figure 2).

To evaluate if these findings seen in the intention-to-
treat groups were attributable to a higher rate of subsequent
complete resection, we restricted analysis to only patients
who had complete resections of their primary tumor and
metastases (n=140 liver-first, n=3,988 colectomy-first or
simultaneous). In this subset of patients, the liver-first
group continued to have a longer survival [median survivals:
57 months; 95% CI (42.7-73.2 months) vs. 36 months; 95%
CI (35.4-38.4 months), logrank P<0.001] (Figure 3).

"To account for confounding, a Cox proportional hazards
model adjusted for patient and tumor characteristics was
constructed, which also demonstrated decreased risk of death
for patients with the LFA [HR 0.783; 95% CI (0.67-0.89),
P=0.001]. (Table 3). To investigate the impact of different
systemic therapy approaches, additional adjustment for
utilization and timing (post-resection/pre-resection) of
chemotherapy treatment was sequentially added to the
model. The survival trend between approaches still favored
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Table 1 Patient, tumor, hospital and treatment characteristics of the cohorts

79

Colon-first or simultaneous (N=21,338)

Liver-first (N=447)

Characteristics P value
# % # %
Age
20-40 <1,000 <4.7 34 7.6 0.0010
40-60 7,798 36.5 194 43.4 0.0029
60-80 9,958 46.7 192 43.0 0.1192
80+ 2,650 12.4 27 6.0 <0.001
Unknown <10 <1.0 0 0.0 0.8020
Sex
M 11,454 53.7 214 47.9 0.0149
F 9,887 46.3 233 52.1 0.0151
Race
White 17,075 80.0 356 79.6 0.8426
Non-white 4,266 20.0 91 20.4 0.8484
Charlson/Deyo Score
0 15,739 73.8 338 75.6 0.3775
1 4,215 19.8 97 21.7 0.3066
2 1,001 4.7 <10 <2.2 0.0019
3 386 1.8 <10 <2.2 0.2765
Size (cm)
<4 6,795 31.8 116 26.0 0.0081
>4 13,257 62.1 118 26.4 <0.001
Unknown 1,289 6.0 213 47.7 <0.001
Node status
Negative 3,504 16.4 70 16.7 0.6670
Positive 16,928 79.3 126 28.2 <0.001
Unknown 909 4.3 251 56.2 <0.001
Radiation
No 20,623 96.6 425 95.1 0.0691
Yes 538 2.5 <20 <4.5 0.1596
Unknown 180 0.8 <10 <2.2 0.2567
Chemotherapy timing
No Chemotherapy 6,252 29.3 83 18.6 <0.001
Neoadjuvant 2,640 124 184 41.2 <0.001
Adjuvant 12,449 58.3 180 40.3 <0.001
Facility
Community 2,751 12.9 26 5.8 <0.001
Comprehensive 9,527 44.6 110 24.6 <0.001
Academic 6,014 28.2 243 54.4 <0.001
Integrated cancer program 2,249 10.5 36 8.1 0.0895
Other 800 3.7 32 7.2 0.0002

Cells with less than 10 patients are censored due to National Cancer Data Base rules.
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Table 2 Hospitals that attempted a liver-first resection

Patients treated with Number of Percent of total hospitals

liver-first approach  hospitals  performing liver-first approach
1 182 68.9%
2 40 15.2%
3 18 6.8%
4 9 3.4%
5 5 1.9%
6 5 1.9%
7 3 1.1%
9 1 0.4%
10 1 0.4%
1.0 Logrank P <0.0001
0.8
=
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Last contact or death, months from Dx

Figure 2 Intention to treat Kaplan Meier analysis comparing
overall survival between liver-first (red) and primary first +
simultaneous resection (blue) groups. Survival analysis was

restricted to cases with follow up data.

the LFA [HR 0.882; 95% CI (0.75-1.01) P=0.0904] (Table 4).

Conclusions

The only possibility for cure in patients with CAC with
ILMs is resection of both the primary and metastatic
tumors (10). Thus, optimization of surgical approach is
paramount. Our study provides the first analysis of the
LFA to managing CAC with ILMs, excluding RC due to
its differing tumor biology and multimodality treatment
strategy. Using the NCDB we identified only a very
small proportion of patients (2%) in the United States
who present with CAC with synchronous ILMs who are
treated with an LFA. This approach, in contradistinction
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Figure 3 Primary resection and metastatectomy completed Kaplan
Meier analysis comparing overall survival between liver-first (red)
and primary first + simultaneous resection (blue) groups. Survival

analysis was restricted to cases with follow up data.

to synchronous resections and a colectomy-first approach,
is associated with an improved median survival of 34 vs.
24 months (P<0.001) in all patients and 57 vs. 36 months
(P<0.001) for patients completing resection of the primary
and metastatic tumors. Further, patients treated with this
approach are more likely to complete resection of metastatic
and primary tumors, receive upfront chemotherapy and
more likely to be treated at academic centers. Prior to our
study, the limited knowledge about outcomes of LFA in
CAC patients was largely extrapolated from RC cohorts
(12,19-22).

Early adopters of the liver-first technique have reported
mostly RC outcomes, with 3-year OS ranging from 41-89%
in small retrospective cohorts (23). The largest meta-analysis
to date, reviewing outcomes for 133 patients treated with a
LFA, did not find evidence suggesting sequence of resection
contributes to difference in outcomes (24,25). Compared to
historical data, the liver-first outcome of 48% 5-year OS in
patients with CAC surpasses historical controls.

Although survival was still clearly improved for patients
who received the LFA after adjusting for patient and
tumor characteristics, this effect was mitigated by further
adjustment for chemotherapy approach. More specifically,
after adjusting for the effect and timing of chemotherapy,
the LFA trended towards a more favorable outcome but
was no longer significant. The EORTC (Nordlinger
et al.) randomized trial showed no improvement in OS
but did show improvement in DFS in a perioperative
chemotherapy approach for liver metastasectomy, after
previous staged resection of the primary tumor (10). A
possible explanation is that while upfront chemotherapy
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Table 3 Multivariable Cox proportional hazards analysis adjusted
for patient and tumor characteristics

Variable Comparison Hazard ratio P value
Resection timing Liver-first vs. 0.783 0.001
colectomy-first or
simultaneous
Lymph node Yes vs. no 1.581 <0.0001
metastases
Unknown vs. no 1.71 <0.0001
Age 20-40 vs. 40-60 1.085 0.2709
60-80 vs. 40-60 1.114 0.0007
80+ vs. 40-60 1.859 <0.0001
Sex Male vs. female 0.955 0.0111
Primary tumor size 4+ vs. 0-4 1.207 <0.0001
(cm)
Unknown vs. 04 0.954 0.2516
Race Unknown vs. 0.988 0.6123
White
Charlson/Deyo 1vs.0 1.169 <0.0001
2vs.0 1.464 <0.0001
3vs.0 1.801 <0.0001
Year of diagnosis 2010-2011 vs. 1.071 0.0005
2012-2013
2013-2014 vs. 1.003 0.9168

2012-2013

may not itself improve overall survival, it may allow time
to select patients with favorable biology for surgery, while
those with unfavorable biology drop-out. This factor may
also contribute to reports of up to 35% of patients failing to
complete intended resection of both primary and metastatic
tumors irrespective of surgical strategy (26). Our study
highlights the heterogeneous use of upfront chemotherapy
to treat CAC with ILM, with liver-first patients having a
higher utilization. This is consistent with prior report of
preferential utilization of neoadjuvant chemotherapy in
patients receiving an LFA (25). It is unknown whether the
LFA in itself facilitates that greater use of chemotherapy or
otherwise.

When employing a staged resection approach, complete
of resection of both primary and metastatic disease is a key
treatment goal. Despite being used in only 2% of cases, the
LFA enjoyed a relatively high (41.2%) rate of completion
colectomy. The completion rate in this study is likely an
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Table 4 Multivariable Cox proportional hazards analysis adjusted
for patient and tumor characteristics as well as chemotherapy
timing

Variable Comparison HaZ?.I’d P value
ratio
Resection Liver-first vs. colectomy-first  0.882 0.0904
timing or simultaneous
Lymph node Yes vs. no 1.642 <0.0001
metastases
Unknown vs. no 1.639 <0.0001
Age 20-40 vs. 40-60 1.124 0.1139
60-80 vs. 40-60 1.077 0.0196
80+ vs. 40-60 1.609  <0.0001
Sex Male vs. female 0.972 0.117
Primary tumor 4+ vs. 0-4 1.157  <0.0001
size (cm)
Unknown vs. 0-4 0.961 0.3324
Race Unknown vs. White 0.961 0.0863
Charlson Deyo 1vs.0 1.143  <0.0001
2vs.0 1.374  <0.0001
3vs.0 1.674  <0.0001
Year of 2010-2011 vs. 2012-2013  1.052 0.0102
diagnosis
2013-2014 vs. 2012-2013  1.034 0.2476
Chemotherapy No chemo vs. neoadjuvant  2.748 <0.0001
timing
No chemo vs. adjuvant 1.119 0.0004

underestimate, as the NCDB likely did not completely
capture all follow-up data on patients who underwent LFA
shortly prior to end of the study period. Previous studies
reporting RC outcomes have demonstrated completion
rates approaching 85% in carefully selected patients (19).
This analysis identified that there is indeed selection
bias among the patients who were selected for the LFA.
They were more likely to be younger, less comorbid and
seen at academic centers. For example, 37% of patients
in the colectomy-first/simultaneous resection group were
40-60 years of age, compared to 43% in the liver-first
group (P=0.003). A core principle of personalized surgical
oncology is to select patients who will do well based on their
demographics and tumor biology (27). Our data suggests
that patients who have been selected for this approach have
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favorable long-term survival outcomes.

We note several limitations of our study. We were unable
to separate patients who were treated with a colectomy-first
approach and patients treated with simultaneous resection
due to the nature of the NCDB variables. By combining these
two groups we lose the ability to understand each method’s
contribution to clinical outcomes. However, prior comparison
between classical approach and combined approach yielded no
difference in outcomes between the approaches (9). Due to the
nature of a large retrospective clinical database, we were unable
to evaluate several key data items, such as size and number of liver
metastases, hepatectomy-specific variables, such as RO resection
status, minor or major resection, and utilization of open or
laparoscopic approach. Going forward, collection of these data
points in registry data would help interpretation of our findings.

Current recommendations for symptomatic CAC with
resectable synchronous ILMs are for staged resection
of perforated or occlusive primary tumors, followed by
chemotherapy and subsequent metastasectomy (28). This
likely increases the representation of patients presenting
with symptomatic disease in the colon-first/combined
resection cohort, potentially influencing outcomes. NCDB
data does not account for primary tumor symptomatology,
and our results must be interpreted in the context of the
liver-first group having potentially more favorable disease.

The mandate of personalizing cancer care is reliant on
genomics to guide clinical decision making to select patients
for optimal outcomes. While evidence mounts to personalized
care reliant on genomics, we must continue to use clinical and
pathological parameters to tailor complex treatment decisions
in cancer (29). We show that patients who present with
synchronous colon cancer with liver metastases are treated
with multiple treatment approaches. In the United States,
utilization of a LFA is not commonly employed, yet may lead
to improved clinical outcomes. Our study underscores that
careful surgical planning may lead to long term survival in
patients with colon cancer liver metastases.
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