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Abstract
Background—We sought to evaluate population-based temporal trends in perioperative
management, as well as short- and long-term outcomes associated with the operative management
of colorectal liver metastasis (CRLM).

Methods—Using Surveillance, Epidemiology and End Results–Medicare linked data, we
identified 2,121 patients with operatively managed CRLM between 1991 and 2006.
Clinicopathologic data, trends in operative management, and survival were examined.

Results—Preoperative evaluation included computed tomography (CT; 66%), magnetic
resonance imaging (MRI; 5%), and positron emission tomography (PET; 2%) with a temporal
increase in the use of all 3 modalities over time (all P < .05). Patients undergoing hepatectomy
only (n = 1,267; 60%) decreased over time, whereas the use of ablation alone (n = 668; 32%) and
combined resection plus ablation (n = 186; 9%) increased (all P < .05). The use of both
preoperative (10% to 16%) and adjuvant chemotherapy (35% to 47%) increased over time (P < .
05). There was a marked temporal increase in patient comorbidities (>3 comorbidities: 1991–
1995, 3%; 2003–2006, 12%; P < .001); however, perioperative complications (63%) and 30-day
mortality (3%) did not change over time (both P > .05); 90-day mortality decreased from 9% to
7% over the study period (P = .007). Overall the 1-, 3-, and 5-year survivals were 74%, 42%, and
28% with no improvement over time (P = .19). On multivariate analysis, synchronous disease
(hazard ratio [HR], 1.7) and use of ablation alone (HR, 1.2) were associated independently with a
worse survival (both P < .05).

Conclusion—Most patients were evaluated with CT; PET was employed rarely. Although there
was a temporal increase in chemotherapy utilization, only one half of patients received
perioperative chemotherapy. Mortality associated with hepatic operations was low, but morbidity
remained high with no temporal change despite an increased number of patient medical
comorbidities.
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With approximately 50,000 attributable deaths per year, colorectal cancer (CRC) is the third
most common cause of cancer-related death in the United States.1 The liver is the most
common site for CRC metastasis (CRLM); 15–25% of patients present with CRLM at the
time of diagnosis of their primary cancer2,3 and an additional 15–40% of patients develop
metachronous CRLM.2,4 Operative management of CRLM is the only potential for cure and
is associated with a 5-year survival ranging from 40 to 55%.5-7 In recent years, advances in
surgical care, improvements in preoperative imaging, and operative techniques have
emerged, as well as more effective systemic chemotherapy.8-10 The treatment paradigm for
CRLM has evolved with expanding indications for hepatic resection and new treatment
strategies to compliment resection/ablation and increase the number of patients who are
eligible to undergo resection.9,11 Data on temporal trends in perioperative management,
utilization of hepatic resection versus thermal ablation, morbidity and mortality, as well as
survival after liver-directed surgery for CRLM remain poorly characterized. Most data are
derived from case series from large academic institutions,5,12-16 which may provide
information that is inappropriate to extrapolate outside of the respective institution.

Population-based data may help to better characterize patterns of care among a more
representative cohort of patients with CRLM. Detailed population-based data on patients
with CRLM have been scarce owing to the inherent limitations of available datasets.17,18

For example, although the Surveillance, Epidemiology, and End Results (SEER) cancer
registry provides patient- and primary tumor-specific data, information about utilization of
perioperative services and metastatic disease sites are limited. In contrast, Medicare data are
more limited regarding disease-specific information, but have detailed claims-derived data
on the provision of services to beneficiaries. Together, the linked SEER–Medicare database
allows for a more accurate examination of procedure utilization and outcome.19 The
objective of the current study was to evaluate perioperative and operative management, as
well as short- and long-term outcomes in a population-based cohort of patients with CRLM
derived from the linked SEER–Medicare database with a particular emphasis on identifying
any temporal changes over the last 16 years.

METHODS
Data source

This study was a retrospective analysis of prospectively collected data from the linked
SEER–Medicare database. The SEER–Medicare database represents the unique linkage of 2
large, population-based sources of data that provide detailed information about Medicare
beneficiaries with cancer. SEER data derive from 18 cancer registries, representing
approximately 26% of the United States population, and is maintained by the National
Cancer Institute.20 SEER data include information on patient demographics, tumor and
disease characteristics, course of treatment, use of cancer-directed operative and medical
therapy, survival, as well as cause of death for individuals diagnosed with cancer. The
linkage of SEER data with Medicare claims is performed by the National Cancer Institute
and Center for Medicare and Medicaid Services. For Medicare-eligible individuals, the
linked SEER–Medicare database also includes Medicare claims for covered health care
services, including hospital, physician, outpatient, home health, and hospice bills, from the
individual's time of enrollment until death.21 These linked data are available beginning in
1991, and the SEER–Medicare database has matched successfully 93% of individuals aged
≥65 years at the time of primary cancer diagnosis with their Medicare enrollment file.

Study population
All Medicare-enrolled patients aged ≥65 years diagnosed with incident malignant primary
colorectal adenocarcinoma between 1991 and 2006 in a SEER area were evaluated for
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inclusion. Patients with colorectal adenocarcinoma were identified by the International
Classification of Diseases for Oncology topography, behavior, and histology codes.22

Patients were included who had topography codes representative of primary neoplasms
located in the cecum, ascending colon, hepatic flexure, transverse colon, splenic flexure,
descending colon, sigmoid colon, large intestine, not otherwise specified, rectosigmoid
junction, or rectum, as well as a code indicative of malignant behavior. Histology codes
(Table I) were selected to identify only patients with adenocarcinoma; other histology codes
(eg, carcinoid) were excluded. A gastrointestinal pathologist at the Johns Hopkins Hospital
(RAA) reviewed all of the histology codes to determine which codes were relevant to
colorectal adenocarcinoma. Identification of patients with primary CRC who had hepatic
metastasis was accomplished using an established algorithm23 that employed the
International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
diagnosis and procedure codes and Current Procedural Terminology (CPT) codes for
malignant neoplasm of liver, secondary malignant neoplasm of liver, hepatectomy, and
ablation of liver lesion or tissue (Table II). The study cohort included only patients enrolled
in both Medicare parts A and B who were not enrolled in a managed care plan during the
study period.

Outcome and predictor variables
Data on perioperative procedures, treatments, and complications were selected a priori based
on clinical relevance and then identified from the Medicare database using both ICD-9-CM
diagnosis and procedure codes, as well as CPT codes (Table II). Information on
chemotherapy was designated as preoperative (within 6 months prior) and adjuvant (within
3 months after) liver-directed operation. Previous studies have demonstrated the validity of
Medicare billing codes to assess a wide range of outcomes.24 Information on age, gender,
race, marital status, and geographic region were obtained from the SEER portion of the
database. Variables were transformed into categorical and indicator variables where
appropriate. The Elix-hauser comorbidity index, a comprehensive set of 30 comorbidity
measures, was used to identify and adjust for comorbid conditions.25-29 Comorbid diagnoses
related to the patient's admission diagnosis (eg, metastatic cancer), as well as any comorbid
condition with a frequency <5, were excluded so that a total of 20 comorbidities remained
for analysis. To avoid including patients who underwent wedge biopsy only of CRLM
without curative intent, patients with CPT (47100) and ICD-9 (50.11, 50.12, 50.19) codes
for wedge biopsy were excluded from the analysis.

Statistical analyses
Mean and median values were used to describe continuous data, with discrete variables
displayed as totals and frequencies. Cells with <11 cases per variable cell were relabeled as
“<11 (<%)” in compliance with the National Cancer Institute regulation for reporting of
SEER–Medicare data. Univariate comparisons were assessed using the 2-sample Student t-
test for continuous variables and the Chi-square test for dichotomous and categorical
variables. For purposes of analyses, the distribution of the total number of comorbid
conditions per patient was divided into quartiles: 0, 1, 2–3, or >3 comorbidities. When
assessing temporal trends, the data were separated into quartiles (1991–1995, 1996–1999,
2000–2002, and 2003–2005) based on the year of operation. Trends in ordinal data were
evaluated using the linear-by-linear association test.30

Cumulative event rates were calculated using the method of Kaplan and Meier,31 and
survival curves were compared using the log-rank test. Overall survival time was calculated
from the date of the liver-directed operation for CRLM to the date of last follow-up. A
postoperative death was defined as patient survival <30 or 90 days after the liver-directed
operation. Univariate and multivariate modeling of survival were performed using Cox
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proportional hazards models.32 Covariates were included in the multivariate Cox model
based on statistical significance in the univariate models (P ≤ .20). The model was validated
by checking against a forward stepwise Wald selection model as described by Hosmer and
Lemeshow.33,34 The overall fit of the multivariate models were assessed using the
likelihood ratio test. Relative risks were expressed as hazard ratios (HR) with a 95%
confidence interval (CI). The final model was evaluated for goodness-of-fit using the
method proposed by May and Hosmer.33,35 Adherence to the proportional hazards
assumption was assessed using Schoenfeld residuals and log–log plots. All reported P-
values are 2-tailed. All statistical analyses were performed using SPSS Version 18.0 (SPSS
Inc., Chicago, IL).

RESULTS
Patient and primary tumor characteristics

Utilizing the SEER database, 414,682 patients diagnosed with CRC between 1973 and 2006
were identified. After linking to the Medicare data (1991–2006) and selecting patients based
on a combination of CPT and ICD-9 codes, while also excluding patients <65 years old and
those with primary liver malignancies, 42,766 patients were identified as having a primary
CRC with liver metastasis (Fig 1). Of the 42,766 patients with CRLM, 40,645 patients
(95.0%) did not undergo operative management of their metastatic liver disease. In turn,
2,121 patients (5.0%) were identified as having undergone operative management of their
hepatic metastasis as determined by the established selection algorithm23 and represent the
study cohort.

The demographic and clinical characteristics of the 2,121 patients with operatively managed
CRLM are outlined in Table III. The majority of patients were white (n = 1,815, 85.6%),
men (n = 1,084; 51.1%), and resided in an urban setting (n = 1,936, 91.3%). The colon was
the primary site of CRC in 1,643 patients (77.5%), whereas 478 patients (22.5%) had a
primary rectal neoplasm. Approximately one third of patients had locoregional lymph node
metastasis associated with the primary colorectal neoplasm (n = 799; 37.7%). The most
prevalent histology code (n = 1658; 78.2%) was 8140, “adenocarcinoma not otherwise
specified” (Table I).22 At the time of CRLM diagnosis, the median patient age was 73.0
years (standard deviation [SD], 7.0). Presentation of the hepatic metastasis was synchronous
in 893 patients (42.1%). Among the 1,228 patients (57.9%) who presented with
metachronous disease, the median disease-free interval between diagnosis of the primary
CRC neoplasm and the hepatic metastasis was 16.0 months (SD, 29.6). Although most
patients did not have any of the 20 Elixhauser medical comorbidities (n = 955; 45.0%), 180
patients (8.5%) had >3 comorbidities. Of note, the number of patients with >3 comorbidities
increased over time (1991–1995, 3.4%; 1996–2000, 7.8%; 2001–2002, 9.4%; 2003–2006,
12.0%; P < .001). The most common preoperative comorbidities were hypertension (n =
751; 35.4%), anemia (n = 467; 22.0%), and chronic pulmonary disease (n = 223; 10.5%).

Trends in perioperative care: Diagnostic imaging and systemic chemotherapy
Most patients (n = 1505, 71.0%) were evaluated preoperatively by cross-sectional imaging.
In the overwhelming majority of patients, computed tomography (CT) was the imaging
modality of choice (n = 1,398, 65.9%); magnetic resonance imaging (MRI; n = 107, 5.0%)
and positron emission tomography (PET; n = 40, 1.9%) were used in only a minority of
patients. The overall utilization of cross-sectional imaging increased over the time periods
examined (P < .001). Of note, there was a temporal change in the relative utilization of the
different imaging modalities (Table IV). Specifically, there was almost a 50% increase in the
use of CT from 52.8% in 1991–1995 to 77.8% in 2003–2006. In contrast, although the use
of MRI increased >3-fold (1991–1995, 2.4%; 1996–2000, 3.8%; 2001–2002, 6.2%; 2003–
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2006, 7.3%; P < .001), MRI was still utilized in <10% of patients with CRLM. Of note, PET
was used in only 5.5% of patients, even in the most recent time period examined.

Patients with synchronous disease were less likely to have had a CT or MRI preoperatively
as compared with patients who had metachronous CRLM (both P < .05). Patients with a
primary rectal neoplasm were more likely to have had a pre-operative CT compared with
patients who had a colon lesion (71.8% vs 64.2%; P = .002); there was no difference in use
of MRI among patients with rectal versus colon neoplasms (P = .99). PET imaging was
utilized more in patients presenting with metachronous disease versus patients with
synchronous metastases (2.6% vs 0.9%; P = .007), but there was no difference in use of PET
among patients with colon versus rectal neoplasms (P = .57).

Many patients (n = 992, 46.8%) underwent some type of perioperative systemic
chemotherapy. Specifically, 275 (13.0%) received preoperative chemotherapy, and 868
patients (40.9%) received adjuvant therapy (Table IV). The use of preoperative
chemotherapy increased over the time periods examined (1991–1995, 9.6%; 1996– 2000,
11.0%; 2001–2002, 14.6%; 2003–2006, 16.0%; P < .001; Fig 2, A). The mean duration of
preoperative systemic chemotherapy was 2.6 months (median, 1.7; SD, 2.2). Receipt of
preoperative chemotherapy was associated with the primary site of the CRC (rectal 15.7%
vs colon 12.2%) and the presentation of liver metastasis (synchronous 6.3% vs
metachronous 17.8%; both P < .05); however, receipt of preoperative chemotherapy was not
associated with the number of preoperative medical comorbidities (P = .37). Of the 275
patients who received preoperative chemotherapy, 151 (54.9%) also received adjuvant
chemotherapy. The proportion of patients who received both preoperative and adjuvant
systemic therapy increased over time (1991–1995: 5.6% vs 2003–2006: 9.6%; P = .001;
Table IV).

Overall, 868 patients (40.9%) received adjuvant systemic chemotherapy after treatment of
CRLM (preoperative + adjuvant, n = 151; adjuvant only, n = 717). Receipt of adjuvant
therapy was associated with the presentation of liver metastasis (synchronous 51.0% vs
metachronous 33.6%; P < .001). Receipt of adjuvant systemic therapy was not associated
with the primary tumor site of the CRC (ie, rectal vs colon), number of preoperative medical
comorbidities or postoperative complications (all P > .05). The mean time from hepatic
resection with or without ablation to receipt of adjuvant systemic chemotherapy was 2.4
months (median, 2.5; SD, 0.6).

Trends in liver-directed management and perioperative outcomes
Of the 2,121 patients who underwent liver-directed management for CRLM, 1,267 (59.7%)
underwent hepatic resection only, 186 (8.8%) had both resection and ablation, and 668
(31.5%) had ablation only (operative ablations, n = 543 vs percutaneous ablation, n = 125;
Table IV). Most patients underwent partial hepatectomy/wedge resection (n = 1,199;
56.5%), whereas a hemihepatectomy was employed in 422 patients (19.9%). Extended
hepatic resection was employed rarely (n = 43; 2.0%). Patients with synchronous disease
were more likely to undergo a wedge resection (63.3%) than patients with a metachronous
presentation (51.6%; P < .001). Among patients who underwent combined resection and
ablation (n = 186), the hepatic resection consisted of partial hepatectomy/wedge resections
in the vast majority of patients (n = 159; 85.5%). Patients who underwent resection plus
ablation were more likely to be men (62.9% vs 37.1%; P = .001), but there were no other
differences in race, marital status, rural residence, colon versus rectal site of the primary
neoplasm, or Elixhauser comorbidity score compared with those patients who underwent
resection alone (all P > .05). In contrast, patients who underwent ablation alone were more
likely to have more Elixhauser comorbidities (11.2% vs 7.2%; P = .003) compared with
patients managed with hepatic resection alone or resection plus ablation.
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There were several shifting trends noted in the liver-directed management of patients treated
over the time periods examined (Table IV; Fig 2, A). Specifically, the use of hepatectomy
alone decreased over time (1991–1995, 71.2% vs 2003–2006, 52.0%; P < .001), whereas the
use of combined resection plus ablation (1991–1995, 6.2% vs 2003–2006, 12.3%; P < .001)
and ablation alone increased (1991–1995, 22.6% vs 2003–2006, 35.7%; P < .001). In
particular, the use of ablation increased substantially during the last 2 periods (2001–2002,
19.8% vs 2003–2006, 29.6%; P <.001).

The overall proportion of patients who had a complication was 62.9% (n = 1,334) and did
not change appreciably over the study period (Table IV; Fig 2, B). The most common
complications were need for percutaneous drain (n = 307; 14.5%), postoperative infection (n
= 146, 6.9%), and reexploration (n = 95; 4.5%). The risk of complication was associated
with having >3 Elixhauser comorbidities (>3 comorbidities, 9.7% vs ≤3 comorbidities,
6.4%; P = .009). The risk of any complications was not associated with other factors,
including type of procedure performed or time period examined (both P > .05; Fig 2, B).

There were 59 deaths within 30 days of operation for a perioperative mortality of 2.8%. The
30-day mortality did not change over the study period (P = .84; Fig 2, B). There was no
association between perioperative mortality and rural residence, race, >3 Elixhauser
comorbidities, or the extent of hepatic resection (all P > .05). In contrast, patients
undergoing hepatic resection alone compared with ablation alone had a lesser risk of 30-day
mortality (1.2% vs 3.8%, respectively; P = .002). The overall 90-day mortality was 9.9% (n
= 210) and decreased from 9.2% to 7.1% from the beginning to the end of the study period
(P = .007).

Long-term outcomes
The overall median survival of patients with operatively managed CRLM was 28.0 months
(95% CI, 26.0–30. months) with 1-, 3-, and 5-year survivals of 74.5%, 42.0%, and 28.4%,
respectively. Of note, no significant change in overall survival was noted over the time
periods examined (P = .19; Fig 3). On univariate analyses, however, several
clinicopathologic factors were associated with worse survival, including synchronous
disease, receipt of both preoperative and adjuvant systemic therapy, and treatment with
ablation alone (all P < .05; Table V). Specifically, patients who underwent resection alone
had a similar median survival compared with patients treated with resection plus ablation
(30.0 vs 34 months, respectively; P = .43). In contrast, patients treated with ablation alone
had a lesser median survival (23 months; P = .04; Fig 4). After using multivariate analysis to
control for competing risk factors, including age and preoperative comorbidities,
synchronous disease (HR, 1.67; 95% CI, 1.49–1.86; P < .001), receipt of both preoperative
and adjuvant systemic therapy (HR, 1.62; 95% CI, 1.31–2.01; P < .001), and treatment with
ablation alone (HR, 1.18; 95% CI, 1.05–1.33; P = .006) remained associated independently
with worse outcome (Table V).

DISCUSSION
Data on patients undergoing liver-directed therapy for CRLM often come from single
institution series5,13,36 or from multicenter series7 that combine data from specialized large
hepatobiliary centers. These data, however, are inherently subject to referral and publication
bias and may not reflect “true” outcomes and trends occurring on a population-level basis.37

To our knowledge, no previous report has investigated specifically population-based CRLM
data to examine the trends in perioperative management, operative procedure utilization, and
outcomes. Although several groups have investigated population-based outcomes using data
from national cancer registries,17,18,38,39 these data have inherent limitations.40 The SEER
dataset offers the ability to assess cancer surgery care in >25% of the US population and,
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therefore, likely reflects the spectrum of practice patterns found across a wide demographic
and institutional range. The SEER data, however, are limited in scope and do not provide
robust data concerning perioperative resource and procedure utilization. As such, unlike
previous studies that only employed the SEER database,17,18,38 we utilized linked SEER–
Medicare data, which can improve the accuracy of analyzing cancer care.19 Furthermore, by
using a specific algorithm,23 we were able to identify that population of patients within
SEER who had CRC and then identify the subset of patients who underwent liver-directed
procedures for their CRLM based on CPT codes from Medicare. Data from the current study
are important, because our findings reflect more accurately how CRLM is being managed
throughout the United States. In turn, data from the current study can be used to assess how
the population-level care of patients with CRLM corresponds to recommendations and
outcomes reported from select academic centers.

One interesting finding in the current study was the low proportion of patients with CRLM
managed with liver-directed operations. In total, we identified only 2,121 patients (5.0%) as
having undergone liver-directed management of their hepatic metastasis. The total sample
size of approximately 2,000 patients who underwent liver-directed management of
colorectal liver metastasis is similar to other studies in the literature that have used SEER–
Medicare data.17,38 Other studies have reported similarly a low utilization of operative
management for patients with CRLM (5–7%) when examining population-based data.17,41

The reason for the low utilization of liver-directed therapy for CRLM is likely
multifactorial. Given that the study population was derived from Medicare data, all patients
in the current study were ≥65 years. The low utilization of liver-directed therapy may in
part, therefore, be related to the lesser utilization of liver operations among the elderly
population. Several studies, however, have noted that advanced chronologic age cannot be
regarded as a medical contraindication for hepatic resection of CRLM.42,43 An additional
possible reason for the low use of liver-directed therapy might have been a result of
underreporting; however, as others have noted,17 the low utilization of liver-directed therapy
is likely not the result of underreporting, because the SEER and Medicare data have a high
level of agreement for identifying CRC patients who have not undergone an operation.

The overall utilization of preoperative cross-sectional imaging was 71.0%. The reason for
the relative low rate of imaging among study patients was probably multifactorial. The
utilization of imaging was time dependent; >90% of patients between 2003 and 2006 had
some form of preoperative cross-sectional imaging versus only approximately 55% from
1991 to 1995. Because we limited data collection to within 6 months before liver-directed
operation, we may not have captured adequately all data on preoperative imaging that
occurred before 6 months. In addition, >40% of patients presented with synchronous
disease. Among patients who had synchronous disease, only 59.2% had preoperative
imaging compared with 71.7% of patients who presented with metachronous disease (P < .
001). We also noted several other interesting trends in the use of cross-sectional imaging
over the time periods examined. Specifically, although the use of both CT and MRI
increased dramatically over time, MRI was utilized in <10% of CRLM cases. Although
some data have suggested that MRI may be preferable sometimes to CT as a diagnostic
imaging modality for CRLM,44 CT remains by far the predominant imaging modality of
choice for CRLM in the United States. The routine use of PET for patients with CRLM
remains controversial. Data from a meta-analysis45 noted that the addition of PET changed
the treatment plan in 29% of patients with CRLM. Pawlik et al46 reported that, among
patients who underwent a nontherapeutic laparotomy for CRLM, 45% had unsuspected
extrahepatic disease. Over the time period examined, the authors noted that nontherapeutic
laparotomies decreased from 15% to 5% corresponding with an increased use of PET at
their institution.46 In a separate study, Wiering et al47 noted that the additional costs of PET
in the diagnostic workup of patients with potentially resectable CRLM were compensated by
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the decrease in futile laparotomies. Despite National Comprehensive Cancer Network48

guidelines that suggest that PET is indicated in the setting of potentially curable metastatic
disease, we noted a very low utilization of PET (~5%) in the population at large.

Clinically important advances in chemotherapy for treating patients with CRLM have been
made over the last several decades. Whereas with 5-fluorouracil monotherapy responses
were in the range of 20%, now with combined oxaliplatin- or irinotecan-based therapies
responses have increased ranging to 40–55%. Although randomized, controlled data on the
use of perioperative systemic chemotherapy for resected CRLM are limited,49 there is sound
rationale for the use of adjuvant therapy based on robust level 1 data derived from patients
with resected stage III CRC.50,51 As such, the predominance of evidence seems to suggest
that perioperative chemotherapy has a role in the treatment of patients with resectable
colorectal liver metastasis. Despite this, we noted that only about one half of patients
received some type of perioperative systemic chemotherapy, with <20% of patients
receiving preoperative therapy. The use of chemotherapy did, however, increase over the
time periods examined (Fig 2, A). Although older patients with more comorbidities are often
less likely to receive chemotherapy,52 we did not find that age or number of comorbidities
were associated with receipt of chemotherapy in the current study.

There were also several shifting trends noted in the operative management of patients (Table
IV; Fig 2, A). Whereas the use of hepatectomy alone decreased over time, the use of
ablation either alone or combined with resection increased significantly. In particular, we
noted that the use of ablation combined with wedge resection was utilized in about 1 in 10
patients operated on for CRLM between 2003 and 2006. In contrast, major hepatectomy
(hemihepatectomy or extended hepatectomy) was utilized far less frequently. In fact, major
hepatectomy accounted for <25% of the operative interventions for CRLM on a population-
based level. Rather, most patients with CRLM were managed with a wedge resection or with
a combination of wedge resection and ablation.

Advances in operative techniques and perioperative care have minimized mortality
associated with operations for CRLM, but postoperative morbidity remains a concern. Most
contemporary series from large academic centers report a 30-day mortality of
<5%.5,7,37,53,54 In the current study, we noted a 30-day mortality of 2.8%. Although this
population-based mortality was comparable with that reported from academic centers, fewer
major hepatectomies were performed in the current cohort compared with many academic
series---making direct comparisons difficult.5,7,46 Although the perioperative mortality was
low, the overall proportion of patients who had a postoperative complication was 62.9%. We
noted that the incidence of 30-day mortality and morbidity remained constant over the time
periods examined despite a significant increase in the number of patients with comorbidities.
We noted also that 90-day mortality decreased from 9% to 7% over the study period (P = .
007). These data suggest strongly that, although continued progress needs to be made to
decrease morbidity similar to the progress made with perioperative mortality, resection for
CRLM in an aging population with more medical comorbidities can be performed safely
with low mortality.

The current study had several limitations. The use of large administrative datasets, although
providing data with a greater generalizability, suffers from a number of shortcomings.
Specifically, despite utilizing a linked dataset such as SEER–Medicare, detailed data on the
characteristics of the CRLM were not available. Although SEER captures relatively specific
data on characteristics of the primary tumor, detailed data on metastasis are not available. As
such, we could not stratify the analyses based on extent of metastatic disease or examine the
relative utilization of perioperative or operative procedures based on metastatic disease
burden. The trends in management, complications, and procedural utilization are limited by
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reporting bias of the surgeons and administrative processes involved with billing codes and
should, therefore, we believe be viewed in broad terms and not as exact values. In addition,
because we utilized a dataset linked to Medicare, only patients aged ≥65 years were
included. Whether results from the current study can be extrapolated to younger patient
populations requires further study.

In conclusion, we found that the overall utilization of liver-directed operations for CRLM
was relatively low (~5%) among Medicare beneficiaries. Although most patients with
CRLM were evaluated with a CT before their operation, PET was utilized rarely as part of
the staging workup. In addition, only about one half of patients received perioperative
chemotherapy in addition to liver-directed operations for CRLM, although there was an
increased trend in chemotherapy utilization over time. Mortality associated with liver-
directed operations was low, but morbidity remains high with no change over time despite
an increase in the number of patients with medical comorbidities. Future studies should seek
to better understand the factors that impact the differences and trends in the relative
utilization of perioperative and operative interventions aimed at treating patients with
CRLM.
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Fig 1.
Flow diagram of patient selection within SEER–Medicare database, 1973–2006.
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Fig 2.
(A) Temporal trends in liver-directed operations and perioperative medical management for
patients with CRLM. (B) Trends in Elixhauser medical comorbidities and perioperative
complications and 30-day mortality for patients with CRLM undergoing hepatectomy,
ablation, or both.
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Fig 3.
Overall survival of operatively managed patients from the time of the liver-directed
operation, stratified by time period. There was no improvement in survival over time (P = .
19). Overall median survival 28 months.
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Fig 4.
Overall survival from the time of the liver-directed operation stratified by resection alone,
ablation alone, and combined resection plus ablation. Medians months of survival: resection
alone (30 months), ablation alone (23 months), and resection plus ablation (34 months).

Mayo et al. Page 15

Surgery. Author manuscript; available in PMC 2013 February 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mayo et al. Page 16

Table I

ICD-O-3 histology codes specific to colorectal adenocarcinoma

Histology code Number of patients (%)

8140 1,658 (78.2)

8210 71 (3.3)

8261 64 (3.0)

8263 97 (4.6)

8480 132 (6.2)

8481 82 (3.9)

Other (8141, 8144, 8211, 8260, 8262, 8490) 17 (1.0)

Total 2,121
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Table II

CPT/ICD-9-CM codes used in identification of Medicare claims

CPT codes ICD-9-CM codes

Procedures

    Endoscopy 43234, 43235, 43239, 43241, 43242, 43245, 43250,
43251, 43256, 43258

42.24, 44.14, 45.13, 45.14, 45.16

    Cholangiogram 74320 87.52, 87.53, 87.54

    Percutaneous transhepatic cholangiography 47500, 47505, 47510, 74363, 75980 51.98, 87.51

    MRI abdomen (with and without contrast) 74181, 74182, 74183, 74185 88.97

    CT abdomen (with and without contrast) 74150, 74160, 74170 87.41, 87.42, 87.72, 88.01, 88.02

    PET 78811, 78812, 78813, 78814, 78815, 78816 88.90, 92.04, 92.18

    Portal vein embolization 37204, 75894 39.79

    Diagnostic laparoscopy 49320, 49321, 49329 54.21

Hepatectomy

    Biopsy, wedge 47100 50.11, 50.12, 50.19

    Partial lobectomy 47120 50.22

    Trisegmentectomy 47122

    Left lobectomy 47125

    Right lobectomy 47130

    Lobectomy (either or NOS) 47125, 47130 50.3

Lymphadenectomy 38747, 38780 40.29, 40.50

Hepaticojejunostomy 47760, 47780, 47785, 47800, 47999 51.37

Excision of biliary tree 47711, 47712 51.64, 51.69

Hepatic ablation

    Open 50.23

        Radiofrequency 47380

        Cryosurgical 47381

    Laparoscopic 50.25

        Radiofrequency 47370

        Cryosurgical 47371

    Percutaneous 50.24

        Radiofrequency 47382

        Other and unspecified 50.26, 50.29

Chemotherapy (intravenous) 96409, 96411, 96413, 96415, 96416, 96417 99.25

Transcatheter arterial chemoembolization 37204, 75894

Complications

    Operative reexploration 49000, 49002 54.11, 54.22

    Percutaneous drain 47000, 49021, 49041, 49061, 75989 54.91

    Accidental laceration 998.2

    Postoperative hemorrhage 998.1–998.19

    Post-hemorrhagic anemia 285.1

    Anesthetic reaction 995.4

    Wound dehiscence 998.3, 998.6, 998.83
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CPT codes ICD-9-CM codes

    Liver abscess 572.0

    Peritonitis 567.2

    Gastrointestinal hemorrhage 578.0, 578.1, 578.9

    Gastrointestinal complications 997.4

    Biliary fistula 576.4

    Intestinal fistula 569.81

    Stomach or duodenal fistula 537.4

    Postoperative infection 998.5–998.59

    Paralytic ileus 560.1

NOS, Not otherwise specified.
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