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Management and Outcome of Colorectal Cancer
Liver Metastases in Elderly Patients
A Population-Based Study
Christopher M. Booth, MD; Sulaiman Nanji, MD, PhD; Xuejiao Wei, MSc; William J. Mackillop, MBChB

IMPORTANCE Surgical resection is standard treatment for patients with colorectal cancer
(CRC) liver metastases (LM). Limited data describe practice and outcomes among elderly
patients.

OBJECTIVE To describe management and outcomes of surgical resection of CRC LM in elderly
patients in routine practice.

DESIGN, SETTING, AND PARTICIPANTS Population-based retrospective cohort study of routine
clinical practices in the Canadian province of Ontario. All cases of CRC in Ontario who
underwent resection of LM between January 1, 2002, and December 31, 2009 were
identified using the population-based Ontario Cancer Registry and included in this study.
Complete information about vital status in the Ontario Cancer Registry was available up to
December 31, 2012; cause of death was available up to December 31, 2010. Final study
analyses were performed March 13, 2015. Surgical resections of CRC LM were identified from
hospital admission records. Pathology reports provided details regarding extent of disease
and surgical procedure. Patients were classified into 3 age groups: younger than 65 years, 65
to 74 years, and 75 years or older. We describe volume of resected CRC LM as a ratio of
incident cases per CRC LM resection. Use of perioperative chemotherapy was identified
through linked electronic treatment and physician billing records. Preoperative and
postoperative chemotherapy was defined as chemotherapy given within 16 weeks of surgery.

MAIN OUTCOMES AND MEASURES Overall survival and cancer-specific survival measured from
time of LM resection.

RESULTS We identified 1310 patients: 710 (54%) younger than 65 years; 414 (32%) 65 to 74
years; and 186 (14%) 75 years or older. Case volumes of CRC LM resection varied substantially
across age groups. For patients younger than 65 years, there was 1 resection per 26 incident
cases; 65 to 74 years, 1 per 38; and 75 years or older, 1 per 101 (P < .001). Patients less than 65
years of age had a mean of 2.3 lesions; 65 to 74 years, 2.0; and 75 years or older, 1.6
(P < .001). For patients younger than 65 years, mean size of the largest lesion was 4.0 cm;
patients 65 to 74 years, 4.4 cm; and 75 years or older, 4.5 cm (P = .04). The likelihood
patients younger than 65 years were to undergo a major liver resection of more than 3
segments was 65%; 65 to 74 years, 65%; and 75 years or older, 42% (P = .04). The
percentage of patients younger than 65 years who underwent perioperative chemotherapy
was 71% (501 of 710); 65 to 74 years, 57% (237 of 414); and 75 years or older, 41% (77 of 186)
(P < .001). The incidence of 90-day mortality for patients younger than 65 years was 2% (11
of 710); 65 to 74 years, 5% (20 of 414); and 75 years or older, 8% (14 of 186) (P < .001).
Cancer-specific survival at 5 years for patients younger than 65 years of age was 49%; 65 to
74 years, 47%; and 75 years or older, 35% (P < .001). Overall survival for patients younger
than 65 years was 49%; 65 to 74 years, 44%; and 75 years or older, 28% (P < .001).

CONCLUSIONS AND RELEVANCE Resection of CRC LM is associated with greater risk of
postoperative mortality among elderly patients despite less aggressive treatment. Although
the long-term outcomes are inferior to younger patients, a substantial proportion of elderly
patients will have long-term survival.
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O ver the past 2 decades, surgical resection of colorec-
tal cancer (CRC) liver metastases (LM) has evolved into
a standard treatment. Outcomes reported from lead-

ing centers1-4 and clinical trials5,6 suggest that a considerable
portion of patients will achieve long-term survival (40%-55%
overall survival at 5 years) with acceptable postoperative mor-
tality (<3%). However, it is well known that results reported
from clinical trials and high-volume centers may not be real-
ized in the general population.7 One important factor that may
contribute to a gap between efficacy and effectiveness is that
older patients with greater comorbidity are underrepre-
sented in clinical trials and institutional case series.8 Popula-
tion-based outcome studies may be useful to describe prac-
tice and outcomes achieved in routine practice.7,9

Seventy percent of patients diagnosed with CRC are older
than 65 years.10 Current demographic trends will lead to an in-
creasing number of elderly patients presenting with poten-
tially resectable CRC LM.11 A handful of population-based re-
ports have described patterns of care and long-term outcomes
of patients with CRC LM in routine practice.12-15 However, 3 of
these reports were restricted to patients 65 years and
older,12,13,15 and the fourth report did not describe manage-
ment and outcome across age groups.14 Three other population-
level reports from the United States have described short-
term outcomes among patients undergoing liver resection for
a variety of indications and/or diseases.16-18 These studies found
greater postoperative morbidity and mortality among elderly
patients. As highlighted in a recent review of this topic by Anaya
et al,11 there is a critical lack of information regarding man-
agement and long-term outcome of CRC LM among elderly pa-
tients in routine clinical practice. We undertook a population-
based study to describe management and outcomes of elderly
and nonelderly patients with resected CRC LM in a contem-
porary cohort. The study objectives were to describe practice
patterns (ie, surgery and/or chemotherapy) and short- and long-
term outcomes among elderly patients with resected CRC LM
treated in routine clinical practice.

Methods
Study Design and Population
This is a population-based, retrospective cohort study de-
signed to describe management and outcomes of resected CRC
LM in the Canadian province of Ontario. Ontario has a popu-
lation of approximately 13.5 million people and a single-
payer universal health insurance program. The study popula-
tion included all patients with CRC who underwent liver
resection from January 1, 2002, to December 31, 2009. To iden-
tify the study cohort we used the Ontario Cancer Registry (OCR)
to identify all incident cases of CRC in Ontario diagnosed from
1996 to 2009. We then identified all of those cases who un-
derwent liver resection from January 1, 2002, to December 31,
2009. The OCR does not capture diagnoses of all second pri-
mary cancers. As such, cases with liver resection more than
72 months after initial CRC diagnosis were excluded since those
cases would likely represent recurrence of a second primary
cancer. Cases with histology other than adenocarcinoma were

excluded. To minimize misclassification of LM, we also ex-
cluded cases with a second primary liver, biliary, or pancreas
cancer. Extent of LM was not available in the existing data
sources. For this reason we obtained surgical pathology re-
ports for all potentially eligible cases. Patients with evidence
of metastatic colorectal cancer per the liver resection pathol-
ogy report were included. The study was approved by the Re-
search Ethics Board of Queen’s University.

Data Sources and Linkage
The OCR is a passive, population-based cancer registry that cap-
tures diagnostic and demographic information for at least 98%
of all incident cases of cancer in the province of Ontario.19 The
OCR also provides information about vital status and cause of
death. Records of hospitalization from the Canadian Institute
for Health Information provided information about surgical in-
terventions, and these records are known to be complete.20

Provincial physician billing records from the Ontario Health
Insurance Plan, treatment records from regional cancer cen-
ters, and provincial records of chemotherapy delivery (New
Drug Funding Program and Ontario Drug Benefits ) were used
to identify chemotherapy use. Incident cases of CRC identi-
fied from OCR were linked to other electronic administrative
health databases at the Institute of Clinical and Evaluative Sci-
ences. A valid Institute of Clinical and Evaluative Services key
number enabled linkage to Canadian Institute for Health In-
formation, Ontario Health Insurance Plan, and Ontario Drug
Benefits. An OCR-encrypted unique identifier enabled link-
age to OPIS and New Drug Funding Program. Surgical pathol-
ogy reports were obtained from the OCR. A team of trained data
abstractors reviewed the pathology reports and entered infor-
mation about extent of disease and surgical procedure into an
electronic database.

Measures and Outcomes
Indicators of the socioeconomic status of the community in
which patients resided at diagnosis were linked as described

At a Glance

• In this population-based study we describe the management and
outcomes of all patients with resected colorectal cancer (CRC) liver
metastases (LM) treated in Ontario, Canada, from 2002 to 2009.

• Case volumes of CRC LM resection varied substantially across
age groups: for patients younger than 65 years, 1 resection per
26 incident cases; patients 65 to 74 years, 1 per 38; and patients
75 years and older, 1 per 101 (P < .001).

• Older patients were less likely to undergo a major liver resection
and less likely to receive perioperative chemotherapy.

• Cancer-specific survival at 5 years for patients younger than 65
years was 49%; patients 65 to 74 years, 47%; and patients 75
years and older, 35% (P < .001).

• Overall survival for patients younger than 65 years was 49%;
patients 65 to 74 years, 44%; and patients 75 years and older,
28% (P < .001).

• Older patients are less likely to have resection of CRC LM. While
long-term outcomes are inferior to those in younger patients, a
substantial proportion of elderly patients with resected CRC LM
will have long-term survival.
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previously.21 Quintiles of the median household income
were based on the household income distribution for the full
province of Ontario. Quintile 1 represents the communities
where the poorest 20% of the Ontario population resided.
Geographic regions reflect the catchment areas for Ontario’s
regional cancer centers.21 Each case in the current study was
assigned to one of these geographic regions based on their Min-
istry of Health residence code. Comorbidity was classified using
the Charlson comorbidity index and included all noncancer di-
agnoses recorded during any hospital admission within 5 years
prior to surgery.22 Preoperative chemotherapy was defined as
chemotherapy given within 16 weeks before resection of CRC
LM; postoperative, within 16 weeks after surgery for CRC LM.
For descriptive purposes, we describe practice and outcome
of patients by age using the following groups: younger than 65
years, 65 to 74 years, and 75 years or older. Overall survival (OS)
and cancer-specific survival (CSS) were determined from
resection of CRC LM. To account for possible cause of death
miscoding, CSS included death from any cancer. Complete
information about vital status in the OCR was available up
to December 31, 2012; cause of death was available up to
December 31, 2010. Final study analyses were performed
March 13, 2015.

Statistical Analysis
Comparisons of proportions between study groups were
made using the χ2 test. Temporal trends were evaluated
using the Cochran-Armitage test for trend. To evaluate tem-
poral and regional trends in surgery that account for trends
in incidence, we report the ratio of resected CRC LM cases
from 2002 to 2009 to incident CRC cases from 2002 to
2009. This was derived by dividing the number of incident
cases diagnosed in a given geographic region or age group by
the number of cases undergoing liver resection. Overall sur-
vival and CSS were determined using the Kaplan-Meier
method. Factors associated with OS or CSS were evaluated
using the Cox proportional hazards regression model. The
following variables were considered: age, sex, comorbidity,
socioeconomic status, interval between diagnosis and hepa-
tectomy, and extent of liver resection. All variables were
included in the multivariate model. Results were considered
statistically significant at P < .05. All analyses were per-
formed using SAS version 9.3 (SAS Institute).

Results
Study Population and Practice Patterns
Linked administrative data sets identified 1711 potentially eli-
gible patients who underwent surgical resection of CRC LM
from 2002 to 2009 (eFigure in the Supplement). Surgical pa-
thology reports were available for 1443 (84%) of cases, and 9%
of these reports (133) indicated that the procedure did not in-
clude resection of CRC LM. Accordingly, the study popula-
tion included 1310 patients. Characteristics of the study popu-
lation are shown in Table 1. Median age is 63 years (range, 20-87
years). Fifty-four percent (710) were younger than 65 years, 32%
(414) were 65 to 74 years, and 14% (186) were 75 years or older.

Sixty-two percent of cases were female (810), and the propor-
tion of males is greater among patients 75 years or older.

Practice Patterns
From 2002 to 2009, the volumes of CRC LM resection varied
substantially across age groups. For patients younger than 65
years, there was 1 resection for every 26 incident cases; 65 to
74 years, 1 per 38; and 75 years or older, 1 per 101 (P < .001).
Over the study period there was a 69% increase in volume of
resected CRC LM from 1 resection for every 54 incident cases
to 1 resection for every 32 incident cases (P < .001). The in-
crease in volume was seen in those patients younger than 65
years (61% increase, P < .001) and 65 to 74 years (107% in-
crease, P < .001) but not among patients 75 years or older (19%
increase, P = .09).

Major hepatic resection (≥3 segments) was less common
in patients 75 years or older (56%; n = 104 of 186) compared
with patients younger than 75 years (65%; n = 734 of 1124;
P = .04). While older patients had fewer lesions resected (<65
years, 2.3 lesions; 65-74 years, 2.0; ≥75 years, 1.6 [P < .001]),
resected LM were larger in elderly patients (<65 years, mean
size, 4.0 cm;65-74 years, 4.4 cm; and ≥75 years, 4.5 cm
[P = .01]). Use of any perioperative chemotherapy was less
common in elderly patients (<65 years, 71% [501 of 710]; 65-74
years, 57% [237 of 414]; and ≥75 years, 41% [77 of 186]
[P < .001]). While preoperative chemotherapy alone did not
vary substantially across age groups (<65 years, 16% [112 of 710];
65-74 years, 15% [62 of 414]; ≥75 years, 14% [26 of 186]
[P = .82]), older patients were less likely to get only post-
operative chemotherapy (<65 years, 32% [226 of 710]; 65-74
years, 25% [102 of 414]; ≥75 years, 20% [38 of 186] [P = .002])
or combined preoperative and postoperative treatment (<65
years, 23% [163 of 710]; 65-74 years, 18% [73 of 414]; and ≥75
years, 7% [13 of 186] [P < .001]).

Short-term Outcomes
Short- and long-term outcomes are shown in Table 2. Median
length of stay increased across age groups from 7 days to 9 days
(75+), (P < .001). Hospital readmission at 30 days and 90 days
after surgery was higher among elderly patients (P < .001). Post-
operative mortality at 30 days and 90 days increased with age
(Table 3). Factors associated with greater postoperative mor-
tality are shown in Table 3. On adjusted analyses, compared
with those younger than 65 years, older patients had an in-
creased risk of death at 30 days (P = .02) and 90 days (P < .001).
Compared with minor hepatic resection, major resection was
associated with greater risk of death at 30 days (OR, 2.78; 95%
CI, 1.03-7.54) but not at 90 days (OR, 1.58; 95% CI, 0.76-3.28).
When analyses are restricted to patients older than 65 years,
the only factor that remains significantly associated with post-
operative mortality is major hepatic resection (OR, 2.78; 95%
CI, 1.03-7.54 at 30 days).

Long-term Survival
Cancer-specific survival and OS curves are shown in the
Figure. Five-year CSS (<65 years, 49%; 65-74 years, 47%;
≥75 years, 35% [P < .001]) and OS (<65 years, 49%; 65-74
years, 44%; ≥75 years, 28% [P < .001]) decreased with
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advancing age. Results of the Cox model are shown in
Table 4. In adjusted analyses, older patients had inferior CSS
(65-74 years, hazard ratio [HR], 1.13; ≥75 years, HR 1.57
[P = .01]) and OS (65-75 years, HR 1.14; ≥75 years, HR, 1.67
[P < .001]) compared with patients younger than 65 years.
Greater comorbidity was also associated with inferior CSS
and OS. Burden of resected LM was associated with long-
term outcome. Patients with less than 1 liver lesion had infe-
rior survival (CSS: HR 1.41; 95% CI, 1.16-1.72; OS: HR, 1.41;
95% CI, 1.20-1.67) compared with those with a solitary
metastases. Resected LM greater than or equal to 5 cm were
associated with worse outcome (CSS: HR, 1.46; 95% CI, 1.18-
1.80; OS: HR, 1.43; 95% CI, 1.20-1.71) compared with lesions
less than 5 cm. Having liver CRC LM resected more than 2
years after the primary tumor was resected was also associ-
ated with improved CSS and OS. When multivariate analy-

ses are restricted to patients older than 65years, the findings
are unchanged except that number of LM is not associated
with OS or CSS.

Discussion
In this study, we have described management of resectable CRC
LM among elderly patients and outcomes achieved in routine
clinical practice. A number of important findings have emerged.
First, there has been a marked increase in case volumes of re-
sected CRC LM in routine practice. However, this change in
practice did not extend to patients 75 years and older. The lower
rate of liver resection in older patients may reflect differential
patient/physician decision-making across age groups, and/or
the fact that older patients are less likely to be eligible for ag-

Table 1. Patients Treated With Surgical Resection of Colorectal Cancer Liver Metastases

Characteristic

Patients, No. (%)

All Patients
(n = 1310)

Age, y
<65
(n = 710)

65-74
(n = 414)

≥75
(n = 186)

Patient

Median age, y 56 69 78

Sex

Male 500 (38) 270 (38) 144 (35) 86 (46)

Female 810 (62) 440 (62) 270 (65) 100 (54)

SES by quintilea

1 221 (17) 92 (13) 81 (20) 48 (26)

2 293 (22) 149 (21) 107 (26) 37 (20)

3 270 (21) 153 (22) 80 (19) 37 (20)

4 258 (20) 150 (21) 79 (19) 29 (16)

5 262 (20) 162 (23) 67 (16) 33 (18)

Charlson comorbidity score

0 1020 (78) 602 (85) 297 (72) 121 (65)

1 194 (15) 77 (11) 72 (17) 45 (24)

≥2 96 (7) 31 (4) 45 (11) 20 (11)

Disease

Timing of hepatic resection,b mo

0-6 456 (37) 260 (39) 141 (37) 55 (31)

7-12 243 (20) 142 (21) 69 (18) 32 (18)

13-24 313 (25) 167 (25) 92 (24) 54 (31)

≥24 219 (18) 105 (16) 80 (21) 34 (19)

Extent of disease

Mean No. of lesionsc 2.1 2.3 2.0 1.6

Mean size (cm) largest lesiond 4.2 4.0 4.4 4.5

Involved surgical margine 108 (8) 53 (7) 37 (9) 18 (10)

Treatment

Extent of surgical resectionf

Minor, <3 segments 444 (34) 235 (33) 130 (31) 79 (42)

Major, ≥3 segments 838 (64) 463 (65) 271 (65) 104 (56)

Perioperative chemotherapy

NACT 200 (15) 112 (16) 62 (15) 26 (14)

ACT 366 (28) 226 (32) 102 (25) 38 (20)

Both 249 (19) 163 (23) 73 (18) 13 (7)

None 495 (38) 209 (29) 177 (43) 109 (59)

Abbreviations: ACT, adjuvant
chemotherapy; NACT, neoadjuvant
chemotherapy; SES, socioeconomic
status.
a Data not available for 6 cases.
b Only reported for the n=1231 cases

with an identified date of primary
resection.

c Number of lesions not stated for 51
cases.

d Lesion size not stated for 52 cases.
e Margin status not stated for 41

cases.
f Extent of surgical resection not

stated for 28 cases.
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gressive surgery due to more advanced metastatic disease or
comorbidity. Second, the extent of resected disease varies
across age groups. Older patients have fewer, yet larger, me-

tastases resected than younger patients. They are also less likely
to undergo major hepatic resection. Third, older patients are
less likely to be treated with perioperative chemotherapy than

Table 2. Short- and Long-term Outcomes for All Patients

Characteristic
All Patients
(n = 1310)

Patient Age, y

P Valuea
<65
(n = 710)

65-74
(n = 414)

≥75
(n = 186)

Short-term outcomes, No. (%)

Median LOS 7 7 8 9 <.001

30-Day mortality 29 (2) 8 (1) 12 (3) 9 (5) .005

90-Day mortality 45 (3) 11 (2) 20 (5) 14 (8) <.001

30-Day readmissionb 165 (13) 66 (9) 65 (16) 34 (18) <.001

90-Day readmissionb 258 (20) 113 (16) 91 (22) 54 (29) <.001

Long-term outcomes, % (95% CI)

5-Year OS 44 (41-47) 49 (45-53) 44 (39-49) 28 (21-35) <.001

10-Year OS 29 (25-33) 35 (30-41) 23 (14-34) 16 (9-24) <.001

5-Year CSS 46 (43-50) 49 (44-53) 47 (40-53) 35 (27-44) <.001

10-Year CSS NA NA NA NA

Abbreviations: CSS, cancer-specific
survival; LOS, length of stay;
NA, not applicable; OS, overall
survival.
a P value for median was based on

Kruskal-Wallis test. P values for
5-year OS and CSS were based on
log-rank test. Others were based on
χ2 test.

b Patients who died in hospital and/or
were not discharged before 30 or
90 days were included in the
analysis.

Table 3. Factors Associated With Postoperative Mortality at 30 and 90 Days

Covariate
30-Day
Mortality, %

Multivariate Analysis
90-Day
Mortality, %

Multivariate Analysis

OR (95% CI) P Value OR (95% CI) P Value
Patient

Age, y

<65 1.2 1 [Reference]

.02

1.5 1 [Reference]

<.00165-74 3.0 2.23 (0.87-5.71) 4.3 2.78 (1.23-6.27)

≥75 5.3 4.25 (1.55-11.64) 8.2 5.87 (2.48-13.89)

Sex

Male 2.8 1 [Reference]
.26

3.9 1 [Reference]
.24

Female 1.6 0.60 (0.25-1.46) 2.5 0.64 (0.31-1.34)

SES by quintilea

1 3.6 2.01 (0.56-7.13)

.64

4.7 1.17 (0.43-3.18)

.82

2 1.5 0.88 (0.21-3.61) 2.3 0.62 (0.21-1.85)

3 2.8 1.77 (0.50-6.23) 3.6 1.06 (0.39-2.83)

4 2.5 1.73 (0.47-6.36) 3.3 1.04 (0.38-2.87)

5 1.6 1 [Reference] 3.3 1 [Reference]

Charlson comorbidity score

0 1.9 1 [Reference]

.29

3.0 1 [Reference]

.171 2.9 1.28 (0.45-3.59) 2.9 0.74 (0.27-1.99)

≥2 6.1 2.40 (0.81-7.09) 8.5 2.15 (0.86-5.37)

Disease

Timing of hepatic resectionb, mo

0-6 1.3 0.59 (0.19-1.90)

.61

2.4 0.77 (0.30-1.98)

.84
7-12 2.5 1.06 (0.33-3.42) 3.8 1.15 (0.43-3.10)

13-24 3.4 1.20 (0.42-3.47) 4.0 1.02 (0.40-2.62)

>24 2.8 1 [Reference] 3.8 1 [Reference]

Treatment

Extent of resectionc

Minor (<3 segments) 1.2 1 [Reference]
.04

2.6 1 [Reference]
.22

Major (≥3 segments) 3.0 2.78 (1.03-7.54) 3.7 1.58 (0.76-3.28)

Abbreviation: SES, socioeconomic status.
a Data not available for 6 cases.
b Date of primary resection not available for 79 cases.
c Extent of surgical resection not stated for 28 cases.
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younger patients. Fourth, resection of CRC LM is associated
with greater risk of postoperative mortality among elderly pa-
tients despite less aggressive treatment. Fifth, although the
long-term outcomes are inferior to younger patients, a sub-
stantial proportion of elderly patients will have long-term
survival.

Four other population-based studies have described man-
agement and outcomes of resected CRC LM. Each of these stud-
ies provide important insights into outcomes achieved in rou-
tine practice. However, none of them provide comparative data
by age for treatment and outcomes of CRC LM. Cummings
et al,12 Mayo et al,15 and Robertson et al13 all used linked data
from Surveillance, Epidemiology, and End Results Medicare,
and as such their findings only pertain to patients who are at
least 65 years old. Postoperative mortality within these stud-
ies (3%-4% at 30 days; 8%-10% at 90 days) are comparable to
the subset of patients in our study 65 years or older (3.5% at
30 days; 5.7% at 90 days). Long-term outcomes (5-year OS,

26%-33%) are slightly inferior to patients older than 65 years
in our study (5-year, OS 39%). Shah et al14 have reported the
fourth population-based study of resected CRC LM. Al-
though age as a continuous variable was associated with over-
all survival in the Cox model, the study did not report any other
comparative data for younger vs older patients with respect
to management or outcome. The study by Mayo et al15 was the
only study to describe use of chemotherapy. From 2003 to
2006, 72% (489 of 675) of patients received perioperative che-
motherapy: 16% of cases received chemotherapy within 6
months before surgery, 47% of patients received chemo-
therapy within 3 months after surgery, and 10% of patients re-
ceived chemotherapy before and after surgery. Comparative
chemotherapy use in our study population was lower. Fifty-
two percent (314 of 600) of patients 65 years of age or older in
our study received perioperative chemotherapy: 15% (88), pre-
operative; 23% (140), postoperative; and 14% (86) before and
after surgery. Chemotherapy use may be lower in elderly pa-

Figure. All Patients in Ontario, Canada, Treated With Surgical Resection for Colorectal Cancer Liver Metastases From 2002 to 2009
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Adjusted overall survivalD

For panels C and D, covariates adjusted include age, sex, socioeconomic status, Charlson comorbidity score, timing of hepatic resection, mean number of lesions,
mean size of largest lesion, surgical margin, and extent of surgical resection.
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tients due to differing comorbidity and performance status,
unique patient preferences, and physician age bias. A recent
study by Orcutt et al16 used the US National Inpatient Sample
to describe short-term outcomes among 4026 patients who un-
derwent liver resection for metastatic disease (ie, not just CRC)
from 2005 to 2008. They found that while in-hospital mor-

tality increased with age (<65 years, 1.3% increase; 65-74 years,
2.2%; ≥75 years, 3.3% [P = .01]), it was relatively low and within
accepted ranges.

Several institution-based case series describe outcomes of
elderly patients with resected CRC LM in high-volume cen-
ters. Adam et al23 assembled a cohort of 7764 patients who had

Table 4. Factors Associated With Cancer-Specific and Overall Survival Among Patients

Covariate

CSS OS

5-y, %

Multivariate Analysis

5-y, %

Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value
Patient

Age, y

<65 (n = 659) 49 1 [Reference]

.005

49 1 [Reference]

<.00165-74 (n = 369) 47 1.13 (0.91-1.41) 44 1.14 (0.95-1.37)

≥75 (n = 171) 35 1.57 (1.20-2.06) 28 1.67 (1.33-2.10)

Sex

Male (n = 751) 46 1 [Reference]
.49

44 1 [Reference]
.93

Female (n = 448) 47 0.93 (0.76-1.14) 45 0.99 (0.84-1.17)

SES by quintilea

1 (n = 193) 45 1.11 (0.80-1.53)

.23

45 1.10 (0.84-1.44)

.34

2 (n = 266) 43 1.25 (0.93-1.67) 40 1.23 (0.96-1.57)

3 (n = 251) 45 1.35 (1.01-1.80) 44 1.22 (0.95-1.56)

4 (n = 244) 51 1.04 (0.76-1.42) 47 1.03 (0.79-1.33)

5 (n = 245) 48 1 [Reference] 46 1 [Reference]

Charlson comorbidity score

0 (n = 944) 49 1 [Reference]

<.001

47 1 [Reference]

<.0011 (n = 173) 35 1.61 (1.25-2.08) 35 1.43 (1.15-1.78)

≥2 (n = 82) 34 1.50 (1.05-2.14) 29 1.50 (1.12-2.02)

Disease

Timing of hepatic resectionb

0-6 mo (n = 449) 44 1.49 (1.11-2.00)

.002

45 1.29 (1.01-1.64)

.02

7-12 mo (n = 239) 45 1.85 (1.35-2.55) 43 1.49 (1.14-1.94)

13-24 mo (n = 298) 45 1.52 (1.12-2.06) 41 1.39 (1.08-1.78)

≥24 mo (n = 213) 53 1 [Reference] 50 1 [Reference]

Extent of disease

Mean No. of lesionsc

1 (n = 601) 54 1 [Reference]
<.001

51 1 [Reference]
<.001

>1 (n = 549) 40 1.41 (1.16-1.72) 39 1.41 (1.20-1.67)

Mean size largest lesiond

<5 cm (n = 825) 51 1 [Reference]
<.001

49 1 [Reference]
<.001

>5 cm (n = 327) 37 1.46 (1.18-1.80) 34 1.43 (1.20-1.71)

Surgical margine

Margin positive (n = 97) 33 1.16 (0.81-1.67)
.42

32 1.15 (0.86-1.55)
.34

Margin negative (n = 1068) 48 1 [Reference] 46 1 [Reference]

Treatment

Extent of surgical resectionf

Minor (<3 segments) (n = 423) 48 1 [Reference]
.96

44 1 [Reference]
.42

Major (≥3 segments) (n = 776) 46 0.99 (0.80-1.23) 45 0.93 (0.78-1.11)

Abbreviations: CSS, cancer-specific survival; HR, hazard ratio; OS, overall
survival; SES, socioeconomic status.
a Data not available for 6 cases.
b Date of primary resection not available for 79 cases.
c Number of lesions not stated for 51 cases.

d Lesion size not stated for 52 cases.
e Margin status not stated for 41 cases.
f Extent of surgical resection not stated for 28 cases.
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resected CRC LM from 1986 to 2008 at 102 centers in 30 coun-
tries. Consistent with our results, they found that elderly pa-
tients were less likely to undergo major hepatic resection and
less likely to receive perioperative chemotherapy. Mortality at
60 days after surgery was 3.8% for patients 70 years and older.
Resection rates of CRC LM among patients 70 years and older
increased over time in the study by Adam et al.23 In our own
study, resection rates increased over time for patients younger
than 65 years and between 65 and 74 years but not among the
eldest cohort. This may relate to the fact that the study by Adam
et al23 included a much longer time frame (22 years) compared
with our study (8 years). In their comprehensive review of the
literature related to CRC LM in elderly patients, Anaya et al11 de-
scribe outcomes reported in 12 studies, almost all of which are
institutional case series. Across these studies, postoperative
mortality among patients at least 70 years of age was approxi-
mately 4% to 8%, and 5-year OS was in the range of 16% to 47%.

While our data suggest an acceptable level of postopera-
tive mortality among elderly patients, there are specific
surgical factors that need to be considered in older patients.
For instance, perhaps the most important factor in determin-
ing adequacy for surgery is the predicted functional capacity
of the remnant liver postresection. Given the impairment in
liver physiology with increasing age,24 elderly patients are at
a higher risk of liver insufficiency following resection, with con-
sequent increased morbidity and even mortality. The greater
length of stay seen among older patients in our study may re-
flect longer postoperative recovery and/or the need for a lon-
ger hospital stay due to differing social circumstances and avail-
able home support networks.

Although our study provides important insights into the
management and outcome of CRC LM among elderly patients
in routine clinical practice, several methodological limita-
tions warrant comment. The study population was identified
using linked administrative health databases. While the OCR
and the Canadian Institute for Health Information data sets are
known to be consistent and complete,19,20 it is possible that
our results may be biased by misclassification. A recent study
by Anaya et al25 evaluated the validity of using administra-
tive data sources to identify resection of CRC LM within the
US Veterans Affairs system and found excellent reliability.
While the electronic data sources used in this study describe

general aspects of disease, treatment, and outcome for all pa-
tients in the province, detailed information related to stage of
primary cancer, carcinoembryonic antigen level, chemo-
therapy dose and/or cycles, treatment toxic effects, and perfor-
mance status is not available and limits our ability to evaluate
the appropriateness of case selection for surgery and chemo-
therapy. Moreover, we are only partially able to control for
known patient variables such as comorbidity. We also do not
have information regarding other local therapies such as radio-
frequency ablation. While perioperative chemotherapy may be
associated with CSS or OS, it was not included in the Cox model
because the available data did not identify whether preopera-
tive chemotherapy was given to downstage LM or whether it was
given to eradicate micrometastases. As such, treatment choice
in this context may be associated with vastly different patient
subgroups and outcomes. Accordingly we did not believe it was
appropriate to include chemotherapy in the Cox model. To de-
scribe temporal trends in resection of CRC LM we used a ratio
of resected CRC LM cases to incident CRC. While this does pro-
vide some correction for temporal trends in incidence, it is
imperfect because the ratio for any year includes CRC LM sur-
gical cases that were (for the most part) diagnosed in earlier
years. Despite these limitations, in addition to the large sample
size and resulting statistical power, a major strength of the cur-
rent study is the fact that, by virtue of the OCR, our study popu-
lation includes all cases of CRC LM treated with surgical resec-
tion within Ontario and is therefore unselected. By including
the entire population of interest, it is possible to minimize the
referral and selection biases that affect traditional institution-
based observational studies.7

Conclusions
Resection of CRC LM is associated with greater risk of postop-
erative mortality among elderly patients despite less aggres-
sive treatment. Despite this, the operative mortality is within
an acceptable range. Although the long-term outcomes are in-
ferior to younger patients, a substantial proportion of elderly
patients will have long-term survival. Further work is needed
to better understand the optimal treatment of older patients
with CRC LM.
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