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Abstract

Introduction: The number of elderly patients with colorectal
cancer (CRC) liver metastases is increasing. Due to their
historic exclusion from clinical trials, evidence for the benefit of
hepatic resection in this population is limited. The present study
aimed to assess the safety and efficacy of hepatic resection for
CRC liver metastases in elderly patients.

Methods: A 5-year retrospective analysis of all patients who
underwent hepatic resection for CRC liver metastases at a
single UK centre was performed to compare outcomes for
young (<75 years old), and elderly (>75 years old) patients.

Results: Of 248 patients identified, 44 were elderly and 204
were young. The majority of patients were male (71%),
underwent a minor resection (64%) and had a complete
resection (87%). There was no significant difference in
demographic or surgical characteristics other than age. The 5-
year disease-free survival (DFS) and overall survival (OS) for
all groups combined was 28.8% and 37.9%, respectively.
Between the elderly and young groups there was no significant
difference in median DFS (27 months vs. 32 months) but a
significant difference in OS (29 months vs. 46 months). Tumour
recurrence was identified to significantly predict OS for both
elderly and young patients, whilst gender, type of resection,
and residual tumour classification status had no statistically
significant predictive value.

Conclusion: The results of the current study indicate that
hepatic resection for CRC liver metastases is a safe and
effective procedure in all age groups, with non-inferior
outcomes in patients >75 years old.
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Introduction
Colorectal cancer (CRC) is the fourth most common cancer in the

United Kingdom and the second most frequent cause of cancer

mortality [1]. The majority of new CRC cases (58%) occur in those >70
and with increasing life expectancy worldwide the total number of
elderly patients with CRC is expected to rise markedly [2]. In the last
40 years there has been a 14% increase in CRC incidence and the
majority of these additional cases have been in patients >70 years old
[3]. This population of elderly patients with CRC represents an
increasing priority for clinical oncology research. In total ~25% of
patients with CRC present with synchronous liver metastases as their
only site of metastatic disease [4] and 17% of patients with CRC
develop metachronous liver metastases <10 years [5] as their only site
of metastatic disease, and all these patients remain potentially curable.
Therefore, hepatic resections performed by specialist
hepatopancreaticobiliary surgeons are the primary treatment for
synchronous and metachronous CRC liver metastases [6]. As long as
the patient is physically fit and their metastases allow for a technically
feasible resection, this procedure is safe and effective, with patients
achieving an overall median survival of 3.6 years post-hepatic
resection [7]. Historically, the extremely old have been excluded from
clinical trials and so this population has frequently been overlooked for
potentially curative therapies, as clinicians lacked sufficient evidence to
support that the benefits of such treatments outweighed the risks. In
recent years, there has been a trend towards including older patients in
clinical trials; however, the weight of evidence for this population
remains poor in CRC. In regards to hepatic resections for CRC liver
metastases in the elderly, no consistent benefit has been observed
following this treatment, in addition to variable rates of postoperative
complications, morbidity and mortality [8-12]. The present study
compared the demographics, treatments and outcomes for young (<75
years old), and elderly (>75 years old) patients with CRC liver
metastases who underwent hepatic resection.

Materials and Methods

Study participants
All patients who underwent resection for CRC liver metastases in a

5-year period, between January 1st 2009 and December 31st 2014, at
Sheffield Teaching Hospital NHS Foundation Trust (Sheffield, United
Kingdom) were identified retrospectively from a patient database. For
this type of study formal consent is not required. Patients were divided
into two groups based upon their age as follows: ≥ 75 years old (elderly
group); and <75 years old (young group). The following data was
collected for each patient: age; gender; type of hepatic resection
(major/minor); residual tumour classification (R classification)
according to the Union for International Cancer Control [13]; and
follow-up data, including the date and type of recurrence, and length
of survival.

Statistical analysis
Statistical analyses were performed using SPSS software (version 22;

IBM Corporation, Armonk, NY, USA). Patient demographics are
expressed as numbers with percentages for categorical variables and as
medians with ranges for continuous variables. Demographic and
surgical characteristics were compared between the age groups.
Categorical variables were compared using Fisher’s exact test and
continuous variable were compared using the Mann-Whitney U test.
Disease-free survival (DFS) was defined as the time between
computerized tomography (CT) scan diagnosis (or surgery if
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unknown) and disease recurrence (or last follow-up). Overall survival
(OS) was defined as the time between CT scan diagnosis (or surgery if
unknown) and mortality (all causes; or last follow-up). Peri-operative
deaths were defined as death from any cause within 1 month from
surgery. Survival rates were determined using the Kaplan-Meier

estimator and compared using the log-rank test. The Cox regression
model was used to identify factors that significantly predicted survival.
All tests were two-tailed and p<0.05 was considered to indicate a
statistically significant difference.

Figure 1: Disease free survival (DFS) and overall survival (OS) results. Kaplan-Meier estimator curves of DFS and OS for the elderly (a+b) and
young (c+d) groups respectively and DFS and OS for the population as a whole (e+f).

Results
A total of 248 patients with CRC who underwent liver resection for

liver metastases were identified in the present study. Of these patients,
44 (17.7%) were classified as elderly and 204 (82.3%) as young. Table 1
details the demographic and surgical characteristics of the patients and
subgroups. As demonstrated in Table 1, there was a significant
difference in the ages of patients in the two groups (p<0.000). The
elderly group had a median age of 77 years old compared with the
young group, which had a median age of 65 years old. In addition, the
majority of patients in the present study were male (70.6%). The elderly
group were 75.0% male compared with 69.6% in the young group,
although this difference was not statistically significant (p=0.585). The
majority of patients included in the current study underwent a minor
hepatic resection (64.1%) and had a completely resected tumour (R0,
87.1%) (Table 1). There was minimal difference in the type of tumour
resection between the age groups, with 61.4% of the elderly group
undergoing a minor hepatic resection compared with 64.7% in the
young group (Table 1). In addition, 93.2% of the elderly group had
their tumour completely removed (R0) compared with 85.8% in the
young group (Table 1). Neither of these comparisons were statistically
significant (p=0.730 and p=0.223, respectively). Figure 1 demonstrates
the DFS and the OS of the groups separately and combined. As such in 
Figure 1, the elderly group had a median DFS of 27 months [95%
confidence interval (CI), 21.1-32.9 months] compared with the young
group, which had a median DFS of 32 months (95% CI, 27.0-37.0

months). This was not a statistically significant difference with a p
value of 0.234. In addition, the 5-year DFS for the elderly group was
20.9% compared with 20.2% for the young group. For all groups
combined, the median DFS was 30 months (95% CI, 25.9-34.1 months)
(Figure 1). The 1- and 5-year DFS rates for all groups combined were
93.5% and 28.8%, respectively (Figure 1). As shown in (Table 2), for
both elderly and young patients no variable was a statistically
significant predictor for DFS. The gender (p=0.672 vs. 0.065), type of
resection (p=0.727 vs. 0.200), and residual tumour classification status
(p=0.334 vs. 0.930) of the patient had no statistically significant
predictive value (Table 2). Figure 1 demonstrates the OS for the elderly
group compared with the young group. The elderly group had a
median OS of 29 months [95% confidence interval (CI), 25.9-32.1
months] compared with the young group, which had a median OS of
46 months (95% CI, 39.7-52.3 months). This was a statistically
significant difference with a p value of 0.006. The 5-year OS for the
elderly group was 26.7% compared with 39.9% for the young group.
For all groups combined, the median OS was 43 months (95% CI,
35.4-50.6 months) (Figure 1). The 1- and 5-year OS rates were 93.5%
and 37.9%, respectively (Figure 1). There was 1 perioperative death in
each age group (Figure 1). As shown in Table 3, tumour recurrence was
a statistically significant predictor of OS for both elderly (p=0.005) and
young patients (p=0.000). Elderly patients who had not had their
tumour recur were 7.8 times more likely to be alive compared with
patients who had their tumour recur at the last point of data collection.
Whilst young patients who had not had their tumour recur were 6.0
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times more likely to be alive compared with patients who had their
tumour recur. The gender of the patient, whether it was a major or

minor resection, and whether they had a complete or incomplete
resection had no statistically significant predictive value.

Patient characteristic All Patients Elderly

(≥ 75 years old)

Young

(<75 years old)

p-value

Age

median (range)

67 (39-83) 77 (75-83) 65 (39-74) <0.000

Gender

Number (%)

Male 175 (70.6) 33 (75.0) 142 (69.6) 0.585

Female 73 (29.4) 11 (25.0) 62 (30.4)

Type of Resection

Number (%)

Major 89 (35.9) 17 (38.6) 72 (35.3) 0.730

Minor 159 (64.1) 27 (61.4) 132 (64.7)

R classification

Number (%)

R0 216 (87.1) 41 (93.2) 175 (85.8) 0.223

R1 32 (12.9) 3 (6.8) 29 (14.2)

R, residual tumour resection; R0, complete resection; R1, incomplete resection.

Table 1: Demographic and surgical characteristics for all patients and separate groups.

Patient characteristic Comparison Age group p-value Hazard ratio

Gender Female vs. male Elderly 0.672 0.759

Young 0.065 0.608

Type of resection Major vs. minor resection Elderly 0.727 1.198

Young 0.200 0.714

R classification R1 vs. R0 Elderly 0.334 2.525

Young 0.930 1.036

R, residual tumour resection; R0, complete resection; R1, incomplete resection.

Table 2: Results of Cox regression model analysis assessing the predictiveness of patient characteristics for disease-free survival.

Patient
characterist
ics

Comparison Age
group

p-value Hazard
ratio

Gender Female vs. male Elderly 0.063 0.295

Young 0.642 0.883

Type of
resection

Major vs. minor
resection

Elderly 0.838 1.098

Young 0.102 1.505

R
classification

R1 vs. R0 Elderly 0.147 5.952

Young 0.286 1.505

Tumour
recurrence

Yes vs. no Elderly 0.005 7.759

Young 0 6.006

R, residual tumour resection; R0, complete resection; R1, incomplete
resection.

Table 3: Results of Cox regression model analysis assessing the
predictiveness of patient characteristics for overall survival.

Discussion
As the average age has increased worldwide, there has been a

corresponding increase in the number of elderly patients developing
CRC and CRC liver metastases [1]. This represents a major challenge
to clinicians, as this patient group has frequently been excluded from
clinical trials, directly due to their age or indirectly due to
comorbidities. At present there is no definitive consensus in regards to
whether hepatic resection is a safe and effective treatment in elderly
patients with CRC liver metastases [8]. A number of previous studies
have investigated this area, with conflicting results [9-11]. Various
studies have observed that hepatic resection increases morbidity and
mortality in elderly patients compared with younger patients [9,10]
whilst other studies have identified that elderly populations have non-
inferior outcomes compared with younger patients [11,12]. The results
of the present study indicate that hepatic resection is beneficial in
elderly patients with CRC liver metastases, and therefore age should be
no barrier for this potentially curative operation. With a 2:1 patient
ratio of males: females and a median patient age of 66 years old, the
results of the current study are comparable with previously published
data in regards to the demographic characteristics of patients with
CRC liver metastases [14]. In addition, data from the present study is
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comparable to previously published data from other centres regarding
rates of R1 resection [15]. Therefore, the present study is well placed to
evaluate the benefit of liver resection in elderly patients with CRC liver
metastases and allows better extrapolation of the results to the wider
population. The present study identified no significant differences in
the proportion of males: females, type of resection performed (major
or minor) or surgical outcome (R0 or R1 tumour resection) between
the groups. Therefore, any difference, or lack of difference, in patient
outcome was due to age alone or other inherent biases in patient
selection. Whilst not statistically significant, there was a trend towards
patients >75 years old having a complete tumour resection compared
with those <75 in the present study. This likely represents a selection
bias inherent to the surgeon’s clinical judgement. Hepatic resection for
CRC liver metastases is high risk and so for the surgeon to consider
that the benefits outweigh the risks for an elderly patient they are likely
to select patients with smaller lesions, a smaller number of lesions or
more well-defined lesions. Whilst this bias may skew the results, it
suggests that the surgeon’s judgement is an important factor in
predicting the resectability of CRC liver metastases. The results of the
present study indicate that hepatic resection is a safe and effective
treatment for CRC liver metastases in all age groups, including those
>75 year olds. Following this treatment, there were only 2 peri-
operative deaths, and good long-term outcomes in regards to DFS and
OS. In addition, there were no significant difference in DFS, although
there was a significant difference in OS. This difference was not
associated with gender, type of resection, or residual tumour
classification status. Whilst disease-specific survival was not recorded,
the difference in OS is possibly due to co-morbidities which the elderly
patients suffered from and not directly related to their cancer. As
expected, disease recurrence was significantly associated with OS. The
5-year DFS and OS rates following hepatic resection for CRC liver
metastases identified in the present study, 28.8% and 37.9%,
respectively, match well with recent published results that have
reported 5-year outcomes of up to 24% for DFS and 34-52% for OS
[15]. These results suggest that the patients analysed in the present
study were carefully selected for this complex and high-risk operation.
The primary limitation of the current study was the small sample size,
which limits the power of the statistical analyses. Nevertheless, the
results of the present study suggest that, elderly patients who undergo
hepatic resection for CRC liver metastases have good long term
outcomes and any reduced survival rates compared with younger
patients is probably due to co-morbidities.

Conclusions
The results of the present study indicate that hepatic resection is a

safe and effective treatment for the management of CRC liver
metastases in all age groups, including the >75 year olds. These results
support those of previous reports, which suggest that age should not be
a barrier to this potentially life-saving operation. In future, these
results should be validated by conducting a statistically well-powered
prospective study to demonstrate non-inferiority for elderly patients
compared with younger patients.
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