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Abstract

Background—-cClinical outcomes of octogenarians undergoing hepatectomy for colorectal liver
metastases(CRLM) are poorly characterized. The current study evaluated operative morbidity,
mortality and survival outcomes among a contemporary cohort of octogenarians.

Methods—~Patients undergoing their first hepatectomy for CRLM were identified from
institutional databases and those >80 years old(y) were matched 1:1 to a group of patients <80y.
Data pertaining to surgical morbidity/mortality and survival were compared using standard
statistical methods.

Results—From 2002-2012, 1391 hepatectomies were performed for CRLM, 55(4%) in patients
>80y. Major complications occurred twice as frequently among patients =80y [10(19%)=80y vs.
5(9%) <80y, (p=0.270)]. No matched patient <80y. died within 90d of operation, whereas, 4(7%)
patients >80y did, p=0.125. Median follow-up was significantly longer for the <80 y. group [44
(1-146) vs. 23(0-102) mths, p=0.006]. Probability of disease recurrence was not different between
groups(p=0.123) nor was the cumulative incidence of death from disease(p=0.371). However,
patients =80y had significantly higher incidence of hon-cancer related death(p=0.012).

Conclusions—Hepatectomy for CRLM among well-selected octogenarians is reasonable with
cancer related survival outcomes similar to those observed in younger patients. However, it is
associated with clinically significant morbidity/mortality and continued efforts directed at
optimizing perioperative care are necessary to improve early outcomes among octogenarians.
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Introduction

The population is aging. Over the last half-century persistent changes in health related
behaviors, as well as, economic, social and medical advances have led to increases in overall
life expectancy. As of 2012, persons age 80 and over accounted for 3.7% of the U.S
population. Future projections suggest that by the year 2050, 20-30 million (~8%) people
living in the United States will be over the age of 80. Life expectancy for this group will
range from 6-7 years and the annual probability of death for octogenarians is projected to be
7-10% per annum [1]. As the population ages there will be a simultaneous rise in age related
diseases such as cancer. The estimated number of new cancer diagnoses will increase up to
45%, from 1.6 million patients in 2010 to 2.3 million by 2030. The vast majority of these
diagnoses will occur in older patients and the number of patients’ =80 y. requiring cancer
treatment will rise substantially [2]. Although the overall age structure of cancer patients
will change, the most common cancer types are likely to endure, such that colorectal cancer
(CRC) will remain the 34 most common cancer diagnosis [3]. Furthermore, approximately
two thirds of patients with CRC will develop metastases to the liver for which surgery
remains the only potentially curative treatment [4]. It follows then, that the number of
elderly patients with colorectal liver metastases (CRLM) seeking surgical opinion/treatment
will increase and may necessitate special consideration.

Normal physiologic ageing is associated with a gradual decline in organ system reserve and
responsiveness to stressful stimuli. In terms of the liver, it has been suggested that the aging
process results in a reduction in hepatic regenerative capacity, leading some to question
whether advanced chronological age should be a contraindication to liver surgery [5-8]. To
date, evidence regarding outcomes of elderly patients following hepatectomy are conflicting.
Some suggest that there is increased morbidity and operative mortality [9-12], while others
indicate no differences in clinical outcomes [13-18]. This is likely related to differences in
the age cut-off studied and non-specific patient selection including both benign and
malignant pathologies, +/- underlying liver dysfunction and major and minor resections [13,
15, 19-21]. However, even amongst studies specifically evaluating hepatectomy for CRLM,
results differ [10, 12, 14, 22-25].

To date only two studies have exclusively evaluated outcomes among octogenarians
undergoing hepatectomy [26, 27]. Unfortunately, these studies were small, unmatched,
included patients with a variety of diagnoses and focused only on short-term morbidity and
mortality. Consequently, knowledge of the safety and oncologic effectiveness of
hepatectomy for CRLM in patients’ =80 y. is limited. The current study aimed to evaluate
the safety and effectiveness of hepatectomy, in the modern era, for the treatment of
colorectal liver metastases (CRLM) in octogenarians; and to compare morbidity, mortality
and longer-term survival outcomes to a matched group of patients < 80 y.

Materials & Methods
Study Design

This study was deemed exempt from full institutional review and ethics approval was
obtained via waiver of the Health Insurance Portability and Accountability Act. From
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January 2002 to December 2012, all patients undergoing first time liver resection for CRLM
were retrospectively identified from prospectively maintained institutional and service
specific databases. Patients’ > 80 years of age were identified and subsequently matched 1:1
to a group of patients < 80 years of age and clinical outcomes compared. Matching criteria
included, BMI, presence of comorbidities, extent of hepatic resection and clinical risk score.

Patient Selection

This study included patients operated on over a 10-year period by multiple surgeons and
granular details as to how older patients were screened and selected for surgery were not
available. In general, however, patient “frailty” was assessed with a combination of history,
physical examination, functional status evaluation and collateral history obtained from
family and caregivers.

Data Collection

Standard demographic and clinicopathological variables were obtained from the database
and supplemented with information from the electronic medical record. For the purposes of
matching, BMI was categorized as normal (<25 kg/m?2), overweight (25-30 kg/m?) and
obese (>30 kg/m?). Extent of resection was defined as major (=4 Couinaud segments) versus
minor (<4 Couinaud segments). Chronic comorbid conditions at the time of operation were
documented and patients were categorized as having either <1 or >1 comorbidity. Finally,
Clinical risk score (CRS 0-5) including tumor size and number, disease free interval (DFI),
lymph node status of the primary colorectal cancer and carcinoembryonic antigen (CEA)
level was calculated as previously reported by Fong et al. [28] and subsequently categorized
into three groups (CRS=0, CRS 1-3 (low risk) and CRS 4-5 (high risk) and matched.

Neoadjuvant and adjuvant therapy were defined as receipt of chemotherapy, systemic and/or
hepatic arterial infusion, specifically for the treatment of CRLM before and after liver
resection, respectively. CRLM present at the time of primary CRC diagnosis were
considered synchronous. Extrahepatic disease (EHD) was documented if there was evidence
on preoperative staging imaging and/or if disease was discovered outside the liver intra-
operatively. Margin positivity was defined as the presence of tumor cells at the inked
resection margin. Surgical complications were prospectively recorded and graded according
to the Memorial Sloan Kettering Secondary Events Program database [29]. This scoring
system ranges from 0-no complication to 5-complicaiton resulting in death and is consistent
with the “Common Terminology Criteria for Adverse Events Version 4.0”, endorsed by the
National Institute of Health. Major complications were those with severity scores > 3. Post-
operative blood transfusion was defined as administration of packed red blood cells (PRBC)
within 48 hours of operation.

Date of CRLM diagnosis was determined radiographically. Follow-up time was calculated
as the interval from surgery to last contact with the study center or death. Timing and
location of disease recurrence was ascertained from surveillance imaging studies. Disease
status at the time of analysis was categorized as follows; no evidence of disease (NED), alive
with disease (AWD), dead of disease (DOD) or dead of unknown/unrelated causes (DUC).
Recurrence and/or death were considered events in determining recurrence free survival
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(RFS). All-cause mortality was the event of interest for overall survival (OS) and DOD the
event for disease specific survival (DSS), respectively.

Statistical Analysis

Results

Statistical analyses were performed using SPSS software version 21 (Chicago, IL, USA).
Summary statistics for baseline demographic and clinicopathological variables are presented
as mean +/- standard deviation or median (range) and frequency (%) for continuous and
discrete variables, respectively. For the entire cohort, comparison among categorical
variables was completed using Chi-square analysis or Fischer’s exact test where appropriate.
Continuous variables were compared using T-tests and Mann-Whitney U tests depending on
characteristics of distribution. Older patients (=80 y.) were matched 1:1 using exact
matching method [30] with patients <80 y. and appropriate matched analysis was performed.
Categorical data were compared across matched pairs using McNemar’s test (binary
outcome) or marginal homogeneity test (>2 outcomes). Given the non-normal distribution of
the data, the non-parametric Wilcoxon test was utilized to compare continuous data between
matched groups.

To maintain the integrity of the matched data, survival analysis was complete using the
Kaplan Meier method with pair wise stratification. Comparison between groups was
completed using the log-rank test. Competing risk analysis was used to separate the
probability of death from disease from that of death of unrelated/unknown causes and the
probability of recurrence from the probability of death without recurrence. This method
allows an estimate of the cumulative incidence of multiple competing events that can happen
during follow-up. Gray’s method was used for estimation and testing [31] and the Fine-Gray
method for regression [32]. All statistical tests were two tailed and significant was set at
p=0.05.

From 2002-2012, 1391 patients underwent first time liver resection for CRLM. At the time
of operation, 1336 (96%) patients were <80 and 55 (4%) patients were >80 years old.
Younger patients (<80 y.) more commonly presented with synchronous disease, >1 CRLM
and had significantly higher CRS compared to patients =80 y (all p-value <0.001). Use of
neoadjuvant and adjuvant chemotherapy was also more common among patients <80 y
(p<0.001).

Of the 55 patients’ =80 years of age, 1:1 matching using the 4 previously stated variables
was feasible in 54 patients. Baseline demographic and clinicopathologic features of the
matched groups (<80 y. and =80 y.) are outlined in Table 1. Operative and perioperative
outcomes of the matched groups are outlined in Table 2. The median length of stay (LOS),
total number and type of post-operative complications were not different between groups
and are summarized in Table 3. Overall, 42 patients experienced at least one post-operative
complication (39%, 42/108). Of the 4 octogenarian patients who died within 90-days, all had
significant smoking histories (2 current smokers, 2 previous) and three had received
neoadjuvant chemotherapy and subsequently underwent lobar resection. Cause of death was
multifactorial in 3 of 4 patients with early postoperative liver and cardiorespiratory
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dysfunction, sepsis and ultimately, multi-system organ failure. The remaining patient was
discharged home in stable condition on post-operative day #7, represented to an outside
hospital on post-operative day #9, rapidly decompensated, experienced cardiovascular arrest
in the emergency department and died. No autopsy was performed and ultimate cause of
death was not determined.

Follow-up and survival data by age group are shown in Table 2. OS, DSS and RFS are
illustrated in Figure 1A-C, respectively. Median OS in the =80 y. group was 45(30-60)
months versus 54(29-79) months for <80 y., (p=0.398). Actuarial 1-, 2- and 5-year OS was
88%, 73% and 41% in the =80 y. group compared to 96%, 86% and 46% in the <80 y.
group. Median DSS was 80(62—-98) months for the >80 y. group and was not different from
the median DSS of <80 y. group [77(23-131) months], p=0.513. Actuarial 1-, 2- and 5-year
DSS were 98%, 88% and 78% among the =80 y. and 96%, 88%, 54% in the <80 y. Median
RFS was not different between groups [22(6—38) months, >80 y. versus 12(5-19) months,
<80y., p=0.286]. Actuarial 1-, 2- and 5-year RFS were 64%, 50%, and 38% among the =80
y. group compared to 49%, 35% and 23% in the <80 y. group.

The cumulative incidence of death from disease versus death from other causes was
compared between groups and is illustrated in Figure 2. The probability of death from
disease at 1, 2 and 3 years was 2%, 11% and 13% among =80 y. patients versus, 4%, 12%
and 26% in the <80 y. group (p=0.37). Conversely, the probability of death from other
causes among octogenarians at 1, 2 and 3 years was 10%, 19% and 23%, respectively. This
was significantly higher when compared to the 0%, 2%, and 2% probabilities observed at 1,
2 and 3 years in the <80 y. group (p=0.012). The probability of disease recurrence at 1, 2 and
3 years was 34%, 45%, 49% for =80 y’s. This was not significantly different when compared
to the probability of recurrence observed among <80 y. at 1(53%), 2(66.5%) and 3(76.4%)
years, p=0.123. Cumulative incidence of death without recurrence was significantly higher
among octogenarians (p=0.025). In the >80 y. group, the probability of death without
recurrence at 1, 2 and 3 years was 10%, 14% and 14%. Conversely, no patient <80 y. died
without disease recurrence (Figure 3).

Discussion

Over the past several decades advancements in all areas of surgery and perioperative care
have significantly improved the safety of liver surgery [33, 34]. Furthermore, it is now well
established that among patients with CRLM, those with disease amenable to complete
resection are provided a survival advantage and chance for long-term cure [35-37].
However, data pertaining specifically to morbidity, morality and survival outcomes among
octogenarians is lacking. The current study identified a contemporary group of patients =80
y. undergoing liver resection for CRLM and compared both early post-operative outcomes
(morbidity/mortality) and longer term survival outcomes to a matched cohort of patients <
80y.

Octogenarians accounted for only 4% of all liver resections for CRLM at the study
institution. Though this number is small, it accurately reflects the age structure of the US
population, where persons =80 y. account for approximately 3.7% of the total population [1].
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Among the matched groups, overall morbidity rates were not different and although major
complications occurred twice as frequently among patients =80 y., this was not statistically
different, p=0.267. These findings are similar to those observed in a recent analysis of 350
consecutive patients undergoing liver resection for any indication by Shirabe et al in which
no significant differences in post-operative morbidity were observed between patients =80y
and <80 y’s[27]. Furthermore, Nojiri et al evaluated patients undergoing liver resection for
CRLM specifically, and found no differences in overall morbidity rates between older and
younger patients [38]. In the current study the rate of major complication among
octogenarians was high (20%) and was echoed in a study by Riffat et al where a major
complication rate of 27% was observed in patients 80 years and older [26]. This finding is of
clinical concern and is likely a function of the overall decreased physiologic reserve and
ability to tolerate a major operation.

Ninety-day outcomes following hepatectomy have been suggested as the gold-standard for
surgical quality assessment [39]. In the current study 90-day mortality was not statistically
different between groups; however, 4 out of 54 patients =80 y. died within 90-days of
surgery. Conversely, no matched patient <80 y. died within 90-days. Several studies have
evaluated mortality following liver resection in the “elderly’, albeit, using different age cut
offs. Cook et al report a 90-day mortality of 7% following liver resection for CRLM among
a cohort of patients’ =75 y. [24]. However, in a more recent evaluation of a modern (2000-
2008), well-matched, cohort of patients =70 y. undergoing hepatectomy for CRLM, 90-day
mortality was found to be 0% [16]. The lower observed mortality rates in the later study
likely reflect the inclusion of patients up to a decade younger than the current study
population. Of note 90-day mortality for matched patients younger than 80 years in the
current study was 0% and is similar to rates of 1.3% and 0% noted in the aforementioned
studies by Cook et al [24] and Cho et al [16], respectively. Though no statistical difference
was observed between patients =80 y. and those <80 y. in the current analysis, a major
complication rate nearing 20% and a 90-day mortality rate of over 7% in this highly selected
group of patients over 80 is clinically relevant and warrants fastidious attention to patient
selection and peri-operative care.

Median and 5-year OS were not different between octogenarians and younger matched
patients (45 vs 54 months and 46% vs 41% respectively, p=0.398) and are similar to
reported survival outcomes in patients over 75 years of age (44 months and 33%,
respectively) [24][14, 38]. However, these later studies are somewhat historical and are a
likely underestimate of survival in patients older then 75 in the modern era of cancer care. In
the current study the underlying cause of death was significantly different between patient
>80 y. vs < 80. Octogenarians had a greater probability of dying from causes unrelated to
their cancer. At 1-year the estimated probability of death from other causes among the >80 .
group was 10% compared with 0% in <80 y. group (p=0.012). Similarly, estimates of death
without disease recurrence were 14% at 3-years among octogenarians versus 0% in <80 y.
patients (0.025). Although these probabilities are significantly higher when compared to
their younger counterparts they are in line with the 11% probability of non-cancer death
reported by Norji et al. among patients =75 undergoing hepatectomy for CRLM [38] as well
as US census data regarding cause of death in persons over 80 years [1].
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Disease recurrence is common following liver resection for CRLM, occurring in up to 60%
of patients at 2 years follow-up [40]. In the current study, recurrence rates were not different
between octogenarians and patients < 80y (p=0.123). Median and 5-year RFS were also not
different between groups [12 vs. 22 months and 23% vs. 38%, p=0.513). These findings are
similar to those observed in a study by Di Benedetto et al were no difference in disease
recurrence were observed amongst a cohort of patient 70 years and older with CRLM [23].
Taken in concert these observations suggest that the biology of disease in octogenarians is
similar to younger patients and that cancer related survival outcomes are not a function of
chronologic age.

This study was a single center evaluation of octogenarians undergoing hepatectomy for
CRLM. The matched design provides an appropriate control group that allows more specific
assessment of the impact of age on outcome. However, the study is limited by the highly
selected nature of the included patients and is subject to all the inherent limitations
associated with retrospective investigation. More specifically, cancer treatments received
before and after liver resection were not standardized and/or matched for and may impact
clinical outcomes of interest. Follow-up time among the older cohort was significantly
shorter (23 months vs. 44 months, p=0.006) and may have led to underestimation of
recurrence/death among patients = 80 y. relative to their younger counterparts. Finally,
although the groups were matched for overall CRS, patients <80 y. were more likely to have
synchronous disease and greater disease burden which may have negatively impacted the
survival outcomes among patients <80 .

Despite these limitations, this is the largest matched series evaluating short-term morbidity/
mortality and the only series reporting on longer-term outcomes following liver resection for
CRLM among octogenarians. Hepatectomy for CRLM in patients’ =80 y. is associated with
a clinically relevant trend towards higher major morbidity and 90-day mortality and must be
communicated to patients and families prior to operative intervention. Despite these
increased risks of early morbidity and mortality, disease recurrence and disease specific
survival outcomes observed in the current study were comparable to patients <80y and
suggest hepatectomy for CRLM in well-selected patients over 80 years of age is reasonable.
The coming years will see a progressive rise in the number of patients over the age of 80
seeking cancer treatment, as such, further study regarding surgical treatment in this
population is necessary to optimize both short and long-term outcomes.
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Figure 1.
Comparison of; A-Overall; B-Disease specific; C-Recurrence free survival outcomes

between patients = 80y.0 versus < 80y.0.

HPB (Oxford). Author manuscript; available in PMC 2018 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Leal et al.

Page 11

o
o -
i = = Age<80, Death of Disease
Age>80, Death of Disease
- Age<80, Death of Other Causes
Age>80, Death of Other Causes
2
S

Cumulative Incidence
40

20
|
v

0 20 40 60 80

Months
Figure 2.

Comparison of the cumulative incidence of death of disease (hashed lines) death from
unrelated/other causes (solid lines) between patients = 80 years old versus < 80 years old.
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Comparison of the cumulative incidence of recurrence (hashed lines) and death without
recurrence (solid lines) between patients =80 years old versus < 80 years old.
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Table 1

Baseline Demographic and clinicopathologic characteristics of matched groups stratified by age = 80 years
versus < 80 years undergoing hepatectomy for colorectal liver metastases [(EBL= estimated blood loss, HAI=
hepatic artery infusion chemotherapy, CEA= carcinoembryonic antigen, CRS= clinical risk score); n (%),
mean +/-SD, median (range)].

Variable <80 years (n=54) | =80 years (n=54) | P-value
Gender

Male 28 (51.9) 34 (63.0) 0.441
Age (years) 57.68 +/- 13.0 83.62 +/- 2.6 <0.001
BMI (kg/m?) 25.6+/-4.56 26.3+/-4.31 0.056
ASA 0.009

1 0(0) 0(0)

2 20 (37) 10 (18.5)

3 26 (48.1) 43 (79.6)

4 1(1.9) 1(1.9)

Number of Comorbidities 0(0-3) 0(0-4) 0.080
Smoking status 0.238

Current 25 (46.3) 25 (46.3)

Previous 17 (31.5) 22 (40.7)

Never 8 (14.8) 1(1.9)
Pre-operative Bilirubin (mg/dL) 0.64 +/-0.29 0.63 +/- 0.27 0.772
Pre-operative Platelets (K/uL) 229.8 +/- 63.1 2151 +/-76.9 0.180
Pre-operative Albumin (mg/dL) 4.20 +/-0.30 3.96 +/-0.35 0.001
Pre-operative AST(U/L) 188.9 +/- 266.9 192.2 +/- 200.5 0.880
Pre-operative Hemoglobin (g/dL) 129+/-1.6 125+/-1.4 0.182
Pre-operative INR 1.19+/-0.20 1.18 +/- 0.15 0.755

Neoadjuvant Chemotherapy

Systemic 42 (77.8) 31(57.4) 0.078

HAI + Systemic 5(9.3) 0(0) 1.00
Adjuvant Chemotherapy

Systemic 47 (87) 27 (50) <0.001

HAI + Systemic 16 (29.6) 6 (11.1) 1.00
Synchronous Disease 31 (57.4) 14 (25.9) 0.004
Disease Free Interval (mo.) 0 (0-180) 16 (0-204) 0.002
Disease Free Interval <12 months 37 (68.5) 24 (44.4) 0.002
Node Positive Primary 31(57.4) 23 (42.6) 0.078
> 1 Metastasis 29 (53.7) 13 (24.1) 0.008
Diameter of largest Metastasis >5cm 13 (24.1) 15 (27.8) 1.00
Pre-op CEA >200ng/mL 2(3.7) 4(7.4) 0.625
CRS
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Variable <80 years (n=54) | =80 years (n=54) | P-value
Low (0-3) 52(96.3) 52(96.3) 1.00
High (4-5) 2(3.7) 2(3.7)

Extrahepatic Disease 2(3.7) 4(7.4) 1.00

Year of Surgery

2002-2006 29 (53.7) 22 (40.7) 0.248

2007-2012 25 (46.3) 32(59.3)
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Table 2

Operative characteristics, early post-operative morbidity and late disease related outcomes of matched groups
stratified by age =80 years versus < 80 years undergoing hepatectomy for colorectal liver metastases [(EBL=
estimated blood loss, FUP = follow-up, NED= no evidence of disease, AWD= alive with disease, DOD= dead
of disease, DUC= dead of unrelated/unknown causes; n (%), mean +/-SD, median (range)].

Variable < 80 years (n=54) | =80 years (n=54) | p-value
Number of Segments Resected 2.5(0.5-5.0) 2.0 (0.5-5.0) 0.160
Major Hepatic Resection (=4 segments) 14(26) 13(24) 1.00
EBL (mL) 414.8 +/- 425.7 394.5 +/-292.4 0.895
Pringle Time (min) 31.7 +/- 23.2 24.9 +/- 18.7 0.218
Operative Time (min) 2519 +/-113.1 198.9 +/- 64.1 0.001
Perioperative PRBC Transfusion 4(7) 4(7) 1.0
Post-operative Peak Bilirubin (mg/dL) 1.28 +/- 0.61 122+/-11 0.348
Post-operative Nadir Platelets (K/uL) 216.8 +/- 58.4 208.8 +/-78.2 0.491
Post-operative Peak INR 1.23+/-0.18 1.22 +/-0.14 0.967
Positive Margins 6 (11) 4(7) 0.727
Length of Stay (days) 7 (5-43) 8.0 (4-58) 0.188
Follow-up Time (months) 44 (1-146) 22.5 (0-102) 0.006

Disease Recurrence

Any 39(74) 27(50) | 0.021
Liver 26 (48) 9(17) | 0.049
Lung 23 (52) 13 (24) 1.0
Other 19 (44) 9 (17) 1.0

Disease Status at Last FUP

NED 17 (32) 14 (26) | 0.054
AWD 5(9) 7(13)
DOD 23 (43) 14 (26)
puc 9(17) 19 (35)
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Page 16

Comparison of post-operative complications among patients = 80 years old versus < 80 years old undergoing

first time hepatectomy for colorectal liver metastases [n(%)].

Complication | <80 yearsold (n=54) | =80 yearsold (n=54) | p-value
Any 18(33) 24(44) 0.290
Major 5(10) 10(19) 0.270
Infectious 3(6) 11(20) 0.500
Gl 9(17) 10(19) 1.0
Hepatic 0(0) 2(4) 1.0
VTE/PE 1(2) 2(4) 1.0
Hemorrhage 0(0) 2(4) 1.0
Pulmonary 3(6) 5(10) 1.0
Cardiac 1(2) 6(11) 1.0
Other 9(17) 9(17) 1.0
90d Mortality 0(0) A7) 0.125
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