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How successful is liver resection for colorectal cancer
liver metastases in patients over 75 years old?
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Backgrounds/Aims: As populations age, an increased incidence of colorectal cancer will generate an increase in color-
ectal cancer liver metastases (CRLM). In order to guide treatment decisions, this study aimed to identify the con-
temporary complication rates of elderly patients undergoing liver resection for CRLM in a, centralised, UK centre.
Methods: All patients undergoing operative procedures for CRLM between January 2013 and January 2019 were
included. Patient, tumour and operative data were analysed, including the prognostic marker; tumour burden score.
Results: 339 operations were performed on 289 consecutive patients with CRLM (272 patients <75 years old, 67 pa-
tients >75 years old). Median age was 66 years (range 20-93). There was no difference in major complication rates be-
tween the two age cohorts (6.65 vs. 6.0%, p=0.847) or operative mortality (1.1% vs. 1.4%, p=0.794). Younger patients
had higher R1 resection rates (20.4% vs. 4.5%, p=0.002) and post-operative chemotherapy rates (60.3% vs. 35.8%, p<
0.001). The 1, 3 and 5-year OS was 90.2%, 70.5% and 52.3% respectively, median 70 months, with no difference be-
tween age cohorts (p=0.772). Tumour Burden score and operation type were independent predictors of overall survival.
Conclusions: Liver resection for CRLM in patients 75 years and older is feasible, safe and confers a similar 5-year survi-
val rate to younger patients. The current outcomes from surgery are better than historical datasets. (Ann Hepatobiliary
Pancreat Surg 2021;25:18-24)
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INTRODUCTION

The largest risk factor for developing colorectal cancer
is increasing age and estimates suggest the population aged
75 years and older is estimated to almost double to 9.8
million over the next 25 years in the UK."? Approximately
25% of patients with colorectal cancer will develop liver
metastases within 5 years, and surgical resection offers pa-
tients the greatest chance of long-term survival.’ The net
effect, therefore, is likely to be an increase in elderly pa-
tients requiring liver resections.’

The existing literature on the resection colorectal cancer
liver metastases (CRLM) often uses historical data to show
a higher operative morbidity, less aggressive surgery and

a reduced overall survival in patients aged over 75 years

old.” Developments in the operative, and peri-operative,
management of patients undergoing liver resection is like-
ly to have improved outcomes and up to date data is re-
quired.

This study was undertaken to identify the contemporary
morbidity and mortality rates for patients 75 years or old-
er undergoing liver resection for CRLM in a UK centre.
The primary hypothesis was that there is no difference in
the post-operative outcomes of patients under 75 years old

compared to those older.

MATERIALS AND METHODS

Study population
All patients undergoing a liver resection for CRLM at
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the University Hospital of Wales (Cardiff, UK) across a
6-year period, 1% January 2013 until 1% January 2019, were
included. Patients were excluded if post-operative histol-
ogy identified an alternative pathology. Operative proce-
dures were performed with the intention of curative liver
resection after discussion at a regional specialist multidis-
ciplinary team meeting (MDT). There was no rigid proto-
col for the use of primary first surgery or neo-adjuvant the-
rapy, but rather this was assessed on a case by case basis.
Operative strategies utilised open and laparoscopic proce-
dures. If the future liver remnant was considered inade-
quate either Portal vein embolization (PVE) or partial ALPPS
(Associating Liver Partition and Portal vein ligation in staged
hepatectomy) was performed.6 Patients were routinely mana-
ged for the first post-operative night in the post anaes-
thetic care unit, a level 2 care environment, before returning

to a ward.

Data collection

Clinicopathological and operative data were obtained from
both a prospectively maintained database, and retrospecti-
vely from electronic patient databases. Data was anony-
mised and included baseline characteristics (American So-
ciety of Anaesthesiologists class (ASA), gender, age, che-
motherapy exposure, extrahepatic disease) operative varia-
bles (extent of liver resection, intraoperative blood loss),
tumour variables (margin status, bile duct involvement, vas-
cular involvement, number of metastases, size of largest
metastases), post-operative complications, disease recurren-
ce and date of death. The tumour burden score (TBS) was
developed by Sasaki et al.” as a prognostic marker. This
was calculated where TBS2:(maximum tumour diameter)2><
(number of liver lesions)’.

Comparisons between the study groups were assessed
with the student t-test for continuous variables, and the
chi-square test for categorical variables. The Kaplan-Meier
method was used to calculate survival estimates and com-
parisons made with the log rank test. Univariate and Mul-
tivariate regression analysis was performed using the Cox
Proportional Hazards model. All statistical calculations
were undertaken using SPSS Version 26 (IBM Corp. Armonk,
NY). A p-value less than 0.05 was considered statistically

significant.

Definitions

The CRLM was classified as synchronous disease if
identified at, or before, the time of surgery for the primary
colorectal cancer. Liver metastases presenting within 12
months or after 12 months after the colorectal surgery were
considered early and late metachronous disease respecti-
vely.

Neoadjuvant and adjuvant chemotherapy refers to treat-
ment before and after the liver surgery, not the primary
colorectal surgery. Patients were classed as receiving che-
motherapy if they started treatment. Resection margin posi-
tivity (R1) was defined as microscopic tumour within 1
mm of the margin on any specimen. Recurrent hepatic dis-
ease that occurred simultaneously with extra-hepatic dis-
ease was coded as a hepatic recurrence for analysis pur-
poses.

Patients were followed-up for 10 years or until a clini-
cian determined further treatments would be inappropriate.
Patients were seen annually for a clinical review, serum
tumour markers and a CT thorax, abdomen and pelvis to

identify treatable recurrent disease.

RESULTS

Clinical characteristics and operative outcomes

Across the study period, 339 operative liver procedures
were performed on 289 consecutive patients for CRLM.
The median age was 66 years (range 20-93), the median
ASA was 2 and 66.1% of patients were males. The ma-
jority of patients had synchronous CRLM (54.9%), com-
pared with 14.1% early and 30.0% late metachronous dis-
ease. The median length of stay for all procedures was
7 days with a 30-day and 90-day mortality of 1.4% (4/289)
and 2.4% (7/289) respectively. Four deaths were for liver
related complications and 3 patients were discharged home
well but died of a cardiac event within 90 days of surgery.

The most common procedure was a liver metastasectomy
(44.2%). Sixteen patients underwent a partial ALPPS to
treat CRLM and of these, 4 patients did not return for a
second stage due to disease progression and were excluded
form survival estimate analysis. A further 8 patients un-
derwent their first liver resection for CRLM prior to 2013
and therefore were also excluded. Fig. 1 summarises the
patient procedures during the study period and those in-

cluded in survival analysis. The 1, 3 and 5-year OS of 277
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patients was 90.2%, 70.5% and 52.3% respectively, with

a median survival of 70 months.

Age cohort analysis

A total of 67 operations (19.8%) were performed on pa-
tients aged 75 years and older. The OS for those under
75 years was not statistically different from those over 75
years old (p=0.772, median 70 vs. 60 months) and is dis-
played in Fig. 2A. The 1, 3 and 5-year survival rates were
90.6%, 70.4%, 53.4% vs. 88.8%, 70.9%, 47.6% respectively.
The patient characteristics of the two age groups are com-
pared in Table 1. There was a lower rate of R1 resection
in the older age group (20.4% vs. 4.5%, p=0.02) as well
as a lower adjuvant chemotherapy rate (60.3 vs. 35.8%,
p<0.001).

The median total number of tumours resected per pa-

tient was 2 in both age cohorts but ranged from 1 to 20

1% liver resection
n=265 patients
(227 open, 29 laparoscopic,
9 converted to open)

1% operation prior
to 2013
n=8 patients

1 stage procedure
n=16 patients
(13 liver resections)

2" liver resection
n=12 patients

2" liver resection
n=39 patients

3" liver resection
n=6 patients

4" liver resection
n=1 patients

Disease progression
n=4 patients

Fig. 1. Flowchart illustrating patient inclusion in the study.
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in those aged <75 years and 1 to 9 in those =75 years
(p=0.383).

In patients who underwent curative liver resection in
the absence of extra-hepatic disease, the disease-free sur-
vival was not different in those <75 years vs. those greater
than or equal to 75 years old (1, 3 and S5-year survival
rates 68.7%, 43.7% and 41.2% vs. 80.8%, 43.3% and
34%, p=0.521).

Prognostic factors analysis

Univariate analysis of patient and tumour characteristics
showed age >75 years did not influence OS (p=0.773).
Table 2 indicates the prognostic ability of other clinicopa-
thological factors. Operation type (p=0.010), greater TBS
(»p=0.006) and the presence of synchronous extra-hepatic
disease (p=0.027) were associated with decreased OS. In
multivariate analysis, both operation type and TBS re-
mained predictive of OS (Table 3).

DISCUSSION

Liver resection for the treatment of metastatic color-
ectal cancer has developed over recent decades to the ex-
tent that patients aged 93 years old can undergo the proce-
dure safely. The observed low morbidity rates in liver sur-
gery are likely to result from improvements in both peri-
operative anaesthetic care and operative techniques (e.g.
laparoscopic and parenchymal sparing). However, surgery
should not be performed simply because it is technically

possible, but rather because it improves the quality and/or
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Fig. 2. Kaplan-Meier estimates of overall survival stratified by; (A) age category, p=0.772, and (B) tumour burden score, p=0.010.
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Table 1. Patient characteristics, tumour and operative data by age group

<75 years

=75 years

Characteristics n=272 (%) n=67 (%) p-value
Gender 0.432
Female 95 (34.9) 20 (29.9)
Male 177 (65.1) 47 (70.1)
ASA 0.868
I 6 (2.2) 1 (1.4
I 140 (51.5) 33 (49.3)
I 126 (46.3) 33 (49.3)
Operation 0.228
Metastasectomy 127 (46.7) 23 (34.3)
<3 segments 65 (23.9) 25 (37.3)
Hemi-hepatectomy 62 (22.8) 15 (22.4)
Extended hemi-hepatectomy 6 (2.2) 1 (1.4)
Stage 1 procedure 12 (4.4) 3 4.5
Total tumours resected " 2, 1-20 2, 1-9 0.383
Tumour size' /cm 2.7, 0.4-12.6 3.5, 0.5-20.0 0.114
TBS' 4.12, 0.4-20.2 4.32, 0.5-20.1 0.463
Margin status 0.002*
RO 215 (79.6) 63 (95.5)
R1 55 (20.4) 3 4.5)
Extrahepatic disease 0.081
No extrahepatic disease 209 (76.9) 58 (86.6)
Extrahepatic disease 63 (23.1) 9 (23.4)
Bile duct invasion 0.533
No 225 (83.3) 57 (86.4)
Yes 45 (16.7) 9 (13.6)
Vascular invasion 0.801
No 173 (64.1) 41 (62.1)
Yes 97 (35.9) 25 (37.9)
Intraoperative blood loss " /ml 400, 20-3600 425, 30-1800 0.968
Length of stayT/days 6.5, 1-135 7, 3-216 0.189
Clavien Dindo score =3 18 (6.6) 4 (6.0) 0.847
30-day mortality
No 269 (98.9) 66 (98.5) 0.791
Yes 3 (1.D) 1 (14
90-day mortality
No 266 (97.8) 65 (97.0) 0.554
Yes 5 (1.8) 2 (3.0
Post-operative chemotherapy
No 108 (39.7) 43 (64.2) <0.001*
Yes 164 (60.3) 24 (35.8)

*Statistically significant
TMedian, range
TBS, tumour burden score

quantity of an individual’s life.*® The results of the pres-
ent study demonstrate no difference in the complication
rates or OS of elderly patients undergoing liver resection
for CRLM and therefore suggest it is a feasible treatment
option for elderly patients.

The disparity between age groups in operative survival,

OS and treatment aggressiveness seen by Booth et al.” is

not reproduced in our analysis. This could because the
treatments used in previous studies are now historical and
do not reflect current practice. A recent meta-analysis of
CRLM resection in the elderly used 14 studies of which
2 used data collected over 5 years ago but the rest were
over 10 years ago.” Regional control of colorectal cancer

has improved with the use of t total mesorectal excision
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Table 2. Univariate analysis of overall survival
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Table 3. Multivariate analysis of overall survival

Characteristics HR 95% CI  p-value Characteristics HR 95% CI  p-value

Age <75 years 1.078 0.648, 1.791 0.773 Extrahepatic disease 1.095 0914, 1.311 0.326

Gender 0.909 0.590, 1.400 0.664 TBS 0.104

ASA 0.564 <3 Ref
ASA-1 Ref >3 <9 1.439 0.922,2.243 0.121
ASA-2 0.965 0.299, 3.112 0.965 =9 2.014 1.014, 3.997 0.045*
ASA-3 1.215 0.375, 3.935 0.745 Operation <0.001*

Operation 0.010* Metastectomy Ref
Metastectomy Ref <3 segments 1.016 0.620, 1.664 0.950
<3 segments 0.806 0.462, 1.405 0.446 Hemi-hepatectomy 1.557 0971, 2.496 0.066
Hemi-hepatectomy 1.642 0.984, 2.739 0.058 Extended hemi-hepatectomy 3.957 1.637, 9.564 0.002*
Extended hemi-hepatectomy 3.297 1.004, 10.826 0.049* Staged procedure 3.854 1.907, 7.791 0.000*
Staged procedure 2.944 1.302, 6.659 0.010* *Statistically significant

y?rggl sttattus . }ﬁ} 85(3)2’ fgé; 8;3(5) TBS, tumour burden score; CI, confidence intervals

ile duct invasion . 703, 1. .
Vascular invasion 1.305 0.855, 1.993 0.217
Blcz)csloi)oss/mls 0;4; liver surgery. This is useful clinical evidence to help pa-
e . .
500-999 1073 0.635. 1.812 0.793 tient choices and also shape further developments. Our re-
1000-1999 1.513 0.827, 2.768 0.179 sults represent the experience of a tertiary liver unit work-
=2000 1.118 0.153, 8.160 0.912 ing in a centralised cancer network. This is still not the
%

TBE 3 Oé)els case in many countries with established healthcare systems.
>3 <9 1.748 1.059, 2.886 0.029% Recent data from Germany shows an operative mortality
=9 3.054 1.388, 6.718 0.006* rate of 7.5% in low volume centres.'

Extiahepa}t:c disease (1);;; (1)(5)32 Tij’; 8(3)2;* The primary outcomes of this study were the low com-
ost-op chemo . 546, 1. . o ] )
V<3 1.406 0.650. 3.045 0.387 plication rate (6% CV >3) and low operative mortality
Metachronous 0.924 rate (1.4% 30-day mortality) in the older patient group.
Early metachronous Ref The groups were largely comparable in their patient char-

Late metachronous 0.880 0.465, 1.667 0.695 o, . .
Synchronous 0.903 0497 1.642 0.739 acteristics’, but some differences were noted. Patients un-

Primary location 0.397 derwent similar procedures for the same number and size
Right colon Ref of tumours but there was an increased R1 resection rate
I}zzljtu?llon 824712 82471? 12(7% gggg in patients <75 years old. This might indeed reflect a

*Statistically significant

Cl, confidence intervals; ASA, american society of anesthesi-
ologists; TBS, tumour burden score; CV, clavien dindo com-
plication score

and chemoradiotherapy. Strategies have become increas-
ingly successful at transforming unresectable disease into
resectable disease through; neoadjuvant systemic chemo-
therapy, radiofrequency ablation of lesions, PVE allowing
liver hypertrophy, partial ALPPS or two stage resections.
These changes undoubtedly account for increase in surviv-
al compared to other studies, even in the elderly group
(60 vs. 43 months).g’m

A strength of the current study is the use of a recent

patient cohort to reflect the contemporary outcomes from

more aggressive approach to younger patients with CRLM
and possibly a selection bias, but it is difficult to conclude
from this data alone.

A limitation of retrospective case series in CRLM is
the inability to thoroughly control for the primary disease
management. Tertiary referral centres such as ours see pa-
tients after heterogenous surgeries, chemotherapy and ra-
diotherapy from a number of referral centres. We did con-
trol for post-operative chemotherapy and whilst it was
more common in younger patients it did not appear to im-
pact on survival. Anecdotally, we have observed that not
all patients completed the planned course of treatment but
interestingly Munker et al.> showed that there was no sur-
vival difference if the chemotherapy dose is reduced due

to side effects.
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The current consensus on post-liver resection chemo-
therapy for CRLM remains ambiguous but some evidence
suggests an impact in high risk patients.""*

The survival analysis clearly showed no difference in
OS rates between the two age cohorts and found only type
of operation and a high TBS to be independently prognos-
tic. This is an important finding as it should encourage the
consideration of liver resection in all patients with CRLM.
Patient selection should obviously occur, but this should
be done in an MDT environment. We suspect that it is
this impartiality that has led to a higher percentage of eld-
erly patients undergoing CRLM resection than in previous
studies (20% vs. 10-14%).’

This study aimed to prove that operating in patients
greater than 75 years of age was safe, successful and compar-
able to operating on those under 75 years. As the inciden-
ce of colorectal cancer increases, the aim should not just
to get elderly patients through operative treatments more
safely, but all patients. Enhanced recovery and prehabili-
tation schemes are likely to offer further gains here.'>"°

Patients with resectable disease should be offered sur-
gery and chronological age alone should not be a barrier
to this. A pragmatic approach would consider the potential
quality and length of life to be gained from curative re-

section.
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