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Abstract

Background: Outcome after colorectal liver metastases (CRLM) resection has improved over time,

despite increased resection rates. Hence, it’s crucial to identify all patients possible to treat with curative

intent. The objectives of this study were to map recurrence pattern, treatment strategy and survival

depending on treatment and follow-up strategy.

Methods: In the COLOFOL-trial, patients with radically resected stage II-III colorectal cancer were

randomized to high-frequency (6, 12, 18, 24 and 36 months; HF) or low-frequency (12 and 36 months; LF)

follow-up. In this study, all CRLM within 5 years were identified and medical files scrutinized. Overall

survival (OS) was analysed in uni- and multivariable analyses. Primary endpoint was 5-year OS.

Results: Of 2442 patients, 235 (9.6%) developed metachronous CRLM of which 123 (52.3%) under-

went treatment with curative intent, resulting in 5-year OS of 58%. Five-year OS for patients with CRLM

was 43% after HF versus 24% after LF. The survival benefit was confirmed for HF 8 years from resection

of the primary tumour, HR 0.63 (CI 0.46–0.85).

Conclusion: A high proportion of metachronous CRLM was possible to treat with curative intent,

yielding high survival rates. More intense follow-up after colorectal cancer resection might be of value in

high-risk patients.
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Introduction

The liver is the most common site of metastases in colorectal
cancer (CRC) and approximately 25% of all patients develop
colorectal liver metastases (CRLM) at some point in time. As
higher incidences of CRLM have been reported historically, it is
possible that earlier detection of the primary tumours and
## The COLOFOL study group.

HPB 2023, 25, 766–774 © 2023 The Author(s). Published by Elsevier Ltd on
access article under t
modern use of adjuvant chemotherapy could decrease recurrence
rates further.1,2 Improved preoperative staging also enables more
metastases to be detected synchronously, subsequently lowering
the proportion of metachronous metastases, which affect about
10% of all patients. Long term survival for patients after resec-
tion and/or ablation of CRLM is constantly improving, and 5-
year OS survival rates over 50% have been reported in national
cohorts, despite increasing resection rates.3,4 Survival in palliative
chemotherapy has also improved, but 5-year OS rates are still
reported to be below 10%.5,6 This indicates the importance of
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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identifying all patients with CRLM possible to treat with curative
intent.
The benefit of intense follow-up programs for early detection

of recurrences is debated. The main goal of follow-up programs
is early detection of recurrences, with subsequently improved
possibilities of curative treatment due to less severe tumour stage.
Several studies have been performed to evaluate the impact of
intensity of postoperative imaging and measurement of serum
carcinoembryonic antigen (CEA), without convincing proof of
any survival benefit from more intense follow-up regimens.7–9

Among them, the COLOFOL trial randomized 2509 patients
radically treated for CRC (stage II-III) to either high- or low-
frequency follow-up. This did not show any differences in 5-
year overall mortality or cancer specific mortality between the
randomization groups.
Prognostic factors for mortality in metastatic disease have

been well described, with the conclusion that patient factors and
primary tumour characteristics, such as lymph node status and
vascular invasion together with metastatic pattern, are of great
importance for prognosis.10–14 Beyond patient selection, also
choice of surgical technique and adding of preoperative and
postoperative adjuvant chemotherapy is of relevance.15–17

However, selection criteria for curatively intended treatment of
CRLM are not fully established and have varied over time and
between centers. At the same time, individual assessment in
multidisciplinary boards including presence of liver surgeon
expertise has been proven important.18–20 The COLOFOL trial
protocol stipulated that all recurrences detected at follow-up
should be discussed in a multidisciplinary therapy board, in
which the possibility for metastasectomy should be evaluated.
Based on a multimodal treated population diagnosed with

CRC, the objectives of this study were to map liver recurrence
pattern, treatment strategy and survival depending on treatment
and follow-up strategy.
Methods

The COLOFOL trial was a prospective randomized multicenter
trial, with 24 participating centers in Denmark, Sweden and
Uruguay, comparing high- and low-frequency follow-up of pa-
tients radically treated for CRC (stage II-III) between 2006 and
2010. Eligible patients had to be 75 years or younger with a life
expectancy based on co-morbidity of at least two years. The
patients were further required to have at least one imaging
procedure of liver and lungs before primary surgery to rule out
synchronous metastases and a colonoscopy to rule out syn-
chronous colorectal tumours. A total of 2509 patients were
randomized to either high-frequency (at 6, 12, 18, 24 and 36
months) or low-frequency (at 12 and 36 months) examinations
with multislice CT scan of the thorax and abdomen and mea-
surement of CEA. Patients were followed prospectively for 5
years after primary tumour resection and primary outcomes
were overall and cancer specific mortality.7
HPB 2023, 25, 766–774 © 2023 The Author(s). Published by Elsevier Ltd on
access article under t
For the present study, patients registered in Denmark (8 study
sites) and Sweden (15 study sites) with any kind of recurrences
within 5 years after resection of the primary CRC were identified
and medical files were scrutinized. For pragmatic reasons, the
one participating center in Uruguay was not included. Data
collected included patient- and primary tumour-characteristics,
time to recurrence, metastatic distribution, detailed informa-
tion on surgical and medical treatment, multidisciplinary
assessment, intention- and outcome of treatment, surgical and/
or ablative technique, and oncological treatment at any point in
time, including palliation. Data on any 2nd and 3rd recurrences
were also retrieved. Mortality was checked via the Danish and
Swedish population registers where all deaths are continuously
registered. Follow-up time after first recurrence was 5 years in all
but one patient.21

To include all metastases detected in the scheduled 1-year
control, the time frame was set to 0–13 months and defined as
early metachronous metastases. Curatively intended treatment
was defined as radically resected or ablated liver metastases, and
when present, also radical treatment of extra-hepatic disease. The
study was approved by Copenhagen and Frederiksberg Scientific
committee (KF 01–194/04) in Denmark and the Regional Ethical
committee in Uppsala (2004:M453 and amendment (2016-07-
22)).

Statistics
Predictive factors for treatment with curative intent of all pa-
tients with liver metastases were analyzed by means of uni- and
multivariable Poisson regression. Five-year overall survival (OS)
was measured from date of detection of CRLM to death or end of
follow-up within 5 years.
To compensate for the lead-time bias in comparison of survival

between randomization arms (high- or low-frequency follow-up),
analysis of conditional probability of survival was performed.
Overall survival (OS) was measured from date of resection of the
primary tumour to death or end of follow-up within 8 years,
where patients entered the analysis at time of detection of liver
recurrence. To reduce excessive effect of early deaths when few
cases are at risk, not attributable to follow-up regimen, patients
with liver metastases that died within one year of the primary
tumour resection were excluded from the analysis.
OS was computed using the Kaplan–Meier method and group

comparisons were analyzed by logrank test, uni- and multivari-
able Cox proportional hazards regression. The proportional
hazards assumption was tested with Schoenfeld’s residuals. To
further explore any differences in survival, 5-year restricted mean
survival (RMS) was calculated as complement to 5-year OS, to
get a better impression on loss of life-time (in years) during the
5-year follow-up time. In the multivariable analyses, all collected
variables from the univariable analyses were put in the analysis
and kept in the model if they were independently statistically
significant or had a p-value <0.20 and a confounding effect (i.e.
effected other HRs with more than 10%).
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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To test difference of recurrence characteristics between high-
and low-frequency follow-up groups Fisher’s exact test or
Wilcoxon rank sum test was used. P-values <0.05 were consid-
ered statistically significant. When appropriate, 95% confidence
intervals (CI) are presented in parenthesis. All statistical analyses
were carried out with Stata version 16.1 (Stata Corp, College
Station, Texas, USA).
Results

Metastatic pattern
A total of 2442 patient were included in the study population and
471 (19.3%) patients were confirmed to have recurrent disease
within 5 years after primary surgery. A total of 235 patients
(9.6%) developed CRLM as 1st recurrence. Out of these, 148
(63.0%) patients had tumors confined to the liver whereof 78
(33.2%) patients had single metastases. Fifty-six percent of the
metastases were detected within the first 13 months after oper-
ation of the primary tumour (Table 1).

Treatment with curative intent
Out of the total cohort of patients with liver metastases as 1st
recurrence, 220 (93.6%) patients were assessed in a
Table 1 Liver recurrences and resection rates and chemotherapy for t

CRLM as 1st
recurrence n

Curatively intended
treatment n (a)

Total 235 123b (52)

Liver metastases only 148 112 (76)

No of tumours:

� 1 78 72 (92)

2–4 44 34 (77)

� 5 24 5 (21)

Missing 2 1 (50)

Max size (mm):

� 20 48 45 (94)

21–30 40 31 (78)

31–50 34 24 (71)

> 50 20 8 (40)

Missing 6 4 (67)

Liver + lung only 23 6 (26)

Liver + other/multiple 64 5 (8)

Time to recurrence

<13 months 129 72 (56)

�13–60 months 106 51 (48)

Low-frequency FU 113 56 (50)

High-frequency FU 122 67 (55)

Values in parenthesis are percentages of patients treated with curative inte
a Values in parenthesis are percentages of all 1st liver recurrences.
b 93 patients were treated with resection only, 20 patients with ablation thera
patient had complete remission after neoadjuvant chemotherapy and was

HPB 2023, 25, 766–774 © 2023 The Author(s). Published by Elsevier Ltd on
access article under t
multidisciplinary tumour board. A total of 123 (52.3%) patients
underwent surgical resection and/or ablation therapy with a
curative intent, resembling 5.0% of all patients in the COLOFOL
cohort. Out of the 78 patients with single metastasis, 72 (92.3%)
were treated with curative intent compared to 5 out of 24
(20.8%) patients with more than 5 metastases. More than 5
metastases and concomitant metastases in other organs were the
only risk factors for not being treated with curative intent in
multivariable analysis (Supplementary Table 1). Although size
was not an independent selection criterion in the multivariable
analysis, 45/48 (93.8%) of the patients with largest sized liver
metastasis 20 mm or smaller (without any other metastatic site)
were treated with curative intent compared to 8/20 (40.0%) of all
patients with largest sized liver metastasis �50 mm.
Out of all patients treated with curative intent, 93 (75.6%)

patients were treated with resection only, 20 (16.3%) patients
with ablation therapy only, and 9 (7.3%) patients with a com-
bination of resection and ablation. One patient had complete
remission after neoadjuvant chemotherapy and was not subject
for surgical treatment. Out of these 123 patients, 106 (86.2%)
were treated with chemotherapy at some point in time (after
primary surgery and/or before or after liver surgery; Table 1).
Out of the 112 patients not treated with curative intent, 96
hose with a curatively intended treatment of first liver recurrence

Adjuvant chemo
after CRC n (%)

Chemo before or after
liver surgery n (%)

Chemo at some
time point n (%)

68 (55) 73 (59) 106 (86)

60 (54) 64 (57) 96 (86)

39 (54) 39 (54) 61 (85)

18 (53) 20 (59) 29 (85)

2 (40) 5 (100) 5 (100)

1 (100) 0 1 (100)

28 (62) 22 (49) 39 (87)

13 (42) 17 (55) 26 (84)

14 (58) 16 (67) 20 (83)

3 (38) 7 (88) 8 (100)

2 (50) 2 (50) 3 (75)

4 (67) 5 (83) 5 (83)

4 (80) 4 (80) 5 (100)

40 (56) 39 (54) 60 (83)

28 (55) 34 (67) 46 (90)

37 (66) 32 (57) 49 (88)

31 (46) 41 (61) 57 (85)

nt unless indicated otherwise.

py only and 9 patients with a combination of resection and ablation. One
not subject for surgical treatment. FU, Follow-up.
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(85.7%) were treated with palliative chemotherapy. After cura-
tively intended treatment, 77 (62.6%) patients developed a 2nd
recurrence out of which 41 (53.2%) patients were subject for
further treatment with curative intent. Out of these, 25 (61.0%)
patients developed a third recurrence of which 7 (28.0%) pa-
tients were again treated with curative intent (Supplementary
Table 2).

Survival
Survival data for all patients and the group treated with curative
intent depending on metastatic pattern, time of detection, and
follow-up regimen are presented in Table 2. The 5-year OS
calculated from date of detection for all patients with liver me-
tastases was 34% (CI 28%–40%) and median survival was 36.5
(CI 29.8–42.1) months. Patients treated with curative intent had
a 5-year OS of 58% (CI 48%–66%) (median not reached)
whereas patients treated with palliative intention or best sup-
portive care had a 5-year OS of 7% (CI 3%–13%) (Table 2;
Fig. 1) and median survival of 14.7 (CI 10.7–17.1) months.
There was no difference in 5-year OS between early (<13
months) and late (�13–60 months) detected metachronous
metastases (33% and 34% respectively; p = 0.60).
Table 2 Overall survival and 5-year restricted mean survival from date

patients treated with curative intent

All liver metastases

N 5-year OS % (range) 5-y
Ye

Total 235 34 (28–40) 3.0

Liver met only 148 47 (38–54) 3.6

No of tumours:

� 1 78 55 (43–65) 3.9

2 – 4 44 48 (33–61) 3.7

� 5 24 21 (8–31) 2.2

Missing 2 – –

Max size (mm):

� 20 48 63 (47–74) 4.1

21–30 40 40 (25–55) 3.6

31–50 34 44 (27–60) 3.5

> 50 20 30 (12–50) 2.6

Missing 6 –

Liver met + lung 23 13 (3–30) 2.6

Liver met + other 64 11 (5–20) 1.8

Detected within < 13 months 129 33 (25–41) 3.0

Detected
� 13–60 months

106 34 (25–43) 2.9

Low-frequency FU 113 24 (17–32) 2.7

High-frequency FU 122 43 (34–51) 3.2

Values in parenthesis are 95% confidence intervals. OS, overall survival; L

HPB 2023, 25, 766–774 © 2023 The Author(s). Published by Elsevier Ltd on
access article under t
In multivariable analysis, risk factors for death within 5 years
after detection of liver metastases were: age �70 years (HR 1.89,
CI 1.14–3.08); medium sized (21–30 mm compared to
�20 mm) liver metastases (HR 1.79, CI 1.14–2.82); liver me-
tastases �50 mm (HR 2.52, CI 1.55–4.11); �5 liver metastases
(HR 3.18, CI 2.02–5.00); combined liver and lung metastases
(HR 2.35, CI 1.35–4.08); and other synchronous or multiple
locations of metastases (HR 2.67, CI 1.78–4.00). Rectal cancer
was associated with a lower risk compared to colon cancer (HR
0.64 and HR 0.44 compared to left and right sided colon cancer
respectively; Supplementary Table 3). The median follow-up
time was 9.7 (IQR 8.5–10.3) years for patients alive at end of
follow-up and 2.2 (IQR 0.9–4.4) years for those who died.

High/low frequency follow-up
The 5-year OS for patients after detection of liver metastases in
the high-frequency follow-up randomization group was 43% (CI
34%–51%) and 5-year RMS was 3.2 years (CI 2.9–3.6)
compared to 24% (CI 17%–32%) and 2.7 years (CI 2.4–3.0) in
the low-frequency group (Table 2; Fig. 2A).
In the conditional probability of survival analysis with follow-

up start at date of CRC resection, the patients randomized to
of first liver recurrence for all patients with liver metastases and for

Curatively intended treated liver metastases

ear RMS
ars (range)

n 5-year OS % (range) 5-year RMS
Years (range)

(2.7–3.2) 123 58 (48–66) 4.2 (4.0–4.4)

(3.3–3.8) 112 60 (50–68) 4.2 (4.0–4.4)

(3.6–4.3) 72 60 (47–70) 4.2 (3.9–4.5)

(3.3–4.2) 34 62 (43–76) 4.3 (3.9–4.7)

(1.4–2.9) 5 60 (13–88) 4.7 (4.0–5.3)

1 – –

(3.7–4.5) 37 67 (51–78) 4.3 (3.9–4.6)

(3.1–4.1) 31 52 (33–67) 4.1 (3.7–4.6)

(3.0–4.0) 7 58 (36–75) 4.1 (3.7–4.6)

(1.7–3.5) 8 62 (23–86) 4.4 (3.4–5.4)

4

(1.9–3.2) 6 17 (8–52) 3.7 (3.1–4.4)

(1.4–2.2) 5 60 (13–88) 3.9 (2.5–5.2)

(2.7–3.4) 72 56 (43–66) 4.2 (3.9–4.4)

(2.5–3.2) 51 61 (46–73) 4.2 (3.8–4.5)

(2.4–3.0) 56 46 (33–59) 3.9 (3.6–4.3)

(2.9–3.6) 67 67 (55–77) 4.4 (4.1–4.7)

M, liver metastases; RMS, restricted mean survival; FU, follow-up.
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Figure 1 Overall survival after 1st liver recurrence following radical

resection of colorectal cancer stage II and III, stratified on treatment

intention. BSC, best supportive care.
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high-frequency follow-up had significantly better 8-year OS
(p < 0.001; Fig. 2B) and significantly lower HR for mortality
within 8 years compared to low-frequency follow-up, i. e 0.61
(CI 0.44–0.86) in multivariable analysis (Table 3). When not
excluding patients who died from CRLM during the first year
after resection of the primary tumour (n = 9), the HR was 0.66
(CI 0.48–0.92) in favour to the high-frequency follow-up group
in multivariable analysis.
The median follow-up time for patients alive at end of follow-

up was 11.0 years (IQR 10.2–11.7) and 3.8 years (IQR 2.3–5.8)
for those who died. There was no significant difference between
the follow-up groups regarding extra-hepatic dissemination or
number of liver tumours, but there was a significant difference in
size of metastases with significantly larger tumours in the low-
frequency follow-up group (p = 0.039; Supplementary Table 4).
Discussion

Fifty-two percent of all patients with liver recurrences and over
92% of patients with solitary liver metastases within 5 years after
radical resection of CRC (stage II-III) were subject to liver
resection or ablation with curative intent. Albeit the high pro-
portion of operated cases, the long-term OS of about 60% is well
in line with or better than previous reports. The combination of
a higher proportion of operated patients and simultaneously a
high 5-year OS in the whole group of patients with CRLM
suggests that indications for treatment of CRLM with curative
intent can be widened and underlines the importance of
assessment in multimodal therapy boards that includes liver
specialists.
Even though high rates of CRLM after radically treated colo-

rectal cancer of about 25–35% are still frequently referred to,22,23

the recurrence rate after radically treated CRC with modern use
of adjuvant chemotherapy is clearly lower in modern retro-
spective reports.6,24,25 Thorough preoperative work-up of CRC
HPB 2023, 25, 766–774 © 2023 The Author(s). Published by Elsevier Ltd on
access article under t
patients with high-resolution contrast-enhanced CT-scans en-
ables more accurate screening for synchronous liver metastases
enhancing the possibility of liver resection at time of primary
disease. We perceive that the rate of about 10% metachronous
CRLM in total, and 6% for recurrences confined to the liver – as
found in this well-defined cohort of radically treated stage II-III
CRC prospectively observed in standardized follow-up programs
– reflect modern data on recurrent liver disease.
The fact that three quarters of all patients with metastases

confined to the liver and 92% of solitary liver metastases were
treated with resection and/or ablation therapy, is in accordance
with the intention of the COLOFOL trial. Included patients were
all 75 years or younger at time of inclusion, and had a life-
expectancy of more than 2 years in respect of co-morbidity,
aiming at being possible to treat with curative intent in case of
recurrent disease. Notably, more than half of all patients with
metachronous CRLM were treated with curative intent. More-
over, a large proportion of patients with a second or third
recurrence after radically resected CRLM (53 and 61% respec-
tively) underwent curatively intended treatment. These high
resection numbers emphasize the benefit of standardized follow-
up and individual evaluation. In this study, >90% of all patients
were subject to assessment in a multidisciplinary tumour board
after detection of first liver recurrence. Interestingly, only
number of liver metastases (�5) and synchronous extra-hepatic
spread were significantly associated with lower resection rates in
multivariable analysis, whereas primary tumour stage and time
of detection (within 13 months or later) did not affect the
probability of curatively intended treatment or long-term sur-
vival. Thus, patients with previously regarded unfavorable
prognostic factors are still likely to be subject for treatment of
metastases when technically possible with good results. This
further underlines the need for organ specialists in the MDT
assessments.
The 5-year OS rates for patients with CRLM was high. One

third of all patients with liver metastases and about 50% of pa-
tients with metastases confined to the liver were alive after 5
years, irrespective of treatment. In the group of patients treated
with curative intent, the 5-year OS was about 60%, independent
of extrahepatic spread. This figure is higher than for most na-
tional- and multicenter reports.26 Although all patients in the
COLOFOL trial were�75 years at inclusion and with limited co-
morbidity, this points to a survival benefit of widened indications
for treatment of CRLM with a curative intent. This is further
emphasized by the poor OS of only 7% for palliatively treated
patients. In contrast to these encouraging results, the 5-year OS
was only 13% in patients with combined liver and lung metas-
tases and still only 20% in the small group that went on to
curatively intended treatment. The latter figure is lower
compared to most published data and the reason for this is
obscure. Earlier reports have stipulated better long-term survival
for late metachronous metastases,27 but in this study there was
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Figure 2 Overall survival for patients with liver recurrences following radical resection of colorectal cancer stage II and III, stratified on follow-up

schedule. a) 5-year survival from date of detection and b) 8-year survival conditional on having survived the first year after resection of primary

colorectal tumor. Time measured from date of resection of primary tumor and delayed entry of patients in the analyses at date of detection of

liver metastases.
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no survival difference between metastases detected during the 1st
year of follow-up and later on.
In this study of patients that developed liver metastases as 1st

recurrence, a survival benefit was noted in the subgroup ran-
domized to high-frequency follow-up. This finding was not ex-
pected and is inevitably affected by a lead-time bias when
analyzed from date of detection of CRLM, as metastases in the
high-frequency follow-up group are potentially detected at an
earlier stage. However, treatment delay has been identified as a
risk factor for death for primary colorectal cancer,28 and when
long term survival (8 years) was analyzed from date of primary
tumour resection, a significant survival benefit remained in the
multivariable analysis. This result is supported by the finding
that patients in the high-frequency follow-up group were more
likely to undergo treatment with curative intent and had smaller
tumours, which were independently associated with increased
survival. Moreover, a higher proportion of patients detected in
between scheduled examinations were noted in the low-
frequency group, which was associated with a worse prognosis
in the multivariable analysis. Theoretically, more patients with
fast growing tumours with aggressive biology would be found
and treated in the high-frequency follow-up group. However,
second recurrences (at any site) after radical treatment of CRLM
were more common in the low-frequency follow-up group.
Although a clear difference in survival between follow-up

groups was noted in this study, the problem remains to iden-
tify the group of patients that will develop CRLM, already at the
time of primary tumor resection. Moreover, one must consider
that even if, as proposed in this material, an improved 5-year OS
of about 20% for all patients with CRLM by high-frequency
compared to low-frequency follow-up after the primary CRC
surgery exists, it corresponds to a long-term survival benefit of
HPB 2023, 25, 766–774 © 2023 The Author(s). Published by Elsevier Ltd on
access article under t
less than 2% of the total study population and cost-benefit must
be taken under consideration. Notably, we did not find any
differences in survival in lung metastases depending on follow-
up regimen29 and the small difference in total numbers prob-
ably explains why no difference could be detected in the main
study on the whole trial population. Taken together, although
these findings have to be interpreted with caution, they evoke the
hypothesis that high-frequency follow-up could be of benefit in
patients with high risk of recurrence, such as LNR >0.25, T4
tumors, and/or extramural vascular invasion. This warrants a
randomized trial, although with the challenging problem of
selecting the right patients.
Biomarkers, including CEA and circulating tumor DNA

(ctDNA) could be of additional value to identify a cohort with
high risk of recurrences that theoretically would benefit from
more intensive follow-up. However, a post-hoc analysis of the
high-risk group with elevated CEA-levels, before or after primary
surgery, has been performed within the COLOFOL trial popu-
lation without any noted survival benefit from high-frequency
follow-up.30 Although detectable levels of ctDNA after CRC
resection is associated with high rates of cancer recurrence, it
may take several months before recurrent disease can be verified
by imaging techniques and a potential survival benefit from early
recurrence detection with ctDNA screening is yet to be proven.
However, also preoperative ctDNA is associated with increased
risk of recurrence and might be of value in defining a high-risk
group.31,32

The most important strength of this study is the well-defined
cohort of patients, all meticulously worked-up perioperatively
and prospectively followed for five years postoperatively. This
enables good possibilities to study incidence and treatment of
metachronous liver metastases. Further, all medical records were
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 3 Eight-year overall survival from primary tumor resection and uni- and multivariable Cox proportional hazards regression for patients

with liver recurrences in the Colofol trial

Number of
patients (n [ 226)a

8-year Overall survival (95% CI) Univariable Cox regression Multivariable Cox regression

HR (95% CI) P HR (95% CI) P

Follow-up

Low-frequency 111 (49%) 15% (9%–22%) Ref. Ref.

High-frequency 115 (51%) 34% (25%–42%) 0.57 (0.42–0.78) <0.001 0.61 (0.44–0.86) 0.004

Gender

Males 136 (60%) 22% (16%–29%) Ref.

Females 90 (40%) 27% (18%–36%) 0.91 (0.66–1.24) 0.538

Age

0–59 55 (24%) 40% (27%–53%) Ref. Ref.

60-69 98 (43%) 19% (12%–27%) 1.76 (1.16–2.66) 0.008 1.82 (1.16–2.84) 0.009

� 70 73 (32%) 19% (11%–28%) 1.87 (1.21–2.89) 0.005 2.04 (1.27–3.26) 0.003

BMI

< 18.5 5 (2%) 0% 5.03 (1.96–12.9) 0.001 5.00 (1.72–14.6) 0.003

18.5–25 96 (42%) 27% (19%–36%) Ref. Ref.

> 25 125 (55%) 23% (16%–30%) 1.14 (0.83–1.56) 0.420 0.93 (0.67–1.30) 0.680

Alcohol

No alcohol 150 (66%) 26% (19%–33%) Ref.

Less than 3 drinks 42 (19%) 21% (10%–34%) 1.17 (0.79–1.74) 0.440

3 or more drinks 10 (4%) 24% (5%–51%) 1.05 (0.49–2.27) 0.894

Missing 24 (11%)

Smoking

No, occasionally 174 (77%) 25% (19%–31%) Ref.

Yes, daily 41 (18% 21% (11%–34%) 1.12 (0.76–1.66) 0.573

Missing 11 (5%)

Diabetes

No 197 (87%) 25% (19%–31%) Ref. b

Yes 29 (13%) 22% (9%–38%) 0.97 (0.62–1.51) 0.877

Primary tumour site

Colon, other 92 (41%) 25% (17%–34%) Ref. Ref.

Right side 49 (22%) 14% (6%–24%) 1.45 (0.98–2.15) 0.064 1.69 (1.10–2.60) 0.017

Rectum 85 (38%) 30% (20%–39%) 0.88 (0.62–1.25) 0.473 0.96 (0.67–1.39) 0.843

Stage

Stage II 85 (38%) 35% (25%–45%) Ref. Not Included

Stage III 141 (62%) 18% (12%–24%) 1.62 (1.16–2.25) 0.004

T-stage

T1-3 179 (79%) 27% (21%–33%) Ref. Ref.

T4 47 (21%) 15% (7%–26%) 1.43 (0.99_2.06) 0.054 1.49 (1.00–2.21) 0.048

LNR

Neg 80 (35%) 36% (25%–46%) Ref. Ref.

> 0 – <0.1 33 (15%) 29% (15%–45%) 1.20 (0.73–1.99) 0.476 1.02 (0.61–1.72) 0.937

0.1 – < 0.25 41 (18%) 11% (4%–22%) 2.07 (1.34–3.21) 0.001 1.70 (1.07–2.69) 0.024

> 0.25 65 (29%) 17% (10%–27%) 1.68 (1.13–2.49) 0.010 1.58 (1.05–2.38) 0.030

Missing 7 (3%)

HPB 2023, 25, 766–774 © 2023 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 3 (continued )

Number of
patients (n [ 226)a

8-year Overall survival (95% CI) Univariable Cox regression Multivariable Cox regression

HR (95% CI) P HR (95% CI) P

Primary chemotherapy

No 90 (40%) 33% (23%–43%) Ref.

Yes 136 (60%) 19% (13%–25%) 1.55 (1.12–2.14) 0.008

Time measured from date of resection of the primary tumor and delayed entry of patients in the analyses at date of detection of liver metastases.
Patient inclusion in the analysis was conditional on having survived the first year after the primary resection.
a Patients with liver metastases that died within one year of the primary tumour resection were excluded from the analysis (n = 9).
b The proportional hazard rates assumption was not fulfilled in the Cox proportional hazard regression and the hazard ratio should be interpreted as
the mean over the 8-year period.

HPB 773
reviewed for all detected recurrences, although retrospectively.
This study only comprises metachronous metastases and results
are thus not generalizable to synchronous disease. Age and co-
morbidity could influence the possibility of and outcome after
curatively intended treatment. All patients in the COLOFOL trial
were 75 years or younger at inclusion and had a life expectancy of
more than 2 years, based on co-morbidity. Patients aged over 75
years are underrepresented in many liver resected cohorts,
although relative survival for those selected do not seem to be
inferior.14,33

A majority of all patients with liver recurrences after CRC
were possible to treat with curative intent and with high sur-
vival rates. Specifically, 76% of all patients with recurrences
confined to the liver were treated with curative intent with a 5-
year OS of 60%. These impressive results were gained although
follow-up was not extensive in neither randomization arm,
which points out the importance of meticulous work-up and
assessment in multidisciplinary boards. More intense follow-up
might be of value in high-risk patients but needs further
studies.
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