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Background: Outcome after resection of CRLM is hampered by a high rate of recurrence. There are little 
data about the role of cancer related genes and their mutations in this scenario. The aim of our analysis was 
to assess the predictive power of cancer-related genes and their mutations on risk for and distribution of 
recurrence and the time of occurrence after resection of colorectal liver metastases (CRLM).
Methods: We included 130 patients with 167 liver resections. The work-up consisted of the analysis of a 
total of 720 cancer-related genes by next-generation sequencing (NGS). Results were correlated with the 
patterns and time of recurrence and survival.
Results: At the time of analysis, 89/130 patients (68%) had developed recurrence. This included liver only 
recurrence in 52%, lung only recurrence in 11% and disseminated disease in 37% of cases. In univariate 
analysis, alterations in the RAS/RAF pathway and in the SMAD family had significant predictive power 
for the time of recurrence (P<0.0001) whereas single mutations did not reach statistical significance in 
multivariate analysis. Mutations of PIK3CA were associated with a better prognosis and a later occurrence of 
relapse. A recurrence risk score (r-RS) based on mutations in these cancer related genes is predictive of the 
time of recurrence.
Conclusions: In conclusion, mutations in the RAS/RAF pathway and the SMAD family are risk factors 
for early recurrence. Mutations of PIK3CA are associated with a lower risk for recurrence after resection 
of CRLM. Cancer related genes and their mutations do not correlate with patterns of recurrence but are 
predictive for the timely onset of recurrence.
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Introduction

The mainstay of treatment of colorectal liver metastases 
(CRLM) is a synergy of hepatic resection and systemic 
chemotherapy, often in combination with targeted therapy  
(1-4). Nevertheless, more than 50% of patients develop disease 
recurrence after potentially curative liver resection (5,6). 

However, the impressive progress in surgery and in medical 
therapy has improved outcome of recurrent CRLM as well 
(3,7). Nowadays, treatment options for this scenario range 
from systemic over potentially curative approaches by repeated 
resections to even liver transplantation, depending on the 
extent and distribution of tumor relapse (7-11). Therefore, 
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a better understanding of the patterns of recurrent disease is 
essential for patient selection and stratification of therapy. 

In recent years, analyses of cancer related genes and 
their mutations, mainly referring to the RAS/RAF pathway, 
the SMAD family as well as TP53 and PIK3CA, have 
broadened the spectrum of markers predictive for outcome 
(12-15). The influence of cancer related genes and their 
mutations on tumor relapse after resection of CRLM is 
not yet well investigated. The aim of our analysis was to 
assess the predictive power of cancer related genes and 
their mutations on rates, time of occurrence as well as on 
distribution of recurrence after liver resection for CRLM.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-292). 

Methods

Study design

We included 223 resections in 158 patients in the current 
analysis. The full work up contained clinical and perioperative 
data from our prospective institutional liver database and a 
complete analysis of 720 cancer related genes and their copy 
number changes by next-generation sequencing (NGS). 
Postoperative follow-up to detect recurrent disease included 
a computed tomography (CT) scan of the chest and a CT-
scan or magnetic resonance imaging (MRI) of the abdomen 
every 3 months within the first year. Thereafter, the time 
interval was extended to 6 months.

Results of molecular profiling were correlated with 
survival data as well as with the patterns of recurrence, 
including rates, time and distribution of recurrence.

The study was approved by the local ethic committee 
[Eth ikkomi tee  der  Univer s i t ä t smed iz in  Ma inz ; 
837.141.13(8826-F)]. The study conforms to the provisions of 
the Declaration of Helsinki (as revised in 2013). All patients 
signed an informed consent before participating the study.

Genomic analysis 

Sequencing, mutation calls and copy number analyses were 
performed as described previously (16).

Statistics

Patients with extrahepatic disease at the time of liver 
surgery and with R2-resection margins were excluded from 

the analysis.
Recurrence was divided in 3 clinical groups: liver only, 

lung only and disseminated tumor spread. Recurrence-
free survival (RFS) was calculated from the date of liver 
resection until any occurrence of tumor disease. 

Statistical analyses were performed in the R statistical 
computing environment. Parameters that were significant 
on univariate analysis were entered in a multivariate Cox 
analysis. P values <0.05 were considered significant.

Results

Study population

Out of the 158 patients we excluded 28 patients, 26 due 
to extrahepatic disease at the time of liver surgery and  
2 patients with R2-resections. In another 28 patients 
having a two-stage procedure (TSH ± PVE/PVL, ALPPS) 
we looked at step 1 and 2 operations as one procedure. 
Summarized, data of 130 patients and 167 liver resections 
were eligible for the overall analysis. Patients’ characteristics 
and operative data are listed in Table 1.

Survival and recurrence

The median follow-up after liver surgery was 39.4 months 
and the median overall survival (OS) of the entire cohort 
was 41.2 months. There was one in-hospital death after  
34 days due to septicaemia after endoscopic intervention at 
the bile duct. 

Tumor recurrence was observed in 89 patients (68%). 
The patterns of recurrence were as following: liver only in 
46/89 (52%), lung only in 10/89 (11%) and disseminated 
tumor spread in 33/89 cases (37%) (Figure 1). Disseminated 
disease included 4 patients with simultaneous hepatic 
and pulmonary metastases, hepatic metastases and the 
involvement of at least one more organ system in another 
13 patients and extrahepatic recurrence in 16 patients. The 
median RFS of the entire cohort was 16.8 months. 

A subgroup of 6 patients was prominent by having at 
least 2 and up to 4 repeated liver only recurrences being 
eligible for liver surgery each time (3 patients with 3 liver 
resections, 1 patient with 4 liver resections and 2 patients 
with 5 liver resections, each). 

Extended molecular profiling 

We analysed recurrent somatic mutations and copy number 
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changes of 720 CGS genes in our study cohort. Depending 
on the frequency and previously reported clinical relevance 
in the setting of CRLM we focused on the gene alterations 
of APC, TP53, KRAS, NRAS, BRAF, SMAD2, SMAD3, 
SMAD4, PIK3CA and ERBB4 for further analyses (16). 

The frequencies of gene alterations are listened in Table 2.

Biological risk factors and their impact on recurrence

First, we compared the distributional pattern of gene 
alterations with the oncological outcome and analysed 
patients with no recurrence (n=41) versus patients with 
any kind of recurrence (n=89). There were no significant 
differences detectable. 

Going further into detail, we divided the recurrence 
group in 3 patterns of recurrence, in liver only, lung only 
and disseminated disease, respectively. Although some of the 
genes seemed to have prognostic influence, the multivariate 
Cox regression model did not reach significance (Table 3). 

Within the next step we combined alterations and 

Table 1 Clinical characteristics and operative data 

Characteristics Number

Patients 130

Sex, male/female 80/50

Age (years), median (range) 60.5 [36–83]

Primary

Colon/rectum 67/63

Nodal positive 82

Nodal negative 48

Liver metastases

Synchronous/metachronous 77/53

Surgical procedures 167

Extended liver resection 29

Major liver resection 43

Minor liver resection 95

Resection margin 167

R0 161

R1 6

m-CS*, median (range) 1 (0–3)

0 22

1 54

2 44

3 10

e-CS**, median (range) 1 (0–4)

0 20

1 51

2 40

3 15

4 4

*modified clinical risk score (consisting of primary tumor 
nodal status, size of CRLM >5 cm and RAS mutation status); 
**extended clinical risk score (consisting of primary tumor nodal 
status, size of CLM >5 cm and mutation/alterations in the RAS/
RAF pathway and members of the SMAD family).

Entire patients cohort 
n=130

Liver only recurrence 
n=46

Liver and lung 
n=4

Lung and others (no liver) 
n=6

Lung only recurrence 
n=10

Liver and extrahepatic (no lung) 
n=13

Others (non liver, non lung) 
n=10

Disseminated diseasel/involvement 
of other organ systems 

n=33

Recurrence?

Yes
n=89

No
n=41

Figure 1 Patterns of recurrence.
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mutations of all cancer related genes in order to discover 
the impact of CGS on the prediction of recurrent disease. 
We found that gene alterations and mutations of the RAS/
RAF pathway and in members of the SMAD family had 
a significant predictive power for the time of recurrence 
after liver resection for CRLM (P<0.0001). Similarly, we 
found mutations of PIK3CA being associated with a better 
prognosis and a later occurrence of relapse (P=0.01).

Furtheron, we tried to identify biological risk factors to 
predict patterns of recurrence. Using a multivariate Cox 
regression model there was no significant mutation that 
could achieve significant predictive power (Table 3). 

Finally, to draw more clinical relevance out of these 
findings, we developed a recurrence risk score (r-RS) by 
using multivariate Cox regression analyses, which enables a 
significant prediction of the time of recurrence. The score 
refers to mutations in the RAS/RAF pathway (1 point), in 
the SMAD family (1 point) and in PIK3CA. Mutations in 
PIK3CA were added as a positive vector (−1 point) as it was 
associated with a later onset of recurrence and a significant 
better prognosis. The median recurrence-free survival 
in patients with a score of −1 was 634 days. In contrast, 
patients with a score of 2 (mutation in both the RAS/
RAF pathway and in the SMAD family but no mutation in 
PIK3CA) had a median time to recurrence of 85 days only. 
A score of 0 was associated with a median recurrence-free 
survival of 343 days (Figure 2).

The median overall r-RS of the complete study population 
was 0 (range, −1 to 2). The median r-RS and the range 

did not differ in the group with liver only recurrence and 
disseminated disease (0, range, −1 to 2). The group of lung 
only recurrence had a median r-RS of 1 (0 to 1) (Table 4). 

In the subgroup of the 6 patients with 2 and more 
repeated liver resection the median r-RS was 0 (range, −1 
to 0). There was no patient having a mutation in both the 
RAS/RAF pathway and in the SMAD family. One patient 
had a PIK3CA mutation (Table 5).

Discussion

In this study we analysed the impact of cancer related 
genes and their mutations on the incidence, the period of 
time of occurrence and the patterns of recurrence in 130 
patients after curative resection of CRLM. The distribution 
of relapses in our cohort was similar as reported in other 
studies with an intrahepatic recurrence of 70% in total, and 
around 50% of them confined to the liver (6). This finding 
is of special interest because liver only recurrence may be 
suitable for liver directed therapies, e.g., for intraarterial 
chemotherapy or interventional treatment, but in particular 
also for repeated surgery. There are several reports about 
2nd, 3rd or even 4th hepatectomy for recurrent CRLM with 
survival data similar or even somewhat better than after 
initial resection (9,17). In recent time promising results 
have been reported even after liver transplantation for 
irresectable CRLM. The rationale behind this concept 
is not least the assumption that in some patients the liver 
is, and probably will remain, the only site of recurrence. 

Table 2 Frequencies of alterations and mutations of cancer related genes

Cancer-related gene
Number of gene alterations and mutations

Total, n=130 (%) No recurrence, n=41 (%) Recurrence, n=89 (%)

APC 111 (85.4) 37 (90.2) 74 (83.1)

TP53 85 (65.4) 28 (68.3) 57 (64.0)

KRAS 39 (30.0) 13 (31.7) 26 (29.2)

PIK3CA 16 (12.3) 8 (19.5) 8 (9.0)

ERBB4 10 (7.7) 4 (9.6) 6 (6.7)

SMAD4 9 (6.9) 1 (2.4) 8 (9.0)

BRAF 8 (6.2) 3 (7.3) 5 (5.6)

NRAS 4 (3.1) 1 (2.4) 3 (3.4)

SMAD3 4 (3.1) 0 (0) 4 (4.5)

SMAD2 2 (1.5) 1 (2.4) 1 (1.1)
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Therefore, information on patterns of recurrence are of 
high clinical relevance. Unfortunately, our study did not 
find a correlation between mutations of cancer related 
genes and patterns of metastasising, in particular liver only 
recurrence could not be predicted. Even in the subgroup 

of 6 patients with repeated liver only recurrence no specific 
cluster of cancer gene alterations could be identified, except 
that in these patients there was neither a mutation in the 
RAS/RAF pathway nor in the SMAD family. 

There are only few studies about mutation rates and 

Table 3 Gene mutations and alterations in the group of recurrence

Cancer-related gene Liver only, n=46 Others, n=43 P value, liver only against others

APC

WT 10 5 0.147

mut 36 38

TP53

WT 20 12 0.272

mut 26 31

KRAS

WT 36 27 0.161

mut 10 16

NRAS

WT 43 43 0.485

mut 3 0

BRAF

WT 44 40 0.670

mut 2 3

PIK3CA

WT 42 39 1

mut 4 4

SMAD4

WT 43 38 0.475

mut 3 5

SMAD3

WT 44 41 1

mut 2 2

SMAD2

WT 46 42 0.483

mut 0 1

ERBB4

WT 42 41 0.677

mut 4 2

P values of liver only against other organ systems and liver only against lung only and other organ systems.
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patterns of extrahepatic recurrence. Some suggest a higher 
rate of extrahepatic relapse, especially of lung metastases 
after resection of KRAS mutated CRLM (18-21). Our 
findings are similar but do not show statistical significance 
probably due to the small number of patients in our cohort.

We could elaborate a score that correlates significantly 
with the risk of recurrence and especially with the risk of 
an early relapse within 100 days. We used the mutation 
status of RAS/RAF pathway and the SMAD family for this 
score. This is in accordance with previous findings that the 
mutation status of RAS and SMAD4 and even more of the 
RAS/RAF pathway and the entire SMAD family is superior 
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Figure 2 Recurrence free survival depending on mutations in the 
RAS/RAF pathway, the SMAD family and PIK3CA (recurrence 
risk score).

Table 4 Recurrence risk score and frequencies of mutations in the RAS/RAF pathway, SMAD family and PIK3CA in the group lung only 
recurrence (n=10)

Patients with lung only recurrence RAS/RAF pathway SMAD family PIK3CA r-RS

1 1 0 0 1

2 0 0 0 0

3 1 1 0 2

4 1 0 0 1

5 1 0 0 1

6 0 0 0 0

7 0 0 0 0

8 1 0 0 1

9 0 0 0 0

10 0 0 0 0

Table 5 Recurrence risk score and frequencies of mutations in the RAS/RAF pathway, SMAD family and PIK3CA in the group repeated resection 
for recurrent liver only metastases (n=6)

Number of repeated liver resections Patient RAS/RAF pathway SMAD family PIK3CA r-RS

2 1 0 0 0 0

2 0 0 0 0

3 0 0 −1 −1

3 4 0 0 0 0

4 5 0 0 0 0

6 0 0 0 0
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to the mutation status of RAS alone in predicting prognosis 
after resection of CRLM (16,22). 

In multivariable analysis, mutations that were associated 
with a better survival were observed in PIK3CA and 
TP53. These results confirm well with data reported by 
other authors (12). In our analysis the prognostic power of 
mutations of PIK3CA to predict recurrence was stronger 
than TP53 mutations. In order to keep the score easy, we 
focused on 3 factors only, two of them associated with worse 
prognosis (mutations in the RAS/RAF pathway and in the 
SMAD family) and one with better survival (mutations in 
PIK3CA). 

Using this recurrence risk score (r-RS), ranging from −1 
to 2, we could identify a subgroup of patients (score 2) with 
a risk for very early recurrence (median time to recurrence 
nearly 3 months only) while in the group with mutations of 
PIK3CA only (score −1) the median time to recurrence was 
almost 2 years after resection. Noteworthy, the 6 patients 
with at least 2 and up to 4 repeated liver resections for liver 
only recurrence had a score of 0 or less. 

The presented analysis has several limitations. In addition 
to its retrospective nature there is the small total number of 
130 patients and only 89 of them having recurrent disease. 
Therefore, our findings need further validation in a larger 
cohort. This is in particular true for the groups with the 
lowest and the highest r-RS. Finally, the onset of recurrence 
may also be influenced by postoperative treatment. We 
did not further elucidate this since there is still ongoing 
discussion about the indication for adjuvant chemotherapy 
after resection of CRLM.  

In conclusion, we could show that mutations in the 
RAS/RAF pathway and the SMAD family are risk factors 
for early recurrence and that mutations of PIK3CA and 
TP 53 are associated with a lower risk for recurrence after 
potentially curative resection of CRLM. Although our 
analysis failed to detect a correlation between patterns of 
mutations with patterns of recurrence we could develop 
a score that is predictive for the risk and timely onset of 
recurrence. The potential use of the risk score as additional 
criteria for adjuvant chemotherapy after potentially curative 
resection of CRLM needs further validation.
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