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Abstract

Background: A prognostic benefit of additive chemotherapy in patients following resection of metachronous
colorectal liver metastases (CRLM) remains controversial. Therefore, the goal of this retrospective study was to
investigate the impact of perioperative chemotherapy on disease-free survival (DFS) and overall survival (OS) of
patients after curative resection of metachronous CRLM.

Methods: In a retrospective single-centre study, patients after curative resection of metachronous CRLM were
included and analysed for DFS and OS with regard to the administration of additive chemotherapy. The Kaplan-
Meier method was applied to compare DFS and OS while Cox regression models were used to identify
independent prognostic variables.

Results: Thirty-four of 75 patients were treated with additive 5-FU based chemotherapy. OS was significantly
prolonged in this patient subgroup (62 vs 57 months; p =0.032). Additive chemotherapy significantly
improved 10-year survival rates (42% vs 0%, p =0.023), but not 5-year survival (58% vs 42%, p =0.24).
Multivariate analysis identified additive chemotherapy (p =0.016, HR 0.44, 95% ClI 0.23-0.86), more than five
CRLM (p =0.026, HR 2.46, 95% ClI 1.16-10.32) and disease recurrence (0.009, HR 2.70, 95% ClI 1.29-5.65) as
independent risk factors for OS.

Conclusion: Additive chemotherapy significantly prolonged OS and 10-year survival in patients after curative
resection of metachronous CRLM. Randomized clinical trials are needed in the future to identify optimal
chemotherapy regimens for those patients.
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Background

Colorectal cancer (CRC) is one of the most common malig-
nancies worldwide with an increasing incidence especially
in young adults [1]. Up to 50% of patients with CRC de-
velop distant metastases during their lifetime of which the
liver represents the primary site [2—6]. However, only 20%
of patients with CRLM are defined as potentially resectable
[7-9]. Multimodal treatment protocols including chemo-
therapy and surgical resection of CRLM are the only
chance of cure for these patients and have resulted in five-
year overall survival rates of up to 50% in the past [10-12].
Continuous advancements in chemotherapeutic regimens
and the introduction of intensified multimodal protocols
have effectively improved prognosis of CRLM patients.

Treatment guidelines for synchronous CRLM are well
established [13] and summarized in a consensus statement
by the Expert Group on OncoSugery management of
Liver Metastases (EGOSLIM group) [14]. However, while
treatment recommendations for patients with metachro-
nous disease remain heterogeneous according to different
national guidelines, it gets even more inconsistent in
terms of additive chemotherapy. While the National Com-
prehensive Cancer Networks (NCCN) specifically recom-
mends additive chemotherapy for metachronous CRLM
[15, 16], European Society of Medical Oncology (ESMO)
guidelines do not recommend routine additive chemo-
therapy after curative resection of primarily resectable
metachronous CRLM [17]. Only in case of unfavourable
prognostic criteria (e.g. FONG-score, [18]) or in case the
patient did not receive any previous systemic therapy for
metastatic disease, additive chemotherapy can be adminis-
tered upon an individual decision [17].

While some studies have demonstrated a significantly
improved disease-free survival (DFS) after additive
chemotherapy (CTx) for patients with CRLM, statistical
significance was missing for patients’ OS despite a
clearly prolonged median OS [19, 20]. In addition, most
of the current evidence regarding CRLM includes pa-
tients with synchronous and metachronous CRLM
resulting in heterogeneous patient cohorts [21-23].
Thus, mixing patients with synchronous and metachro-
nous CRLM limits the conclusion drawn from the avail-
able data with regard to additive perioperative
treatment, since clinical outcomes as well as molecular
investigations suggest biological differences between
both subtypes of CRLM [24, 25]. Therefore, the objective
of this single-centre study was to investigate and evalu-
ate the prognostic impact of additive chemotherapy in
patients after curative resection of metachronous CRLM.

Methods

Study population

This is a retrospective single centre study. Among all pa-
tients who underwent a first hepatectomy for CRLM
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between January 2003 and December 2016 at the
Department of Surgery at the University Hospital of
Wuerzburg, 101 patients with metachronous colorectal
liver metastasis who underwent macroscopic radical liver
resection were identified. Patients with synchronous
CRLM, extrahepatic disease or R1/2 resections were ex-
cluded from the study. No patient underwent concomi-
tant local-ablative therapy or staged hepatectomies.

Metachronous CRLM were defined as metastasis de-
tected after curative treatment of the primary tumour
and divided into early-onset (< 12 months) (EM-CRLM)
and late-onset (> 12 months) metachronous CRLM (LM-
CRLM). The extent of liver disease was routinely
assessed by CT scan (3-phase), and, if considered neces-
sary, additionally via MRI scans. Extrahepatic disease
was ruled out by CT scans of abdomen and thorax.
Follow-up assessment of the primary tumour was done
in accordance with the national S3-guideline [26].

Sociodemographic (age, sex) as well as clinicopatho-
logical data including the site of the primary tumour, its
lymph node status as well as number and size of CLRM
and preoperative carcinoembryonic antigen (CEA)
serum levels were collected for each patient. Major liver
resection was defined as removal of three or more liver
segments. RO resection was defined as complete removal
of the tumour with negative surgical margins (>1 mm).
Surgical margins of less than 1 mm were defined as R1
resection whereas macroscopically incomplete resection
was referred to as R2 resection. Recurrent disease was
classified as hepatic or extrahepatic by the initial site of
onset.

Chemotherapy

Chemotherapy regimens were assessed for every patient
including additive and perioperative CTx. Indication for
additive CTx was made in specialized interdisciplinary
tumor conferences on an individual basis and, if recom-
mended, additive CTx was started within 3 months after
liver resection according to the current national guide-
lines. Standard therapies were fluorouracil-based with
mainly FOLFOX (FOLFOX4 or FOLFOX6) for a dur-
ation of 3 to 6 months. Other regimens such as FOL-
FIRI, CAPOX or Capecitabine were given according to
the general condition of the patient, tolerance to Oxali-
platin or preferences of the medical oncologist. Success-
ful administration of additive chemotherapy was defined
as at least 3 months’ treatment. In case of primarily non-
resectable hepatic disease, 2 to 4 months of 5-FU based
(FOLFOX, FOLFIRI) neoadjuvant chemotherapy includ-
ing monoclonal antibodies according to the individual
KRAS-status (Cetuximab, Bevacizumab, Panitumumab)
were given. The remaining doses to complete 6 months
of perioperative chemotherapy in total were adminis-
tered postoperatively as additive chemotherapy.
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Statistical analysis

Descriptive data were presented as median with range
or total with percent. Differences in patient character-
istics were assessed by Chi-square, Fisher’s exact or
Mann-Whitney-U in accordance to the data scale and
distribution. Overall survival (OS) as well as Disease
Free Survival (DFS) were determined using the
Kaplan-Meier method and compared with the log-
rank test. OS and DFS were defined as the time from
hepatic resection to the time of death or initial
tumour recurrence. For patients without specific
prognostic events, data were censored at the date of
the last follow-up examination. Only patients with an
OS and DES of at least 3 months were included since
early recurrence led to different therapeutic strategies
in our cohort.

To identify predictive factors for OS and DFS, a Cox
proportional hazards model was used. Data were pre-
sented as hazard ratios (HR) with 95% confidence inter-
vals (95% CI). This was followed by the Cox multivariate
model which included variables with p <0.1 on univari-
ate analysis for a further multivariate analysis. Due to in-
complete documentation, statistical calculations for CEA
values were only done with univariate analysis. A p value
of < 0.05 was considered statistically significant. Kaplan—
Meier curves were calculated using GraphPad Prism
(Version 7, GraphPad Software, Inc., San Diego, USA),
whereas univariate and multivariate analysis were per-
formed using SPSS Statistics (Version 25, IBM, Armonk,
NY, USA).
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Ethical approval

To assess the raw data from the Department of Surgery
at the University Hospital of Wuerzburg approval from
the ethics committee of the University of Wuerzburg
was granted (Reference: 34/16). Written informed con-
sent for resection surgery was obtained from all patients.

Results

Patient characteristics

Seventy-five patients were finally included in this retro-
spective analysis including 27 female (36.0%) and 48
male (64.0%) patients (Fig. 1). As shown in Table 1, 44
patients (58.7%) were initially diagnosed with colon can-
cer as primary tumour and 31 patients with rectal cancer
(41.3%). In the colon cancer group, 14 tumours (31.8%)
were located in the right hemicolon and 30 tumours
(68.2%) in the left hemicolon. The nodal status of the
primary tumour was positive in 43 patients (54.1%). EM-
CRLM were observed in 28 patients (36.5%) compared
to 47 patients with LM-CRLM (63.5%). The median
CEA value before hepatic resection was 22.97 ng/ml. Re-
garding the number of hepatic metastases, 70 patients
(93.3%) had less than five lesions whereas four patients
(5.3%) had five or more CRLM. In addition, the size of
the greatest CRLM exceeded 5cm in nine patients
(12.0%). Twenty-seven patients subsequently underwent
minor liver resection (36.0%) compared to 48 patients
with major liver resection (64.0%). Patients with R1/R2
resection were excluded from the study. No patients of
our cohort underwent local ablation therapy or staged

Patients: 203

Metachronous
CRLM: 101

Synchronous
CRLM: 102

Included: 75

Additive CTx: 34

No additive CTx:
41

Fig. 1 Study design

incomplete documentation: 14

early recurrence (<3 months): 5

Excluded: 26

no curative surgery: 3
postoperative death: 2
Re-Operation: 1
RFA: 1




Kelm et al. BMC Cancer (2021) 21:490 Page 4 of 9
Table 1 Patient demographics and clinical characteristics
Total (n =75) Resection only (n =41) Resection plus additive CTx (n = 34) p
n % n % n % value
Age, years
Median 65 65 65 ns
Range 35-85 42-84 35-85
Sex
Male 48 64.0 25 61.0 23 67.6 ns
Female 27 36.0 16 390 1 324
Primary tumor
Colon 44 58.7 23 56.1 21 61.8 ns
Right 14 31.8 4 174 10 476
Left 30 68.2 19 826 11 524
Rectum 31 413 18 439 13 382
Primary nodal status
NO 31 459 14 34.1 17 50.0 ns
N1/2 43 54.1 27 659 16 47.1
Time between primary and hepatic resection
<12 months 28 36.5 14 34.1 14 394 ns
> 12 Months 47 63.5 27 659 20 60.6
CEA before hepatic resection, ng/ml
Median 2297 22.86 23.12 ns
Range 1.1-150 1.6-150 1.1-137
Number of CRLM
<5 70 933 38 92.7 32 882 ns
>5 4 53 3 73 1 29
Size of greatest CRLM
<5cm 62 82.7 32 780 30 88.2 ns
>5cm 9 120 6 14.6 3 838
Neoadjuvant CTx
No 62 81.1 35 854 27 794 ns
Yes 13 189 6 14.6 7 20.6
Surgical procedure
Minor liver resection 27 360 16 390 11 324 ns
Major liver resection 48 64.0 25 61.0 23 67.6

hepatectomy. Neoadjuvant CTx was administered in 13
patients (18.9%) and 34 patients received additive CTx
(45.3%).

For survival analysis, we divided our cohort accord-
ing to the administration of additive CTx following
curative liver resection (Table 1). Thirty-four patients
(45.3%) received postoperative chemotherapy whereas
41 patients (54.7%) underwent only resection. With
regard to patient as well as tumour characteristics, we
did not observe any significant differences between
both groups.

Evaluation of different variables on DFS and OS

Localization of the primary tumour, CEA serum levels
and size of CRLM did not significantly affect DFS. In
univariate analysis, a positive primary lymph node status
(p =0.034, HR 1.73, 95%-CI 1.04—2.88) as well as more
than five CRLM (p =0.005, HR 4.58, 95%-CI 1.58-
13.26) were associated with a significantly decreased
DFES. Concerning the time interval between curative
treatment of the primary tumour and the occurrence of
metachronous CRLM, there was a clear trend for an im-
paired DES of patients diagnosed with EM-CRLM (DEFS:
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14 vs. 28 months; p =0.11). In further multivariate ana-
lysis, primary lymph node status (p =0.008, HR 2.01,
95%-CI 1.20-3.34) and the number of CRLM (p = 0.001,
HR 6.49, 95%-CI 2.15-19.61) turned out to be independ-
ent prognostic factors for DFS (Table 2). No differences
in terms of site of recurrence were seen between both
groups.

With regard to OS, localization and lymph nodes sta-
tus of the primary tumour as well as size of CRLM did
not significantly influence patient survival. Univariate
analysis identified more than five CRLM (p =0.012, HR
3.86, 95%-CI 1.35-11.05) and CEA serum levels higher
than 70 ng/ml (p =0.031, HR 4.24, 95%-CI 1.14-15.74)
as risk factors for a significantly decreased OS. Further-
more, patients suffering from disease recurrence had a
significantly worse prognostic outcome compared to pa-
tients without recurrence (p =0.006, HR 2.65, 95% CI
1.32-5.36). In multivariate analysis, number of CRLM
(p =0.026, HR 3.46, 95%-CI 1.16-10.32), disease recur-
rence (p =0.009, HR 2.70, 95% CI 1.29-5.65) and ad-
ministration of additive chemotherapy (p =0.016, HR

Table 2 Univariate and multivariate analysis of DFS
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0.44, 95%-CI 0.23-0.86) were identified as independent
prognostic factors (Table 3).

Impact of additive chemotherapy on DFS and OS

CTx regimens were fluorouracil-based in all patients. Of
34 patients receiving additive chemotherapy, 18 patients
were treated with FOLFOX/FOLFIRI, 10 patients with
Capecitabine and 6 patients with CAPOX. No therapies
were terminated due to side effects based on
chemotherapy.

Administration of additive chemotherapy resulted in a
prolonged median DFS (29 vs 18 months; p =0.10)
(Fig. 2a). In terms of OS, patients receiving additive CTx
showed a significantly prolonged OS (62 vs 57 months,
p =0.023) (Fig. 2b). Additive chemotherapy significantly
improved 10-year survival rates (42% vs 0%, p =0.023),
but not 5-year survival (58% vs 42%, p = 0.24).

Discussion
Despite an increasing incidence of CRLM and a five-year
postoperative survival of up to 70% with additive CTx in

Number of Median DFS, Univariate analysis Multivariate analysis
patients months p value HR 95% Cl p value HR 95% Cl
Primary tumor
Colon 44 36 0.14 1.53 0.87-2.68
Rectum 31 18
Primary nodal status
NO 31 37 0.034 173 1.04-2.88 0.008 201 1.20-3.34
N1/2 43 14
Time between primary and hepatic resection
<12 months 27 14 0.11 0.63 0.35-1.12
> 12 months 48 28
Number of CRLM
<5 70 28 0.005 458 1.58-13.26 0.001 6.49 2.15-19.61
>5 4 7.5
Size of greatest CRLM
<5cm 62 20 027 1.62 0.68-3.82
>5cm 9 29
Neoadjuvant CTx
No 62 20 062 0.83 039-176
Yes 13 28
Additive CTx
No 41 18 0.29 0.74 042-1.29
Yes 34 29
CEA, ng/ml
<70 47 28 0.70 0.76 0.18-3.19

>70 5 19.5
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Table 3 Univariate and multivariate analysis of OS
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Number of Median OS, Univariate analysis Multivariate analysis
patients months p value HR 95% Cl p value HR 95% ClI
Primary tumor
Colon 44 62 0.58 1.18 0.65-2.18
Rectum 31 53
Primary nodal status
NO 31 65 0.16 1.50 0.86-2.64
N1/2 43 51
Time between primary and hepatic resection
<12 months 27 57 0.18 0.65 0.34-1.23
> 12 months 48 75
Number of CRLM
<5 70 62 0.012 3.86 1.35-11.05 0.026 346 1.16-10.32
>5 4 19
Size of greatest CRLM
<5cm 62 62 0.21 1.83 0.71-4.71
>5cm 9 27
Neoadjuvant CTx
No 62 62 0.30 0.63 0.26-1.51
Yes 13 68
Additive CTx
No 41 57 0.032 0.50 0.26-0.94 0.016 044 0.23-0.86
Yes 34 62
CEA, ng/ml
<70 47 65 0.031 424 1.14-15.74
>70 5 22
Disease recurrence
Yes 48 51 0.006 2.65 132-536 0.009 2.70 1.29-5.65
No 27 110

certain studies [25, 27], the value of perioperative CTx
after curative resection of metachronous CRLM remains
controversial [23, 26, 28, 29]. Therefore, we investigated
the impact of applying additive CTx on the long-term
outcome of patients with metachronous CRLM. In our
patient cohort, the administration of additive CTx fol-
lowing RO liver resection resulted in a significantly pro-
longed OS compared to patients without chemotherapy
(p =0.032). Furthermore, additive CTx was identified as
independent risk factor for OS in multivariate analysis
(p =0.016, HR 0.44, 95% CI 0.23-0.86). Importantly,
striking and statistically significant differences in OS
were detected at later stages of follow-up with 10-year
survival rates of 42% in the chemotherapy group com-
pared to no long-term survivors in the resection-only
group (p =0.023).

Surgical resection as one part of a multimodal thera-
peutic concept remains the only curative treatment

option for patients with CRLM. Treatment guidelines
are well established for patients with synchronous
CRLM [17]. However, consensus is lacking regarding
perioperative treatment options for patients with meta-
chronous CRLM. A beneficial role of perioperative CTx
has been extensively discussed in the past and its signifi-
cance has been differently weighted among medical soci-
eties. On the one hand, current guidelines of the
National Comprehensive Cancer Networks (NCCN) in
the United States clearly recommend additive CTx with
FOLFOX or CAPOX for all patients with metachronous
CRLM who had not received Oxaliplatin-based CTx pre-
operatively. Only if patients had obtained Oxaliplatin-
based CTx earlier, postoperative observation is preferred
[15, 16]. In contrast, European guidelines of the Euro-
pean Society for Medical Oncology (ESMO) recommend
additive CTx only in case of unfavourable prognostic
factors such as rapid tumour progression (i.e. short



Kelm et al. BMC Cancer (2021) 21:490 Page 7 of 9

A B

__ 100+ 100 Without CTx

°\° — H

= X —— With CTx

© ~

> —_

2 2

2 <

o 50+ 5 50

£ L 2

©

g — 8

g 3

[

a p=0.100 p=0.023

0 1 1 1 0 T T 1
0 40 80 120 0 40 80 120
Months Months
Patients at risk
NoCTx 41 11 5 0 41 17 6 0
CTx 34 10 6 4 34 21 8 5

Fig. 2 Impact of additive chemotherapy on disease-free and overall survival. DFS (a) and OS (b) analyzed by Kaplan-Meier with (green) and
without (orange) additive CTx. Additive CTx resulted in a significantly prolonged OS (p = 0.023) in patients with metachronous CRLM

interval between resection of the primary tumour and
the occurrence of metachronous CRLM), more than five
liver metastasis or concomitant extrahepatic disease. If
so, perioperative CTx is recommended with FOLFOX or
CAPOX [17]. This therapeutic regimen has been ac-
cepted by several oncological societies in Asia [30].
However, current German guidelines do not recommend
additive CTx [26].

Studies suggest that synchronous CRLM have a less
favourable tumour biology and a worse prognostic out-
come in comparison to metachronous CRLM [24, 25,
31]. Scientific evidence regarding the optimal postopera-
tive treatment strategy in case of metachronous CRLM
is lacking since most studies have focused on CRLM in
general, thereby mixing patient cohorts suffering from
synchronous or metachronous CRLM. A recent meta-
analysis of three randomized trials detected a statistically
significant prolonged DFS for patients with CRLM who
had received additive CTx in comparison to patients
without CTx. However, with regard to patients’ OS a
calculation of the survival benefit after additive CTx
missed the level of statistical significance closely [20, 29].
Other retrospective studies identified a survival advan-
tage of additive CTx for certain patient subgroups.
While Adam et al. demonstrated a significantly increased
DES and OS for patients with larger CRLM (>5cm)
[32], another study showed a prognostic benefit of add-
itional postoperative chemotherapy for patients with
more than ten CRLM [22]. Nevertheless, both studies

did not differentiate outcome data between patients with
synchronous or metachronous CRLM. In a different ap-
proach, a recent Japanese and French multicentre study
compared perioperative (neoadjuvant plus adjuvant) ver-
sus additive CTx with FOLFOX in the setting of CRLM
including synchronous and metachronous metastases.
Since they did not find a benefit for additional neoadju-
vant CTx regarding DFS and OS, the authors recommend
additive CTx only for patients with easily resectable
CRLM [21]. In addition, a recent retrospective study by
Nishioka et al. analysed the prognostic advantage of addi-
tive CTx on synchronous and metachronous CRLM.
While no advantage was seen for late-metachronous
CRLM (> 12 months), a significant prolonged OS and DFS
for patients with synchronous and early-metachronous
CRLM (< 12 months) was identified [25]. Thus, both stud-
ies support the approach of upfront surgery followed by
additive CTx.

In this context, our results clearly promote the admin-
istration of additive CTx for patients after RO resections
of metachronous CRLM as OS was significantly in-
creased in our patient cohort. This also applied for pa-
tients receiving neoadjuvant CTx prior to liver resection.
Additive chemotherapy did not only prolong 5-year sur-
vival, but most impressively, it significantly improved
10-year survival rates (42% versus 0%). A systematic re-
view about risk factors that influence ten-year survival
after liver resection for colorectal liver metastases calcu-
lated a 10-year survival rate of 12-28% [33]. We might
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have detected better survival rates in our cohort due to a
more stringent definition of patients as both, metachro-
nous CRLM and RO-resections, are well-known factors for
improved survival rates. Moreover, most of our patients
were treated with more effective chemotherapeutic agents
than 5-FU only as administered in older series [33]. Most
importantly, our data emphasize the need for longer
follow-up intervals. As most studies report actual 5-year
survival statistics as evidence of an adequate oncologic
outcome, we could show that at least in this selected pa-
tient cohort, a striking and statistically significant survival
advantage becomes evident only after 5 years of follow up.

This study has several limitations including its retro-
spective character and the single-centre design. In
addition, the variability of chemotherapeutic regimens
narrows a statement about a favourable protocol. How-
ever, the long observation period with 10-year follow-up
data is a major advantage for robust survival analysis.

To our knowledge, this is the first study focusing exclu-
sively on patients with metachronous CRLM and a follow-
up period of at least ten years. Metachronous CRLM most
likely arise from persisting and circulating tumour cells
after resection of the primary colorectal carcinoma. A pro-
longed OS following the administration of additive chemo-
therapy in our patient cohort might be a consequence of
the eradication/containment of remnant malignant cells.
While surgery only offers control of local disease, systemic
therapy can devitalize disseminated malignant cells. As re-
sult, hepatic or extrahepatic disease recurrence might occur
at later stages or not at all after additive CTx with subse-
quently prolonged OS as seen in our cohort. Furthermore,
one major drawback of former studies in interpreting sur-
vival data has been the fact that patients with synchronous
and metachronous CRLM were usually combined despite
the less favourable tumour biology of synchronous CRLM.
Thus, final conclusions about the role of additive CTx in
patients with metachronous CRLM were limited [23, 26].
Therefore, our study sheds new light on a survival advan-
tage of postoperative chemotherapy on patients with meta-
chronous CRLM.

Conclusions

In conclusion, the administration of additive CTx in pa-
tients following curative resection of metachronous
CRLM might have great potential on the postoperative
OS of patients. Subsequently, larger patient cohorts as well
as multi-centre studies together with prospective random-
ized trials are necessary to confirm our results and to
evaluate different chemotherapeutic regimens since there
is currently no definite recommendation for this particular
cohort. Close cooperation between oncologists, gastroen-
terologists and surgeons is necessary to provide optimal
care for individual patients by developing sufficient addi-
tive treatment strategies following surgical resection.
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