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Background. One-third of 5-year survivors after liver resection for colorectal liver metastases (CLM) develop recurrence or tumor-
related death. Therefore 10-year survival appears more adequate in defining permanent cure. The aim of this study was to develop
prognostic models for the prediction of 10-year survival after liver resection for colorectal liver metastases.Methods. N=965 cases of
liver resection for CLM were retrospectively analyzed using univariable and multivariable regression analyses. Receiver operating
curve analyses were used to assess the sensitivity and specificity of developed prognostic models and their potential clinical
usefulness. Results. The 10-year survival rate was 15.2%. Age at liver resection, application of chemotherapies of the primary tumor,
preoperative Quick’s value, hemoglobin level, and grading of the primary colorectal tumor were independent significant predictors
for 10-year patient survival.The generated formula to predict 10-year survival based on these preoperative factors displayed an area
under the receiver operating curve (AUROC) of 0.716. In regard to perioperative variables, the distance of resection margins and
performance of right segmental liver resection were additional independent predictors for 10-year survival. The logit link formula
generated with pre- and perioperative variables showed an AUROC of 0.761. Conclusion. Both prognostic models are potentially
clinically useful (AUROCs >0.700) for the prediction of 10-year survival. External validation is required prior to the introduction
of these models in clinical patient counselling.

1. Introduction

Colorectal liver metastases (CLM) are one of the most com-
mon indications for hepatic surgery worldwide. In contrast
to interventional treatment methods like radiofrequency
ablation (RFA) the surgical treatment remains the only
therapeutic option providing histological proven complete
resection and mean 5-year survival rates of up to 50% [1–
3]. Despite these encouraging results 5-year survival does
not equate a permanent cure of the disease; several studies
report that one-third of 5-year survivors appear to experience
recurrence or tumor-related death [4–6]. Therefore, it seems
more likely that 10-year survival after hepatic resection for
CLMappearsmore qualified to be associated with permanent
cure. A meta-analysis by Abbas et al. in 2011 reported

12-36% for 10-year survival rate; another study described a
10-year survival rate of 24% [7, 8]. In those reports, presence
of positive resection margins clearly excluded patients from
10-year long-term survival. Furthermore extrahepatic disease
and a high clinical risk score (CRS) derived from factors
like carcinoembryonic antigen (CEA) levels, number and size
of hepatic lesions, and the primary lymph node status were
associated with reduced probability of long-term survival
[7, 8]. Nevertheless, the estimation of individual prediction of
long-term survival and especially a possible permanent cure
is difficult and not well described in recent literature.

However, throughout the last decades several prognostic
factors that influence overall survival (OS) after liver resec-
tion for CLMwere reported. Size of CLM >50mm, >1 lesion,
age >70 years at liver resection, preoperative anemia, and
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other factors have been reported to be associated with nega-
tive impact on OS [9]. Some variables have been associated
with a beneficial effect on OS, i.e., clear resection margins
and the performance of only minor hepatic resections [10].
Additionally, the resection-severity-index (RSI) was recently
introduced by our group as a new independent prognostic
factor for survival after liver resection for CLM [11]. All those
factors have usually been analyzed as regards the overall
outcome after hepatic surgery for CLM while it remains
unclear whether long-term survival of more than 10 years can
be predicted with a prognostic model. Therefore the aim of
this study was to analyze cases after hepatic surgery for CLM
in a large German tertiary referral center for hepatobiliary
surgery to determine patterns of pre- and perioperative
factors that enable the prediction of long-term survival of ≥10
years.

2. Patients and Methods

2.1. Data Collection. This is a single center retrospective
analysis. The setting of this study is a German tertiary referral
center for hepatobiliary surgery and liver transplantation.
The postoperative observational period ended on 27.07.2015.
Descriptive statistics comparing patients with survival <10
years and survival ≥10 years are summarized in Supplemen-
tary Table 1 for preoperative variables and in Supplementary
Table 2 for perioperative variables.

2.2. Inclusion and Exclusion Criteria. All consecutive pri-
mary liver resections for colorectal metastases performed at
our institution between 01.01.1994 and 31.12.2014 (n=1155)
were included. Excluded were all cases with lack of sufficient
follow-up data (n=23). Furthermore all survivors with less
than 10 years of follow-up (n=167) were excluded. Compliant
with the STARD guidelines the analytical flow chart of the
analyzed study cohort is illustrated in Figure 1 [12].

2.3. Ethical Considerations. The Ethics Committee of Han-
nover Medical School approved of this retrospective study
(approval decision number 3233-2016). Patients provided
informed consent that their data may be used for scientific
purposes at the time of hospital admission which is the
general policy of our institution. Patient records and patient
data were anonymized and deidentified prior to analysis.

2.4. Study End-Points. The primary study end-point was
observed as 10-year patient survival after liver resection
(Figure 1). Patients with survival but follow-up less than 10
years cannot be included in this analysis, because we do not
know whether they actually survived for 10 years or less.

2.5. Statistical Methods. Risk factors for patients’ mortality
within ten years after liver resection were analyzed with
univariable and multivariable regression analyses.

Two risk-adjusted multivariable logistic regression mod-
els were developed using purposeful selection of preoperative
covariates and pre-, intra-, and early postoperative covariates
with p values in univariable regression ≤0.200 with the
goal of avoiding overfitting and facilitating the detection of
potential factor interactions based on the recommendations

as published by Hosmer et al. [13]. Principal component
analysis was used to identify two-sided variable correlations
≥ |0.500| to trigger a clinically informed decision on the
exclusion of one of two highly correlated variables from
multivariable regression in order to avoid collinearity in
regression.

For all statistical tests a p value <0.05 was defined as
significant. Binary variables and their influence on 10-year
survival (yes/no) were analyzed with Chi2 tests while the
influence of continuous variables on 10-year survival (yes/no)
was analyzed with the Wilcoxon test.

Receiver operating characteristic curve (ROC-curve)
analyses were used to assess the sensitivity and specificity of
predictions derived from the final multivariable regression
models and their potential usefulness as prognostic models.

The software package JMP Pro 13.0.0 (SAS Institute, Cary,
NC, USA) was used to perform all statistical analyses.

3. Results

3.1. 10-Year Survival. Out of the N=965 cases finally included
in the study, N=147 cases experienced long-term survival of
≥10 years (15.2%).

3.2. Preoperative Risk Factors for 10-Year Survival after Liver
Resection. Univariable logistic regression analysis revealed
that the age at operation of the primary colorectal tumor, the
age at liver resection in years, the localization of the primary
tumor in the colon sigmoideum (yes/no), the pT staging of
the primary tumor, the pN staging of the primary tumor, the
grading of the primary tumor, UICC staging of the primary
tumor, chemotherapy and/or radiotherapy of the primary
tumor prior to liver resection (yes/no), and the preoperative
Quick’s value in % all had a significant influence on 10-year
survival after liver resection (Table 1).

3.3. Intra- and Early Postoperative Risk Factors for 10-Year
Survival after Liver Resection. Univariable logistic regression
analysis demonstrated that bilateral atypical liver resection,
right segmental liver resection, the duration of Pringle’s pro-
cedure in min, postoperative complications during hospital
stay (yes/no), the size of largest metastases in mm, and the
distance of the resection margin in mm to the tumor all had
a significant influence on 10-year survival after liver resection
(Table 2).

3.4. Results of Principal Component Analysis. Principal com-
ponent analysis of variables with p values <0.200 in uni-
variable logistic regression analysis demonstrated two-sided
factor correlations R > |0.500| for age at operation of the
primary colorectal tumor and age at liver resection in years
(R=0.979), localization of the primary tumor in the colon
sigmoideum (yes/no) and the rectum (yes/no) (R=0.522),
UICC staging of the primary tumor and pN staging of the
primary tumor (R=0.592), UICC staging of the primary
tumor and the M1 stage of the primary tumor (yes/no)
(R=0.761), the weight of resected liver specimen in kg, and
the size of the largest metastasis in mm (R=0.584). All other
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Exclude all patients with loss to follow-up 
(n=23).

Exclude survivors with less than 10 years of 
follow-up (n=167).

1155 patients with primary resection of colorectal liver
metastases operated on between 01.01.1994-31.12.2014.

STUDY COHORT
965 survivors with ≥ 10 years of follow-up and deceased
patients who died within 10 years after liver resection.

Determine risk factors for patient survival:
Multivariable logistic regression model for 10-year survival.

Figure 1: Depicted is the study flow chart of analyzed patients.

variables demonstrated low two-sided factor correlations R
< |0.500|.

These results lead to the decision to include the variables
age at resection of livermetastases, localization of the primary
tumor in the colon sigmoideum (yes/no),UICC staging of the
primary tumor, and the size of the largest metastasis in mm
into multivariable logistic regression analysis and to exclude
the variables age at resection of primary tumor, localization of
the primary tumor in the rectum, pN staging of the primary
tumor, M1 stage of the primary tumor (yes/no), and the
weight of resected liver specimen (kg).

3.5. Independent Preoperative Risk Factors for 10-Year Survival
after Liver Resection. The finally determined logistic regres-
sion model demonstrated that age at liver resection (years),
chemotherapy of the primary tumor, preoperative Quick’s
value in %, and hemoglobin in g/dl as well as the grading of
the primary colorectal tumor were independent significant
risk factors for 10-year patient survival (Table 3(a)). This
model exhibited an area under the receiver operating curve
(AUROC) >0.700 indicating a potential prognostic model
for the prediction of 10-year survival (AUROC = 0.716)
(Figure 2(a)).

This model with preoperative variables resulted in the
following logit link formula:

y = 2.893 + (0.038 ∗ age at resection of metastases in
years) + (0.755 ∗ grading of the primary tumor, G1-3)
+ (-0.444, if no chemotherapy of the primary tumor
was given—otherwise 0) + (0.444, if chemotherapy
of the primary tumor was given—otherwise 0) + (-
0.209 ∗ preoperative hemoglobin in g/dl) + (-0.022 ∗
preoperative Quick’s value in %)

The formula for the calculation of the predicted 10-year
mortality risk in % after liver resection using the logit link

formula described above for preoperative variables is as
follows:

10-year mortality risk (%) = 1/(1 + Exp(-y))

3.6. Independent Pre-, Intra-, and Early Postoperative Risk
Factors for 10-Year Survival after Liver Resection. The finally
determined logistic regression model demonstrated that the
age at liver resection in years, the distance of the tumor
to resection margin in mm, chemotherapy of the primary
tumor, right segmental liver resection (yes/no), preoperative
Quick’s value in % and hemoglobin in g/dl, grading of the
primary colorectal tumor (G1-3), and pT1-4 stage of the
primary colorectal carcinoma were independent significant
risk factors for 10-year patient survival (Table 3(b)). This
model exhibited an area under the receiver operating curve
(AUROC) >0.700 indicating a potential prognostic model
for the prediction of 10-year survival (AUROC = 0.761)
(Figure 2(b)).

This model with pre-, intra-, and early postoperative
variables resulted in the following logit link formula:

y = 1.391 + (0.043 ∗ age at resection of metastases in
years) + (0.3502∗ pT stage of the primary tumor, pT1-
4) + (0.723 ∗ grading of the primary tumor, G1-3)
+ (-0.387, if no chemotherapy of the primary tumor
was given—otherwise 0) + (0.387, if chemotherapy
of the primary tumor was given—otherwise 0) + (-
0.204 ∗ preoperative hemoglobin in g/dl) + (-0.021 ∗
preoperative Quick’s value in %) + (0.575, if no right
segmental liver resection was performed—otherwise
0) + (-0.575, if right segmental liver resection was
performed—otherwise 0) + (-0.033∗ distance of liver
metastasis to resection margin in mm)
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Table 3

(a) Shown is the finalmultivariablemodel with preoperative risk factors only for 10-year survival after liver resection.Odds ratios greater than 1with a significant
p value (p<0.05) indicate variables that increase the risk of mortality within 10 years independently and significantly whereas odds ratios smaller than 1 with a
significant p value indicate variables that decrease the risk of mortality within 10 years independently and significantly

Variables Odds Ratio 95%-Confidence interval p-value
Chemotherapy of primary tumor (yes/no) 2.432 1.570 – 3.770 <0.001
Age at liver resection (years) 1.039 1.019 – 1.060 <0.001
Quick’s value % 0.979 0.964 – 0.993 0.005
Hemoglobin g/dl 0.811 0.698 – 0.943 0.006
Grading of primary tumor G1-3 (ordinal scale) 2.127 1.108 – 4.081 0.019
(b) Shown is the final multivariable model with preoperative and perioperative risk factors for 10-year survival after liver resection. Odds ratios greater than
1 with a significant p value (p<0.05) indicate variables that increase the risk of mortality within 10 years independently and significantly whereas odds ratios
smaller than 1 with a significant p value indicate variables that decrease the risk of mortality within 10 years independently and significantly

Variables Odds Ratio 95%-Confidence interval p-value
Age at liver resection (years) 1.044 1.022 – 1.066 <0.001
Distance to resection margin in mm 0.968 0.950 – 0.986 <0.001
Chemotherapy of primary tumor (yes/no) 2.168 1.368 – 3.435 <0.001
Right segmental liver resection 0.317 0.152 – 0.661 0.003
Quick’s value % 0.980 0.964 – 0.994 0.006
Hemoglobin g/dl 0.815 0.700 – 0.955 0.010
Grading of primary tumor G1-3 (ordinal scale) 2.060 1.050 – 4.037 0.031
pT1-4 primary tumor (ordinal scale) 1.420 1.013 – 1.990 0.044

Calculation of the predicted 10-year mortality risk in % after
liver resection using the logit link formula described above
for pre-, intra-, and early postoperative variables is as follows:

10-year mortality risk (%) = 1/(1 + Exp(-y))

4. Discussion

This study identified factors with an independent significant
influence on long-term survival of ≥10 years after hepatic
surgery for CLM in a large collective including 147 patients
who survived at least 10 years. Two prognostic models for
the prediction of the probability of experiencing that long-
term survival are proposed.The proposedmodels are specific
to estimate 10-year survival after liver resection. The first
model is based on preoperative factors and offers the chance
to estimate possible 10-year survival before performance
of the liver surgery, for example, when meeting a patient
in the outpatient clinic (Figure 2(a)). The second model
includes factors from the surgery and the early postoperative
course and opens a more detailed view based on the specific
liver surgery that was performed and the results of the
histopathology (Figure 2(b)). That model might enable a
more elaborated design of the medical aftercare. Up to now,
no prognostic model was available to estimate the odds
for long-term survival of ≥10 years after liver resection for
CLM. Most recently published studies only aimed for the
assessment of long-term survival rates and risk factors that
generally influence long-termor overall survival.The 10-years
survival rate of 15.2% found in our study matches the range of
long-term survival reported in that current literature [7, 8].

Based on the first preoperative model the odds for 10-year
survival are better when the patients are younger, showed a
low primary tumor grading, did not receive a chemotherapy
of the primary tumor, and displayed higher Hb-values and
Quick values preoperatively (Table 3(a)). We believe that an
as accurate as possible prediction of the likelihood of 10-
year survival before liver surgery may play a role for many
patients to understand the chances of cure after surgery.
The influence of the patients’ age on overall survival is well
described; various studies reported limited overall survival in
elderly patients. Nevertheless outcome is still far better than
without surgical treatment of CLM [9, 14, 15]. Similar findings
were repeatedly published as regards the primary tumor
grading; a G3-grading is usually associated with decreased
survival [16, 17]. Likewise, a lower Hb-value was recently
reported by our center as negative predictor for survival [18].
Furthermore, a lower Hb-value might cause an increased
need for perioperative blood transfusion, lately reported to
impair disease-free and overall survival [19, 20]. The Quick’s
value in % was not described previously as prognostic factor
in liver resection for colorectal liver metastases but it appears
logical that a higher value correlates with a better synthetic
function of the organ and a more stable function of the liver
remnant after resection.

The negative influence of chemotherapies applied in the
context of the primary tumor appears more surprising. It
can be speculated that patients who received chemotherapies
showed an initially higher UICC-stage and displayed syn-
chronous, possibly nonresectable liver metastases. Hence, the
chemotherapy might be considered as a surrogate parameter
for a more advanced disease with corresponding impaired
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Figure 2: (a) Shown is the result of ROC-curve analysis of the final multivariable regression model with preoperative risk factors for 10-year
survival (AUROC = 0.716). (b) Shown is the result of ROC-curve analysis of the final multivariable regression model with preoperative and
perioperative risk factors for 10-year survival (AUROC = 0.761).

outcome. In contrast to this notion, the correlation of
chemotherapy for the primary tumor with more advanced
disease stages of the primary tumor was low in this study (R
< |0.500|). Unfortunately, the heterogeneity of chemotherapy
protocols given over the study period and the different
approaches (neoadjuvant, adjuvant, or initially palliative as
regards synchronous nonresectable CLM) limits the sta-
tistically convincing analysis; therefore a deeper analysis
in our cohort was disregarded. Of note, chemotherapy of
primary tumor in this study defines chemotherapy with any
purpose that was delivered before liver resection. This may
have created to some degree a bias in the results of this
investigation.

Nevertheless, another group reported an inferior out-
come after resection for CLM in these cases with chemother-
apeutical treatment prior to liver resection. In this study
a chemotherapy was significantly more often applied when
synchronous liver metastases or more than three liver
lesions were diagnosed [21]. Furthermore, over the last years
chemotherapies aremore frequently used as regards downsiz-
ing liver lesions and to converse initially nonresectable into
resectable CLM (conversion chemotherapy). For instance,
following the use of fluorouracil, leucovorin, oxaliplatin, and
irinotecan regimes (FOLFOXIRI) a secondary resectability
of CLM of 36% was described [22]. Reasonable outcome
was reported with 2-year survival of 83% and 5-year survival
rate of 33-50% after a conversion therapy and secondary
liver resection [23–25]. In all these studies the majority of
patients displayed synchronous liver metastases; therefore
those chemotherapies might be considered as adjuvant or
with initial palliative intent as regards the primary tumor.

Furthermore, the negative impact of chemotherapies on long-
term survival might be related to chemotherapy associated
liver damage (CALI). Various agents drive several mecha-
nisms of hepatic injury; e.g., oxaliplatin is associated with
the sinusoidal obstruction syndrome (SOS), 5-fluorouracil is
known to cause steatosis, and irinotecan may induce steato-
hepatitis [26]. Those toxicities might be linked to increased
postoperative morbidity after liver resection [27, 28]. Taken
together, the association of chemotherapy with inferior odds
for 10-year survival is most likely related to advanced primary
disease and may be a possible consequence of chemotherapy
induced liver damage. However, it can be assumed that such
cases with advanced diseases would be most likely associated
with an even worse prognosis without chemotherapy of the
primary tumor.

The second model is expanded by parameters of the sur-
gical resection and the histopathology. Basically in addition
to the preoperative model the odds for 10-year survival are
better in case of a right segmental resection and wider dis-
tance of liver metastasis to the resection margin (Table 3(b)).
As preluded, positive resection margins were previously
identified as risk factor with negative influence on long-
term survival [7]. The same effect was repeatedly reported
regarding the overall survival: A positive resection margin
or a distance of <1mm to the metastasis was associated with
inferior 5-year survival or overall outcome [29–31]. In our
cohort no definite benefit of a R0 resection in comparison to
R1 resection was observed in the univariable analyses but in
the multivariable model wider distance of metastasis to the
resection margins is clearly associated with better outcome.
Further research to define possible cut-off values of margin
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width that are associated with poorer outcome or no more
benefit on survival is needed. Nevertheless, the strong effect
on long-term survival is presumably related to higher rates of
tumor recurrence limiting subsequent treatment options.

As regards the beneficial effect of right segmental resec-
tions the interpretation is more difficult. It has been previ-
ously described thatminor liver resections are associatedwith
a better outcome, possibly because of a larger liver remnant
withmore stable liver function and the technical possibility of
future resections in case of recurrence [10, 32]. On the other
hand, what favors a right segmental resection in contrast to
other minor resections, like nonanatomic right/left or a left
segmental resection, is unclear. In that context, one older
study showed no influence on overall survival in comparison
of nonanatomical and anatomical minor liver resections [33].
Nevertheless, the right liver appears to be more commonly
affected by CLM than the left liver, probably due to the more
right oriented portal vein flow [34]. Speculatively, in case of
a right segmental resection the chances that the metastasis
there is truly the only lesion and no other occult nodes are
present in the left lobe and that possible subdetectable lesions
in the same segment are also removed might be better than
in case of a nonanatomical resection with subsequent higher
odds for long-term survival of >10 years.

In summary, this work proposes prognostic models for
the prediction of the likelihood of long-term survival of >10
years after liver resection for CLM based on easy to access
pre- and perioperative factors. Of course the retrospective
approach and the single-center nature of this study limit the
generalizability of the findings. Therefore the results need to
be reevaluated by others to exclude a center-bias. The pro-
posed prognostic models warrant external model validation.
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