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Survival prediction in patients with resectable
colorectal liver metastases: Clinical risk scores
and tumor response to chemotherapy
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Abstract. Clinical risk scores and response to pre-operative
chemotherapy are prognostic factors of colorectal liver
metastases. The aim of the present study was to evaluate the
effectiveness of combining these factors to predict patient
survival and to select patients for curative therapy. The study
included 189 patients who underwent hepatectomy following
neo-adjuvant chemotherapy, for initially resectable colorectal
liver metastases, between January 2005 and December 2015.
Patients were stratified into four sub-groups: Al-2, low
clinical risk scores with/without a response to pre-operative
chemotherapy; and B1-2, high clinical risk scores with or
without a response to pre-operative chemotherapy. Treatment
and survival data were analysed. Survival was significantly
longer in patients with low clinical risk scores and a response
to pre-operative chemotherapy; these factors were confirmed
as independent prognostic factors by multivariate analysis.
Combining clinical risk score and chemotherapy response
classification, patient survival was significantly longer for
groups Al-2/B1 compared with for group B2, in which only
10.2% of patients were alive after 5 years. Of those with no
response to first-line chemotherapy, survival was significantly
longer in patients who responded to second-line chemotherapy.
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A combined clinical risk score and chemotherapy response
classification may aid in identifying suitable candidates for
potentially curative therapy.

Introduction

Colorectal cancer (CRC) constitutes the third most frequent
type of cancer worldwide (1). Approximately 50% of all
patients with CRC develop liver metastases (LMs) (2,3).
Hepatectomy is generally regarded as the most effective and
potentially curative treatment for patients with colorectal
liver metastases (CRLMs), with a 5-year survival rate of
40-50% (4-6). Due to recent advances in the development of
surgical techniques and peri-operative therapy, an aggressive
approach to hepatic metastases resection has been widely
adopted. However, not all patients with technically resectable
liver-limited metastases benefit from surgery, with >50% of
patients developing recurrence within 2 years after resec-
tion (7,8). Many prognostic factors have emerged for predicting
survival in patients with CRLMs after hepatectomy, the most
common criteria for patient selection and recurrence prediction
are based on the clinical risk score system (CRS) presented by
Fong et al (9). Numerous studies have confirmed that patients
in high-risk group (CRS =3) would have a significantly shorter
overall survival (OS) than patients in the low-risk (CRS <3)
group (6,10-12). However, the validity of CRS has recently
been debated as it was based on treatment outcomes of patients
in 1990s, prior to the implementation of current chemotherapy
regimens (13,14).

Neo-adjuvant chemotherapy (NACT) has been widely
adopted for the treatment of patients with resectable CRLMs,
not only in prolonging progression-free survival (15), but also
in downsizing the tumors to preserve a larger volume of liver
parenchyma, making surgery easier (16,17). However, tumor
progression does occur in approximately 5-10% of patients
after NACT (18,19). Numerous studies have demonstrated that
a tumor's response to pre-operative chemotherapy (TRC) is an
important predictive factor for evaluating long-term survival
in patients with CRLMs (18-20). However, whether patients
could benefit from liver resection after tumor progression
during NACT remains controversial. In addition, although
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both the Fong's CRS system (9) and the TRC can predict a
patient's oncological status, it is unknown whether a combina-
tion of the CRS system and the TRC (CRS-TRC classification)
could improve the predictive accuracy of survival in patients
with CRLMs. Therefore, the aim of our study was to evaluate
which patients are suitable for hepatectomy after underwent
tumor pregression during chemotherapy, and the value of
CRS-TRC classification in predicting survival and selecting
patients with CRLMs for curative therapy.

Materials and methods

Patient selection. A total of 425 patients with CRLMs under-
went hepatectomy between January 2005 and December
2015 in the Hepatopancreatobiliary Surgery Department I
at the Beijing Cancer Hospital and Institute (Beijing, China).
Patients were screened on the following exclusion criteria:
Concurrent unresectable extrahepatic metastases; no RO
resection; repeated hepatectomy due to liver recurrences;
and unavailable TRC data. All study participants provided
informed written consent, and the study was approved by
the Ethical Review Board committee of the Beijing Cancer
Hospital and Institute.

Study design. The tumor response was evaluated after every
two cycles of NACT based on computed tomography (CT)
or magnetic resonance (MR) images, using the Response
Evaluation Criteria in Solid Tumors (v.1.1) (21). The good TRC
group (response to NACT) included patients with a complete
or partial response and those with a response within a stable
disease status (a reduction in the sum of tumor diameters of
<30%), while the bad TRC group comprised of patients with
a progressive disease or progression within a stable disease
status (an increase in the sum of the diameters of the target
lesion of <20%). In patients who received multiple lines of
chemotherapy, the tumor response to the last regimen was
considered. According to the CRS system patients were
classified into a either a high-risk (CRS =3) or a low-risk
(CRS <3) group (9). We further subclassified patients using
our new combined CRS-TRC classification, shown in Fig. 1,
into the following subgroups: Group Al, low CRS and good
TRC; group A2, low CRS and bad TRC; group BI, high
CRS and good TRC; and group B2, high CRS and bad TRC.
Clinical outcomes and survival were evaluated between these
subgroups.

Pre-operative management and neo-adjuvant chemotherapy.
A multidisciplinary team meeting is routinely conducted each
week at our centre. Gadoxetic acid/contrast-enhanced MR
imaging was routinely performed in every CRLMs patients.
Positron emission tomography-CT scans performed for patients
with suspected extrahepatic metastases. In general, patients
received 2-6 cycles of NACT (22). A modern chemotherapy
regime for all cases, using oxaliplatin- or irinotecan-based
chemotherapy, in combination with targeted therapy using
cetuximab or bevacizumab determined on a per-patient basis
using the RAS mutation status. The time interval between the
date of the last chemotherapy session and hepatic surgery
was usually 4 weeks, extending to 6-8 weeks for patients who
received bevacizumab.
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Patient selection for liver resection and operative technique.
LMs were considered resectable provided the following
criteria were met: i) The possibility of RO resection with a
liver remnant of =30% and sufficient hepatic blood inflow
and outflow, and ii) no evidence of unresectable extrahepatic
metastases (23,24). Hepatic resections were performed using
the parenchymal sparing method (9) with a resection margin
of >] mm. An ablation technique (25,26) was performed, in
combination with resection surgery, for tumors that were deep
and technically difficult to resect.

Post-operative outcomes and follow-up. Contrast-enhanced
CT scans or MR imaging, liver function and carcinoembryonic
antigen levels were performed every 3 months within the first
2 years, and then every 6 months after operation.

Statistical analysis. Continuous variables were presented as the
mean and standard deviation or the median and interquartile
range. Discreet variables were presented as the number and
percentage. Between-group differences were evaluated using
a chi-squared test for categorical variables, and Student's t-test
or non-parametric test for continuous variables, as appropriate.
Disease-free survival (DFS) and OS were calculated from the
date of hepatectomy. Patients were followed until death or the
end-point of the study (April 1,2016), whichever occurred first.
Survival curves were plotted using the Kaplan-Meier method
and compared using the log-rank test. Variables that were
statistically significant in the univariate analysis (P<0.10) were
included in the multivariate analysis using a Cox proportional
hazards model. All statistical analyses were conducted using
Statistical Package for the Social Sciences for Windows v.21.0
(IBM SPSS, Armonk, NY, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

A total of 195 patients with resectable CRLMs underwent
pre-operative chemotherapy followed by surgery. Six patients
were lost to follow-up (Fig. 1). Therefore, our analysis was
based on the data of 189 patients. The following data from these
patients was retrieved for analysis: Age, sex, primary tumor
status, LM status, disease-free interval, carcinoembryonic
antigen levels, and chemotherapy regimen used.

Patient characteristics and treatment regimens. The clinical
variables and treatment regimens of the 189 patients included
in our analysis are summarised in Table I. In summary, our
group include 121 males and 68 females, with a mean age was
56 years. In 82 patients (43.4%), the primary tumor was located
in the rectum. Fifty-seven patients (30.2%) were treated with
targeted therapy and 36 patients (19.0%) received multiple lines
of chemotherapy. When categorised according to the proposed
CRS-TRC classification, 68 patients with a low CRS (group
A1) responded to chemotherapy, whereas 26 patients also with
a low CRS (group A2) did not. Variables between patients in
groups Al and A2 were comparable, with the exception of the
proportion who received adjuvant chemotherapy (P=0.011)
and the use of multiple lines of chemotherapy (P<0.01).
Sixty-one patients with a high CRS (Group B1) responded to
chemotherapy, whereas 33 patients with a high CRS (Group
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Figure 1. Study flowchart. CRLM, colorectal liver metastasis; CRS, clinical risk score; HPB I, Hepatopancreatobiliary Surgery Department I; NACT,
neo-adjuvant chemotherapy; PKUCH, Peking University School of Oncology, Beijing Cancer Hospital.

B2) did not. Multiple lines of chemotherapy (P<0.001) were
the only variable that was statistically significant between
patients in Group Bl and Group B2. Chemotherapy regimens
were comparable between the two sub-groups in both the low-
and the high-risk groups.

Survival analysis. The median follow-up duration was 46 (95%
confidence interval [CI]: 37.7-54.3) months. The Kaplan-Meier
survival curve is shown in Fig. 2. Sixty-seven patients (35.4%)
were still alive after follow-up. The median OS time was 46
(95% CI: 37.7-54.3) months. When categorised according to
the CRS system, the 1-, 3-, and 5-year OS rates were 93.0,

78.7, and 62.3% for patients in the low-risk group (CRS <3)
and 90.5, 36.2, and 25.5% for patients in the high-risk group
(CRS =3), respectively (P<0.001; Fig. 2A). When categorised
according to TRC, the 1-, 3-, and 5-year OS rates were 95.6,
70.4, and 56.4% for patients in the TRC group and 91.2, 33.7,
and 20.2% for patients in the no TRC group, respectively
(P<0.001; Fig. 2B). Multivariate analysis identified both CRS
and TRC as independent prognostic factors for OS in patients
with CRLMs (Table II).

We subsequently categorised patients into four sub-groups
according to the proposed CRS-TRC classification outlined in
Fig. 1. Patients in Group Al-2 had a low CRS with/without a
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Figure 2. Cumulative survival in (A) patients with a high and low clinical risk score (P<0.001; log-rank test) and (B) patients with and without a response to

pre-operative chemotherapy (P<0.001; log-rank test).

TRC and patients in Group B1-2 had a high CRS with/without a
TRC. The Kaplan-Meier survival curve of the patients is shown
in Fig. 3. The 1-, 3-, and 5-year OS rates were 96.7, 85.8, and
72.9%, respectively, for patients in Group Al; 82.6, 59.5, and
31.7%, respectively, for patients in Group A2, 94.3, 49.4, and
35.3%, respectively, for patients in Group Bl1, and 83.3, 15.3,
and 10.2%, respectively, for patients in Group B2 (P<0.001;
Fig. 3A). The median DFS was 24.0 (95% CI: 20.8-27.9)
months, 11.0 (95% CI: 7.8-14.2) months, 8.0 (95% CI: 5.5-10.5)
months, and 4.0 (95% CI: 2.4-5.6) months for patients in Group
A1-2 and Group B1-2, respectively (P<0.001; Fig. 3B).

Survival analysis of patients who progressed on first-line
chemotherapy. Among the 71 patients underwent tumor progres-
sion during first-line chemotherapy, 36 were treated surgically
immediately after first-line progression. The remaining
35 patients received second-line chemotherapy, with only
13 patients (37.1%) showing a good tumor response, a proportion
that is considerably lower than the 130 patients (68.8%) who had
a tumor response to first-line chemotherapy. The Kaplan-Meier
survival curve of these patients is shown in Fig. 4. Patients who
responded well to second-line chemotherapy had a significantly
better prognosis than patients who progressed on either first-
or second-line chemotherapy (P<0.05). Multivariate analysis
identified TRC to second-line chemotherapy as an independent
prognostic factor for OS in patients who did not respond to
first-line chemotherapy (Table II).

To further investigate the effects of second-line chemo-
therapy on TRC, the treatment details of these patients were
analysed (Table III). Of the 13 patients with a tumor response
to second-line chemotherapy followed by surgery, six patients
(46.2%) received targeted therapy, four patients (30.8%) under-
went HAT therapy, and only three patients (23.0%) were still
treated with a doublet regimen. Conversely, of the remaining
22 patients who progressed on second-line chemotherapy,
11 patients (50.0%) were still treated with a doublet regimen, a
ratio that is considerably higher than for the TRC group.

Discussion

With respect to tumor oncological status, the CRS system of
Fong has been validated by numerous studies for its efficiency in
predicting survival (6,10-12). Meanwhile, with recent advances
in the development of more effective chemotherapeutic and
targeted agents, some authors questioned the impact of Fong's
CRS system on survival, arguing that the real value of the
tumor response in predicting survival may be underestimated
in the modern era of chemotherapy (13,14). Allen et al (19)
initially found that patients with synchronous CRLMs who
responded well to chemotherapy had a prolonged survival
compared to patients who underwent surgery alone. Similarly,
Adam et al (27) reported that survival times were significantly
shorter in patients with multiple metastases (=4 tumors) who
experienced tumor progression during NACT after hepatec-
tomy. However, whether surgery should be performed in patients
who have experienced progression during NACT has long been
debated (28,29). Neumann et al (28) reported that there was no
association between TRC and long-term survival in patients
with synchronous CRLMs, indicating that liver resection may
not be contraindicated in these patients. It should be noted that
patients' clinical risk factors differed substantially between the
above-mentioned studies. Moreover, the choice of chemotherapy
regimen can play a pivotal role in tumor response, with a high
proportion of patients in the above-mentioned studies treated
with 5-fluorouracil monotherapy.

To investigate the outcome of patients who underwent
hepatectomy under different clinical and chemotherapy
response conditions, we proposed a CRS-TRC classification in
which patients were stratified into four sub-groups according
to both clinical risk factors and tumor response factors. Our
findings demonstrate that patients with a low CRS and a TRC
(Group Al) derived the most benefits of hepatectomy, with
a 5-year OS rate of 72.9%. Conversely, patients with a high
CRS and no TRC (Group B2) exhibited the poorest prognosis,
with only 10.2% of patients alive after 5 years. The long-term
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Table II. Univariate and multivariate Cox proportional hazards regression analyses of factors associated with overall survival.

Multivariate analysis

Univariate
Whole group (N=189) P-value HR (95% CI) P-value
Primary tumor location (rectal/colon) 0910
Primary N stage (NO/N+) 0.215
Tumor number (single/multiple) 0.043? 0.867 (0.419-1.792) 0.699
Tumor size (<50 mm/=50 mm) 0.005* 1.429 (0.777-2.629) 0.250
Tumor distribution (unilateral/bilobar) 0.185
DFI (<12 months/=12 months) 0.230
CEA at diagnosis (<200 ng/ml/=200 ng/ml) 0.035* 1.405 (0.641-3.078) 0.39
CRS (low risk/high risk) 0.000* 3.000 (1.501-5.995) 0.002*
Tumor response® (no/yes) 0.000* 2.522 (1.521-4.181) 0.000°
More than 1 line NACT (no/yes) 0.208
No-response to Ist-line chemotherapy group (N=71)
CRS (low risk/high risk) 0.006* 2.259 (1.257-4.747) 0.032*
Tumor response in 2nd line (no/yes) 0.012° 1.837 (1.184-3.265) 0.045*

CI, confidence interval; HR, hazard ratio; DFI, disease free interval from the primary disease to liver metastases; CRS, clinical risk score;
NACT, neoadjuvant chemotherapy; CI, confidence interval; HR, hazard ratio; CEA, carcinoembryonic antigen. “statistically significant
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Figure 3. (A) Overall survival and (B) disease-free survival in patients from Group Al, Group A2, Group B1, and Group B2 (P<0.001; log-rank test).

survival of the remaining patients with only one risk factor in
either the high CRS (A2) or no TRC (B1) groups was poorer
than the survival among patients in Group Al, but was signifi-
cantly longer than survival among patients in Group B2. These
findings suggest that patients with CRLMs who have a low
CRS but underwent tumor progression during NACT should
not be precluded from surgical resection since the 5-year
OS rate can be as high as 31.7% after hepatectomy, although
no TRC is a poor prognostic factor. On the other hand, the
prognosis of patients in Group B2 with both a high CRS

and progressed during NACT was very poor, these patients
might not be suitable for surgery, although they were initially
deemed to have resectable tumors. Similarly, Vigano et al (20)
found that hepatectomy should not be considered as an abso-
lute contraindication to liver resection since a proportion
of low-risk patients with disease progression would benefit
from surgery. Our findings support this conclusion. In fact,
in a multidisciplinary international consensus of the Expert
Group on OncoSurgery management of Liver Metastases (30),
oncological criteria for contraindication to hepatic resection in
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Figure 4. Cumulative survival in patients with and without a response to second-line chemotherapy followed by surgery (P<0.05; log-rank test).

patients with CRLMs included a greater number of tumor and
tumor progression during chemotherapy. These criteria are
consistent with the CRS-TRC classification, which includes
‘inner’ clinical risk factors, reflected by Fong's CRS system,
and ‘external’ oncological factors, reflected by the TRC.
Therefore, we can better understand that both clinical risk
factors and a TRC play significant roles in patient selection
for surgical resection. It may be unwise to select patients or
predict survival considering only one of these factors since
both are important in predicting oncological behaviour.

In the present study, the survival time of patients who
underwent resection after effective second-line chemotherapy
was considerably longer than that of patients who underwent
resection directly or patients who still underwent resection
even though second-line chemotherapy was ineffective. These
findings emphasize the importance of achieving ‘good’ tumor
control to maximise the benefit of surgical resection, espe-
cially in high-risk patients. Moreover, among patients who
received second-line chemotherapy, the proportion of HAI
therapy or targeted drugs used in the effective second-line
chemotherapy group was considerably higher than among
patients with a poor tumor response to second-line chemo-
therapy group. A randomised controlled trial conducted by
Ye et al (31) has highlighted the efficiency of cetuximab in

increasing the objective response rate. Additionally, HAI
therapy has also been shown to be effective in increasing the
response rate in patients who progressed on first-line system-
atic chemotherapy (32). Therefore, we hypothesised that the
increasing use of HAI therapy and targeted drugs will assist
more patients in achieving a better TRC, therefore reducing
disease progression and prolonging survival. Unfortunately,
although the most powerful drugs were used in our second-line
chemotherapy regimens, the response rate was poor overall,
with only 13 patients (37.1%) achieving a TRC. This rate of
TRC was considerably lower than the 130 patients (68.8%)
who achieved a TRC with first-line chemotherapy.

To the best of our knowledge, this is the first study to
have considered both clinical and chemotherapy factors
in predicting outcomes for patients with CRLMs after
hepatic resection. However, there are still several limita-
tions that need to be acknowledged in the interpretation of
our results for clinical practice. Firstly, this is a retrospec-
tive analysis with a limited number of patients, although no
fewer than in the majority of previous studies. Therefore,
the clinical effectiveness of the proposed CRS-TRC clas-
sification will need to be verified further in prospective
studies with larger cohorts. Secondly, recent studies have
identified other prognostic factors to predict clinical outcomes
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Table III. Treatment details of patients who received second line chemotherapy.

Response in 2nd line chemotherapy
followed by surgery (Group 1, N=13)

No response in 2nd line chemotherapy
followed by surgery (Group 2, N=22)

Group Patients CRS Regime Cycle  Patients CRS Regime Cycle
Targeted drugs
Group 1, n=6 (46.2%); P1 High  FOLFIRI+BEV 2 P1 Low  FOLFIRI+BEV 2
Group 2, n=9 (40.9%) P2 Low  FOLFIRI+BEV 5 P2 Low  FOLFIRI+BEV 2
P3 Low  FOLFIRI+CET 3 P3 Low  FOLFIRI+BEV 3
P4 High FOLFOX+CET 2 P4 High  XELIRI+BEV 4
P5 High XELOX+CET 2 P5 High XELOX+BEV 3
P6 Low  FOLFOX+CET 3 P6 Low  FOLFIRI+CET 3
P7 High  FOLFIRI+CET 4
P8 High  FOLFIRI+CET 4
P9 High FOLFOX+CET 2
HAI
Group 1, n=4 (30.8%); P7 Low Oxa+5-Fu 2 P10 Low Oxa+5-Fu 4
Group 2,n=2 (9.1%) P8 Low  Oxa+5-Fu 2 P11 High  Oxa+5-Fu 2
P9 High  Oxa+5-Fu 2
P10 Low Oxa+5-Fu 3
Doublet regimes
Group 1,n=3 (23.0%); P11 High  FOLFIRI 2 P12 Low  FOLFIRI 2
Group 2, n=11 (50%) P12 Low  FOLFIRI 3 P13 Low  FOLFIRI 3
P13 High XELOX 4 P14 Low  FOLFIRI 3
P15 High  FOLFIRI 6
P16 High  XELIRI 2
P17 High XELOX 2
P18 High XELOX 2
P19 Low  XELOX 2
P20 High XELOX 2
P21 Low  FOLFOX 2
P22 High  FOLFOX 2

Targeted drug, chemotherapy combined with targeted drugs, including cetuximab and bevacizumab; HAI, hepatic arterial infusion; doublet
regimen, chemotherapy based on oxaliplatin or irinotecan; CRS, clinical risk score; BEV, Bevacizumab; CET, Cetuximab; Oxa, Oxaliplatin;
5-Fu, 5-fluorouracil; FOLFIRI, 5-fluorouracil, leucovorin plus irinotecan; FOLFOX, 5-fluorouracil, leucovorin plus oxaliplatin; XELOX,

capecitabine plus oxaliplatin; XELIRI, capecitabine plus irinotecan.

of treatment for patients with CRLMs, including the detection
of RAS/BRAF mutations (33-35). However, since we only
began routinely detecting RAS/BRAF mutations in 2012, this
factor was not considered in our study. In the future, a far more
complete system may be developed, combining tumor clinical
factors, gene status, and chemotherapy and pathological
responses, just like the CRS system presented by Fong (9).

In conclusion, the proposed CRS-TRC classification
may be beneficial in the modern chemotherapy era for
selecting suitable candidates for potentially curative treat-
ment approaches. Patients with a low CRS benefit from
surgical resection even if they develop tumor progression
during chemotherapy. Conversely, it may be less beneficial
to perform surgery in patients with a high CRS who develop
tumor progression during first-line NACT. The best approach
for these patients would be to select a more powerful

second-line chemotherapy regime, such as targeted drugs or
HAI, to maximise tumor control.

In this 10-year retrospective cohort study, we proposed a new
classification considering both Clinical Risk Scores (CRS)
and tumor response to pre-operative chemotherapy (TRC),
which will be assistant in predicting survival and selecting
suitable patients with resectable colorectal liver metastases
for curative therapy.
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