
Abstract. Background/Aim: We investigated the impact of
Beppu’s nomogram on colorectal liver metastasis in patients
receiving perioperative chemotherapy and/or targeted
therapy. Patients and Methods: This study included 43
patients who underwent primary hepatic resection for
colorectal liver metastasis at the Kanagawa Cancer Center
from June 2006 to March 2011. The patients were classified
as having a Beppu’s nomogram score ≤9 (low-risk group) or
≥10 (high-risk group). The risk factors for the disease-free
survival (DFS) were identified. Results: The respective DFS
rates at 1, 2, and 3 years after surgery were 72.0%, 43.3%,
and 17.3% in the low-risk group and 27.8%, 16.7%, and
8.3% in the high-risk group, the difference being significant
(p=0.009). The multivariate analysis showed that Beppu’s
nomogram score ≥10 was a significant independent risk
factor for the DFS. Conclusion: Beppu’s nomogram score
was an independent prognostic factor for colorectal liver
metastasis in patients receiving perioperative chemotherapy
and/or targeted therapy. Thus, Beppu’s nomogram might be
a useful tool for predicting the risk of recurrence after
hepatectomy, even in the era of newly-developed
chemotherapy.

Colorectal cancer is the third-most commonly diagnosed
cancer in men and the second-most commonly diagnosed in
women, with an estimated 1.4 million new cases and
693,900 deaths occurring in 2012 (1). Complete resection is
essential for cure (2). Although the resection rate has
gradually increased, some patients experience recurrence
even after curative surgery (3). 

Patients with advanced-stage disease often develop
recurrence to the peritoneum, liver, lymph nodes or other
organs, even after curative surgery. Among these patients,
liver metastasis is the most common pattern (4-6), and more
than 50% will likely develop liver metastases during the
course of their disease (7). According to several guidelines,
curative liver resection is the most effective therapy for
metastatic colorectal cancer (2, 8, 9). However, the prognosis
for this cohort of patients is heterogeneous because of a
variety of clinical and tumor-specific factors (10). To predict
the prognosis of patients with colorectal liver metastasis,
some groups have advocated the use of disease-specific
nomograms as superior prognostic tools (11-13). 

A nomogram is a statistical tool that generates a simple
graphical representation of a complex statistical model (14).
It helps clinicians graphically determine the individualized,
patient-specific survival rapidly, without doing any complex
calculations. Beppu’s nomogram is a tool for predicting the
disease-free survival (DFS) after hepatectomy for colorectal
liver metastasis (11). The nomogram consists of six
preoperative patient factors (CA19-9 level, timing of liver
metastasis, primary tumor lymph node status, number of
liver tumors, largest diameter of liver tumor, and extrahepatic
metastatic disease). The six factors are scored and predict the
DFS at 3 and 5 years. As it includes only six preoperative
patient factors, this nomogram is very simple and easy to
use. However, one limitation associated with Beppu’s
nomogram is its time-related bias, as it was established
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between 2000 and 2004. The patients who were evaluated in
order to develop Beppu’s nomogram received surgery alone
because no effective chemotherapy for colorectal liver
metastasis had been established at the time (11). Recently,
however, a number of effective treatments, such as
oxaliplatin- and irinotecan-based chemotherapy and/or
targeted therapy, for colorectal liver metastasis have been
introduced (15-20). Therefore, whether or not Beppu’s
nomogram still has a clinical relevance for colorectal liver
metastasis in patients receiving perioperative chemotherapy
and/or target therapy is unclear. We hypothesized that
Beppu’s nomogram would still be applicable for patients
receiving oxaliplatin- or irinotecan-based chemotherapy
and/or targeted therapy.

To confirm our hypothesis, we investigated whether or not
Beppu’s nomogram has clinical relevance for patients with
colorectal liver metastasis receiving perioperative
chemotherapy and/or targeted therapy.

Patients and Methods
Patients. The study subjects were selected from the medical records
of consecutive patients who underwent primary hepatic resection
for colorectal liver metastasis at the Kanagawa Cancer Center from
June 2006 to March 2011. The inclusion criteria were as follows:
1) patients with a common pathological type of colorectal cancer
(according to the International Union Against Cancer (UICC) TNM
7th edition) and 2) patients in whom curative liver resection was
successful. Patients with the concomitant use of thermal ablation
were excluded.

Follow-up. Patients were followed up at Kanagawa Cancer Center.
Hematological tests and physical examinations were performed at
least every three months, for five years. In the patients who received
perioperative chemotherapy, hematological tests and physical
examinations were performed every two or three weeks, and CT
examinations were performed every two or three months during
perioperative chemotherapy. The CEA and CA19-9 tumor marker
levels were checked at least every three months for five years.
Patients underwent a CT examination every three months during the
first three years after surgery and then every six months up to five
years after surgery. 

Beppu’s nomogram. The parameters evaluated in this study included
the 1) estimated timing of liver metastasis, 2) primary tumor lymph
node status, 3) number of tumors, 4) largest tumor diameter, 5)
extrahepatic metastatic disease, and 6) CA19-9 levels. Beppu’s
nomogram was calculated using these six parameters (11). The
predicted DFS calculated with Beppu’s nomogram was compared
with the actual DFS. 

Statistical analyses. The DFS was defined as the period between
liver resection surgery and recurrence or death, whichever came
first. The data of the patients who did not experience an event were
censored on the date of the final observation. The DFS was
evaluated by univariate and multivariate analyses. DFS curves were
calculated using the Kaplan–Meier method and were compared by
the log-rank test. A Cox proportional hazards model was used to

perform the univariate and multivariate survival analyses. p-Values
of <0.05 were considered to indicate statistical significance. The
survival data were obtained from hospital records or from the city
registry system. The SPSS software program (v11.0 J Win; SPSS,
Chicago, IL, USA) was used for all statistical analyses. This study
was approved by the institutional review board of the Kanagawa
Cancer Center (approval number: epidemiological study-69).

Results 
General characteristics. Forty-three patients were evaluated
in the present study. The patient characteristics are described
in Table I. The median age was 64.9 (range=42-85) years.
Twenty-three patients were male, and 20 were female.
Histologically, 40 patients (93.0%) were tub, and 3 (7.0%)
were others. Twenty-two patients had a primary colon tumor,
and 21 had a primary rectal lesion. One patient was TNM
stage I, 6 were stage II, 5 were stage IIIA, 4 were stage IIIB,
and 27 were stage IV. Preoperative chemotherapy was
performed in 14 patients (oxaliplatin-based in 5 patients,
irinotecan-based in 2 patients, molecular-targeted therapy in
7 patients). Postoperative chemotherapy was performed in 27
patients (fluorouracil-based in 10 patients, oxaliplatin-based
in 14 patients, irinotecan-based in 5 patients, molecular-
targeted therapy in 1 patient).

The DFS and nomogram score. After a median follow-up of
13.6 months (range=1.5-96.1 months), the 1-, 2, and 3-year
DFS rates were 53.5%, 31.6%, and 13.2%. The median DFS
time was 13.6 months. 

The subjects were divided into three groups based on their
nomogram score (0-4, 5-9, and ≥10 points) and the DFS of
each group was investigated. There was a significant
difference in the DFS between the group with a score of 5-9
points and those with ≥10 points (Table II). We then defined
those with a nomogram score of ≤9 points as the low-risk of
recurrence group and those with a score of ≥10 points as the
high-risk of recurrence group. The DFS curve of high-risk
group was significantly worse than low-risk group (Figure
1). We investigated the risk factors of recurrence after
hepatic metastasis resection. In a univariate analysis, a high
nomogram score (≥10) was a risk factor for recurrence after
liver resection. In the multivariate analysis, a high nomogram
score (≥10) was also a risk factor for recurrence after liver
resection (Table III). No factors related to postoperative
chemotherapy were risk factors for recurrence.

Discussion

The aim of the present study was to evaluate the clinical
relevance of Beppu’s nomogram for patients with colorectal
liver metastasis receiving perioperative chemotherapy and/or
targeted therapy. The major findings were that DFS differed
significantly according to Beppu’s nomogram score, and
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Beppu’s nomogram score was an independent prognostic
factor. Thus, Beppu’s nomogram might be a useful tool for
predicting the risk of recurrence after hepatectomy, even in
the era of newly developed chemotherapy. 

Regarding the clinical relevance of Beppu’s nomogram for
colorectal liver metastasis, we observed a significant
difference in DFS according to Beppu’s nomogram score.
Several reports have described the relationship between
Beppu’s nomogram score and DFS. For example, Okuno et al.
(21) reported that Beppu’s nomogram score is a marker of
poor DFS. Two hundred and thirty-four patients with
colorectal liver metastases who underwent hepatic resection
were evaluated using Beppu’s nomogram. Among them, 93
patients received oxaliplatin- or irinotecan-based pre-
hepatectomy chemotherapy. The relationship between Beppu’s
nomogram score and DFS was then examined. In the
calibration analysis, DFS differed significantly among the
quintiles, and the calibration plot was close to the prospective
line, indicating excellent calibration. Okuno et al. stated that
these results indicate that Beppu’s nomogram is a useful tool
for predicting the risk of recurrence after hepatectomy (22). 

Data were collected and assessed in 727 hepatectomized
patients with colorectal liver metastases between 2000 and
2004 at the 11 institutions of the "Project Committee of the
Liver” in the Japanese Society of Hepato-Biliary-Pancreatic
Surgery. Six preoperative factors were selected to create the
nomogram for the DFS: synchronous metastases, 3 points;
primary lymph node positive, 3 points; number of tumors (2-
4), 4 points and (≥5), 9 points; largest tumor diameter >5 cm,
2 points; extrahepatic metastasis at hepatectomy, 4 points; and
preoperative carbohydrate antigen 19-9 level >100, 4 points.
The estimated median DFS time was easily calculated by the
nomogram: >8.4 years for patients with 0 points, 1.9 years for
those with 5 points, and 1.0 years for those with 10 points, and
the rate was <0.6 years for those with more than 10 points. 

Higuchi et al: Beppu’s Nomogram Score and Independent Prognostic Factors of Colorectal Liver Metastasis

1303

Table I. General patient characteristics.

                                                               Number of patients  Percentage

Age (years)                                                  64.9 (42-85)
Gender                                                                       
   Male                                                                 23                      53.5
   Female                                                              20                      46.5
Histological type                                                      
   Tub                                                                   40                      93.0
   Others                                                                 3                        7.0
Location                                                                    
   Colon                                                                22                      51.2
   Rectum                                                             21                      48.8
T stage                                                                       
   T1                                                                       1                        2.3
   T2                                                                       5                      11.6
   T3                                                                     14                      32.6
   T4                                                                     23                      53.5
N stage                                                                      
   N0                                                                    10                      23.3
   N1                                                                     15                      34.9
   N2                                                                     12                      27.9
   N3                                                                       5                      11.6
   N4                                                                       1                        2.3
Preoperative chemotherapy regimen                       
   No chemotherapy                                            29                      67.4
   Oxaliplatin- or irinotecan-based                       7                      16.3
   With molecular-targeted drugs                          7                      16.3
Postoperative chemotherapy regimen                     
   No chemotherapy                                             17                      39.5
   Fluorouracil-based                                           10                      23.3
   Oxaliplatin- or irinotecan-based                     15                      34.9
   With molecular-targeted drugs                          1                        2.3

Table II. The comparison of the survival rates stratified by patient
characteristics.

Characteristics                Number    1-year      2-year      3-year    p-Value
                                            of       survival   survival   survival
                                        patients   rate (%)   rate (%)   rate (%)

Age (years)                                                                                       0.985
  ≤60                                    16           43.8         37.5        15.0             
  >60                                   27           59.3         28.3        12.1             
Gender                                                                                              0.670
  Male                                 23           52.2         29.0          9.7             
  Female                              20           55.0         34.3        17.1             
Location                                                                                           0.130
  Colon                                22           68.2         44.1        16.5             
  Rectum                             21           38.1         19.0          9.5             
Nomogram score                                                                              0.001
  0-4                                    14           78.6         42.9          7.1             
  5-9                                    12           66.7         48.6        38.9             
  10-                                    17           23.5         11.8          0                
UICC T status                                                                                  0.647
  T1-T3                               20           45.0         30.0        10.0             
  T4                                     23           60.9         32.8        16.4             
Lymph node metastasis                                                                   0.087
  <4                                     25           72.0         43.3        13.0             
  ≥4                                      18           27.8         16.7        16.7             
Lymphovascular invasion                                                                0.615
  Absent                               6           66.7         33.3        16.7             
  Present                              37           67.6         31.4        12.6             
Chemotherapy after 
hepatectomy                                                                                     0.189
  Absent                              17           44.4         27.8          5.6             
  Present                              26           60.0         33.9        19.4             
Number of liver tumors                                                                   0.143
  1                                        26           69.2         37.8        16.8             
  2-4                                    10           30.0         30.0        15.0             
  ≥5                                        7           28.6         14.3          0                
Extrahepatic 
metastatic disease                                                                            0.091
  Absent                              36           55.6         35.9        15.0             
  Present                                7           42.9           0             0                

UICC: Union for International Cancer Control.



However, in 2005, new cytotoxic agents, such as
oxaliplatin and irinotecan, were approved for use in Japan.
Therefore, whether or not Beppu’s nomogram still had
clinical relevance for colorectal liver metastasis in patients
receiving these new cytotoxic agents has been unclear.
However, Okuno et al. showed in their study that Beppu’s
nomogram is a useful tool for predicting the risk of
recurrence after hepatectomy, even in patients who had
received the newly available cytotoxic agents (22).

Regarding the cut-off value of Beppu’s nomogram score,
we investigated the 1-, 2-, and 3-year DFS rates by
classifying patients into three groups according to the
nomogram score. There was a significant difference in the
DFS between the patients with a nomogram score of 5-9
points and those with scores of ≥10 points. A score between
9 and 10 points was considered the optimal cut-off point for
classification, so scores of ≤9 points were considered to
indicate a low risk of recurrence, while scores of ≥10 points
indicated a high risk. Okuno et al. (22) also investigated 50
patients with colorectal liver metastasis who had undergone
primary hepatic resection at Kyoto University Hospital from
January 2005 to November 2009. They defined a nomogram
score of ≤5 points as indicating a low risk of recurrence and
that of ≥6 points as indicating a high risk. The DFS time of
the high-risk group (score ≥6) was shorter than that of the

low-risk group (score ≤5) (19.5 vs. 51.2 months), albeit
without significance (p=0.28). Our cut-off point of 9 points
differed from Okuno’s cut-off point. However, they divided
the low- and high-risk groups based on the nomogram scores
of the relapsed (mean=6.96) and relapse-free groups (mean
5.26), whereas we set our cut-off point based on the DFS
rate. The optimal cut-off point should be clarified
conclusively in the future.

Care should be practiced when interpreting the current
results, as there are several potential limitations associated
with this study. First, this study was a retrospective, single-
center study with a relatively small sample size. Beppu’s
nomogram score was calculated from the patient’s records.
Thus, our findings might have been obtained by chance.
Furthermore, this study might have selection bias. Second,
the optimal cut-off value of Beppu’s nomogram score is
unclear. Therefore, future studies should focus on this issue.
Considering these limitations, the current results should be
validated in other series with a larger number of patients. 

In conclusion, Beppu’s nomogram score was an
independent prognostic factor for colorectal liver metastasis
patients receiving perioperative chemotherapy and/or targeted
therapy. Beppu’s nomogram may therefore be a useful tool for
predicting the risk of recurrence after hepatectomy, even in the
era of newly developed chemotherapy.
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Figure 1. The disease-free survival curves of Beppu’s nomogram score ≤9 (low-risk group) and ≥10 (high-risk group). 
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