
Abstract. Background/Aim: The present study investigated
the impact of the lymph node ratio (LNR) on survival and
recurrence in patients with pancreatic cancer after curative
surgery followed by adjuvant chemotherapy. Patients and
Methods: This study included 189 patients who underwent
curative surgery followed by adjuvant chemotherapy for
pancreatic cancer between 2005 and 2014. The risk factors
for overall survival (OS) and recurrence-free survival (RFS)
were identified. Results: A lymph node ratio of 0.1 was
considered to be the optimal cut-off point for classification
based on the 3-year and 5-year survival rates. The OS rates
at three and five years after surgery were 34.4% and 28.2%
in the LNR <0.1 group, respectively, and 23.1% and 5.8% in
the LNR ≥0.1 group, which amounted to a statistically
significant difference (p=0.003). The RFS rates at one and
three years after surgery were 26.6% and 20.5% in the LNR
<0.1 group, respectively, and 8.0% and 0% in the LNR ≥0.1
group, which was a significant difference (p=0.001). A
multivariate analysis demonstrated that the LNR was a
significant independent risk factor for both the OS and RFS.
Conclusion: The LNR was a risk factor for overall survival

in patients who underwent curative surgery followed by
adjuvant chemotherapy for pancreatic cancer. It is necessary
to develop strategies to effectively utilize the lymph node
metastasis status.

Pancreatic cancer, which has a 5-year survival rate of less
than 5%, is a major cause of cancer death worldwide (1, 2).
Complete resection is essential for obtaining a cure in
patients with pancreatic cancer. However, pancreatic cancer
patients suffer recurrence, even after complete curative
resection followed by adjuvant treatment (3, 4). It is,
therefore, important to identify the prognostic factors for
pancreatic cancer in order to select candidates for more
aggressive treatment. 

Various clinicopathological factors, including the tumor
size, lymph node metastasis, resection margin status, and
histological type, have been reported to be significant
prognostic factors that can be used to predict survival in
patients with pancreatic cancer (5-8). Lymph node metastasis
is one of the most important factors for recurrence and
metastasis in pancreatic cancer (9, 10). Previously, the Union
for International Cancer Control (UICC) staging system
simply provided the LN classification, according to the
absence or presence of LN metastasis (11). At present, the new
8th edition of the UICC classification of TNM staging
includes relevant changes for pancreatic cancer (12). However,
they did not define the number of the harvest lymph nodes that
should be evaluated in detail. To improve the survival of
pancreatic cancer patients, it is necessary to develop strategies
that utilize the lymph node metastasis status more effectively. 

Recently, the lymph node ratio (LNR), which is defined as
the ratio of the number of metastatic LNs (MLN) to the total
number of LNs (TLN) examined, has been proposed to be a
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sensitive indicator of survival in patients with pancreatic cancer
(13-16). However, these previous reports analyzed less than
100 cases and included patients who were treated with surgery
alone. The outcomes of patients with pancreatic cancer have
gradually been improved by effective adjuvant chemotherapies
such as gemcitabine or S-1 (17, 18). Theoretically, effective
adjuvant chemotherapy can improve patient survival by
inhibiting micrometastasis. Thus, it is unclear whether the LNR
has any clinical impact in pancreatic cancer patients who
undergo radical surgery and effective adjuvant chemotherapy.

The present study investigated whether the overall survival
(OS) and recurrence-free survival (RFS) of pancreatic cancer
patients who underwent curative surgery followed by
adjuvant chemotherapy were affected by the LNR.

Patients and Methods

Patients. The study subjects were selected from the medical records
of consecutive patients who underwent surgical treatment for
pancreatic cancer at the Kanagawa Cancer Center from 2005 to
2014. The inclusion criteria were as follows: 1) patients with a
common pathological type of pancreatic cancer (according to UICC
TNM 7th edition); 2) patients in whom curative resection was
successful as the initial treatment for pancreatic cancer and who
received gemcitabine or S-1 adjuvant chemotherapy; and 3) the
absence of synchronous or metachronous malignancies. The
resected specimens were examined histopathologically and were
staged according to the UICC TNM 7th edition. Patients with other
pancreatic and periampullary neoplasms, such as intraductal
papillary mucinous neoplasms, cystadenocarcinoma and endocrine
tumors, were excluded from the present study.

Surgical procedure. All of the operations were performed by four
surgeons from the pancreatic unit. All pancreatic surgeries were
performed in accordance with standardized procedures that have
been described elsewhere (19-22). Briefly, in cases of
pancreaticoduo-denectomy (PD), subtotal stomach-preserving
pancreaticoduo-denectomy was performed as the standard
procedure. The lymph node groups that were resected en bloc
included the anterior pancreatic duodenal lymph nodes, the posterior
pancreatic duodenal lymph nodes, the nodes in the lower
hepatoduodenal ligament, and the nodes along the right lateral
aspect of the superior mesenteric artery and vein. In cases of distal
pancreatectomy (DP), lymph node dissection was performed in the
region of the celiac trunk and the superior mesenteric artery and
vein, as well as behind the pancreas along the left side of the renal
vein and the left adrenal gland (23).

Adjuvant chemotherapy. Treatment with gemcitabine was initiated
within eight weeks after surgery. The patients received a weekly
dose of 1,000 mg/m2 for three weeks, followed by one week of rest.
S-1 chemotherapy was started within 10 weeks after surgery (17).
The patients received 40 mg of S-1 per square meter of body-
surface area, twice a day for four weeks, followed by two weeks of
rest as one course (six-week schedule) or two weeks followed by
one week of rest as one course (three-week schedule) (18). All of
the patients in the present study received either gemcitabine or S-1
treatment for six months. 

Follow-up. Patients were followed-up at outpatient clinics.
Hematological tests and physical examinations were performed at
least every three months for five years. In the patients who received
adjuvant chemotherapy, hematological tests and physical
examinations were performed at least every two weeks during
adjuvant chemotherapy, and at least every three months for five
years after the patient finished adjuvant chemotherapy. The CEA
and CA19-9 tumor marker levels were checked at least every three
months for five years. Patients underwent CT examination every
three months during the first three years after surgery, and then
every six months until five years after surgery. 

Evaluations and statistical analyses. The lymph node ratio (LNR)
was defined as the ratio of the number of metastatic lymph nodes
relative to the total number of lymph nodes examined. The
significance of the correlation between the LNR and
clinicopathological parameters was determined using Fisher’s exact
test or the χ2 test. OS was defined as the period between surgery
and death. RFS was defined as the period between surgery and
recurrence or death, whichever came first. The data of the patients
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Table I. Comparison of survival rates stratified by patient
characteristics.

Characteristics              No. of       1-year      3-year     5-year   p-Value
                                     patients    survival   survival   survival 
                                        (%)        rate (%)    rate (%)   rate (%)

Age (years)                                                                                      0.202
  <70                         110 (58.2)        75.8         28.2          21.9         
  >70                          79 (41.8)        86.7         27.3          17.5         
Gender                                                                                              0.406
  Male                      107 (56.6)        79.7         32.7          22.0         
  Female                     82 (43.4)        80.0         23.0          14.4         
Site of tumor                                                                                    0.169
  Head                      129 (68.3)        82.5         24.8          15.0         
  Body or tail             60 (31.7)        84.7         40.8          26.4         
Metastatic lymph 
node ratio                                                                                         0.021
  0% to 5%                63 (33.3)        83.7         30.6          21.8         
  5% to <10%            33 (17.5)        79.2         38.1          38.1         
  10% to <15%          25 (13.2)        78.6         16.4            0            
  15% -                       68 (36.0)        76.9         17.8            8.9         
Histological type                                                                              0.532
  Well-mod               153 (81.0)        80.8         29.4          20.3         
  Poor                         36 (19.0)        75.6         23.5          23.5         
UICC T status                                                                                  0.031
  T1 or T2                  10 (5.3)        100.0         80.0          40.0         
  T3                          179 (94.7)        78.9         27.0          14.7         
Lymph node 
metastasis                                                                                         0.026
  Negative                  44 (23.3)        89.3         35.7          28.6         
  Positive                  145 (76.7)        77.0         25.9          12.9         
Lymphovascular 
invasion                                                                                            0.003
  Negative                  33 (17.5)        96.6         46.4          34.8         
  Positive                  156 (82.5)        76.1         25.4          11.9         

ASA-PS: ASA physical status; UICC: Union for International Cancer
Control.



who did not experience an event were censored on the date of the
final observation. OS and RFS were evaluated by univariate and
multivariate analyses. OS and RFS curves were determined using
the Kaplan–Meier method, and were compared by a 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 of the statistical analyses. This study was
approved by the IRB of the Kanagawa Cancer Center.

Results

Patients. A total of 189 patients were evaluated (median age,
67 years; range=30-81 years; male, n=107; female, n=82) in
the present study. The median follow-up period was 60.5
months (range=7.8-137 months). Forty-six patients received
distal pancreatic surgery, 129 patients received
pancreaticoduodenectomy and 14 underwent total pancreatic
resection. The median operative time was 483 min
(range=140-1195 min). The median blood loss was 1020 ml
(range=30-10175 ml). The median number of harvested
lymph nodes was 26 (range=1-92 lymph nodes).

Survival analysis. A log-rank test was performed to
investigate the factors associated with overall survival;
significant differences were observed in the lymph node
ratio, T factor, N factor, and lymphovascular invasion (Table
I). A lymph node ratio of 0.1 was considered to be the
optimal cutoff point for classification based on the 3-year
and 5-year survival rates. 

The prognostic significance of each clinicopathological
factor was analyzed (Table II). The univariate analyses of the
factors associated with OS demonstrated that the LNR was
a significant prognostic factor. Thus, the LNR was included
in the final multivariate analysis model. The OS rates at three
and five years after surgery were 34.4% and 28.2% in the
LNR <0.1 group, respectively, and 23.1% and 5.8% in the
LNR ≥0.1 group, which amounted to a statistically
significant difference (p=0.003). The OS curves are shown
in Figure 1.

The univariate analyses of the factors associated with RFS
demonstrated that the LNR was a significant prognostic
factor. Thus, the LNR was included in the final multivariate
analysis model (Table III). The RFS rates at one and three
years after surgery were 26.6% and 20.5% in the LNR<0.1
group, respectively, and 8.0% and 0% in the LNR≥0.1 group,
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Table II. Uni and Multivariate Cox proportional hazards analysis of clinicopathological factors for overall survival.

Factors                                                    No                                    Univariate analysis                                                     Multivariate analysis

                                                                                      OR                      95%CI                    p-Value                OR                    95%CI                 p-Value

Age (years)                                                                                                                                0.203                                                                               
   <70                                                    110                  1.000                                                                                                                                             
   ≥70                                                      79                  1.320                0.860-2.026                                                                                                         
Gender                                                                                                                                        0.406                                                                               
   Female                                                82                  1.000                                                                                                                                             
   Male                                                  107                  1.186                0.793-1.774                                                                                                         
Metastatic lymph node ratio                                                                                                     0.004                                                                          0.009
   <10%                                                   96                  1.000                                                                              1.000                                                      
   ≥10%                                                   93                  1.822                1.217-2.728                                           1.748              1.147-2.665                    
Site of tumor                                                                                                                              0.171                                                                          0.074
   Body or Tail                                        60                  1.000                                                                              1.000                                                      
   Head                                                 129                  1.361                0.875-2.116                                           1.507              0.961-2.364                    
Histological type                                                                                                                        0.532                                                                               
   Well-mod                                          153                  1.000                                                                                                                                             
   Poor                                                     36                  1.183                0.699-2.002                                                                                                         
UICC T status                                                                                                                            0.048                                                                               
   T1-T2                                                  10                  1.000                                                                                                                                             
   T3                                                      179                  4.128               1.015-16.782                                                                           
Lymph node metastases                                                                                                            0.028                                                                               
   Negative                                              44                  1.000                                                                                                                                             
   Positive                                             145                  1.764                1.065-2.922                                               
Lymphovascular invasion                                                                                                         0.005                                                                          0.002
   Negative                                              33                  1.000                                                                              1.000                                                      
   Positive                                             156                  2.326                1.294-4.181                                           2.002              1.100-3.646                    

UICC: Union for International Cancer Control.



which was a significant difference (p=0.001). The RFS
curves are shown in Figure 2. When the sites of first relapse
were compared, the incidence of lymph node metastasis in
the LNR≥0.1 group was significantly higher than that in the
LNR< 0.1 group. 

Discussion
The present study examined whether the LNR was associated
with poorer overall survival and recurrence-free survival in
pancreatic cancer patients who underwent curative surgery
followed by adjuvant chemotherapy. Our findings clearly
indicated that the LNR was an independent risk factor for
both OS and RFS. Moreover, the results of the present study
suggested that the LNR was closely associated with lymph
node recurrence. Thus, the LNR had a clinical impact in
pancreatic cancer patients who underwent radical surgery
and effective adjuvant chemotherapy.

The clinical impact of the LNR in pancreatic cancer
patients has been reported in previous studies (14, 24). In the
present study, the hazard ratio for OS was 1.748 (95%
confidence interval, 1.147 to 2.665) and that for RFS was
1.537 (95% confidence interval, 1.049 to 2.251). A similar

hazard ratio and 95% confidence interval were observed in
previous studies (14, 24). Tol et al. examined 760 pancreatic
cancer patients and found that the lymph node ratio was
independently associated with worse overall survival (hazard
ratio of 1.75, 95% confidence interval, 1.13 to 2.70) (24). In
addition, Murakami et al. examined 119 pancreatic cancer
patients and found that the metastatic lymph node ratio was
independently associated with worse overall survival (hazard
ratio of 2.685, 95% confidence interval, 1.253 to 5.756) (14).
Similar hazard ratios were also reported in other studies.
Thus, the LNR had some clinical impact on the survival of
patients with pancreatic cancer.

An important limitation that potentially affects the available
data regarding the LNR in all studies – including the current
study – is the lack of consensus regarding the most appropriate
cut-off point for the LNR. In previous studies, the LNRs
ranged from 0.1 to 0.4. For example, Zhan et al. evaluated the
prognostic impact of the LNR in 83 patients with resected
pancreatic cancer. They used a cut-off LNR of 0.2 and
demonstrated the hazard ratio (25). Tol et al. evaluated the
prognostic impact of the LNR in 760 patients with resected
pancreatic cancer (24). They set a cut-off LNR of 0.18 and
demonstrated the hazard ratio. In our study, we used a cut-off
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Table III. Uni- and Multivariate Cox proportional hazards analysis of clinicopathological factors for recurrence-free survival.

Factors                                                Number                               Univariate analysis                                                     Multivariate analysis

                                                                                      OR                      95%CI                    p-Value                OR                    95%CI                 p-Value

Age (years)                                                                                                                                0.079                                                                          0.052
   <70                                                    110                  1.000                                                                              1.000                                                      
   ≥70                                                      79                  1.396                0.962-2.027                                           1.450              0.997-2.110                    
Gender                                                                                                                                        0.400                                                                               
   Female                                                82                  1.000                                                                                                                                             
   Male                                                  107                  1.167                0.815-1.671                                                                                                         
Metastatic lymph node ratio                                                                                                     0.002                                                                          0.027
   <10%                                                   96                  1.000                                                                              1.000                                                      
   ≥10%                                                   93                  1.797                1.244-2.597                                           1.537              1.049-2.251                    
Site of tumor                                                                                                                              0.225                                                                               
   Body or Tail                                       60                  1.000                                                                                                                                             
   Head                                                  129                  1.272                0.863-1.874                                                                                                         
Histological type                                                                                                                        0.406                                                                               
   Well-mod                                          153                  1.000                                                                                                                                             
   Poor                                                     36                  1.213                0.769-1.916                                                                                                         
UICC T status                                                                                                                            0.019                                                                               
   T1-T2                                                  10                  1.000                                                                                                                                             
   T3                                                      179                  3.980               1.261-12.567                                                                           
Lymph node metastases                                                                                                            0.035                                                                               
   Negative                                              44                  1.000                                                                                                                                             
   Positive                                             145                  1.621                1.035-2.538                                               
Lymphovascular invasion                                                                                                         0.002                                                                          0.007
   Negative                                              33                  1.000                                                                              1.000                                                      
   Positive                                             156                  2.212                1.333-3.668                                           2.050              1.214-3.461                    

ASA-PS: ASA physical status; UICC: Union for International Cancer Control.



LNR of 0.1 based on the three- and five-year survival. There
are some differences between the previous studies and the
present study. First, the sample size was different. The
previous studies analyzed relatively small study populations,
while the present study analyzed 186 cases. Second, the
previous reports only analyzed patients who were treated with
surgery alone. The outcomes of patients with pancreatic cancer
have gradually improved with effective adjuvant
chemotherapies such as gemcitabine or S-1. Theoretically,
effective adjuvant chemotherapy can improve patient survival
by inhibiting micrometastasis. Actually, the previous study
demonstrated that perioperative adjuvant treatment was
associated with a reduced LNR in patients with potentially
resectable pancreatic cancer (26). Third, the median number
of harvested lymph nodes in the present study differed from
that in previous studies. The LNR was affected by both the
harvested lymph nodes and the number of metastatic lymph
nodes. In the present study, the median number of harvested
lymph nodes was 26 and the cut-off LNR was 0.1. Similar to
our study, Robinson et al. reported that the median number of
harvested lymph nodes was 19 and that the cut-off LNR was
0.15 (13). In contrast, Zhan et al. reported that the mean
number of harvested lymph nodes was 8.2 and that the cut-off
LNR was 0.2 (25). Moreover, Tol et al. reported that the
median number of harvested lymph nodes was 8 and that the
cut-off LNR was 0.2 (24). On the other hand, the median

number of metastatic lymph nodes in the present study was
similar to that in previous studies. These differences might
have affected the cut-off LNR values.

Special attention is required when interpreting the results
of the present study due to several potential limitations.
First, the present study was a retrospective analysis that was
performed in a single institution. Second, there was a
selection bias in the patients in this series. Surgeons often
avoid performing pancreatomy in some patients, because the
procedure is associated with high rates of morbidity and
mortality (40-60% and 1-1.5%, respectively). Thus, the fact
that some patients in this study received pancreatectomy
could in and of itself be considered a potential bias. In
addition, our hospital is a specialized cancer center.
Considering these limitations, the results must be confirmed
in another cohort or in a prospective multicenter-study.

In conclusion, the OS and RFS of pancreatic cancer
patients who underwent curative resection followed by
adjuvant chemotherapy differed significantly based on the
LNR. It is necessary to develop a strategy that effectively
utilizes the lymph node metastasis status. 
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Figure 1. A comparison of the overall survival in the LNR≥0.1 and
LNR<0.1 groups. Figure 2. A comparison of the recurrence-free survival in the LNR≥0.1

and LNR<0.1 groups.
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