
Purpose: Survival after curative resection of pancreatic, 
ampullary and lower common bile duct cancer remains very 
poor. The aim of this study was to assess important prognos-
tic factors in patients with resectable pancreatic cancer. 

Methods: From 2006 to 2010, 156 patients underwent pan-
creatoduodenectomy (PD) for malignancies of pancreatic, am-
pullary or lower common bile duct in our institution. Based 
on the inclusion criteria 101 patients were selected in our ret-
rospective statistical analysis. Of these 101 cases of malignan-
cies, 65.4% were located in the pancreatic head, 18.8% in the 
ampulla and 15.8% in the lower bile duct. 48.5% of patients 
underwent classical PD, and 51.5% pylorus-preserving pan-
creatoduodenectomy (PPPD). Clinical and pathological data 
were collected, Kaplan-Meier method and Cox proportional 
hazard models were used to evaluate prognostic factors. 

Results: Multivariate analysis revealed that blood trans-
fusion, vascular invasion, T4 vs T1 stage, and R0 resec-
tion margins were significant negative predictors of sur-

vival. Conversely, ampullary (vs pancreatic ductal) and 
adjuvant chemotherapy were significantly associated with 
longer survival. Lymph node ratio (LNR), in all its forms, 
was not found to have a significant effect on survival. For 
all patients, tumor grading (p=0.042), resection margins 
(p=0.004), T stage (p=0.001), perineural invasion (p=0.029), 
vascular invasion (p=0.007) and age >65 years (p=0.009) 
were factors that impacted survival.

Conclusion: Surgical resection margins, tumor grade, T 
stage, perineural invasion, vascular invasion, age >65 and 
adjuvant chemotherapy are the strongest predictors of sur-
vival after surgical resection of pancreatic, ampullary and 
lower common bile duct cancer. In this series, lymph node 
ratio did not impact survival.
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Pancreatic cancer is the fifth leading cause of 
cancer death in the western world [1]. Surgical re-
section is the only chance of cure, however only 
10-20% of patients with pancreatic cancer are 
candidates for surgical resection due to their late 
presentation [2]. Thus, most patients are treated 

palliatively to improve quality of life. When the 
disease is resectable, the survival benefit is con-
troversial due to the high rates of local and sys-
temic recurrence. Even in patients who have un-
dergone resection, survival rates are poor ranging 
from 10-29%, with better survival rates reported 
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in large centres with a high volume of cases [3-5]. 
The 5-year overall survival for pancreatic cancers 
is less than 2% and has shown little improvement 
over several decades. 

There is a number of clinicopathological fac-
tors which are associated with prognosis follow-
ing resection in pancreatic cancers. These factors 
include tumor grade, tumor stage, loco-regional 
invasion and the status of the surgical resection 
margin [6,7]. The presence of lymph node me-
tastases is a predictor of prognosis with lymph 
node positive tumors having a significantly worse 
1- and 5-year survival compared with patients 
with no nodal involvement [8-11]. In an attempt 
to improve survival, extended lymphadenectomy 
was often performed and initial results were pos-
itive [11,12]. However, subsequent randomized 
controlled trials (RCTs) on extended resections 
have contradicted these initial findings [13,14]. 
More recently the ratio of affected lymph nodes 
(positive vs negative) among the total number of 
lymph nodes examined (LNR), has been shown to 
be an important prognostic factor in pancreatic 
cancers [14-18]. Similar results have been report-
ed in ampullary and lower common bile duct can-
cers [19]; however, to our knowledge only three 
series have been published for these subtypes of 
pancreatic cancer [20-22]. Using LNR as a categor-
ical variable, previous studies have shown a cut-
off point between 0.15 and 0.30 to have prognostic 
significance [17,18].

The aim of this study was to correlate clini-
cal and pathological findings with survival in pa-
tients who underwent curative surgical resection 
for pancreatic cancer. 

Methods

Between 2006 and 2010, comprehensive retrospec-
tive data were collected from 101 patients undergoing 
pancreatic head resection for lower common bile duct, 
ampullary and pancreatic ductal carcinoma. 

All patients underwent tumor resection with cura-
tive intent and all surgical specimens had a confirmed 
pathologic diagnosis. Resected specimens were fixed 
in formalin and following dissection and sampling, tis-
sue blocks were processed and embedded in paraffin. 
Peripancreatic lymph nodes were stained with hema-
toxylin and eosin prior to assessment. Specimens were 
assessed by experienced pathologists in all cases in-
cluding documentation of total number of lymph nodes 
excised and the number of nodes containing metastatic 
tumor. Clinicopathological data assessment included 
age, tumor grade, tumor size, resection margins, lymph 
node involvement, lymphatic, perineural and vascular 
invasion and blood transfusion.

All patients were followed up at 6 monthly clinics 
to assess their clinical progress and any evidence of re-
currence. Survival was confirmed through hospital and 
general practitioner records. No patients were lost to 
follow-up. 

Statistics

Continuous variables were presented as median, 
interquartile range (IQR) and 95% confidence intervals 
(CI), while categorical ones were presented as absolute 
and relative frequencies (percentages). The LNR was 
calculated for all patients. A new categorical variable 
was then constructed, having 4 categories, according to 
LNR values (0, 0-0.199, 0.2-0.299, ≥0.3). Survival was 
estimated using the Kaplan-Meier method and the pa-
tients were censored at the date of death. Log-rank test-
ing was used for the purposes of the univariate analy-
sis. The combined effect of the explanatory variables 
on the probability of death was evaluated using mul-
tivariate semi-parametric Cox proportional hazard re-
gression models, using stepwise method. All reported 
p values were based on two-sided tests and compared 
to a significance level of 0.05. Data were analyzed using 
STATA™ statistical software (Version 9.0, Stata Corpo-
ration, College Station, TX77845, USA).

Results

101 patients with the diagnosis of pancreatic, 
ampullary or lower common bile duct cancer un-
derwent R0 or R1 resections. Patient demograph-
ics are shown in Tables 1 and 2.

The tabulated data and univariate and multi-
variate survival analysis are representative of all 
subtypes of pancreatic cancer (ductal, ampullary 

Table 1. Patient demographics and pathological data for 
all subtypes of pancreatic cancer

Data Results

No. of patients 101

Median survival (months) (95% 
CI)

17.9 (14.2-23.9)

Age (yrs) (median, IQR) 66 12

Tumor size (mm) (median, IQR) 30 14

No. of examined LN (median, 
range)

22 (6-51)

No. of examined LN (mean,mode) 23.2 12

No. of involved LN (median, 
range)

2 (0-17)

No. of involved LN (mean,mode) 3.4 0

LNR (median, IQR) 0.11 0.23

Transfusion (units) (median, IQR) 0 1

Follow-up time (months)  
(median, IQR)

10.2 12.2

CI: confidence interval, IQR: interquartile range, LN: lymph 
nodes, LNR: lymph node ratio
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and lower common bile duct) (Tables 3 and 4). The 
statistical results for each individual subtype are 
discussed below. 

The univariate analysis shown in Table 3 and 
plotted in the graphs below indicates that in the 
total sample, tumor grade (p=0.042) (Figure 1), re-
section margins (p=0.004) (Figure 2), tumor stage 
(p<0.001) (Figure 3), perineural invasion (p=0.029) 
(Figure 4), vascular invasion (p=0.007) (Figure 5), 
LNR (0.2 as cut-off point) (Table 4) and age >65 
years (p=0.009) (Figure 6) were characteristics 
that had an effect on the survival of all patients.

LNR, in all its other forms (0, >0-<0.2, >=0.2-
<0.3, >0.3), (<0.2->=0.2), (<0.3->=0.3), was not 
found to have a significant effect on survival.

Multivariate analysis (Table 4) revealed 
that age >65 years, inpatient blood transfusion 
and vascular invasion were significant predic-
tors of survival, increasing the hazard of death. 
In the same model, a marginally non-significant 
(p=0.056) effect of LNR≥0.2 (vs LNR<0.2) (hazard 
ratio/HR: 1.91) was also present.

In univariate analysis of pancreatic ductal 
cancer, tumor stage (p=0.007) and adjuvant che-
motherapy (CHT) (p=0.028) were characteristics 
that had an effect on survival. LNR, in all its forms 
(0, >0-<0.2, >=0.2-<0.3, >0.3), (<0.2->=0.2), (<0.3-
>=0.3), was not found to have a significant effect 
on survival. Multivariate analysis revealed that 
T4 vs T1 stage was a significant predictor of sur-
vival, increasing the hazard of death (HR:27.26). 
On the contrary, female gender and adjuvant CHT 
were significantly associated with a decreased 
hazard of death (protective effect). 

For ampullary cancer, univariate analysis re-
vealed resection margins (p=0.004), tumor stage 
(p=0.001) and LNR (p=0.017) were characteristics 
that had an effect on the survival. However, as it is 
seen in the following graph, LNR effect should be 
evaluated with caution, given the low number of 
patients in the category >=0.2, <0.3 (N=1) (Figure 
7) and the fact that when coded in the LNR group 
1 (cut-off point: 0.2) and LNR group 2 (cut off 
point: 0.3), no significant results were produced. 
Multivariate analysis could not be applied. 

The univariate analysis for lower common bile 
duct cancer showed resection margins (p<0.001) 
(Figure 2) and vascular invasion (p=0.004) were 
characteristics that had an effect on the survival. 
Multivariate analysis could not be applied.

Discussion

Pancreatic cancer is recognised as one of the 
most aggressive forms of cancer and surgery re-

Table 2. Demographic and clinical characteristics for all 
subtypes of pancreatic cancer

Characteristics Number %

Gender

Men

Women

61

40

60.40

39.60

Resection type

PD

PPPD

49

52

48.51

51.49

Cancer type

Pancreatic ductal 66 65.35

Ampullary 19 18.81

Lower CBD 16 15.84

Tumor grading

G1 9 8.91

G2 69 68.32

G3 23 22.77

Resection margins

R0 50 49.50

R1 51 50.50

Tumor stage

T1 5 4.95

T2 15 14.85

T3 78 77.23

T4 3 2.97

Lymphatic invasion

0 30 29.70

1 71 70.30

Perineural invasion

0 30 29.70

1 71 70.30

Vascular invasion

0 46 45.54

1 55 54.46

Recurrence

No 57 56.44

Yes 44 43.56

Adjuvant chemotherapy

No 29 28.71

Yes 72 71.29

Transfusion

No 67 66.34

Yes 34 33.66

LNR categories

0,00 27 27.27

>0, <0.2 45 45.45

≥0.2, <0.3 10 10.10

≥0.3 17 17.17

Survival

Survived 58 57.43

Deceased 43 42.57

LNR: lymph node ratio, PD: pancreatoduodenectomy, PPPD: 
pylorus-preserving pancreatoduodenectomy, CBD: common bile 
duct
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Table 3. Univariate survival analysis according to several disease and therapeutic parameters

Parameters N Median survival 95% CI p (log rank)
Gender

Male 61 17.2 11.87, 21.6 0.191

Female 40 18.73 13.33, .

Histology

Pancreatic ductal 66 14.7 11.73, 19.1 0.061

Ampullary 19 . 12.33, .

Lower CBD 16 19.77 11.87, .

Resection type

PD 49 17.2 11.87, 23.9 0.350

PPPD 52 19.77 12.2, .

Tumor grading

G1 9 . 11.87, . 0.042

G2 69 17.5 12.33, .

G3 23 14.7 7.13, 23.9

Resection margins

R0 50 21.6 17.8, . 0.004

R1 51 13.33 7.5, 17.5

Tumor stage

T1 5 14.7 14.7, . <0.001

T2 15 . 7.33, .

T3 78 17.8 12.33, 23.9

T4 3 6.47 1.93, .

Lymphatic invasion

0 30 . 12.2, . 0.078

1 71 17.5 12.33, 19.77

Perineural invasion

0 30 . 17.2, . 0.029

1 71 16.97 11.3, 21.6

Vascular invasion

0 46 . 17.8, . 0.007

1 55 13.33 7.5, 17.87

Adjuvant chemotherapy

No 29 17.2 6.53, . 0.117

Yes 72 19.1 14.23, .

Transfusion(s)

No 67 19.77 19.97, . 0.055

Yes 34 14.23 7.33, 19.1

LNR

0 27 . 11.87, . 0.165

>0, <0.2 45 18.73 14.23, .

≥0.2, <0.3 10 6.9 3.9, .

≥0.3 17 16.97 4.33, 23.9

Tumor size (mm)

≤20 23 . 14.7, . 0.055

>20 without lymph. invasion 21 17.2 7.23, .

>20 with lymph. invasion 57 16.97 7.77, 19.77

LNR group 1

<0.2 72 18.73 14.43, . 0.033

>=0.2 27 11.3 6.3, 23.9

Continued on next page
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mains the only curative option. Even in patients 
who are surgical candidates, the 5-year overall 
survival (OS) remains dismal [3-5]. Several large 
studies have reported a number of prognostic fac-
tors which positively influence surgical outcome 
and include absence of lymph node involvement, 

small tumor size, R0 resection and well-differenti-
ated tumor [7,23,24]. 

The present study has dealt with the outcome 
of a single centre analysis of the survival in 101 
patients after surgical resection for pancreatic 
cancer during a 5-year period between 2006 and 

Parameters N Median survival 95% CI p (log rank)

LNR group 2

<0.3 82 17.87 14.23, . 0.165

>=0.3 17 16.97 4.33, 23.9

Age (years)

≤65 45 . 18.73, . 0.009

>65 56 14.23 11.3, 17.8

No. of examined LNs in node-positive 
patients

≤15 15 14.7 7.5, . 0.794

>15 56 17.8 12.33, 21.6

No. of examined LNs in node-negative 
patients

≤15 11 12.2 2.57, . 0.264

>15 19 . 14.43, .

LNR group 1 in node-positive patients

<0.2 47 17.87 13.33, 21.6 0.190

≥0.2 22 11.3 6.3, 23.9

LNR group 2 in node-positive patients

<0.3 55 17.8 11.73, 19.77 0.659

≥0.3 14 16.97 4.33, 23.9

For abbreviations see footnote of Table 2

Table 4. Multivariate Cox regression survival analysis 

Parameters Hazard ratio 95% Conf. interval p value

Age >65 vs ≤65 years 2.08 1.05 4.12 0.037
Inpatient blood transfusion 2.30 1.19 4.46 0.013
Vascular invasion 2.71 1.32 5.54 0.006
LNR ≥0.2 vs LNR <0.2 1.91 0.98 3.70 0.056

LNR: lymph node ratio

Figure 1. Kaplan-Meier cumulative survival related to 
tumor grade – univariate analysis.

Figure 2. Kaplan-Meier cumulative survival related to 
resection margins – univariate analysis.
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2010. In multivariate analysis of the total sample, 
this study revealed that blood transfusion, vascu-
lar invasion and T4 vs T1 stage were significant 
predictors of survival, increasing the hazard of 

death. On the contrary, ampullary (vs pancreatic 
ductal) and adjuvant CHT were significantly asso-
ciated with a decreased hazard of death. In uni-
variate analysis, tumor grade, resection margins, 
tumor stage, perineural and vascular invasion and 
age >65 years were factors that had an effect on 
the survival of all patients.

The presence of nodal disease has been 
demonstrated to be an important prognostic fac-
tor in pancreatic cancer. Recent studies have sug-
gested that LNR and number of involved lymph 
nodes, rather than simply positive or negative 
nodal status, are more potent prognostic factors 
[15-18,25]. In our study, LNR was not seen to be 
an important prognostic factor in univariate and 
multivariate analysis. However, Murakami et al. 
mention the prognostic significance of LNR may 
be altered depending on the total number of ex-
amined lymph nodes [25]. The largest studies in 
the area examined between 7 to 17 lymph nodes. 
In a smaller series by Massucco et al. the medi-

Figure 3. Kaplan-Meier cumulative survival related to 
tumor stage – univariate analysis.

Figure 5. Kaplan-Meier cumulative survival related to 
vascular invasion – univariate analysis.

Figure 7. Kaplan-Meier cumulative survival in amp-
ullary cancer related to lymph node ratio – univariate 
analysis.

Figure 4. Kaplan-Meier cumulative survival related to 
perineural invasion – univariate analysis.

Figure 6. Kaplan-Meier cumulative survival related to 
age – univariate analysis.
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an number of examined lymph nodes was 28 and 
they did not show prognostic significance of LNR 
on multivariate analysis, only on univariate anal-
ysis [26]. In our study the median number of as-
sessed nodes was 22. It is unclear why the prog-
nostic significance of LNR was not demonstrated 
in our series. There are a couple of factors which 
may be important here. Occult tumor cells may be 
found in seemingly tumor-free nodes and may be 
overlooked in conventional histopathology [27]. 
In addition, the use of multiple pathologists to 
cross-examine the specimens was not implement-
ed in our study. 

A number of reports has demonstrated the re-
quirement for intraoperative blood transfusion as 
a predictor of long-term survival [28]. We also re-
vealed blood transfusion as an adverse prognostic 
factor on multivariate analysis (p=0.026). Howev-
er, it is unclear whether with the improvements in 
surgical technique in pancreatectomies it is only in 
the complicated cases that transfusion is required. 
In this instance, patients requiring transfusion 
may have been associated with perioperative com-
plications which in fact influence survival rather 
than the transfusion itself [29]. 

In a large randomized trial, the European 
Study Group for Pancreatic Cancer (ESPAC) re-
ported the benefits of postoperative chemothera-
py using combined 5-fluorouracil and leucovorin; 
5-year survival rate was 21% in patients who re-
ceived chemotherapy compared to 8% in those who 
did not [30]. More recently, the CONKO-001 trial 
reported that adjuvant chemotherapy using gem-
citabine produced a significant improvement in 
disease-free survival with borderline significance 
in overall survival [31]. In our series 71% of the 
patients received postoperative chemotherapy and 
this had a significant impact on survival in multi-
variate analysis (p=0.010). A standard regime was 
not used but the majority received a 5-fluorouracil–
based chemotherapy. Although our survival results 
are comparable to other series, the overall benefit 
from postoperative chemotherapy remains poor 
[32]. Further analysis on post-resection therapy is 
required.

Neoadjuvant (preoperative) therapy is the 
treatment of choice for locally invasive and unre-
sectable pancreatic cancer in an attempt to down-
stage the tumor and bridge the gap to allow radi-
cal or palliative surgical management [33]. In our 
series, R1 resection status (p=0.004) and vascular 
invasion (p=0.006) were adverse prognostic factors 
on univariate and multivariate analysis. In a sys-
tematic review of 111 studies, Gillen et al. assessed 
the evidence for the use of neoadjuvant therapy 

in patients with resectable and unresectable pan-
creatic cancer [34]. After neoadjuvant treatment, 
33.2% of the patients initially staged unresectable 
underwent a successful surgical resection and the 
survival rates were comparable to patients with 
initially resectable tumors. Survival rates were 
also improved from 10.2 to 20.5 months in patients 
who received neoadjuvant therapy relative to no 
intervention.

Interestingly there were no differences in sur-
vival between patients with resectable disease who 
received neoadjuvant therapy and resection vs re-
section and adjuvant (postoperative) therapy [34]. 

A limitation of the study was the loss of sev-
eral patients before a satisfactory follow-up time 
was completed. However, we believe that the main 
findings are not influenced.

In a soon to be published mini-series from our 
centre we demonstrated the potential benefits of 
neoadjuvant therapy. With a histological diagno-
sis of locally advanced pancreatic adenocarcinoma 
involving the superior mesenteric artery (SMA) 
and superior mesenteric vein (SMV), we present a 
patient in a phase II trial study involving serine/
threonine kinase (Akt) inhibition by nelfinavir and 
chemoradiation with gemcitabine and cisplatin. 
After completion of the trial the patient under-
went restaging and was subsequently submitted 
to a SMA and SMV vascular reconstruction pylo-
rus-preserving pancreaticoduodenectomy (PPPD). 
The histopathology report demonstrated no ev-
idence of malignancy and was compatible with a 
TNM staging of pT0, N0, Mx, L0, V0, and R0. The 
future use of neoadjuvant chemoradiation may 
also be considered to improve the quality of surgi-
cal resection in patients considered ideal for early 
surgery and in turn may play a role in improving 
long term survival in this patient group.

Conclusion

Early detection is the key to improve long 
term survival of patients with pancreatic cancer, 
as complete resection offers the only potential 
cure. Patients with T1 tumors, who have a suc-
cessful R0 resection, avoid peri-operative blood 
transfusion and receive post operative chemo-
therapy, demonstrate the best outcomes from sur-
gery. Further advancements in both pre and post 
operative therapy remains the key with potential 
promising results from ongoing clinical trials. 

Conflict of interests 

The authors declare no confict of interests.



 Prognostic indicators after curative treatment of pancreatic cancer 881

JBUON 2016; 21(4): 881

1. Jemal A, Tiwari RC, Murray T et al. Cancer statistics, 
2004. CA Cancer J Clin 2004;54:8-29.

2. Henne-Bruns D, Vogel I, Luttges J et al. Ductal adeno-
carcinoma of the pancreas head: survival after region-
al versus extended lymphadenectomy. Hepatogastro-
enterology 1998;45:855-866.

3. Geer RJ, Brennan MF. Prognostic indicators for sur-
vival after resection of pancreatic adenocarcinoma. 
Am J Surg 1993;165:68-72.

4. Yeo CJ, Abrams RA, Grochow LB et al. Pancreaticodu-
odenectomy for pancreatic adenocarcinoma: postop-
erative adjuvant chemoradiation improves survival. A 
prospective, single-institution experience. Ann Surg 
1997;225:621-636.

5. Magistrelli P, Antinori A, Crucitti A et al. Prognostic 
factors after surgical resection for pancreatic carcino-
ma. J Surg Oncol 2000;74:36-40.

6.  Greene FL. TNM staging for malignancies of the di-
gestive tract: (2003) changes and beyond. Semin Surg 
Oncol 2003;21:23-29. 

7. Han SS, Jang JY, Kim SW et al. Analysis of long-term 
survivors after surgical resection for pancreatic can-
cer. Pancreas 2006;32:271-275.

8. Reber HA. Lymph node involvement as a prog-
nostic factor in pancreatic cancer. Int J Pancreatol 
1990;7:125-127. 

9. Benassai G, Mastrorilli M, Mosella F, Mosella G. Sig-
nificance of lymph node metastases in the surgical 
management of pancreatic head carcinoma. J Exp Clin 
Cancer Res 1999;18:23-28.

10. Lim JE, Chien MW, Earle CC. Prognostic factors fol-
lowing curative resection for pancreatic adenocarci-
noma: a population- based, linked database analysis 
of 396 patients. Ann Surg 2003;237:74-85.

11. Nagakawa T, Nagamori M, Futakami F et al. Results 
of extensive surgery for pancreatic carcinoma. Cancer 
1996;77:640-645.

12. Ishikawa O, Ohhigashi H, Sasaki Y et al. Practical use-
fulness of lymphatic and connective tissue clearance 
for the carcinoma of the pancreas head. Ann Surg 
1988;208:215-220.

13. Yeo CJ, Cameron JL, Sohn TA et al. Pancreaticoduo-
denectomy with or without extended retroperitoneal 
lymphadenectomy for periampullary adenocarcino-
ma. Comparison of morbidity and mortality and short-
term outcome. Ann Surg 1999;229:613-624.

14. Farnell M, Pearson R, Sarr M et al. Pancreas Cancer 
Working Group. A prospective randomized trial com-
paring standard pancreatoduodenectomy with pan-
creatoduodenectomy with extended lymphadenec-
tomy in resectable pancreatic head adenocarcinoma. 
Surgery 2005;138:628-630.

15. Sierzega M, Popiela T, Kulig J et al. The ratio of meta-
static/ resected lymph nodes is an independent prog-
nostic factor in patients with node-positive pancreatic 
head cancer. Pancreas 2006;33:240-245.

16. Berger AC, Watson JC, Ross EA et al. The metastatic/ 
examined lymph node ratio is an important prognos-

tic factor after pancreaticoduodenectomy for pancre-
atic adenocarcinoma. Am Surg 2004;70:235-240.

17. House MG, Gonen M, Jarnagin WR et al. Prognostic 
significance of pathologic nodal status in patients 
with resected pancreatic cancer. J GastrointestSurg 
2007;11:1549-1555.

18. Pawlik TM, Gleisner AL, Cameron JL et al. Prognos-
tic relevance of lymph node ratio following pancre-
aticoduodenectomy for pancreatic cancer. Surgery 
2007;141:610-618. 

19. Tamandl D, Kaczirek K, Gruenberger B et al. Lymph 
node ratio after curative surgery for intrahepatic chol-
angiocarcinoma. Br J Surg 2009;96:919-925. 

20. Hurtuk MG, Hughes C, Shoup M, Aranha GV. Does 
lymph node ratio impact survival in resected periam-
pullary malignancies? Am J Surg 2009;197:348-352.

21. Falconi M, Crippa S, Dominguez I et al. Prognostic 
Relevance of Lymph Node Ratio and Number of Re-
sected Nodes after Curative Resection of Ampulla 
of Vater Carcinoma. Ann Surg Oncol 2015;15:3178-
3186. 

22.  Oshiro Y, Sasaki R, Kobayashi A et al. Prognostic 
relevance of the lymph node ratio in surgical pa-
tients with extrahepatic cholangiocarcinoma. EJSO 
2011;37:60-64.

23. Cleary SP, Gryfe R, Guindi M et al. Prognostic factors 
in resected pancreatic adenocarcinoma: analysis of 
actual 5-year survivors. J Am Coll Surg 2004;198:722-
731.

24.  Moon HJ, An JY, Heo JS et al. Predicting survival after 
surgical resection for pancreatic ductal adenocarcino-
ma. Pancreas 2006;32:37-43.

25. Murakami Y, Uemura K, Sudo T et al. Number of met-
astatic lymph nodes, but not lymph node ratio, is an 
independent prognostic factor after resection of pan-
creatic carcinoma. J Am Coll Surg 2010;211:196-204.

26. Massucco P, Ribero D, Sgotto E et al. Prognostic sig-
nificance of lymph node metastases in pancreatic 
head cancer treated with extended lymphadenecto-
my: not just a matter of numbers. Ann Surg Oncol 
2009;16:3323-3332.

27. Milsmann C, Fuzesi L, Werner C, Becker H, Horstmann 
O. Significance of occult lymphatic tumor spread in 
pancreatic cancer. Chirurg 2005;76:1064-1072.

28. Millikan KW, Deziel DJ, Silverstein JC et al. Prognos-
tic factors associated with resectable adenocarcinoma 
of the head of the pancreas. Am Surg 1999;65:618-623.

29. Park SJ, Kim SW, Jang JY et al. Intraoperative trans-
fusion: is it a real prognostic factor of periampullary 
cancer following pancreatoduodenectomy? World J 
Surg 2002;26:487-492.

30. Neoptolemos JP, Stocken DD, Friess H et al. A ran-
domized trial of chemoradiotherapy and chemothera-
py after resection of pancreatic cancer. N Engl J Med 
2004;350:1200-1210. 

31. Oettle H, Post S, Neuhaus P et al. Adjuvant che-
motherapy with gemcitabine vs observation in pa-
tients undergoing curative intent resection of pan-

References 

http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=


 Prognostic indicators after curative treatment of pancreatic cancer882

JBUON 2016; 21(4): 882

creatic cancer: a randomized controlled trial. JAMA 
2007;297:267-277.

32. Lim JE, Chien MW, Earle CC. Prognostic factors fol-
lowing curative resection for pancreatic adenocarci-
noma: a population-based, linked database analysis of 
396 patients. Ann Surg 2003;237:74-85.

33. Ueda M, Endo I, Nakashima M et al. Prognostic fac-

tors after resection of pancreatic cancer. World J Surg 
2009;33:104-110. 

34. Gillen S, Schuster T, Meyer Zum Büschenfelde 
C, Friess H, Kleeff J. Preoperative/neoadjuvant ther-
apy in pancreatic cancer:  systematic review and me-
ta-analysis of response and resection percentages.
PLoS Med 2010;7:e1000267.

http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed?term=Preoperative%2FNeoadjuvant Therapy in Pancreatic Cancer%3A A Systematic Review and Meta-analysis of Response and Resection Percentages

