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ABSTRACT

Introduction
According to several studies, lymph node ratio (LNR) is one of the most powerful predictors for 
survival after resection in patients with pancreatic cancer. More powerful than a microscopic 
positive resection margin (R1). However, contradictory results are reported and small sample size 
and different definitions for an R1 resection limit these studies.

Methods
The predictive value of LNR for 3-year survival was assessed using Cox proportional hazards 
model. From 1992-2012 all patients with pancreatic and periampullary cancer following pancre-
atoduodenectomy were selected from a prospective database. Clinicopathological characteristics 
were analysed. R1 resection was defined as microscopic presence of tumour cells within 1mm 
from the margins. A practical nomogram was designed.

Results
760 patients were included. Predictive factors for death in patients with PDAC (n=350), included 
in the nomogram were: R1 resection (hazard ratio (HR) 1.55, 95percent confidence interval 
(CI) 1.07-2.25), poor tumour differentiation (HR 2.78, 95percent CI 1.40-5.52), LNR (LNR>0.18 
HR 1.75, 95percent CI 1.13-2.70) and no adjuvant therapy (HR 1.54, 95percent CI 1.01-2.34). 
C-statistic 0.665 (95percent CI 0.632-0.698), calibration was good, Hosmer-Lemeshow chi-square 
test=5.667, p=0.773. LNR and poor tumour differentiation (HR 4.51 and HR 3.30) were also 
predictive in patients with distal common bile duct (CBD) cancer. LNR, R1 resection and jaundice 
were predictors in patients with ampullary cancer (HR 7.82, HR 2.68 and HR 1.98).

Conclusion
LNR is the common predictor for poor survival in pancreatic, distal CBD and ampullary cancer. 
An R1 resection remains a prognostic factor in pancreatic and ampullary cancer although LNR is 
more powerful.
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InTRoDuCTIon

Life expectancy in patients with pancreatic cancer is low with limited improvements over the last 
years 1. The only opportunity for long-term survival is reserved for a small proportion of patients 
with localised, resectable disease at diagnosis. Although surgery can achieve 5-year survival rates 
of around 20 per cent in periampullary cancer, 5-year survival in patients with pancreatic cancer is 
only 10 to 11 per cent 2–5. Several pathological prognostic factors are known to influence survival 
after surgery: poor differentiation, nodal metastases and positive resection margins 6–8. A micro-
scopic positive resection margin (R1) is traditionally considered to be one of the most important 
prognostic factors for poor survival 7,9–13. However, other studies contradict this 14–18.
In recent years the lymph node ratio (LNR), the number of lymph nodes bearing metastases 
dived by the total number of detected lymph nodes (range 0-1), has become more apparent as 
a strong predictor for survival in patients with pancreatic cancer 13,15,17,19–22, although few studies 
do not show a correlation between survival and LNR 23,24. Various results have also been reported 
regarding the predictive value of LNR in patients with ampullary and distal bile duct cancer 18,25–29. 
Furthermore, the abovementioned studies report ambiguous results on the predictive value of 
both LNR and R1 resection when analysed together. Several factors can explain this ambiguity 
such as the lack and variety of a clear R1 definition, small sample size and multicollinearity.
The aim of this study was to assess the predictive value of LNR adjusted for factors influencing 
survival following resection in patients with pancreatic, distal common bile duct (CBD), ampullary 
and duodenal cancer. The R1 definition was defined according to the current definition of the 
Royal College of Pathologists 30.

MeThoDS

From 1992 to 2012 a consecutive series of 1037 patients underwent pancreatoduodenectomy 
at the Academic Medical Centre (AMC) Amsterdam. Patients with pancreatic ductal adenocarci-
noma (PDAC), distal common bile duct (CBD) cancer, ampullary or duodenal cancer were selected 
in the present study.

Treatment
Eligibility criteria for resection during the study period did not change significantly. Resection was 
advised only when there was no evidence of metastasis and no arterial involvement. During the 
study the degree of venous involvement evolved from <90° to <180° 31–33. A pylorus-preserving 
pancreatoduodenectomy (PPPD) was the standard resection. Classic Whipple-Kausch was per-
formed when tumour approached the pylorus. After resection a pancreaticojejunostomy (PJ), 
hepaticojejunostomy (HJ) and duodenojejunostomy (DJ) or gastrojejunostomy (GJ) was per-
formed. After anastomotic reconstruction, one silicon abdominal drain was left posterior to the 
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PJ. Neo-adjuvant therapy was not administered routinely in most patients. According to the Dutch 
guideline for pancreatic and periampullary cancer only patients with pancreatic cancer received 
routine adjuvant gemcitabine since 2010 (www.oncoline.nl).

Definitions
Patient characteristics, age, sex, body mass index (BMI) and the American Society of Anaesthe-
siologists (ASA) score together with pre-, per- and postoperative outcomes were extracted from 
a prospectively maintained database. Overall morbidity comprises surgical and non-surgical 
complications. Surgical morbidity comprises grade B/C pancreatic fistula, postoperative bleeding 
and delayed gastric emptying, all according to the ISGPS definition 34–36, leakage of the hepatico-
jejunostomy or gastro-/duodenojejunostomy, wound infection, abscess formation, relaparotomy 
and re-admission within 30 days. Mortality was defined as death during initial admission after 
index operation.

histopathology
During the study period all pancreatic specimens were examined as follows: the pancreatic and 
common bile duct resection margins as well as the area adjacent to the major vessels were marked 
by the surgeon at the operating theatre with different coloured beads and the specimen was 
fixed on a plateau subsequently the specimen was examined by an experienced gastrointestinal 
pathologist following a standard protocol. During most of the study period, Whipple specimens 
have been examined according to the dissection protocol described by Westra and Hruban Inking 
of specimens was introduced in the mid-nineties but was not performed in the early nineties. 
After fixation of the specimen, the tumour was extensively sampled in relation to relevant ana-
tomical structures and the resection margins 37. Extensive reports were then prepared. Due to 
the longstanding study period, pathology reports, which were available for all specimens, were 
re-evaluated in retrospect by a clinician, under the supervision of a pathologists, in which a mi-
croscopic positive resection margin, R1, was defined as tumour cells present within 1 mm from 
the resection margin according to the Royal College of Pathologists 30. The dissection standards by 
Verbeke et al. were implemented in 2012 38. Throughout the study period all pancreatic specimen 
examinations were supervised by experienced pathologists.
Histopathological characteristics of the tumour were reported according to the World Health 
Organization (WHO) classification 39. Resection margin, TNM status, American Joint Cancer Com-
mittee/Union Internationale Contre le Cancer (AJCC/UICC) pathological tumour-node-metastasis 
(pTNM) stage, tumour differentiation, tumour size, number of lymph nodes and LNR were speci-
fied after re-evaluation of all pathology reports according to the 7th edition of the TNM classifica-
tion 40. LNR was defined as the ratio of positive to total examined lymph nodes. In case of positive 
intra-peritoneal lymph nodes, para-aortal lymph nodes and lymph nodes along the left side of 
the superior mesenteric artery or the celiac artery, the patient was considered to have a distant 
metastasis.
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Statistical analysis
IBM SPSS® software package version 20 (Inc., Chicago, IL, USA) and R version 3.0.2 were used 
for statistical analyses. Continuous data were presented as median and interquartile range (IQR) 
or mean ± standard deviation (SD) depending on the distribution and were analysed using the 
1-way/ANOVA or Kruskal-Wallis test. Categorical data were presented as number and percent-
ages and analysed using chi-squared test. Survival was calculated with the Kaplan-Meier method, 
from date of surgery until death or last visit to the general practitioner.
A prediction model, a nomogram, for 3-year survival rates was created based on the outcomes 
after multivariable cox regression analysis, through a stepwise approach, using known predictors 
for survival from the literature and borderline significant (p<0.2) factors in univariable analysis. 
The following factors were analysed: sex, age, ASA classification, BMI, jaunidice, morbidity, tu-
mour size, no. of resected lymph nodes, LNR, resection margin, perineural growth, angioinvasion, 
tumor stage, nodal stage, metastasis, tumour differentiation and adjuvant therapy. Significant 
predictive factors for 3-year survival after cox regression analysis where then used to create the 
nomogram. This was created based on the following formula: S (t) = [S0(t)]exp (beta1,2,3 etc.), where S 
(t): Estimated survival function, 3-year survival rate, S0(t): Estimated baseline survival function 
and Beta: Estimated risk score 41. Only in case of a sufficient sample size and the ability to adjust 
for important known predictors for poor survival, a prediction model was created to guarantee 
an accurate survival prediction. Otherwise, hazard ratios (HR) and their 95 per cent confidence 
interval (CI) were given to depict the superiority or inferiority of a high LNR compared to an R1 
resection and other prognostic factors for poor survival.
Model performance was assessed by measuring discrimination (the ability to discriminate be-
tween participants with or without an event) and calibration (the ability to quantify the observed 
absolute risk). The discriminative ability of the model was examined by calculating the c-statistic 
with 95per cent CI. The calibration of the model was assessed by calculating the Hosmer–Lem-
eshow χ2 statistic (HLχ2), were a p-value above 0.05 indicates a good performance with no devia-
tions between predicted and observed risks).
In order to correct for over-optimism of the model performance an internal bootstrap validation 
was performed using 300 bootstrap samples. Proportional hazards assumption was validated 
with the log–log plot.
To avoid multicollinearity the lymph node (N) status of patients was not included in the analysis 
since LNR already accounted for the absence or presence of positive lymph nodes. LNR was 
analysed as a continuous and categorical variable. Optimal cut-off for LNR was obtained with the 
maximum log-rank test. Tumour differentiation was missing in 10per cent of patients, these data 
have been imputated using multiple imputation. LNR was categorised for this purpose; higher or 
lower than the optimal cut off point.



Part II Outcome after pancreatoduodenectomy

108

ReSulTS

Out of the 760 patients who underwent resection for cancer, PDAC was diagnosed most fre-
quently, 46.1 per cent (n=350), followed by ampullary cancer (29.9 per cent, n=227), distal CBD 
cancer (20 .1 per cent, n=153) and duodenal cancer (n=30). Median age of all included patients 
was 64 years. A higher percentage of males was seen in patients with duodenal cancer (p=0.011) 
and jaundice requiring subsequent preoperative drainage was reported most frequently in pa-
tients with distal CBD cancer (Table 1). Morbidity rates were lower in patients with PDAC (n=184) 
52.6 vs. 59.5-70 per cent for non-PDAC (n=91, n=144 and n=21 in CBD, ampullary and duodenal 
cancer respectively) (p=0.027). Mortality did not differ significantly, however 9 patients died in 
the ampullary cancer group compared to 1 patient with pancreatic or distal CBD cancer (Table 2).

Table 1. Characteristics of patients who underwent pancreatoduodenectomy stratified by diagnosis

Pancreatic 
cancer
n=350

Distal common 
bile duct cancer
n=153

Ampullary 
cancer
n=227

Duodenal 
cancer
n=30

P-value

Male, n (%) 185 (52.9) 96 (62.7) 138 (60.8) 22 (73) 0.011

Age, mean (±SD) 64 (10) 64 (11) 65 (10) 62 (13) 0.355

ASA, n (%)
I
II
III/IV

75
211
64

(21.4)
(60.3)
(18.3)

27
102
24

(17.6)
(66.7)
(15.7)

39
144
44

(17.2)
(63.4)
(19.4)

7
16
7

(23)
(53)
(23)

0.669

BMI, mean 24 25 25 24 0.090

Jaundice, n (%) 288 (82.3) 139 (90.8) 175 (77.1) 8 (27) <0.001

Preoperative 
drainage, n (%)

224 (64.0) 125 (81.7) 180 (79.3) 7 (24) <0.001

Resection
Whipple/PPPD, n 48 / 302 16 / 137 25 / 202 7 / 23 <0.001

Adjuvant therapy, 
n (%)

123 (35.1) 5 (3.3) 14 (6.2) 6 (21) <0.001

SD = standard deviation, ASA = American society of anaesthesiologists, BMI = body mass index (kilograms / 
length in meters2), PPPD = pylorus preserving pancreatoduodenectomy

histopathology
Median number of lymph nodes examined was 8, mean was 10 ranging from 0 to 60 with a LNR 
of 0.12 (IQR 0-0.33). Positive lymph nodes were found in 59.2 per cent of patients (n=450). An 
R1 resection was performed in 41.8 per cent (n=318) and most patients had a T3 tumour (54.5 
per cent, n=414). Pathology findings stratified for diagnosis are depicted in Table 2. Patients with 
PDAC and distal CBD cancer had higher rates of positive resection margins, positive lymph nodes, 
more advanced tumour growth and subsequent higher AJCC stage. Data on perineural growth 
and angioinvasion were incomplete for patients with distal CBD, ampullary and duodenal cancer.
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Survival
Most favourable survival was seen in patients with duodenal cancer, in which median survival 
was not matured, and ampullary cancer with a median survival of 36 months. Median survival 
in patients with PDAC and distal CBD cancer was 19 months and 29 months (Figure 1). 1, 3 and 5 
year survival rates were: 73 (n=252), 25 (n=75) and 14 (n=31) per cent for PDAC, 73 (n=111), 41 
(n=48) and 27 (n=24) per cent for distal CBD cancer, 85 (n=193), 57 (n=117) and 44 (n=76) per 

Table 2. Postoperative and pathological outcomes in patients with pancreatic and periampullary cancer fol-
lowing pancreatoduodenectomy, stratified for diagnosis

Pancreatic 
cancer
n=350

Distal common 
bile duct cancer
n=153

Ampullary 
cancer
n=227

Duodenal 
cancer
n=30

P- value

Overall morbidity, n (%) 184 (52.6) 91 (59.5) 144 (63.4) 21 (70) 0.027

Surgical morbidity, n (%) 143 (40.9) 83 (54.2) 127 (55.9) 19 (63) 0.001

Mortality, n (%) 4 (1.1) 1 (0.7) 9 (4.0) 1 (3.3) 0.056

Hospital stay, days (IQR) 14 (10-19) 14 (10-20) 14 (10-23) 20 (13-31) 0.047

Tumour size, mean (±SD) 2.8 (1.5) 2.5 (1.8) 2.7 (1.5) 4.5 (1.8) <0.001

No. of lymph nodes, median (IQR) 8 (5-13) 8 (5-12) 7 (5-11) 10 (6-17) 0.037

LNR, median (IQR) 0.2 (0-0.4) 0.1 (0-0.3) 0 (0-0.3) 0.1 (0-0.3) <0.001

Resection margin, n (%)
R0
R1
R2

141
198
11

(40.3)
(56.6)
(3.1)

79
72
2

(51.6)
(47.0)
(1.3)

184
42
1

(81.1)
(18.5)
(0.4)

24
6
-

(80)
(20)

<0.001

TNM staging
T1
T2
T3
T4
Tx

N0
N1

M0
M1

35
84
223
6
2

98
252

342
8

(10.0)
(24.0)
(63.7)
(1.7)
(0.6)

(28.0)
(72.0)

(97.7)
(2.3)

25
34
86
8
-

70
83

152
1

(16.3)
(22.2)
(56.2)
(5.2)

(45.8)
(54.2)

(99.3)
(0.7)

46
82
89
10
-

128
99

227
-

(20.3)
(36.1)
(39.2)
(4.4)

(56.4)
(43.6)

(100)

1
6
16
7
-

14
16

30
-

(3)
(20)
(53)
(23)

(47)
(53)

(100)

<0.001

<0.001

0.069

Perineural growth 107 (30.6) ¥ ¥ ¥ -

Angioinvasion 60 (17.1) ¥ ¥ ¥ -

Tumour differentiation
Well (grade 1)
Moderate (grade 2)
Poor (grade 3)

28
199
123

(8.0)
(56.9)
(35.1)

10
72
71

(6.5)
(47.1)
(46.4)

16
130
81

(7.0)
(57.3)
(35.7)

1
15
14

(3)
(50)
(47)

0.249

IQR = interquartile range, SD = standard deviation, LNR = lymph node ratio (positive lymph nodes / total no. 
of lymph nodes) ¥ insufficient data
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cent for ampullary cancer and 90 (n=27), 78 (n=18) and 73 (n=15) per cent for duodenal cancer. 
Median follow-up for pati ents was 23 months (IQR 12-48).

Predicti on tool for 3-year survival
Aft er univariable analysis the following predictors were tested in the multi variable cox regres-
sion analysis for pati ents with PDAC: sex, resecti on margin, metastasis, tumour diff erenti ati on, 
perineural growth, angioinvasion, LNR, and adjuvant therapy Table 3A. An R1 resecti on margin, 

	  
 
No. at risk 
(time) 

   
    0 

 
 12 

  
 24 

  
 36 

 
Duodenum 

   
   30 

 
 24 

  
 21 

  
 10 

Ampulla    227  192  145  88 
Distal CBD      153  108  71  37 
Pancreas    350  251  133  55 

 
 

figure 1: Kaplan-Meier plot of median survival in pati ents with pancreati c and periampullary cancer following 
pancreatoduodenectomy, strati fi ed for diagnosis.
CBD = common bile duct
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poor tumour differentiation, LNR and no adjuvant therapy were identified as predictive factors 
for death during 3-year follow-up and included in the nomogram (Figure 2). The baseline survival 
function S0(t) was 0.674. No association was found between the number of resected lymph nodes 
and survival. Proportional hazard assumption was not violated. The apparent Harrell’s c-statistic 

Table 3A. Multivariable Cox regression analysis for 3-year survival in patients with pancreatic cancer follow-
ing pancreatoduodenectomy.

Pancreatic cancer, n=350

hR (95% CI) P-value Beta

R1 resection margin 1.55 (1.07-2.25) 0.022 0.438

Tumor differentiation
Well (grade 1)
Moderate (grade 2)
Poor (grade 3)

1
1.20
2.78

(0.61-2.39)
(1.40-5.52)

<0.001
0.597
0.003

0.185
1.023

Perineural growth 1.02 (0.69-1.52) 0.907 0.024

Angioinvasion 1.25 (0.85-1.85) 0.263 0.224

LNR* 0
<0.18
>0.18

1
1.12
1.75

(0.64-1.95)
(1.13-2.70)

0.015
0.689
0.012

0.113
0.558

No adjuvant therapy 1.54 (1.01-2.34) 0.045 0.429

*HR 2.66 (95% CI) 1.39-5.08) when analysed as a continues factor, HR = hazard ratio, CI = confidence interval, 
NS = not significant, LNR = lymph node ratio (positive lymph nodes / total no. of lymph nodes)

Table 3B. Multivariable Cox regression analysis for 3-year survival in patients with periampullary cancer fol-
lowing pancreatoduodenectomy.

Distal CBD cancer, n=153 Ampullary cancer, n=227

hR (95% CI) P-value hR (95% CI) P-value

Jaundice NA 1.93 (1.07-3.48) 0.030

R1 resection margin 1.22 (0.76-1.97) 0.412 2.68 (1.75-4.10) <0.001

T M classification
T1
T2
T3
T4
M1

1
1.04
0.70
0.94
3.35

(0.51-2.13)
(0.35-1.41)
(0.29-3.07)
(0.43-26.3)

0.505
0.912
0.323
0.914
0.251

1
0.76
1.04
0.99
NA

(0.40-1.42)
(0.57-1.89)
(0.36-2.74)

0.667
0.385
0.899
0.991

Tumor differentiation
Well (grade 1)
Moderate (grade 2)
Poor (grade 3)

1
1.62
3.30

(0.49-5.31)
(1.02-10.6)

0.003
0.430
0.046

NA

LNR 4.51 (2.03-10.0) <0.001 7.82 (3.96-15.5) <0.001

Overall morbidity 0.77 (0.49-1.22) 0.270 NA

HR = hazard ratio, CI = confidence interval, NA = not in analysis, LNR = lymph node ratio (positive lymph nodes 
/ total no. of lymph nodes)
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for survival analysis was 0.665. Aft er correcti on for over-opti mism, the c-stati sti c was 0.658 (95 
per cent CI 0.632-0.698). The calibrati on of the model was good, Hosmer-Lemeshow chi-square 
test=5.667, p=0.773.
In pati ents with distal CBD cancer only poor tumour diff erenti ati on, HR 3.30 (95 per cent CI 1.02-
10.6) and increased LNR HR 4.51 (95 per cent CI 2.03-10), were associated with survival aft er 
multi variable cox regression analysis, an R1 resecti on was no predictor factor for survival aft er 
adjustment. No predicti on model was created. This in contrast to pati ents with ampullary cancer, 
an R1 resecti on increased the hazard of death during follow-up 2.68 ti mes. Jaundice and increased 
LNR were also predicti ve factors for poor survival in this group, the latt er being the most powerful 
predictor increasing the hazard of death 7.82 ti mes (Table 3B). In pati ents with distal CBD cancer 
jaundice was not associated with survival and in pati ents with ampullary cancer metastasis and 
morbidity were not associated with survival aft er univariable analysis and were therefore not 
analysed (NA) in the multi variable cox regression (Table 3B). Since data on perineural growth and 
angioinvasion was missing, no predicti on model was created.
The small case size of pati ents with duodenal cancer prevented further analysis.

lymph node rati o
LNR was a predictor for survival in pati ents with PDAC, distal CBD and ampullary cancer. The 
opti mal cut off  value for LNR was 0.18 in pati ents with PDAC. In pati ents with a LNR <0.18 survival 
was 26 months vs. 16 months in pati ents with a LNR of >0.18 (p<0.001). The opti mal cut off  value 

Resection margin

Tumour differentiation

Total points

Survival at 3 years (%)

R1

well

45

0

0 170 215

54 31267%

LNR
0

LNR 0

90 135

38 22

45

Adjuvant treatment
no

45

250

1%

poor

100

<0.18

10

>0.18

60

yes

0

R0

0

moderate

20

figure 2: Nomogram for 3-year survival in pati ents with pancreati c ductal adenocarcinoma following pancre-
atoduodenectomy.
Points acquired for each of the four variables are added. At the total points axis a verti cal line to the survival 
axis will show 3-year survival probability in this cohort
LNR = lymph node rati o
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for LNR in patients with distal CBD cancer was 0.19, survival was only 17 months when LNR >0.19. 
In ampullary cancer the most optimal cut off value was 0.23.
When analysing LNR in a categorical matter (LNR 0, >0-0.2, 0.2-0.4, >0.4, >0.8) median survival de-
creased from 26 to 7 months in patients with PDAC. Furthermore, when analysing LNR in patients 
with positive lymph nodes (LNR >0), a higher ratio was still associated with poor survival (p=0.02). 
These correlations were also seen in patients with distal CBD and ampullary cancer. No cut off 
for the minimal number of lymph nodes necessary was found using the Kaplan-Meier method. 
However, when analysing patients with 12 or more lymph nodes resected a high LNR becomes 
even more powerful for predicting poor survival (HR 10.98 (95 per cent CI 2.2-54.9)) and adjuvant 
chemotherapy and an R1 resection are no longer significant predictors of poor survival.

DISCuSSIon

In this cohort of 760 patients undergoing pancreatoduodenectomy for cancer, LNR was the com-
mon independent predictor of poor survival in both pancreatic, distal CBD and ampullary cancer 
following adjustment for various factors influencing survival including an R1 resection which was 
defined according to the current definition, tumour cells within 1 mm from the resection mar-
gin 13,15,17–22,25–29. In patients with PDAC, only poor tumour differentiation was a stronger predictor 
than LNR. An R1 resection and not receiving adjuvant therapy were also independently correlated 
with poor survival. In patients with distal CBD and ampullary cancer LNR was the strongest predic-
tive factor. Survival in patients with duodenal cancer could not be analysed due to the small case 
size.
This study provides an adequate sample size and multicollinearity was avoided revealing the 
true effect of LNR. This was not evident in previously published studies analysing LNR 18,26–28. The 
limitation of all studies describing the value of LNR including this present study is the retrospec-
tive nature and time frame. It is therefore important that prospective trials will focus on applying 
standardised pathology protocols, internationally accepted this to encourage the widespread use 
of the same protocol in order to compare different study populations.
In many studies LNR is the strongest predictor and superior to the number of positive lymph 
nodes examined 15–17,19,21. The influence of the total number of lymph nodes examined has 
been reported but was not supported by the present or other recent studies 15,20–22,42. Extended 
lymphadenectomy, harvesting more lymph nodes has also not proven to be beneficial 43. As 
demonstrated in this study, a relative low number of lymph nodes harvested still detected the 
prognostic value of LNR and a higher LNR was also associated with poor survival when analysed 
in node positive patients only. Number of node positive patients was within the range of rates 
reported in the abovementioned studies. Bearing in mind that both number of lymph nodes and 
node positive patients often differ between diagnoses. After analyses of patients in whom 12 or 
more lymph nodes were resected, a high LNR was the only predictive factor after adjustment for 
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tumour differentiation, resection margin and adjuvant treatment. And, despite the difference in 
total number of nodes removed, the optimal cut-off for LNR in patients with PDAC was consistent 
with the study published by House et al. emphasising the superiority of the ratio compared to 
the total number of lymph nodes removed 13. Similar results are reported which strengthens 
the value of this ratio that could possibly serve as an optimal cut-off in further studies 20,21. The 
relatively low number of lymph nodes harvested in this present study can partly be explained by 
the routine lymphadenectomy that has always been performed. Only regional lymph nodes were 
resected. Lymph nodes left of the SMA, around the celiac artery and para-aortal lymph nodes 
were not resected 44,45. However suspicious nodes, regardless of there location were sampled, 
and despite the on-going discussion, positive para-aortal lymph nodes were to be considered as 
distant metastases 46.
The negative predictive value of an R1 resection in patients with PDAC was confirmed in this 
cohort. Similar results were published only after the R1 definition was revised 42. Disparities 
regarding the influence of an R1 resection on survival are mainly due to the variety in definitions, 
interpretation and pathology examination and therefore preclude comparison of these studies 
concerning its predictive value 9,10,38,47,48. The foremost limitation of this study is the lack of a 
formal standard pathology examination protocol. However, macroscopic examination of Whipple 
specimen was performed in a standardized way throughout the study period according to the 
protocol decribed in the ‘Surgical pathology dissection guide’ by Westra et al. 37. Marking of all 
margins by the surgeon with different coloured beads and extensive sampling of the tumour 
in relation to relevant anatomical structures and the resection margins has been the standard 
procedure. In addition, all pathology reports have been reassessed according to the 7th TNM 
classification using the current R1 (<1mm margin) definition. Also, in the Netherlands potentially 
(borderline) resectable disease is nowadays defined as a tumour without metastasis, <90° involve-
ment of major arteries and <270° contact with the superior mesenteric/ portal vein without signs 
of occlusion (EudraCTnr: 2012-003181-40). Recently, the ISGPS (International Study Group of 
Pancreatic Surgery) adopted the classification by the National Comprehensive Cancer Network 49. 
During this study period resection criteria were much stricter. Patients eligible for resection could 
have had less extensive tumour growth compared to other populations; this explains a lower R1 
rate and may have influence overall survival. Variation in pathology results between studies may 
therefore imply that the resection status might not be a valuable objective predictor. LNR could 
be a more objective parameter compared to resection margin. This was also presented by Janot 
et al., although a small number of patients were analysed, the authors showed no impact on 
prognosis in patients with PDAC when applying the current R1 definition but the LNR remained a 
strong prognostic factor 50.
Adjuvant chemotherapy was the only prognostic factor that increased survival in patients with 
PDAC. Administering adjuvant chemotherapy should always be encouraged, and although the 
percentage of chemotherapy administered in this cohort was low (36 per cent), it is comparable 
with data from the Dutch national registry 51.
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Postoperative tumour staging is the most important factor in determining the patient’s prognosis. 
The ambiguity concerning the predictive value of LNR, and more so an R1 resection, is therefore 
worrisome. This present nomogram was created to specify the consequences of tumour charac-
teristics on patient’s prognosis by selecting only independent prognostic factors and simplify the 
nomogram published by Brennan and colleagues 8. The authors included variables that were not 
all independently associated with survival after multivariable analysis. However, specific biomark-
ers such as CA 19-9 might add an additional value to the nomogram 52,53.
In conclusion: this study clearly shows the importance of LNR in pancreatic and periampullary 
cancer. The nomogram created for patients with PDAC, including an R1 resection margin, poor 
tumour differentiation, LNR and no adjuvant therapy, has a sufficient predictive power for death 
during 3-year follow-up with a c-statistic of 0.658 (95 per cent CI 0.632-0.698) after internal 
validation and good calibration. LNR, an R1 resection, poor tumour differentiation and jaundice 
were important predictive factors for survival in pancreatic and periampullary cancer and should 
therefore be included during tumour staging in order to accurately determine prognosis of the 
patients.
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