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ABSTRACT

Background
Lymphatic dissemination is an important predictor of survival in patients with ade-
nocarcinoma of the ampulla of Vater. The incidence and clinical consequences of 
extracapsular lymph node involvement (LNI) in patients who undergo resection are 
unknown.

Methods
In a consecutive series of 160 patients with adenocarcinoma of the ampulla of Vater, 
75 (46·9 per cent) had positive lymph nodes (N1). The relation of extracapsular LNI 
with tumor stage and number of positive nodes was evaluated and its prognostic 
significance analyzed.

Results
Extracapsular LNI was identified in 44 (59 per cent) of the 75 patients. Median over-
all survival was 30 and 18 months in patients with intracapsular and extracapsular 
LNI respectively (P=0·015). The 5-year overall survival rate was 20 and 9 per cent 
respectively, compared with 59 per cent in patients without LNI (N0). Extracapsular 
LNI and tumor differentiation were independent prognostic factors for survival. In 
patients with N1 disease, extracapsular LNI was the only significant prognostic factor 
for recurrent disease after radical resection (R0).

Conclusion
The presence of extracapsular LNI identifies a subgroup of patients who have a sig-
nificantly worse prognosis. Adjuvant therapy is advised following resection in these 
patients.
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237Chapter 14 Significance of Extracapsular Lymph Node Involvement

INTRODUCTION

The various types of periampullary malignancy (adenocarcinoma of the ampulla 
of Vater, or of the distal bile duct, pancreatic head or duodenum), although locally 
closely related, vary significantly in prognosis following resection.1-3 With an overall 
5-year survival rate of 37 per cent in large series, patients with adenocarcinoma of 
the ampulla of Vater have a more favorable prognosis after radical resection than 
those with other periampullary malignancies.1;4 A much lower frequency of local 
invasion, (peri)vascular and (peri)neural invasion, compared with that in patients 
with pancreatic carcinoma, has been proposed to explain part of this difference.4 The 
relatively early clinical presentation and location further away from the mesenteric 
root increase the likelihood of achieving a radical margin-free resection. Prognosis 
depends greatly on the presence and extent of lymph node dissemination, as demon-
strated in a previous study from the authors’ department.4 In accordance with results 
from other groups, the actuarial overall 5-year survival rate of approximately 60 per 
cent for patients without lymph node metastasis (N0) dropped to 40 per cent for 
patients with one affected lymph node, and to zero in patients with multiple affected 
lymph nodes.4-10

Extracapsular lymph node involvement (LNI) is defined as the extension of cancer 
cells beyond the nodal capsule into the perinodal fatty tissue.11 In gastric, head–neck 
and esophageal cancer, the presence of extracapsular LNI correlates significantly 
with prognosis.12-16 A recent systematic review of the significance of extracapsular 
LNI in gastrointestinal malignancy highlighted the importance of assessing extraca-
psular LNI in the surgical specimen, as this enables the identification of a subgroup 
of patients with a significantly worse long-term survival.11 Extracapsular LNI has 
been suggested to occur as a late event in cancer progression and, as such, to act as 
a biological marker for aggressive nodal disease.11;17 The presence of extracapsular 
LNI possibly reflects the invasiveness and thus aggressiveness of the primary tumor. 
Whether extracapsular LNI is associated with local or hematogenous recurrent dis-
ease has not been clarified.

Further refinement of lymph node staging extends the established role of lymph 
node dissemination as one of the most important factors in predicting the prognosis 
of patients with ampullary carcinoma. Detection and quantification of extracapsular 
LNI in the surgical resection specimen of resected ampullary adenocarcinoma might 
be helpful in staging and in individualizing adjuvant strategies.

The aim of the present study was to assess the incidence and extent of extracap-
sular LNI in a consecutive series of patients with adenocarcinoma of the ampulla of 
Vater, who underwent resection with curative intent. The relation of extracapsular 
LNI with tumor stage and number of positive nodes was evaluated, and its prognostic 
significance with respect to survival (tumor recurrence) analyzed.
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mETHODS

Between January 1992 and February 2006, a consecutive series of 649 patients 
underwent pancreatoduodenectomy (PD), or the pylorus-preserving modification, 
for a suspected periampullary malignancy at the authors’ institution. The clinico-
pathological data were collected prospectively in a database. Operations were per-
formed with curative intent, in the absence of extensive local invasion (defined as 
involvement of the portal vein or major arteries, or infiltration of the mesocolon or 
retroperitoneum) and/or distant metastases. A total of 160 patients had adenocarci-
noma of the ampulla of Vater and were included in the study; this group consisted 
of the cohort used in a previous study4 to which was added patients who had subse-
quently undergone resection.4 Routine postoperative chemotherapy and/or radiation 
therapy was not part of the treatment strategy, but was given to two patients who 
participated in an ongoing European Organization for Research and Treatment of 
Cancer (EORTC) trial.18

Routine diagnostic workup consisted of standard abdominal ultrasonography 
with subsequent staging by thin-slice spiral computed tomography (CT).19 Diagnos-
tic laparoscopy, diagnostic endoscopic retrograde cholangiopancreaticography with 
or without subsequent endoscopic drainage, as well as endoscopic ultrasonography 
were not used consistently, owing to changing diagnostic strategies over the years.19;20

The standard surgical procedure consisted of a pylorus-preserving pancreatodu-
odenectomy (PPPD), as described previously, with concomitant dissection of the 
regional lymph nodes at the anterior and posterior face of the head, around the com-
mon and proper hepatic artery, in the hepatoduodenal ligament, and lymph nodes 
to the right of the superior mesenteric vein.19;21;22 When para-aortic nodes or nodes 
at the celiac trunk were found to be positive at frozen-section examination during 
laparotomy, resection was not carried out, and palliative biliary and gastric bypass 
was performed together with a celiac plexus neurolysis. When tumor ingrowth in 
the proximal duodenum/pylorus was suspected, a classical Whipple procedure was 
performed. Reconstruction consisted of a retrocolic jejunal loop with an end-to-side 
pancreaticojejunostomy, hepaticojejunostomy, and gastrojejunostomy or duodenoje-
junostomy.

At pathological examination lymph nodes in the operative specimen were identi-
fied by palpation, and subsequently resected and evaluated. Pathological findings 
were recorded in a standard format: pathological tumor node metastasis (pTNM) 
stage, grade of differentiation, radicality, total number of resected lymph nodes and 
total number of positive lymph nodes, including their location. If necessary, larger 
lymph nodes were cut in two and routine hematoxylin and eosin staining was per-
formed using a standard protocol. No additional immunohistochemical staining 
techniques were used to detect micrometastases. In patients with initially identified 
positive lymph nodes, surgical specimens were re-examined by a pathologist expe-
rienced in gastrointestinal malignancy (F.J.W.t.K.). Reassessment of pTNM stage 
was performed, as well as of differentiation grade, radicality and presence of neural 
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239Chapter 14 Significance of Extracapsular Lymph Node Involvement

and/or vascular ingrowth. The total number of resected lymph nodes, total number 
of positive lymph nodes and presence of extracapsular LNI were reexamined. The 
definition of extracapsular LNI has been described previously and was defined, in 
short, as metastatic adenocarcinoma extending through the nodal capsule into the 
perinodal fatty tissue (Fig. 1, 2).15

The pTNM staging system of the International Union Against Cancer (UICC) 
was used to classify patients according to pathological findings.23 Tumor-positive 
para-aortic nodes (group 16) and positive nodes at the celiac trunk or mesenteric root 
were considered as distant metastasis (M1). Lymph nodes surrounding the anterior 
and posterior face of the head were considered to be regional lymph nodes. R0 resec-
tion was defined as microscopically complete removal during an uncontaminated 
operation with a radical margin, that is, with no tumor cells at the margin.

1 2

 

Figure 1  Lymph node with intracapsular tumor involvement (arrowhead), embedded in perinodal 
fat tissue (arrows). An imaginary line representing the capsule is drawn to facilitate 
assessment of extracapsular growth.

Figure 2  Adenocarcinoma (arrowheads) extending through the capsule into the perinodal fat 
tissue; the capsule is completely destroyed as a result of tumor growth. LNI, lymph 
node involvement

R1 resection was defined as macroscopically complete removal of disease but with 
microscopic evidence of residual tumor at the resection margin of the anterior, poste-
rior or superior mesenteric vein groove surface, or at the proximal, distal duodenal–
pancreatic body–common bile duct transection margin.

Patients were followed up at regular intervals for up to 5 years after discharge, 
depending on the surgeon’s discretion. Death, irrespective of cause, was regarded as 
a negative outcome in all cases. To obtain definitive follow-up data, general practition-
ers were contacted. Overall survival rates were calculated from the date of operation 
until death, or until the time of last visit to the outpatient clinic or to the general prac-
titioner. CT was not performed routinely during follow-up, unless recurrence of dis-
ease was suspected on clinical grounds; if indicated, palliative treatment was offered.
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Statistical Analysis
Statistical analysis was performed using SPSS software version 14.0 (SPSS, Chicago, 
Illinois, USA). To compare categorical data, Pearson’s χ2 test was used or, when a 
table had a cell with an expected frequency of less than five, Fisher’s exact test. The 
Mann–Whitney U test was used to compare continuous variables. P<0·050 was con-
sidered statistically significant. Survival rates were calculated on an actuarial basis 
using the Kaplan–Meier method. Univariable analysis of specific predictive factors 
for survival was performed with the log rank test. Multivariable analysis of all signifi-
cant factors was performed with the Cox proportional hazards model with simulta-
neous inclusion of the significant predictive factors.

RESULTS

The overall in-hospital mortality rate in the 160 patients diagnosed with invasive 
adenocarcinoma of the ampulla of Vater was 3·8 per cent (6 patients, compared with 
nine (1·4 per cent) in the total group of 649 patients), and the surgery-related morbid-
ity rate was 48·8 per cent (78 patients). Relaparotomy was performed in 23 patients 
(14·4 per cent), mainly for pancreatic leakage and postoperative hemorrhage.

Table 1 Clinicopathological characteristics of patients with intracapsular and extracapsular 
lymph node involvement.

Intracapsular LNI Extracapsular LNI
Characteristic (n=31) (n=44) P†

Mean(s.d.) age (years) 63(10) 64(9) 0·644
Sex ratio (M : F) 18 : 13 30 : 14 0·369
Tumor stage

T1 1 2 0·373
T2 12 9
T3 8 13
T4 10 20

Perineural invasion
No 21 32 0·641
Yes 10 12

No. of resected nodes* 7 (2–27) 10 (2–24) 0·011
No. of positive nodes* 1 (1–5) 3 (1–13) <0·001
Radicality of resection

R0 24 35 0·825
R1 7 9

Differentiation
Moderate 13 20 0·762
Poor 18 24

* Values are median (range). LNI, lymph node involvement; R0, microscopically radical resection; 
R1, microscopically tumor left behind. †Fisher’s exact test, χ2 test or Mann–Whitney U test as 
appropriate.
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Table 2 Unadjusted analysis of specific patient related factors and tumor characteristics 
predictive for survival in 75 patients with positive lymph nodes, using the log-rank 
test.

Disease-specific survival Overall survival
median 
survival 
(months) Unadjusted HR P*

median 
survival 
(months) Unadjusted HR P*

Age (years)
≤65 24 24
>65 21 0·84 (0·48, 1·46) 0·538 21 1·08 (0·64, 1·80) 0·808

Sex
M 25 24
F 19 1·38 (0·80, 2·40) 0·25 19 1·36 (0·80, 2·31) 0·243

pT-stage
T1-2 35 0·080 26 0·254
T3 23 1·54 (0·75, 3·20) 22 1·40 (0·72, 2·74)
T4 19 2·15 (1·09, 4·25) 19 1·71 (0·90, 3·24)

Perineural invasion
No 24 21
Yes 23 1·11 (0·62, 1·97) 0·724 20 1·07 (0·61, 1·84) 0·849

Perivascular invasion
No 24 24
Yes 22 1·24 (0·53, 2·92) 0·624 21 0·87 (0·42, 1·78) 0·699

Extracapsular LNI
No 41 30
Yes 19 2·19 (1·23, 3·88) 0·006 18 1·94 (1·13, 3·34) 0·015

No. of positive nodes 
≤3 24 22
>3 20 1·70 (0·96, 3·01) 0·064 16 1·58 (0·91, 2·74) 0.098

Residual tumor status
R0 24 23
R1 13 2·02 (1·10, 3·71) 0·021 13 1·74 (0·96, 3·17) 0.062

Differentiation
Moderate 28 26
Poor 16 1·81 (1·05, 3·12) 0·029 16 1·88 (1·12, 3·15) 0.015

Values in parentheses are 95 per cent confidence intervals. HR, hazard ratio; pT, pathological tumor; 
LNI, lymph node involvement. *Log rank test (variables with P ≤ 0·100 are considered significant).

Seventy-five patients (46·9 per cent) had positive lymph nodes (N1). A total of 754 
lymph nodes was resected from these 75 patients, with a median of 10 (range 2–27) 
resected nodes per patient. Metastatic tumor was detected in 234 of the 754 nodes, 
indicating a median of 3 (range 1–13) positive nodes, which were all re-examined for  
tumor growth beyond the capsule. Extracapsular LNI was subsequently identified in 
100 (42·7 per cent) of the 234 positive nodes, occurring in 44 (59 per cent) of the 75 
patients with N1 disease. Three patients had distant nodal metastases classified as 
M1.

Challenging dogmas in pancreatic surgery_007.indd   241 20-9-2012   13:49:37



Pa
rt

 IV
 

D
ia

gn
os

is
 a

nd
 P

ro
gn

os
is

 o
f H

ep
at

op
an

cr
ea

tic
ob

ili
ar

y 
D

is
ea

se
s

242

Age, sex, pT stage, presence of perineural and/or perivascular invasion, radicality 
of resection (R0 versus R1) and grade of differentiation did not differ significantly 
between patients with or without extracapsular LNI (Table 1). Extracapsular LNI was 
seen more often in patients with a greater number of positive nodes (P<0·001).Dif-
ference in surgical technique (PD, eight patients (11 per cent); PPPD, 67 patients (89 
per cent)) did not result in a significant difference in the number of lymph nodes 
resected (data not shown).

The median length of follow-up for the entire group was 28 (range 0·2–172) 
months. No patient was lost to follow-up. Of the 75 patients with nodal metastasis 
(N1), 61 died during follow-up: one patient (1 per cent) died in hospital from postop-
erative complications, six patients (8 per cent) died from unrelated causes, and 54 
(72 per cent) from recurrent disease. In the 85 patients without nodal metastasis 
(N0), median overall survival was 104 (95 per cent confidence interval (c.i.) 61 to 146) 
months, with a 5-year overall survival rate of 59 per cent (P<0·001) (Fig. 3).

Table 3 Adjusted Cox proportional hazard analysis of survival for significant unadjusted 
prognostic factors with a P ≤ 0.1.

Disease-specific survival Overall survival
Characteristic Adjusted HR P* Adjusted HR P*

pT-stage
T1-2
T3 1·43 (0·67, 3·02) 0·355
T4 1·23 (0·56, 2·69) 0·601

Extracapsular LNI
No
Yes 2·32 (1·23, 4·40) 0·010 2·17 (1·19, 3·94) 0·011

No. of positive nodes 
≤3
>3 0·82 (0·40, 1·65) 0·572 0·81 (0·41, 1·58) 0·531

Residual tumor status
R0
R1 1·94 (0·95, 3·98) 0·071 1·72 (0·91, 3·26) 0·096

Differentiation
Moderate
Poor 1·90 (1·00, 3·60) 0·051 1·91 (1·08, 3·37) 0·026

Values in parentheses are 95 per cent confidence intervals. HR, hazard ratio; pT, pathological tumor; 
LNI, lymph node involvement. *P ≤ 0. 050 is considered significant.
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Figure 3  and Figure 4  Respectively overall and disease-specific Kaplan–Meier survival curves 
for patients with adenocarcinoma of the ampulla of Vater without (N0) and 
with intracapsular (iLNI) or extracapsular (eLNI) lymph node involvement. 
P<0·001 (log rank test).
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Median overall survival in patients with intracapsular LNI was 30 (95 per cent c.i. 20 
to 40) months, compared with 18 (13 to 23) months in those with extracapsular LNI 
(P=0·015) (Table 2). Five-year overall survival rates were 20 and 9 per cent for intra-
capsular and extracapsular LNI respectively.

Median disease-specific survival, defined as death from disease and calculated 
by censoring non-disease-specific deaths, was 41 (95 per cent c.i. 25 to 57) months in 
patients with intracapsular LNI versus 19 (13 to 25) months for those with extracapsu-
lar LNI (P=0·006) (Table 2). In patients without nodal metastasis (N0), the median 
disease-specific survival was not reached. The 5-year disease-specific survival rate 
was 64 per cent in patients with N0 disease, compared with 24 and 9 per cent for 
intracapsular and extracapsular LNI respectively (P<0·001) (Fig. 4). One of the 44 
patients with extracapsular LNI survived for more than 5 years.

In patients with positive lymph nodes, significant (P ≤ 0·100) prognostic indica-
tors for both overall and disease-free survival were extracapsular LNI, the number 
of positive nodes, tumor differentiation and residual tumor status; pT stage was sig-
nificant only for disease-specific survival (Table 2). Cox proportional hazard analysis 
of these variables demonstrated extracapsular LNI to be an independent prognostic 
factor for both overall and disease-specific survival; tumor differentiation was an 
independent prognostic factor only for overall survival (Table 3).

Some 59 (79 per cent) of the 75 patients had a negative residual tumor status (R0 
resection). In these patients extracapsular LNI was the only prognostic variable for 
recurrence of disease (odds ratio 4·83 (95 per cent c.i. 1·47 to 15·87); P=0·007).

DISCUSSION

The number and location of positive nodes, as well as the presence of micrometas-
tasis in lymph nodes, have all been suggested as prognostic parameters in lymph 
node-positive patients with adenocarcinoma of the ampulla of Vater.4;6;7;9;10;24 The pre-
sent study has shown extracapsular LNI and grade of tumor differentiation to be 
independent prognostic factors for survival in patients with positive lymph nodes.

Extracapsular extension of nodal metastases has been found to be a significant 
prognostic factor in various malignancies, including several gastrointestinal carcino-
mas.12-16;25;26 The major importance of extracapsular LNI in the prognosis of patients 
with breast cancer has led to the proposal of specific treatment strategies for this 
subgroup of patients, involving a more radical resection at an earlier stage.17;27 Stud-
ies that address the presence and implications of extracapsular LNI in patients with 
adenocarcinoma of the ampulla of Vater, or any other periampullary malignancy, 
do not exist to the authors’ knowledge. The incidence of extracapsular LNI in these 
patients is also unknown.
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Extracapsular LNI has been suggested to reflect cancer progression and thus to 
occur at an advanced tumor stage.11 In the present series of patients with adenocarci-
noma of the ampulla of Vater and positive nodes, a significant correlation was found 
between the number of positive nodes resected and the number of lymph nodes with 
extracapsular disease. A higher number of positive nodes increased the likelihood of 
having nodes with extracapsular LNI. Although a higher number of positive lymph 
nodes is an established prognostic factor for survival, extracapsular LNI remains to 
be shown as an independent prognosticator. In contrast to other series, this study did 
not demonstrate a significant correlation between the occurrence of extracapsular 
LNI and (an advanced) pT stage.13;15;16;25

The UICC TNM classification recommends a minimum of ten lymph nodes for 
adequate pathological assessment of nodal status.23 Recognized factors in determin-
ing the number of lymph nodes found in a resection specimen are anatomical differ-
ences between patients, type of surgical resection and the diligence of the pathologist 
in recovering nodes from the resection specimen.28 An audit of pathology lymph node 
dissection techniques revealed that a detailed knowledge of the anatomical distribu-
tion of lymph nodes in PD specimens, for example according to the Japan Pancreas 
Society classification, significantly improved lymph node yield.28;29 A drawback of the 
present study is that such a classification had not been implemented in the pathology 
protocol for lymph node dissection in the authors’ institution. Although the mean 
number of lymph nodes in the present series met the UICC TNM classification, in 
some individual patients the number was lower and may therefore have hampered 
adequate assessment of nodal status and influenced overall results. Despite the lower 
total number of lymph nodes resected after standard PD compared with other series, 
the median number of resected positive lymph nodes in the present study, at least for 
ampullary adenocarcinoma, was in accordance with that in other large series.5;10;30-32 
Notwithstanding the fact that a more detailed knowledge of lymph node distribution 
might have improved lymph node detection, it is questionable whether this would 
have yielded more positive lymph nodes and thus significantly influenced the role of 
extracapsular LNI as an independent prognostic variable. It might even be suggested 
that, once a lymph node with extracapsular LNI has been found, further search for 
positive nodes is unnecessary.

The relevance of achieving a microscopically margin-free resection (R0) in onco-
logical surgery, with respect to recurrent disease, is obvious, and has recently been 
identified as one of the most important contributions of surgery to long-term sur-
vival in patients with pancreatic cancer.33 The present study has demonstrated that, 
in patients with ampulla of Vater adenocarcinoma and positive lymph nodes, extraca-
psular LNI is the only independent factor for recurrent disease, irrespective of resid-
ual tumor status, underlining its prognostic importance. The reason for this high 
recurrence rate is not clear. Extracapsular LNI might reflect an extensive lymphatic 
spread, potentially leading to lymphatic obstruction.11 It has been suggested that 
lymph vessel obstruction might lead to the retention and reflux of lymph, resulting in 
a lymphaticovenous communication with subsequent hematogenous metastasis34;35
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More aggressive treatment of patients with pancreatic or periampullary adeno-
carcinoma, by performing a radical pancreatoduodenectomy consisting of a standard 
resection (removing peripancreatic lymph nodes en bloc with the specimen) extended 
with a distal gastrectomy and retroperitoneal lymphadenectomy, does not result in 
a survival benefit, but increases morbidity.30;36;37 Further advances in the treatment 
of patients with adenocarcinoma of the ampulla of Vater are therefore more likely to 
be achieved from adjuvant treatment strategies (chemotherapy and/or radiotherapy). 
Unfortunately, experience with adjuvant therapy in these patients has been limited, 
in contrast to that in pancreatic cancer, and to date no high-level evidence for any 
benefit of such therapy exists. In a study from Johns Hopkins, Baltimore, Maryland, 
USA, on the long-term results after resection of pancreatic/periampullary carcinoma, 
adjuvant chemotherapy or radiation therapy was offered to only a small proportion of 
patients with ampullary adenocarcinoma and did not demonstrate any difference in 
outcome.38 Lee and colleagues39 concluded from a relatively small series of resected 
ampullary adenocarcinoma with limited follow-up that adjuvant chemoradiation 
may improve long-term disease control in patients at high risk of disease relapse 
(with nodal metastases or T3 disease).39 In the EORTC trial, no significant benefit 
was found after routine administration of adjuvant chemoradiation (radiotherapy in 
combination with 5-fluorouracil) in either pancreatic or periampullary carcinoma.18 
Whether all periampullary carcinomas in this study were adenocarcinoma of the 
ampulla of Vater was not clear. A subanalysis by risk stratification (nodal status, 
residual tumor status, pT stage, etc.) was not reported.

The overall favorable outcome after resection of adenocarcinoma of the ampulla 
of Vater, together with its low prevalence, might account for the expectant attitude 
towards initiating adjuvant therapy. The presence of extracapsular LNI, however, 
identifies a subgroup with a poor prognosis and high recurrence rate that might 
benefit from an adjuvant strategy. In the light of adjuvant strategies with new chemo-
therapeutic agents being developed for pancreatic cancer that delay recurrence after 
complete resection, the question arises of whether or not patients with adenocarci-
noma of the ampulla of Vater and nodal metastasis (N1) should be offered the same 
treatment regimen40 This issue may be even more relevant when extracapsular LNI 
is found.

The present study has shown that, in patients with an adenocarcinoma of the 
ampulla of Vater, extracapsular LNI identifies a subgroup with a significantly worse 
long-term survival. Extracapsular LNI is an independent prognostic variable for 
recurrent disease in patients undergoing a microscopically margin-free resection 
(R0). Assessment of this feature should be included in the protocol of pathological 
examination of the surgical specimen. The development of adjuvant treatment strate-
gies is recommended for patients with N1disease, especially those who present with 
extracapsular LNI.
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