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Background—Current nodal staging (N-staging) of am-pullary carcinoma in the TNM staging
system distinguishes between node-negative (N0) and node-positive (N1) disease but does not
consider the metastatic lymph node (LN) number.
Methods—Overall, 313 patients who underwent pancreatoduodenectomy for ampullary
adenocarcinoma were categorized as N0, N1 (1–2 metastatic LNs), or N2 (≥3 metastatic LNs), as
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proposed by Kang et al. Clinico-pathological features and overall survival (OS) of the three groups
were compared.
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Results—The median number of LNs examined was 11, and LN metastasis was present in 142
cases (45 %). When LN-positive cases were re-classified according to the proposed staging
system, 82 were N1 (26 %) and 60 were N2 (19 %). There was a significant correlation between
proposed N-stage and lymphovascular invasion, perineural invasion, increased tumor size (each p
< 0.001), and surgical margin positivity (p = 0.001). The median OS in LN-negative cases was
significantly longer than that in LN-positive cases (107.5 vs. 32 months; p < 0.001). Patients with
N1 and N2 disease had median survivals of 40 and 24.5 months, respectively (p < 0.0001). In
addition, 1-, 3-, and 5-year survivals were 88, 76, 62 %, respectively, for N0; 90, 55, 31.5 %,
respectively, for N1; and 68, 34, 30 %, respectively for N2 (p < 0.001). Even with multivariate
modeling, the association between higher proposed N stage and shorter survival persisted (hazard
ratio 1.6 for N1 and 1.9 for N2; p = 0.018).
Conclusions—Classification of nodal status in ampullary carcinomas based on the number of
metastatic LNs has a significant prognostic value. A revised N-staging classification system
should be incorporated into the TNM staging of ampullary cancers.
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The clinicopathologic features of ampullary carcinoma remain poorly characterized for a
number of reasons. Ampullary tumors are relatively rare, and the ampulla is anatomically
complex.1–3 Tumors from the pancreas, duodenum, and common bile duct are often
misdiagnosed as ampullary. There has not been a uniform definition of what qualifies as
‘ampullary cancer’, and often non-invasive epithelial lesions have been analyzed, together
with invasive carcinomas. Many studies use the expression ‘periampullary cancers’, an
imprecise term that could refer to any tumor amenable to resection by
pancreatoduodenectomy,4–13 including tumors of the ampulla and its immediate vicinity,14
tumors strictly of the ampulla,15 and tumors of the non-ampullary portion of the
duodenum.16 Therefore, the results have been highly variable and it is not surprising that
some authors continue to question whether ampullary cancer is a distinct entity.17
Recently, the College of American Pathologists proposed a more specific classification of
ampullary cancer.18 This new classification was further refined in subsequent studies.19,20
Studies following these classifications clearly identify ampullary cancers as a distinct
category with vastly different characteristics and outcomes than cancers of neighboring
sites.19,21,22
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In this highly inconsistent literature, few prognostic factors of ampullary cancers have been
identified.15,23–51 Among these, lymph node (LN) status has been identified as an important
predictor of survival in multiple studies.15,26–43 In those studies that found no association
between LN involvement and prognosis,25 the negative result is likely attributable to the
variable definition of ampullary cancer.
Current N staging of ampullary carcinoma in the American Joint Committee on Cancer/
Union for International Cancer Control (AJCC/UICC) TNM classification recognizes only
node-negative (N0) and node-positive (N1) disease. However some studies have also shown
that among LN-positive cases additional information about prognosis can be gleaned from
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the number of metastatic LNs.52–58 The prognostic value of the number of positive LNs has
been shown for several other cancers and is considered in the TNM staging guidelines for
esophageal, gastric, colon, rectal, and breast carcinomas.59 Recently, Kang et al. proposed a
new nodal classification for ampullary carcinoma based on analysis of the Surveillance,
Epidemiology, and End Results (SEER) database as node-negative (N0), 1–2 LN-positive
(N1), and ≥3 LN-positive (N2); this stratification was found to be a significant factor in the
survival analysis. They also verified these findings in their institutional database but limited
information was provided regarding the criteria of inclusion.60
The aim of this study was to determine the frequency and clinical significance of LN
involvement in ampullary adenocarcinomas through analysis of a well-characterized and
pathologically verified cohort.

Author Manuscript

MATERIALS AND METHODS
This study was conducted in accordance with the requirements of the Institutional Review
Boards of all institutions involved.
Study Population

Author Manuscript

A total of 313 cases of invasive ampullary carcinoma (61 % from Emory University, USA;
26 % from the University of California San Francisco, USA; 6 % from Showa University,
Japan; 3.5 % from the University of Pittsburgh, USA, and 3.5 % from Marmara University,
Turkey) with adequate LN sampling, which met the recently established criteria, were
included.18,19 Ampullectomy cases were omitted because of the absence of LN sampling.
Pancreatic, common bile duct, and non-ampullary duodenal carcinomas were excluded
utilizing the purist’s approach, as previously described.61 Only the cases of ampullary origin
with convincing invasive ade-nocarcinoma component verified with pathologic re-review by
the authors were included. Patients with unusual carcinoma types such as undifferentiated
carcinoma with osteoclast-like giant cells or neuroendocrine neoplasms, and patients who
underwent neoadjuvant therapy, were excluded. Demographic, clinical, and survival data
were obtained from medical records.
Criteria for Ampullary Origin and the Site-Specific Classification
Five authors (SB, TT, NO, GEK, and VA) re-evaluated the cases to confirm the ampullary
origin based on the recently established criteria.18,19 Briefly, a tumor was designated as a
primary ampullary carcinoma only if the following criteria were met.
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1.

Its epicenter was located in the lumen or walls of the distal ends (intra-ampullary
component) of the CBD and/or pancreatic duct, or at the ‘papilla of Vater’
(junction of duodenal and ampullary mucosa, as defined by the College of
American Pathologists), or the duodenal surface of the papilla (the duodenal-facing
surface of the ampullary protuberance). For the latter, the case was designated as
‘primary ampullary carcinoma’ rather than duodenal, only if the ampullary orifice
was located clearly within this lesion.

2.

The epicenter of the tumor or >75 % of the bulk of the lesion was in the ampulla.
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Using these strict definitions, there was consensus on ampullary origin of all 313 cases
included in the study. In fact, 68 cases that were originally classified as ampullary
carcinoma were reclassified as carcinomas secondarily involving the ampulla (33 from the
pancreas, 16 from the duodenum, and 19 from the CBD) and were excluded from the study.
Pathology Evaluation: Histopathologic Parameters and Lymph Node (LN) Assessment

Author Manuscript

All 313 cases were subjected to pathology re-evaluation by the authors. Pathologic
parameters such as tumor size, invasive carcinoma size, typing, and perineural/vascular
invasion were reassessed. The cases were classified as intestinal, pancreatobiliary or ‘other’
based on their resemblance to colonic or pancreatic carcinomas, as described
previously.1–3,62 This classification was supported by immunohistochemical expression of
cell-lineage markers, which have also been used for subclassification of pancreatic and
biliary intraductal papillary neoplasms in a subset of the cases (n = 59). A representative
formalin-fixed paraffin-embedded tissue section of these cases was immunolabeled using
the standard avidin–biotin-peroxidase method with antibodies against the intestinal
differentiation markers CK20 (DakoCytomation, Carpinteria, CA, USA), CDX2 (Biogenex,
San Ramon, CA, USA), and MUC2 (Leica Microsystems, Bannockburn, IL, USA) and the
pancreatobiliary differentiation markers CK7 (DakoCytomation), MUC1 (Leica
Microsystems), and MUC5AC (Leica Microsystems).
T-stage of the tumors was also re-analyzed. Four site-specific groups comprising the
ampullary carcinomas were defined, as recently described (Fig. 1).19
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Since cases were identified retrospectively at multiple different institutions, the LN
sampling method utilized at the time of original assessment was not standardized. The
orange-peeling method63,64 was used for cases from Emory University.
The revised N-stage protocol proposed by Kang et al.60 was applied to assign patients into
node-negative (N0), 1–2 LN-positive (N1), and ≥3 LN-positive (N2) cohorts. The data were
analyzed for all patients regardless of the number of LNs examined. Additionally, subset
analysis was performed for cases that had ≥12 LNs examined as 12 is the number of LNs
advocated by the AJCC as the minimum needed for accurate staging of periampullary
cancers treated with pancreaticoduodenectomy.59
Statistical Analysis

Author Manuscript

Kaplan–Meier survival curves were constructed and compared across all three LN
involvement categories using the log-rank test. Additional analyses compared patients with
1–2 metastatic LNs with those with ≥3 affected LNs to further assess the relation between
the extent of LN involvement and survival. This analysis was repeated after excluding
patients with <12 LNs to control for the extent of LN assessment. The cutoff of 12 LNs was
used because it was considered to be an indicator of quality performance.59
Hazard ratios (HRs) and the corresponding 95 % confidence intervals (CIs) reflecting the
association between N stage and survival were calculated using Cox models where patients
with no metastatic LNs represented the reference group. The adjusted model included age,
sex, lymphovascular invasion, T stage, perineural invasion, surgical margin, and site-
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specific classification. Proportional hazard assumptions were tested by inspecting the log–
log curves.

RESULTS
Demographic and Clinicopathologic Data
Overall, 313 patients with invasive ampullary adenocarcinoma were included in this study.
The clinicopathologic characteristics of the study cohort are summarized in Table 1. Mean
age was 64 years (range 27–89), and 59 % were male (n = 183). The mean overall size of the
tumors was 2.7 cm, with mean invasion size of 1.9 cm. Perineural invasion was seen in 35 %
(n = 110) and lymphovascular invasion was present in 65 % (n = 202) of cases.
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With respect to histologic classification, 55 % of tumors (n = 172) were pancreatobiliary
type; 22 % (n = 68) were intestinal type; and 23 % (n = 73) were mixed or other types. Most
of the intestinal-type carcinomas revealed CDX2 (90 %) and MUC2 (85 %) expression;
however, the specificity of these markers for this phenotype was fairly low (61 and 78 %,
respectively). In contrast, all pancreatobiliary-type carcinomas (100 %) were, at least
focally, positive for MUC1 and MUC5AC. The cytokeratin profile was entirely nondiscriminatory, in that CK7 and CK20 were co-expressed in 53 % of all cases available for
immunohistochemical staining. More importantly, CK7, which is regarded as a good marker
of pancreatobiliary differentiation, was expressed in a high proportion (63 %) of intestinal
cases, and CK20, which is generally considered a good marker of the intestinal phenotype,
was expressed in a substantial number (39 %) of pancreatobiliary cases.
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Based on the site-specific classification scheme, 159 cases (51 %) were ampullary, not
otherwise specified; 68 (22 %) were intra-ampullary papillary-tubular neoplasm (IAPN)associated; 60 (19 %) were ampullary duct; and 26 (8 %) were ampullary duodenal.
Median follow-up was 56 months, while overall 1-, 3-, and 5-year survival was 85, 63, and
49 %, respectively.
LN Analysis

Author Manuscript

A total of 142 cases (45 %) had LN metastasis. The median number of LNs examined was
11 (range 1–61), and the number of metastatic LNs among LN-positive cases ranged from 1
to 19 (median 2). Based on the proposed N-staging protocol, 82 cases (26 %) were N1, and
60 (19 %) were N2. In the analysis restricted to cases with more than 12 LNs examined, 66
cases (44 %) were N0, 37 (25 %) were N1, and 47 (31 %) were N2. The percentage of N2
cases at the Emory University, where the orange-peeling method of LN harvesting was
performed,63 was 26 %.
There was a statistically significant association between proposed N stage and frequency of
aggressive tumor characteristics, including lymphovascular invasion (p < 0.001), perineural
invasion (p < 0.001), invasive tumor size (p < 0.001), and surgical margin positivity (p =
0.001).
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With respect to histologic classification, 55 % of pan-creatobiliary-type carcinomas were
N0, 26 % were N1, and 19 % were N2; 68 % of intestinal-type carcinomas were N0, 19 %
were N1, 13 % were N2, and, of the mixed or other type carcinomas, 41 % were N0, 33 %
were N1, and 26 % were N2. When only pancreatobiliary and intestinal carcinomas were
taken into account, the distribution of N stages was not different between pancreatobiliary
and intestinal carcinomas (p = 0.212).
Among the site-specific categories, 74 % of the IAPN-associated carcinoma category were
N0, 19 % were N1, and only 7 % were N2. In contrast, the ampullary-ductal group had the
highest proportion of N2 cases (28 %).
Survival Analysis

Author Manuscript
Author Manuscript

In all patients, the 1-, 3-, and 5-year survival rates were 85, 63, and 49 %, respectively.
Median survival of LN-negative cases was significantly longer than that of LN-positive
cases (107.5 vs. 32 months; p < 0.0001), with 1-, 3-, and 5-year survival rates of 88, 76, and
62 % versus 81, 47, and 31 %, respectively (p < 0.001; Fig. 2a). In the subanalysis of
patients who had 12 or more LNs examined, the difference persisted. The 1-, 3-, and 5-year
survival rates were 85, 76 %, and 64 %, respectively, for LN-negative cases, and 85, 57, and
45 %, respectively, for LN-positive cases (p = 0.04; Fig. 2b). The median survival of
patients with N1 disease was 40 months compared with 24.5 months for patients with N2
disease (p < 0.0001; Fig. 3a). The 1-, 3-, and 5-year survival rates were 90, 55, and, 31.5 %,
respectively, for the N1 group, and 68, 34, and 30 %, respectively, for the N2 group (p <
0.001; Fig. 3a). The corresponding analyses among patients with 12 or more LNs sampled
produced similar results, with median survival estimates of 74 months for N1, and 29
months for N2. The 1-, 3-, and 5-year survival rates among N1- and N2-stage groups with
sufficient (≥12 LNs) sampling were 97, 75, and 52 %, respectively, and 76, 38, and 38 %,
respectively (p = 0.02; Fig. 3b).
In the multivariable Cox regression model adjusted for age, sex, tumor invasion size, tumor
stage, perineural invasion, surgical margin, and site-specific classification, the association
between higher proposed N stage and shorter survival persisted. Using the N0 group as the
reference, the adjusted HRs (95 % CIs) for N1 and N2 were 1.6 (1.1–2.4) and 1.9 (1.1–3.2),
respectively (p value for trend = 0.018) [Table 2]. In these models, age [HR, 1.3 (1.1–1.5, p
= 0.004) for a 10 year increase], lymphovascular invasion [HR, 1.7 (1.1–2.5, p = 0.01)],
perineural invasion [HR, 1.5 (1.1–2.3, p = 0.04)] and surgical margin positivity [HR, 3.3
(1.6–6.9, p = 0.001)] were also statistically significantly associated with survival.

Author Manuscript

DISCUSSION
This large, multi-institutional study of ampullary carcinoma examined the prognostic
implications of the number of positive LNs using recently proposed nodal substages with the
primary outcome of survival after pancreatoduodenectomy for ampullary carcinoma. The
proposed N-staging classification was found to stratify patients by survival outcomes in a
manner that was clinically and statistically significant. The associations between proposed N
stages and survival persisted in a multivariate model that included age, sex, tumor invasion
size, tumor stage, perineural invasion, surgical margin, and site-specific classification.
Ann Surg Oncol. Author manuscript; available in PMC 2015 December 01.
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Historically, ampullary carcinoma has been ill-defined. Recent studies have proposed
guidelines to identify am-pullary carcinoma, which were used in the present study.18,19
Variability in classifying ampullary tumors generated studies with conflicting results, which
led some authors to question the validity that ampullary carcinoma is a distinct entity.17 In
this study, we found that the frequency of LN metastasis in ampullary carcinoma was 45 %,
which is much lower than the documented LN metastasis rate for pancreatic ductal
adenocarcinoma (PDAC) [78 %].22 To account for biases given the retrospective nature of
this study, without the ability to control for the number of LNs sampled, cases with ≥12 LNs
examined were separately analyzed. The rate of LN metastasis was 56 %, which was still
lower than that of PDAC. Furthermore, ampullary carcinoma was found to have a better
clinical outcome than is typical of PDACs.19,22 These differences support the clinical
significance of the defining criteria employed and reinforce the identity of ampullary
carcinoma as a separate clinical entity.
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Multiple studies have shown the association between LN metastasis and shorter survival in
ampullary carcinoma (Table 3).52–58 In many studies, the absence or presence of LN
metastasis was found to be associated with overall survival38,39,41,42 or disease-free
survival15,37,40 in univariate analysis. Only some of these associations persisted in
multivariate analysis.26–36 As an extension of this, LN ratio was also found to be significant
in some studies,44–48 whereas other studies found a different cut-off value of positive LNs to
be significant.52–58
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The current AJCC staging system for ampullary carcinoma stratifies patients into N-stage
groups reflecting only the absence or presence of LN metastasis without consideration of the
number of positive LNs.59 For many other types of carcinomas, the number of positive LNs
had been found to be of prognostic significance and is included in their respective N-stage
guidelines.59 For ampullary cancer, previous studies have found that the number of positive
LNs is associated with survival; however, the value differed in studies with >2, >3, and >4
being advocated.52–58 In their analysis of the SEER database, Kang et al. recently
determined that stratifying positive LNs as N1 (1 or 2 LNs) versus N2 (3 or more LNs) had
significant prognostic value.60 Their findings were separately validated in an institutional
cohort, although the detailed criteria of patient selection for the latter were not provided. In
this study, the value of this nodal substaging was analyzed, and we validated this proposal in
a well-characterized, pathologically-verified cohort, both in univariate and multivariate
survival analysis.
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In addition to the established relationship to survival, the proposed N substage protocol
suggested an association with features observed in aggressive disease, including
lymphovascular invasion, perineural invasion, surgical margin positivity, and invasive tumor
size. This observation is similar to the results found by Kang et al.60
The prognostic differences in three N-stage groups persist in subset analysis of cases with
≥12 LNs examined. The rate of LN-positive cases was 56 % in the ≥12 LN group compared
with 45 % in all patients, suggesting that lack of LN sampling could lead to understaging.
Furthermore, in this subset, the survival curve of N2 category separates more dramatically
from the N0 and N1 groups. Intriguingly, also in this subset, the N0 and N1 groups begin to
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have overlapping survival curves. The fact that N0 and N1 (1–2 metastatic LNs) cases have
similar survival in this better-sampled subset with ≥12 LNs may be attributable to various
factors, one of which is direct invasion of LN being regarded as ‘metastasis’ by AJCC TNM
classification. Some authors believe that direct invasion does not imply the same thing as
true LN metastasis as the cells do not yet have the ability to grow and survive within
lymphatic channels, and extravasate and form self-sustaining colonies in LNs.65 Of note,
due to anatomic complexity, it may be difficult to determine whether an LN is involved
directly or represents true metastasis in the periampullary region. Another possibility for the
similar survivals of N0 and N1 cases in this better-documented group might be that only
cases with the ability to metastasize to multiple LNs represent the true biologic
aggressiveness of the disease. This may also explain why N2 cases are more common than
N1 cases. Regardless, the implication is that an improved LN sampling of
pancreatoduodenectomy specimens enhances the prognostic value of separating LN-positive
cases into N1 and N2 substages. Of note, LN sampling in the pathology gross room can be
augmented by the orange-peeling method yielding improved LN harvest and, consequently,
a better assessment of LN status.63,64 This can then have an impact on prognostication, as
illustrated in the study by Partelli et al.66 In fact, in our study, in cases from the institution
where the orange-peeling method is routinely applied, the frequency of N2 cases was higher
(26 vs. 13.5 % in the remainder); thus, an orange-peeling approach, or other approach that
generates more accurate LN harvest, should be adopted.
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We acknowledge the limitation of this study design. This was a retrospective, multiinstitutional study, therefore the gross dissection method of inspecting and sampling for LNs
and data for the adjuvant therapy was not available. Additionally, retrospective analysis of
data is limited to determining associations between factors and outcomes, and causality
cannot be confirmed. Despite these drawbacks, the present study is important because it
compares the current N-stage guidelines for ampullary carcinoma with proposed guidelines
to create substages within the LN-positive population. The results from the current study
validate the prognostic significance of the substaging proposed by Kang et al., which should
be integrated into future N-stage guidelines for ampullary carcinoma.60

CONCLUSIONS

Author Manuscript

In summary, defined with the revised criteria, ampullary carcinoma is a distinct entity. LN
status is strongly associated with survival. Furthermore, substaging N-stage, as proposed by
Kang et al., with 1–2 LN-positive (N1) and ≥3 LN-positive (N2) cases offers improved
stratification of survival in ampullary carcinoma. Considering that there are very few
established predictors of outcome in ampullary carcinoma, incorporating substaging of LNpositive cases is strongly recommended as a part of the TNM stage of these tumors.
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Site-specific classification of ampullary carcinoma. a IAPN-associated carcinomas are
characterized by a prominent pre-invasive neoplasm (gray areas) that grows predominantly
as an exophytic mass within the distal ends of the common bile duct and main pancreatic
duct. b Ampullary duct carcinomas have minimal pre-invasive component, and invasive
component (black areas) forms a plaque-like stricture at the distal ends of the ducts. c
Ampullary duodenum carcinomas form ulcerovegetative tumors that grow predominantly on
the duodenal surface of the ampulla. d Carcinomas that do not fit in any of these categories
are classified as NOS. IAPN intra-ampullary papillary-tubular neoplasm, NOS not otherwise
specified
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FIG. 2.

Comparison of survival between LN-positive and LN-negative cases. a All cases, and b
cases with 12 or more LNs sampled only. LN lymph node
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FIG. 3.

Comparison of survival between proposed N0 (no positive LNs), N1 (1–2 positive LNs), and
N2 (≥3 positive LNs) cases. a All cases, and b cases with 12 or more LNs sampled only.
LNs lymph node, NA not applicable
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TABLE 1

Author Manuscript

Clinicopathologic features of the study cases (n = 313)
All cases (n = 313)

N0 (n = 171, 55 %)

N1 (n = 82, 26 %)

N2 (n = 60, 19 %)

    Mean

64 ± 12

65 ± 12

65 ± 11

62 ± 12

    Median

65

66

67

63

    Range

27–89

27–86

38–89

35–86

    Female

129 (41.5)

66 (39)

37 (45)

26 (43)

    Male

183 (58.5)

104 (61)

45 (55)

34 (57)

    Mean

27 ± 16

24 ± 15

28 ± 15

33 ± 17

    Median

22

20

25

25

    Range

3–95

3–95

8–80

12–80

    Mean

19 ± 12

16 ± 11

21 ± 12

26 ± 13

    Median

17

15

20

22.5

    Range

2–95

2–95

3–60

7–70

    T1

38 (12)

32 (19)

4 (5)

2 (3)

    T2

128 (41)

81 (47)

34 (42)

13 (22)

    T3

107 (34)

48 (28)

34 (42)

25 (42)

    T4

39 (13)

10 (6)

9 (11)

20 (33)

    Absent

203 (65)

128 (75)

50 (61)

25 (42)

    Present

110 (35)

43 (25)

32 (39)

35 (58)

    Absent

111 (35.5)

86 (50)

21 (26)

4 (7)

    Present

202 (64.5)

85 (50)

61 (74)

56 (93)

    Absent

298 (96)

167 (98)

79 (99)

52 (87)

    Present

12 (4)

3 (2)

1 (1)

8 (13)

    <12

163 (52)

105 (61)

45 (55)

13 (22)

    ≥12

150 (48)

66 (39)

37 (45)

47 (78)

    Ampullary, NOS

159 (51)

87 (51)

41 (50)

31 (52)

    Ampullary duct

60 (19)

25 (15)

18 (22)

17 (28)

    IAPN-associated

68 (22)

50 (29)

13 (16)

5 (8)

    Ampullary duodenum

26 (8)

9 (5)

10 (12)

7 (12)

172 (55)

95 (56)

45 (55)

32 (53)

Age (years)

Gender [n (%)]

Overall tumor size (mm)

Author Manuscript

Invasive tumor size (mm)

T stage (AJCC 2010 staging) [n (%)]

Perineural invasion [n (%)]

Author Manuscript

Lymphovascular invasion [n (%)]

Surgical margin [n (%)]

Harvested lymph node number [n (%)]

Site-specific classification [n (%)]

Author Manuscript

Histologic type [n (%)]
    Pancreatobiliary
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All cases (n = 313)

N0 (n = 171, 55 %)

N1 (n = 82, 26 %)

N2 (n = 60, 19 %)

    Intestinal

68 (22)

46 (27)

13 (16)

9 (15)

    Mixed or other

73 (23)

30 (16)

24 (29)

19 (32)

    Alive

155 (50)

97 (58)

33 (40)

25 (43)

    Dead

153 (50)

71 (42)

49 (60)

33 (57)

Median survival (months)

56

107.5

40

24.5

    1-year survival (%)

85

88

90

68

    3-year survival (%)

63

76

55

34

    5-year survival (%)

49

62

31.5

30

Outcome [n (%)]

AJCC American Joint Committee on Cancer, IAPN intra-ampullary papillary-tubular neoplasm, NOS not otherwise specified

Author Manuscript
Author Manuscript
Author Manuscript
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Author Manuscript

Author Manuscript

1.0

2.1 (1.4–3.0)

3.0 (1.9–4.6)

N0

N1

N2

1.4 (0.9–2.2)

1.0

0.5 (0.3–0.7)

HRa (95 % CI)

1.9 (1.1–3.2)

1.6 (1.1–2.4)

1.0

HRb (95 % CI)

1.2 (0.7–2.0)

1.0

0.6 (0.4–0.9)

HRb (95 % CI)
0.018

p valuec

HR based on Cox proportional hazard model adjusting for age, sex, invasion size, T stage, surgical margin, site specific lassification

c
p value based on Chi square test (Wald test)

b

<0.0001

p valuec

HR based on Cox proportional hazard model only, including N stage

a

CI confidence interval, HR hazard ratio

HRa (95 % CI)

N stage

Author Manuscript

Comparison of hazard ratios by proposed N stage in all cases

Author Manuscript
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TABLE 3

Author Manuscript

Different number (cut-off value) of positive lymph nodes deemed to be significant in the literature
Author, year

No. of

Cut-off

cases

Comments

Risk assessment

values

determined by

Shroff et al. 52

92

0, 1–3, or > 3

Disease-free and overall
survival

Sakata et al.53

71

0, 1–3, or ≥4

The number of positive LNs better predicts the
outcome than the LN ratio

Lee et al.54

52

≥3

In univariate analysis, the number of positive LNs,
and LN ratio and LN location are significantly
correlated with survival

Recurrence and survival

In multivariate analysis, the factor of ≥3 metastatic LNs
is the only independent prognostic factor

Author Manuscript

Choi et al.55

78

0–1 or ≥ 2

Sommerville et al.56

39

0, 1–3, or > 3

>3 vs. 0 metastatic LN hazard ratio is significant

Overall survival

≥4

In univariate analysis, the presence of metastatic LNs, and
their number and ratio are significantly correlated
with survival

Overall survival

0, 1–3, or ≥4

The number, not the location, of metastatic LNs
independently
affects long-term survival

Overall survival

LN number and presence of metastatic LNs do not affect
overall survival

Recurrence and
overall survival

≥2 metastatic LNs significantly affects disease-free survival

Sierzega et al.57

Sakata et al.58

111

62

LNs lymph nodes
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Author Manuscript
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