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Assessment of the external validity of the AJCC 8th staging system 
for small intestinal adenocarcinoma: a time to reconsider the role 
of tumor location?
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Background: The current study evaluates the validity and performance of the 8th edition of the American 
Joint Committee on Cancer (AJCC) staging system for small intestinal adenocarcinoma patients.  
Methods: Surveillance, Epidemiology and End Results (SEER) database [2004–2015] was explored and 
AJCC 6th, 7th, and 8th versions were assigned for each patient. Through Kaplan-Meier estimates, overall 
survival analyses were conducted. Cox regression analysis (adjusted for age, race, gender, sub-site, grade 
and surgical treatment) was conducted for cancer-specific survival and additionally, pairwise hazard ratio 
comparisons were performed. 
Results: A total of 2,997 small intestinal adenocarcinoma patients were eligible and included in the 
analysis. Overall survival was compared according to the three AJCC staging systems. For the three versions, 
the P value for the trend in overall survival was significant (P<0.0001). Cancer-specific Cox regression hazard 
was calculated for the three staging systems. Pairwise hazard ratio comparisons between different AJCC 
6th stages were conducted and all P values for comparisons were significant (P<0.0001). Pairwise hazard 
ratio comparisons between different AJCC 7th and 8th stages were also performed, and all comparisons 
were significant (P<0.05) except for stage IIB vs. IIIA. C-statistic (using death from small intestinal 
adenocarcinoma as the dependent variable) for AJCC 6th staging system was: 0.645 [standard error (SE): 0.011;  
95% CI: 0.623–0.668]; for c-statistic for AJCC 7th staging system was 0.658 (SE: 0.011; 95% CI: 0.637–0.680); 
while c-statistic for AJCC 8th staging system was 0.660 (SE: 0.011; 95% CI: 0.638–0.682). Multivariate 
analysis of factors affecting cancer-specific survival suggested that older age (P=0.005), higher lymph node 
ratio (P<0.0001) and duodenal localization of the primary are associated with worse outcomes (P=0.008). 
Conclusions: There is no evidence that AJCC 8th system provided better prognostic characterization 
compared to previous AJCC staging systems for small intestinal adenocarcinoma. Subsite-specific staging 
paradigms should be explored in future editions of the staging system. 
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Introduction

Small intestinal adenocarcinoma represents a rare and an 
understudied entity within gastrointestinal malignancies (1).  
Staging and treatment paradigms for this disease were 
developed primarily following those for colon cancer (2). 

Recently, the American Joint Committee on Cancer 
(AJCC) has updated its staging system for small intestinal 
adenocarcinoma in order to make it more in line with colon 
cancer staging (3). The most important changes put forward 
in the new staging system included the definition of N1 
stage as metastasis in 1–2 lymph nodes and the definition of 
N2 stage as metastasis in three or more lymph nodes. Other 
subtle changes were proposed in the differentiation between 
T3 and T4 sub-stages (the description of the extent of 
penetration into retroperitoneum was omitted). Table 1 
provides a summary of the three most recent versions of the 
AJCC staging system for small intestinal adenocarcinoma.

The stage is an important determinant of treatment 
strategies for small intestinal adenocarcinoma (in addition 
to other patient- and disease-related parameters) (4). 
Unfortunately, few studies have discussed in depth the 
relevance and external performance of different AJCC 
staging systems for small intestinal adenocarcinoma which 
might have left practicing physicians bewildered as to 
the best prognostic model to adopt when treating those 
patients.

It is really important to externally assess novel staging 
models in a population-based setting. This should confirm 
the importance of the changes put forward in the new system 
as well as clarify any possible defects to be dealt with in future 
staging system editions (5). Thus, the objective of the current 
study is to evaluate the 8th AJCC staging system for small 
intestinal adenocarcinomas in comparison to previous staging 
systems (6th and 7th systems) in a cohort of small intestinal 
adenocarcinoma patients derived from the surveillance, 
epidemiology and end results (SEER) database (6).

Methods

The current analysis was based on a study cohort extracted 
from the SEER-18 registry (through SEER*stat software). 
In order to choose the study cohort, the following criteria 
were considered: Diagnosis from 2004–2015 (in order 
to ensure completeness of staging data), ICD-O-3/
WHO 2008 category of “small intestine” and histology 
of adenocarcinoma. Records with inadequate information 
about 6th AJCC stage or records with neuroendocrine 

histologies as well as other non-epithelial histologies were 
excluded. Additionally, records with inadequate information 
about the number of examined or dissected lymph nodes 
were excluded.

Relevant data were then sought from each record in 
the included cohort; including: age at diagnosis, gender, 
ethnicity, sub-site within the intestine, stage (according 
to AJCC 6th, 7th, and 8th systems), grade, diagnosis 
confirmation, staging approach (clinical or pathological), 
surgical treatment, sites of distant metastases (for patients 
diagnosed starting from 2010). Survival parameters were 
also collected (including vital status, survival months and 
cause of death). Cancer-specific survival was defined as the 
time from small intestinal adenocarcinoma diagnosis to 
death from small intestinal adenocarcinoma.

Statistical analyses

For overall survival analyses according to AJCC 6th, 7th, 
and 8th systems, Kaplan-Meier survival calculation together 
with log/rank testing were used. Cancer-specific Cox 
regression hazard analyses were also evaluated for the three 
systems (adjusted for age, race, gender, sub-site, grade 
and surgical treatment). Concordance index (c-statistic) 
was also calculated for the three staging systems. Death 
from small intestinal adenocarcinoma was used as the 
dependent variable (7). All reported P values were two-
sided. All analyses were performed through SPSS program  
(v.20, NY, IBM). 

Results

A total of 2,997 patients with small intestinal adenocarcinoma 
(diagnosed 2004–2015) were included in the study 
cohort. The age group of 40–69 years represented 56.7%  
and males comprised 54.9% of the study cohort. Table 2 
clarifies other baseline characteristics of the study cohort. 
Distribution of patients according to the three staging 
systems was also revealed. Clinically-staged patients 
represented 3.6% of the study cohort. Ninety-four percent 
of the patients were treated with some form of radical 
surgery. Fifty-nine point five percent of the patients have 
lymph node dissection of at least 12 lymph nodes. Because 
chemotherapy and radiotherapy were reported generally 
as a yes or no/unknown options without reporting of their 
details (i.e., dose/schedule) and the certainty of reporting 
is not confirmed (i.e., some patients with no/unknown 
category could have received chemotherapy or radiotherapy 



423Journal of Gastrointestinal Oncology, Vol 10, No 3 June 2019

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2019;10(3):421-428jgo.amegroups.com

without corresponding reporting in the database), they were 
not included into further survival analysis. 

Survival outcomes

Overall survival was compared according to the three 
AJCC staging systems. For the three versions, the P value 
for the trend in overall survival was significant (P<0.0001)  
(Figure 1A,B,C).

The cancer-specific Cox regression hazard (adjusted for 
age, race, gender, sub-site, grade and surgical treatment) 
was calculated for the three staging systems. Pairwise 
hazard ratio comparisons between different AJCC 6th stages 
were conducted and all P values for comparisons were 
significant (P<0.0001) (Figure 2A). Pairwise hazard ratio 
comparisons between different AJCC 7th and 8th stages were 
also performed and all comparisons were significant (P<0.05) 
except for stage IIB vs. IIIA (Figure 2B,C).

C-s ta t i s t ic  (us ing  death  f rom smal l  intes t ina l 
adenocarcinoma as the dependent variable) for AJCC 6th 
staging system was: 0.645 [standard error (SE): 0.011; 
95% CI: 0.623–0.668]; for c-statistic for AJCC 7th staging 
system was 0.658 (SE: 0.011; 95% CI: 0.637–0.680); while 
c-statistic for AJCC 8th staging system was 0.660 (SE: 0.011; 
95% CI: 0.638–0.682).

When the c-statistic calculation was repeated in the 
subset of patients with adequate lymph node dissection 
(at least 12 lymph nodes), similar c-statistic results were 
obtained for the three staging system.

Prognostic value of lymph node ratio and primary tumor 
localization

An additional assessment of the prognostic value of lymph 
node ratio was conducted through a Cox regression model 
for cancer-specific survival adjusted for age, race, gender, 
sub-site, grade and surgical treatment. In that model, higher 
lymph node ratio was strongly predictive of worse cancer-
specific survival (P<0.0001). Notably within the same 
survival model, other parameters associated with worse 
cancer-specific survival include older age (≥70 years old)  
(P=0.005) and duodenal localization of the primary 
(P=0.008). 

In order to elaborate more on the impact of primary 
tumor localization on the outcomes of small intestinal 
adenocarcinoma, an additional assessment of the 5-year 
cancer-specific survival was conducted according to AJCC 
6th stage and primary tumor location. Consistent with 
the above findings, the duodenal primary has the worst 
5-year cancer-specific survival across all stages (Table 3). 
An additional comparison was done to the 5-year cancer-
specific survival of a SEER-based colon cancer cohort 
(203,810 patients) diagnosed during a similar period  
[2004–2014] according to AJCC 6th stage (Table 3). Overall, 
colon cancer survival seems to be similar to that of the 
jejunum and ileum and better than that of the duodenum.

Discussion

The objective of the current analysis is to evaluate the 
external validity of the new AJCC 8th staging system for 
small intestinal adenocarcinoma compared to previous AJCC 
systems. Unfortunately, there is no evidence that AJCC 8th 
system provided better prognostic characterization compared 
to previous staging systems. Lymph node ratio might play a 
better role in the prognostic stratification of node-positive 
small intestinal adenocarcinoma. Moreover, incorporation of 
sub-site-specific staging paradigms might be needed in the 
future for different small intestinal sub-sites.

The primary strong point of the current analysis is the 
incorporation of a large number of patients (relative to 
the prevalence of this uncommon disease). On the other 
hand, the weaknesses of the current analysis are typical of 
those encountered with other population-based studies. 
These include the lack of some therapeutic details for each 
patient (particularly chemotherapy and radiotherapy). 
Similarly, SEER datasets do not provide information about  

Table 1 Comparisons of the different staging definitions among 
AJCC 6th, 7th and 8th 

Stage AJCC 6th AJCC 7th  AJCC 8th 

I T1–2, N0, M0 T1–2, N0, M0 T1–2, N0, M0

II T3–4, N0, M0 IIA: T3, N0, M0 IIA: T3, N0, M0

IIB: T4, N0, M0 IIB: T4, N0, M0

III Any T, N1, M0 IIIA: any T, N1, M0 IIIA: any T, N1, M0

IIIB: any T, N2, M0 IIIB: any T, N2, M0

IV Any T, any N, M1 Any T, any N, M1 Any T, any N, M1

Definition of nodal disease in AJCC 6th: N1: regional lymph 
node metastases; in AJCC 7th: N1: metastasis in 1–3 lymph 
nodes; N2: metastasis in 4 or more lymph nodes; in AJCC 8th: 
N1: metastasis in 1–2 lymph nodes; N2: metastasis in 3 or more 
lymph nodes. AJCC, American Joint Committee on Cancer.



424 Oweira et al. AJCC staging for SI adenocarcinoma

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2019;10(3):421-428jgo.amegroups.com

Table 2 Baseline characteristics of included patients in the study 
(2,997 patients)

Parameters Number (%)

Age (years)

<40 109 (3.6)

40–69 1,700 (56.7)

≥70 1,188 (39.6)

Race

White 2,315 (77.2)

Black 500 (16.7)

Others 173 (5.8)

Unknown 9 (0.3)

Gender 

Male 1,644 (54.9)

Female 1,353 (45.1)

Sub-site

Duodenum 1,343 (44.8)

Jejunum 633 (21.1)

Ileum 545 (18.2)

Meckel’s diverticulum 5 (0.2)

Overlapping lesion 38 (1.3)

Small intestine, NOS 433 (14.4)

Diagnosis

Histology/cytology 2,994 (99.9)

Unknown 3 (0.1)

Grade 

I 267 (8.9)

II 1,556 (51.9)

III 1,000 (33.4)

IV 44 (1.5)

Unknown 130 (4.3)

Surgical treatment

Radical surgery 2,816 (94.0)

No radical surgery 127 (4.2)

Unknown 54 (1.8)

Lymph node ratio, mean (standard deviation) 0.20 (0.29)

Table 2 (continued)

Table 2 (continued)

Parameters Number (%)

AJCC stage groups 6th edition*

I 279 (9.3)

II 1,026 (34.2)

III 1,182 (39.4)

IV 510 (17.0)

AJCC stage groups 7th edition

I 279 (9.3)

IIA 638 (21.3)

IIB 388 (12.9)

IIIA 772 (25.8)

IIIB 410 (13.7)

IV 510 (17.0)

AJCC stage groups 8th edition

I 279 (9.3)

IIA 638 (21.3)

IIB 388 (12.9)

IIIA 578 (19.3)

IIIB 604 (20.2)

IV 510 (17)

Staging approach

Pathological 2,801 (93.5)

Clinical 108 (3.6)

Unknown 88 (2.9)

Distant metastases*

Bone 8 (0.3)

Brain 2 (0.1)

Liver 116 (3.9)

Lung 33 (1.1)

*, for patients diagnosed starting from 2010. AJCC, American 
Joint Committee on Cancer; NOS, not otherwise specified. 
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Figure 1 Kaplan-Meier curve of overall survival according to (A) AJCC 6th staging system; (B) AJCC 7th staging system; (C) AJCC 8th staging 
system. AJCC, American Joint Committee on Cancer.
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Figure 2 Adjusted cancer-specific Cox regression hazard according to (A) AJCC 6th staging system; (B) AJCC 7th staging system; (C) AJCC 
8th staging system. AJCC, American Joint Committee on Cancer.
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Table 3 Five-year cancer-specific survival according to primary 
tumor location and AJCC 6th stage

Stage Duodenum (%) Jejunum (%) Ileum (%) Colon (%)

I 91 100 98 94

II 71 86 84 85

III 52 66 71 70

IV 26 29 48 17

AJCC, American Joint Committee on Cancer.

co-morbidities or the performance of included patients. It 
has to be noted that whereas the absence of information 
about co-morbidities might affect overall survival estimates; 
it should not affect cancer-specific survival estimates. 

While the proposed sub-classifications of node-positive 
(stage III) patients do not seem to improve prognostic 
assessment in the AJCC 7th and 8th staging systems, lymph 
node ratio appears a more plausible method for risk-
stratifying those patients. This finding is in line with 
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multiple similarly conducted studies in other solid tumors 
and this parameter needs to be considered in future versions 
of the staging system (8). This finding is also in line with 
previously published population-based studies in small 
intestinal adenocarcinoma (9).

The current analysis additionally suggested that duodenal 
localization of the primary tumor is associated with worse 
survival outcomes. This is in line with previously published 
population-based studies (10). Possible reasons for the 
difference in outcomes for duodenal versus other small 
intestinal sub-sites might be related to genetic differences 
between these sub-sites (adenocarcinoma of the distal 
parts of the small intestine might behave more like colon 
adenocarcinoma; while adenocarcinoma of the proximal 
parts might behave more like upper gastrointestinal 
adenocarcinoma) (11-13). This is also demonstrated in 
the current analysis by the relevant similarity in outcomes 
between colon cancer and jejunal/ileal adenocarcinoma 
versus duodenal adenocarcinoma. Another reason for 
differences between different subsites of small intestinal 
adenocarcinoma might relate to the relative difficulty to 
obtain a margin-negative radical surgical resection for 
duodenal primary versus other small intestinal primaries (14).  
This is an important area for future research because a “one 
size fits all” strategy does not seem to apply to all small 
intestinal adenocarcinomas.

The changes put forward in the AJCC 8th staging system 
for small intestinal adenocarcinoma seem to try to mirror 
colon cancer staging system (particularly with regards to 
the N staging) (15). However, and as clarified above, it 
seems from the current analysis that this is not the best 
way to approach small intestinal adenocarcinoma staging 
and tailored staging approach need to be pursued for this 
disease. Particular attention might be paid to developing 
different staging systems for duodenum versus jejunum/
ileum because of demonstrated differences in prognosis. 

The three AJCC editions deal with metastatic disease 
(M1) as a single group. However, it has to be noted 
that previous population-based studies in a number of 
malignancies proposed that the outcome of patients with 
metastatic disease may vary based on the number and site(s) 
of distant metastases (16-19). Because the distribution of 
distant metastases was available only for small intestinal 
adenocarcinoma patients diagnosed from 2010, it was 
not feasible to assess this scenario in the current dataset. 
Further studies are needed to evaluate this point. 

Although the c-statistic for the three staging systems 
was above 0.5, all of them were lower than 0.7. This 

indicates that the three versions of the AJCC staging system 
have limited ability in terms of predicting cancer-specific 
survival, and there is still a significant space for improving 
staging systems for small intestinal adenocarcinomas.

The 8th edition of the AJCC staging system for many 
solid tumors was enriched by more integration of molecular 
markers into the stage grouping systems (e.g., breast, 
prostate and oropharyngeal cancer staging systems) (20,21). 
It is still to be seen if integration of relevant markers for 
small intestinal adenocarcinoma (e.g., RAS or BRAF or 
microsatellite instability) might play a role in the refinement 
of the staging system for small intestinal carcinoma. 

In conclusion, there is no evidence that AJCC 8th system 
provided better prognostic characterization compared 
to previous AJCC staging systems for small intestinal 
adenocarcinoma. Further research is needed to explore 
better prognostic models for those patients (e.g., models 
incorporating tumor location or lymph node ratio).
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