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Abstract 

Background: Lymph node (LN) positivity is a prognostic indicator in patients with colon cancer 
regardless of age, and age is an important parameter that impacts therapeutic recommendations. 
But little is known about the impact of age on LN positivity in patients with colon cancer.  
Methods: We analyzed 257,334 patients with colon cancer diagnosed from SEER database. Logistic 
regression was used to examine the association of age and LN positivity. Poisson regression was 
used to evaluate whether age was associated with the number of positive LNs.  
Results: LN positivity was inversely associated with age (P < .001 for each T stage). Age was 
predictive of LN positivity after adjustment for number of LNs examined and other covariates (P < 
.001 for each T stage). Adjusted odds ratios (ORs) for LN positivity for age 20 to 39 vs 80+ were 
3.06 for stage T1 (95 % CI, 2.09 to 4.48), 2.46 for stage T2 (95 % CI, 2.00 to 3.02), 1.77 for stage T3 
(95 % CI, 1.62 to 1.93), and 1.68 for stage T4 (1.51 to 1.86). Young age was a significant predictor of 
an increased number of positive LNs (P < .005 for each T stage). 
Conclusion: Young age at diagnosis is associated with an increased risk of LN positivity. LN 
examination and resection could aid younger patients more with detection and removal of 
metastasis. Guidelines that define postdetection interventions may be needed to limit the 
overtreatment of older patients, who may be vulnerable to unnecessary tests and treatments. 
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Introduction 
Colon cancer is one of the most common 

malignancies in the United States. In 2017, an 
estimated 95,520 new cases were diagnosed [1]. Colon 
cancer is primarily a disease of the elderly, with the 
median age at diagnosis in men of 68 and 72 in 
women [2]. However, it has recently been reported 
that the incidence of colon cancer in young adults is 
increasing faster than the old [3, 4]. The incidence 
rates of colon cancer increased by 1.0% to 2.4% 
annually since the mid-1980s in adults age 20 to 39 

years and by 0.5% to 1.3% since the mid-1990s in 
adults age 40 to 54 years [3].  

The evaluation of lymph nodes (LNs) is critical 
in staging and treatment recommendations for 
patients with colon cancer. The LN resection and 
examination could be beneficial in many cases 
because it can detect and remove cancers metastasis. 
On the other hand, overtreatment with this procedure 
could be harmful, because it may lead to unnecessary 
biopsy, surgery, and interventions, all of which have 
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associated health risks, especially for the older 
patients. Although many studies have demonstrated 
the prognostic significance of LN examined and LN 
metastases in patients with colon cancer, the impact of 
age on LN positivity has not been well defined. 
Several studies revealed that the same surgical 
procedure on a younger patient will typically result in 
more LNs being examined [5, 6]. Each additional year 
of patient age was associated with retrieval of 0.1 
fewer LNs [6]. The percentages of patients with 
positive LNs is also reported to be higher in the young 
patients compared with the old [7-9]. However, all 
these previous studies have failed to show a clear and 
robust association of age and LN positivity, 
independent of clinical confounders such as T stage 
and histological type. In this study, we performed 
descriptive statistics using the SEER database to 
investigate the impact of age on LN examined, 
proportion of patients with positive LNs and number 
of positive LNs for colon cancer patients with all 
stages and each T stage. 

Material and Methods 
Data and Study Design 

We used the SEER database from 17 population- 
based cancer registries, currently covering approxi-
mately 28% of the US population. Briefly, information 
collected includes demographics (race, sex, age at 
diagnosis, year of diagnosis), tumor characteristics 
(histological type, extension of primary tumor 
invasion, number of LN examined and positive for 
metastatic disease), and tumor location. The Ethics 
Board of Changzheng Hospital, the Second Military 
Medical determined that this study did not directly 
involve human participants and, therefore, did not 
require consent.  

Patients 
We identified all patients with colon cancer 

diagnosed between 1988 to 2013. Primary site of colon 
(C18.0, C18.2 – C18.9) was used. Pathologically staged 
patients with nonmetastatic adenocarcinoma or signet 
ring cell carcinoma over the age of 19 years were 
included. Patients with at least one LN examined 
were included. All patients included had standard 
colon cancer operations, based on the SEER coded 
description of surgical procedures. Local excision and 
local destruction procedures were excluded because 
of the lack of expectation of obtaining LNs. Patients 
with unknown T stage, surgery type, or number of 
positive LNs were excluded. To eliminate the effect of 
preoperative radiation on LN harvest and positivity, 
patients who received radiotherapy prior to surgery 
were excluded. 

Statistical Analysis 

Variables 
The primary study outcome was LN positivity. 

Covariates included age, number of LN examined, 
tumor location, year of diagnosis, tumor grade, sex, 
and race. In this study, age was included as a 
categorical variable using 10-year intervals, except for 
age 20 to 39 years, because of the smaller percentage 
of patients (1.8 %).  

Impact of Age 
Differences in patient and tumor characteristics 

for patients with different age groups were 
determined using Chi-square tests. Trends in the 
median number of LN examined by age were 
estimated using quantile regression models. Trends in 
LN positivity with age were evaluated with Cochran 
Armitage trend tests and further stratified by number 
of LN examined (< 12 and ≥ 12). All analyses were 
stratified by T stage. In univariate logistic regression 
analyses with LN positivity as the outcome, the 
number of LN examined was most predictive of LN 
positivity as a log-transformed variable, and therefore 
was utilized in such a way in multivariable analyses. 
Logistic regression multivariable analyses were 
performed for each T stage, with LN positivity as the 
outcome and sex, race (white, black, other), year of 
diagnosis (1988 to 2003 and 2004 to 2013), age (10 or 
20-year intervals), number of LN examined (log 
transformed), tumor location (4 categories), and grade 
(I, II, III, IV, or unknown) as covariates. The 
interaction of age with each covariate was assessed 
using the covariate-adjusted model. Results are 
reported as odds ratios with 95% confidence intervals 
using age ≥ 80 years as the reference category. 

Poisson regression 
We further assessed whether age was associated 

with the number of positive LNs in patients with at 
least one positive LN using Poisson regression. 
Results of the Poisson regression analyses are 
presented as rate ratios, using age ≥ 80 years as the 
reference category. This provides an adjusted estimate 
of the ratio of the mean number of positive LNs in a 
specified age group relative to the age ≥ 80 years age 
group. Evidence of overdispersion was found in 
initial analysis when examining the mean and 
variance of the number of positive LNs. To adjust for 
this, confidence intervals with robust standard errors 
were estimated, which relaxes the assumption that the 
variance is equal to the mean. The interaction of age 
with each covariate was assessed using the 
covariate-adjusted model. The same variables in the 
logistic regression models were used for covariate 
adjustment. We explored this with graphical analysis 
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of the number of LN examined as a categorical 
variable that indicated that the age association 
differed in the groups with number of LN examined < 
12 vs those with ≥ 12. In the covariate-adjusted 
multivariable model, we accounted for the interaction 
by including a categorical variable for age group-LN 
examined group. We accounted for this interaction in 
the covariate-adjusted model by including a 
categorical variable for age-tumor location, using age 
≥ 80 years as the reference group. Analyses were done 
using SAS statistical analysis software, version 9.4. All 
statistical tests were two-sided, with a 5% type I error. 

Results 
Table 1 lists the characteristics of the patient 

population. We identified 257,334 patients who met 
the eligibility criteria of this study. Most patients were 
between age 70 and 79 years (30.6 %, n = 78,638). Only 
1.8 % of patients were under age 40 years (n = 4,580), 
with 5.3 % between age 40 and 49 years (n = 13,695) 
and 13.1 % between age 50 and 59 years (n = 33,725). 
The greatest proportion of patients were Grade II (68.3 
%) and T3 (47.0 %). Most patients had right-sided 
colon tumors (50.2 %, n = 129,078), with 37.7 % of 
left-sided (n = 96, 962) and 10.6 % of transverse colon 
tumors (n = 27,367). 

Patients in stage T3 had the highest median 
number of LN examined (n = 15), and the median 
number of LN examined was 12, 13, and 12 for stages 
T1, T2, and T4, respectively (Table S1, see online 
supporting information). The median number of LN 
examined decreased as age increased for all stages 
(Fig 1, P < .0001) and each T stage (Table S1, P < .0001, 
see online supporting information). For LN positivity, 
the proportion of patients with at least one positive 
LN increased by T stage (11.5 %, 17.5 %, 40.4 %, and 
48.0 % for stage T1, T2, T3, and T4, respectively). This 
proportion decreased as age increased for all stages 
and each T stage (Fig 2A, P < .0001). Then we 
analyzed the proportion of patients with at least one 
positive LN by age within each stage, stratified by 
number of LN examined (< 12 and ≥ 12). As shown in 
Figs 2B and C, the inverse association between age 
and LN positivity remained statistically significant for 
all stages and each T stage (P < .0001). In univariate 
analyses, younger patients had significantly higher 
rates of LN positivity for all stages and each T stage 
(Table 2, P < .0001). In multivariable analyses, age 
remained a significant predictor of LN positivity for 
all stages and each T stage (Table 2, P < .0001). 
Younger patients with early-stage colon cancer were 
more likely to have LN positivity, with adjusted ORs 
for age 20 to 39 vs 80+ of 3.06 for stage T1 (95 % CI, 
2.09 to 4.48), 2.46 for stage T2 (95 % CI, 2.00 to 3.02), 
1.77 for stage T3 (95 % CI, 1.62 to 1.93), and 1.68 for 

stage T4 (1.51 to 1.86). Other significant predictors of 
LN positivity in all five models included race, grade, 
histological type, tumor location, and number of LN 
examined (Table S2, P < .0001, see online supporting 
information). 

We further assessed the impact of age on the 
number of positive LNs in patients with at least one 
positive LN. Fig 3A shows the mean number of 
positive LNs by age group across all stages. The mean 
number of positive LNs in the younger age groups 
were significantly higher than the older age groups 
for all stages (Fig 3A) and each T stage (Table S3, see 
online supporting information). In multivariable 
analyses, the mean number of positive LNs differed 
by age for all stages after adjusting for covariates (Fig 
3B, P < .001) and each T stages (Table S4, P < .001 for 
T1, T3 and T4; P < .005 for T2, see online supporting 
information). We then assessed the interaction of age 
with each covariate in the covariate-adjusted model. 
For T3, there was a statistically significant interaction 
between age and tumor location (Table S4b, P < .0001, 
see online supporting information). For T4, there were 
statistically significant interactions between age and 
number of LN examined, and between age and tumor 
location (Table S4b and S4c, P < .0001, see online 
supporting information). 

 

 
Figure 1. Number of LN examined by age for all stages. The upper- and 
lower-most curves (dashed lines) represent the 25th and 75th number of LN 
examined and the middle solid line represents the median number of LN 
examined. Trend was estimated using quantile regression model for all stages (P 
< .0001). 

 

Discussion 
Known clinical and pathologic factors that 

predict LN positivity in patients with colon cancer 
include histological type, T stage, and number of LN 
examined [10-12]. In this large study, we 
demonstrated that age is another important factor. 
There is an increased risk of LN positivity in younger 
patients with colon cancer for all stages and each T 
stage. In an analysis of 141,411 patients with colon 
cancer from SEER database, Wang et al. [8] reported 
that the mean number of positive LNs was higher for 



 Journal of Cancer 2019, Vol. 10 

 
http://www.jcancer.org 

2105 

patients younger than 40 years old at diagnosis. 
Similar to our findings, Khan et al. [9] recently 
analyzed data from 208,077 adult patients with colon 
cancer from the SEER database, and found that older 
patients had a significantly lower proportion of 
node-positive cancers when adequately staged (P < 
.0001). However, young age has only been reported to 
increase risk for LN positivity in early-stage rectal 
cancer (T2-T3) [13], while these studies did not control 
important factors such as T stage and histological 
type. Our analysis represents the largest cohort to 
date of patients with colon cancer (257,334 patients); 
this afforded us the ability to perform multivariable 
adjustment for many important factors such as T 
stage, histological type, number of LN examined and 
tumor location. Our results suggest that younger 
patients with colon cancer may have an increased 
predisposition for LN metastasis for each T stage, 
excluding the possibilities of easy identification of LN 
tissue in younger patients during surgery or enriched 
early stage patients in older population because of 
cancer screening [13].  

More aggressive tumor biology of younger 
patients could be one possible explanation for our 
findings. In this study, we found younger patients 
have more mucinous adenocarcinoma (14.0 % for age 
20 to 39 and 11.3 % for age 80+) and signet ring cell 
carcinoma (3.1 % for age 20 to 39 and 1.2 % for age 
80+). Another study also reported that there are more 
adenocarcinomas with mucinous and signet ring 
features in young patients with colorectal cancer [14]. 
These two histological types of colon cancer have 
more adverse biological features such as invasion and 
metastasis [15]. Until now, our knowledge regarding 
the detailed molecular features of sporadic 
young-onset colon cancer is limited. Recent studies on 
three major genetic pathways including chromosomal 
instability [16], microstatellite instability and the 
cytosine-phosphate-guanine island methylator 
phenotype pathway [17] in the development of colon 
cancer support the notion that it may behave more 
aggressively in younger patients than in older 
patients, and fit with our findings.  

 

Table 1. Patient and tumor characteristics by age at diagnosis  

   Age at diagnosis, y 
  20-39 40-49 50-59 60-69 70-79 80+ 
Characteristic  No. (%) Percent (within age group) 
Age at diagnosis, y        
20-39 4,580 (1.8)       
40-49 1,3695 (5.3)       
50-59 33,725 (13.1)       
60-69 56,041 (21.8)       
70-79 78,638 (30.6)        
80+ 70,655 (27.5)       
Sex        
Male 134,367 (52.2) 47.7 48.7 46.5 46.5 51.2 61.6 
Female 122,967 (47.8) 52.3 51.3 53.5 53.5 48.8 38.4 
Year of diagnosis        
1988 to 2003 125,922 (48.9) 44.8 43.1 41.9 48.4 53.7 48.8 
2004 to 2013 131,412 (51.1) 55.2 56.9 58.1 51.6 46.3 51.2 
Race        
White 211,894 (82.3) 71.9 73.0 75.2 79.5 84.2 88.4 
Black 25,662 (10.0) 14.4 15.8 15.1 12.1 8.7 5.8 
Other 19,778 (7.7) 13.7 11.2 9.7 8.4 7.1 5.8 
Grade        
I 19,228 (7.5) 6.1 7.0 7.7 7.9 7.6 7.0 
II 178,313 (69.3) 64.6 70.4 71.5 70.7 69.3 67.2 
III 49,332 (19.2) 24.1 18.5 16.7 17.5 19.0 21.7 
IV 3,582 (1.4) 2.3 1.3 1.2 1.2 1.4 1.6 
Unknown 6,879 (2.7) 2.9 2.8 2.8 2.8 2.7 2.4 
Histological type        
Adenocarcinoma 227,111 (88.3) 82.9 87.3 89.4 89.2 88.2 87.5 
Mucinous adenocarcinoma 27,303 (10.6) 14.0 11.2 9.6 9.8 10.7 11.3 
Signet ring cell carcinoma 2,920 (1.1) 3.1 1.5 1.0 1.0 1.1 1.2 
LNE        
< 12 100,749 (39.2) 19.2 27.2 32.6 38.5 42.3 42.9 
≥ 12 156,585 (60.8) 80.8 72.8 67.4 61.5 57.7 57.1 
T Stage        
T1 14,029 (5.5) 3.4 4.0 6.3 6.2 5.9 4.3 
T2 40,168 (15.6) 10.3 12.5 14.7 15.8 16.7 15.6 
T3 120,924 (47.0) 50.2 50.3 49.0 46.4 44.7 48.2 
T4 82,213 (31.9) 36.1 33.2 30.0 31.6 32.6 31.9 
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   Age at diagnosis, y 
  20-39 40-49 50-59 60-69 70-79 80+ 
Characteristic  No. (%) Percent (within age group) 
Tumor location        
Right 129,078 (50.2) 39.1 38.0 40.1 46.7 52.5 58.2 
Left 96,962 (37.7) 47.9 50.7 48.8 41.9 35.2 28.6 
Transverse 27,367 (10.6) 11.2 9.6 9.6 10.0 10.7 11.7 
Unknown 3,927 (1.5) 1.8 1.7 1.5 1.4 1.5 1.6 
Characteristics differ by age group, Chi-square tests; all P < .0001. Abbreviations: LNE = number of lymph nodes examined. 

 

Table 2. Association of age and LN positivity 

 OR (95%CI) 
All  T1  T2  T3  T4 

Age at 
diagnosis, y 

Unadjusted Adjusted 
for 
covariates 

 Unadjusted Adjusted 
for 
covariates 

 Unadjusted Adjusted 
for 
covariates 

 Unadjusted Adjusted 
for 
covariates 

 Unadjusted Adjusted 
for 
covariates 

20-39 2.13 (2.01 to 
2.26) 

1.83 (1.72 
to 1.94) 

 3.81 (2.62 to 
5.54) 

3.06 (2.09 to 
4.48) 

 2.75 (2.24 to 
3.37) 

2.46 (2.00 to 
3.02) 

 1.94 (1.79 to 
2.12) 

1.77(1.62 to 
1.93) 

 1.97 (1.78 to 
2.18) 

1.68 (1.51 to 
1.86) 

40-49 1.80 (1.74 to 
1.87) 

1.67 (1.61 
to 1.74) 

 2.28 (1.77 to 
2.93) 

1.97 (1.53 to 
2.55) 

 2.22 (1.97 to 
2.50) 

2.06 (1.83 to 
2.33) 

 1.84 (1.75 to 
1.94) 

1.75(1.66 to 
1.85) 

 1.58 (1.49 to 
1.69) 

1.47 (1.37 to 
1.57) 

50-59 1.55 (1.50 to 
1.59) 

1.49 (1.45 
to 1.54) 

 1.84 (1.55 to 
2.19) 

1.67 (1.40 to 
1.99) 

 1.80 (1.65 to 
1.96) 

1.72 (1.58 to 
1.88) 

 1.66 (1.60 to 
1.73) 

1.61(1.55 to 
1.68) 

 1.51 (1.44 to 
1.58) 

1.46 (1.39 to 
1.53) 

60-69 1.29 (1.26 to 
1.32) 

1.27 (1.24 
to 1.30) 

 1.44 (1.22 to 
1.69) 

1.38 (1.17 to 
1.62) 

 1.54 (1.43 to 
1.66) 

1.51 (1.40 to 
1.63) 

 1.35 (1.31 to 
1.40) 

1.35(1.30 to 
1.39) 

 1.28 (1.23 to 
1.33) 

1.27 (1.22 to 
1.32) 

70-79 1.09 (1.07 to 
1.12) 

1.09 (1.06 
to 1.11) 

 1.11 (0.94 to 
1.30) 

1.09 (0.93 to 
1.27) 

 1.22 (1.14 to 
1.31) 

1.21 (1.13 to 
1.30) 

 1.16 (1.12 to 
1.19) 

1.16(1.13 to 
1.20) 

 1.08 (1.04 to 
1.12) 

1.09 (1.05 to 
1.13) 

80+ 1.00 1.00  1.00 1.00  1.00 1.00  1.00 1.00  1.00 1.00 
Chi-square tests for age group variable in each logistic regression model; all P < .0001. Abbreviations: CI = confidence interval; Ref = referent; OR = odds ratio. 

 
 

 
Figure 2. Proportion of patients with at least one positive LN by age and T stage. (A) All patients; (B) Group with number of LN examined < 12; (C) Group with 
number of number of LN examined ≥ 12. Trend was estimated using Cochran Armitage trend tests for all stages and each T stage. P < .0001 for all stages and each 
T stage. 

 
Figure 3. Association of age and number of positive LNs in patients with at least one positive LN for all stages. (A) Mean number of positive LNs with standard 
deviation in different age groups; (B) Smoothed restricted cubic spline plot of the rate ratio (RR) versus age. RRs were estimated from Poisson regression models 
adjusting for covariates including number of LN examined, race, grade, histological type, tumor location, and year of diagnosis. The upper- and lower-most curves 
(dashed lines) represent the 95% CIs about the RRs (middle solid line). 

 
For colorectal cancer, LN status is one of the 

most relevant factors dictating the need for adjuvant 
chemotherapy [18, 19]. Our findings suggest that, 

when adequately staged, older patients are less likely 
to have colon cancer with positive LNs. It has been 
reported that the cancer-specific survival was similar 
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regardless of age in adequately staged patients [8, 9]. 
Thus, a diligent oncologic resection and pathologic 
LN examination may spare the older subsequent 
recommendation for adjuvant chemotherapy because 
of less LN positivity. Our study also suggests that 
younger patients with early-stage colon cancer may 
also be at an increased risk of harboring occult 
metastatic disease in the regional LNs. This finding 
may affect the preoperative workup for these patients 
being considered for polypectomy and local excision, 
as these procedures does not include LN dissection 
[20]. However, our study could not be interpreted as 
justification for a change in management of older 
patients. Clinical staging, typically done with CT or 
MRI, is not available for the patients in this dataset, 
thereby limiting the direct application of these data to 
clinical practice.  

Our study has a number of strengths and novel 
components. First, this analysis included more recent 
SEER data up to 2013. We are among the first to 
evaluate population-based incidence trends applying 
the new AJCC 8th edition tumor staging to our 
analysis, which allowed us to add new comments on 
prognosis under these new guidelines. The large 
sample size of SEER 17 allowed for more precise risk 
estimates than previous studies of colon cancer that 
used SEER 9 to 12; this allowed us to include several 
potential covariates in our multivariate analysis. Our 
study is limited by the possibility of coding errors of 
the SEER database. However, any such miscoding 
would be expected to be random and not introduce 
any systematic bias [21]. Data regarding the extent of 
LN involvement, such as size of the LN metastases 
and LN capsular invasion were not available, nor 
were details on LN compartmental dissection. Thus, 
conclusions regarding extent of LN examined or exact 
location of the LNs cannot be drawn. The present 
study also has drawbacks resulting from long study 
interval (approximately 25 years) and retrospective 
nature. The operation that patients received varied 
depending on the year of diagnosis and other clinical 
factors, such as the experience and judgment of each 
surgeon. Most of these factors were accounted for in 
the multivariable analysis, but it is possible that the 
clinical approach to a young patient may be more 
aggressive than one who is older, introducing 
systematic bias. 

In conclusion, our analysis of the most recent 
years of data available in the SEER database show that 
younger patients with colon cancer have increased 
rates of positive LNs, after accounting for other 
known predictive factors. This persists in each T stage, 
and young patients with at least one positive LN have 
higher LN ratios. Our results may guide clinicians in 
optimal treatment selection, considering the different 

aggressiveness of nodal staging in patients with 
different age groups. LN examination and resection 
could aid younger patients more with detection and 
removal of metastasis. Guidelines that define 
postdetection interventions may be needed to limit 
the overtreatment of older patients, who may be 
vulnerable to unnecessary tests and treatments. 
Further study is needed to identify which age-subsets 
of patients derive most potential benefit from current 
management recommendations. 
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