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Simple Summary: Colorectal cancer (CRC) is one of the leading causes of cancer-related death,
with an increasing incidence in younger patients presenting with more aggressive tumor biology.
One clinical marker of immune response that has been studied and found to correlate with overall
survival and cancer-specific survival is the lymph node ratio. The goal of our study was to find if age
alone, adjusting for known factors that impact nodal harvest, independently impacted lymph node
ratio in CRC. We found that age does not impact lymph node ratio in a clinically relevant manner,
but that lymph node ratio is strongly corelated with grade and histology of the tumor.

Abstract: Introduction: Colon cancer among young patients has increased in incidence and mortality
over the past decade. Our objective was to determine if age-related differences exist for total positive
nodes (TPN), total lymph node harvest (TLH), and lymph node ratio (LNR). Material and Methods:
A retrospective review of stage III surgically resected colorectal cancer patient data in the National
Cancer Database (2004–2016) was performed, reviewing TPN, TLH, and LNR (TPN/TLH). Results:
Unadjusted analyses suggested significantly higher levels of TLH and TPN (p < 0.0001) in younger
patients, while LNR did not differ by age group. On adjusted analysis, TLH remained higher in
younger patients (<35 years 1.56 (CI 95 1.54, 1.59)). The age-related effect was less pronounced for
LNR (<35 years 1.16 (CI 95 1.13, 1.2)). Conclusion: Younger patients have increased TLH, even after
adjusting for known confounders, while age does not have a strong independent impact on LNR.

Keywords: colon cancer; lymph node ratio; lymph node harvest; total positive lymph nodes;
immune response

1. Introduction

Over the past decade, the incidence of colorectal cancer (CRC) has steadily been in-
creasing at a rate of 2% to 8% per year for patients younger than 50 years old [1–6]. Younger
patients present at a higher stage, with higher grade, and with more aggressive histologic
subtypes than those 60 years and older [7–19]. The reason for these clinical differences is
not understood and needs further investigation. Recent studies have confirmed that the
immune response to tumors has a significant impact on disease progression in CRC [20–24].
It is possible that age-related changes in the immune system could be contributing to the
histological and clinical difference seen in these younger colorectal cancer patients. Age-
related changes of the immune system such as senescence, or a decrease in immune cellular
function could alter response to malignancy. Specifically, senescence results in declining
immunosurveillance, which is necessary for cancer cell detection and elimination prior to
disease presentation [25]. One clinical marker of the immune response to colorectal tumors
that has direct correlation with overall survival is the lymph node ratio (LNR), defined
as the number of total positive nodes (TPN) over the total number of nodes harvested
(TLH) [26,27].

Previous studies have shown the number of total lymph nodes harvested (TLH) is
impacted by age, with number of lymph nodes (LN) harvested declining with increasing
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age at diagnosis. These findings are independent of surgical specimen length and node
positivity [28–39]. Whether this is due to decreased immune response secondary to age-
related senescence is unknown. In addition, tumor size and stage of disease have a
positive association with TLH [40]. Most suspect that LN hyperplasia contributes to LN
identification within CRC specimens because larger LN facilitate identification by the
pathologist during specimen evaluation [38,41,42]. A more robust immune response in
younger patients could be contributing to increased TLH harvest seen in younger patients as
increased LN hyperplasia would increase identification [43]. What is unknown is whether
this age-related change in the immune response alters number of total positive nodes and
the LNR.

The aim of this study was to identify if age at diagnosis is associated with significant
differences in the total positive nodes and LNR of CRC patients, as well as determine
if the association between TLH and age remains significant after controlling for stage,
grade, histology, and tumor location. To accomplish our aim, we used the National Cancer
Database (NCDB) to test the hypotheses that younger patients would have both increased
LNR, independent of increased TPN as compared to their older counterparts.

2. Methods
2.1. Source

This study utilized the National Cancer Database (NCDB), which is a joint project
of the American College of Surgeons Commission on Cancer (CoC) and the American
Cancer Society, capturing data on patients including demographics, socioeconomic factors,
insurance status, tumor characteristics, and treatment details. These data are collected from
>1500 CoC accredited hospitals. Trained personnel at each site collect data as outlined by
the CoC’s Facility Oncology Registry Data Standards manual [44]. All patient information
is de-identified and is released through a Participant User File (PUF), allowing for the
study to be deemed exempt after evaluation by our Institutional Review Board. The project
utilized the colorectal cancer PUF containing data from years 2004 to 2016.

2.2. Study Cohort

This study included stage III primary colorectal cancer patients who underwent
surgical resection for which cancer-specific and lymph node information was reported
within the NCDB. The effect of age was analyzed through dividing patients into 4 age
cohorts. Patients were included if they had a diagnosis of primary colon or rectal cancer
and underwent resection. All patients were limited to stage III patients so as to remove
palliative and segmental resections limiting lymph node yield. Exclusion criteria included
patients younger than 18 years old and histology confirming a malignancy other than CRC
(e.g., ovarian cancer or lymphoma). As this study was limited to primary CRC, histology
was further reduced to exclude any patients with carcinoid and neuroendocrine tumors.
Histological codes were divided as such; adenocarcinoma (8330, 8144, 8140, 8210, 8323,
8290, 8310, 8261, 8260, 8211, 8213, 8220, 8221); mixed adenocarcinoma and carcinoma (8574,
8572, 8571, 8570, 8255, 8143, 8142, 8141, 8262, 8263, 8575, 8145, 8230, 8231); goblet cell (8243);
mucinous and mucin producing (8470, 8481, 8471); and signet ring (8490). Location of
the tumor within the colon was divided into four locations, right-sided tumors consisting
of cecum, ascending colon, and hepatic flexure (C180, C182, C183); transverse including
transverse colon (C184); left-sided tumors consisting of splenic flexure, descending colon,
and sigmoid (C185, C186, C187); and rectum. Patients were divided into four age cohorts:
less than 35 years old, 36 to 54 years old, 55 to 74 years old, and those 75 and older. Age
groups were divided to capture the extremes of age, >35 and >74 years old, with the two
middle-aged cohorts selected to include age ranges where national screening should have
already begun to minimize lead time bias. Demographic data included sex, race, insurance
status, and annual income. Primary outcomes included total positive lymph nodes (TPN),
total lymph nodes harvested (TLH), and lymph node ratio (LNR), calculated by dividing
total positive lymph nodes (TPN) by total lymph nodes harvested (TLH). Cancer-specific
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data collected included tumor behavior (invasive vs. in situ), grade, location of primary
tumor, T stage, histology, microsatellite instability (MSI), and neoadjuvant chemotherapy.

2.3. Statistical Analysis

Bivariate associations of age group and categorical variables were assessed using
chi-square tests. Differences in continuous variables across age groups were tested using
analysis of variance (ANOVA). A significance level of alpha < 0.05 was used for all tests.

Patients with missing histology, stage, behavior, administration of neoadjuvant
chemotherapy, and lymph node information, were excluded from multivariable anal-
yses. TPN were analyzed only for patients that had >0 lymph nodes harvested. Covariates
considered for multivariable adjustment included histology, behavior, grade, administra-
tion of neoadjuvant chemotherapy, pathologic T stage, and location of the primary tumor.
Negative binomial regression with TLH as an offset variable was used to assess the rela-
tionship of age group and LNR while adjusting for other covariates. For this multivariable
analysis, patients were included only if there was a minimum of 12 lymph nodes harvested
with a maximum of 36. These cut points were used due to previously identified clinical
significance and distribution of TLH across age groups. NCCN guidelines recommend a
minimum of 12 lymph nodes for accurate staging and 36 lymph nodes have shown to be
the upper limit of lymph node harvest to correlate with survival [45–47]. Additionally, our
analysis of the distribution of TLH by age group indicated < 2% of TLH overlap across
age groups beyond 36 lymph nodes. Adjusted parameter estimates with 95% confidence
intervals were obtained.

The association of TLH with age group was estimated using multivariable negative
binomial regression to obtain adjusted incidence rate ratios (IRR). All analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Due to clinical treatment
differences that occur in rectal cancer versus colon cancer in both neoadjuvant treatment
and surgical resection, a separate multivariable analysis of TLH and LNR was performed
for colon cancer and rectal cancer to identify whether there was an impact on lymph node
status that may not be accounted for by tumor location alone.

3. Results

A total of 272,270 stage III colorectal cancer patients were initially identified. Af-
ter exclusion of patients with missing information for grade, histology, grade, and site
256,489 patients remained. Lastly, after exclusion of patients missing neoadjuvant treatment
or pathological T stage, 215,471 patients remained for development of the multivariable
models. The patient cohorts had a slight male predominance by age group (52.8%, 53.2%,
54.6%) except for those aged 75 and older (56.9% female) (Table 1). The majority of pa-
tients were of White race. The largest predominance of White race was in our greater than
75-year cohort with 88.8%. The majority of patients had some form of insurance. The
youngest cohort, however, had the highest rate of uninsured at 9.6%. Average annual
income distribution was similar across the age cohorts.

Adenocarcinoma was the most common histology seen in all age cohorts (82.6, 88.8,
88.3, 86.0%). Consistent with previous studies, the highest percentage of patients with
signet ring histology was found in our youngest age cohort (5.3%). The predominant tumor
location for our youngest age cohort was rectum (34.5%) while right-side tumors made up
the majority in the eldest cohort (50.6% p < 0.0001). The most common T stage for all age
groups was T3 at approximately 54% (53.1%, 54.6%, 55.2%, and 55.7%). There was a slightly
higher frequency T4 stage in the youngest age group at 18.8%. Information regarding
presence or absence of microsatellite instability (MSI) information was missing for nearly
half of the patients; however, among those with data recorded, negative MSI predominated
with range from 74.3% to 69.9% across the age cohorts (Table 2).
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Table 1. Sociodemographic factors by age groups (n = 272,270).

Variables ≤35
n = 5021 (1.8%)

36–55
n = 59,493 (21.9%)

56–74
n = 122,115 (44.9%)

≥75
n = 85,641 (31.5%) p-Value

Sex, n (%)

Male 2651 (52.8) 31,646 (53.2) 66,630 (54.6) 36,912 (43.1) <0.0001

Female 2370 (47.2) 27,847 (46.8) 55,485 (45.4) 48,729 (56.9)

Race, n (%)

White 3944 (78.6) 46,543 (78.2) 100,212 (82.1) 76,061 (88.8) <0.0001

Black 699 (13.9) 9009 (15.1) 15,296 (12.5) 6365 (7.4)

Other 338 (6.7) 3397 (5.7) 5669 (4.6) 2661 (3.1)

unknown 40 (0.8) 544 (0.9) 938 (0.8) 554 (0.7)

Insurance, n (%)

Not Insured 484 (9.6) 4399 (7.4) 4224 (3.5) 352 (0.4) <0.0001

Privately Insured 3366 (67.0) 43,649 (73.4) 46,986 (38.5) 7611 (8.9)

Medicaid/Medicare 981 (19.5) 9514 (16.0) 67,615 (55.4) 76,200 (89.0)

Other Government 68 (1.4) 718 (1.2) 1271 (1.0) 390 (0.5)

unknown 122 (2.4) 1213 (2.0) 2019 (1.7) 1088 (1.3)

Income, n (%)

<$38,000 920 (18.4) 10,914 (18.4) 23,768 (19.6) 13,951 (16.4) <0.0001

$38,000–47,999 1203 (24.1) 13,311 (22.5) 29,554 (24.3) 20,386 (23.9)

$48,000–62,999 1398 (28.0) 15,233 (25.7) 32,483 (26.7) 23,405 (27.5)

≥$63,000 1474 (29.5) 197,25 (33.3) 35,683 (29.4) 27,506 (32.3)

Income missing n = 1356 (0.5%) bolded indicate significance with p < 0.05

Table 2. Cancer-specific properties by age groups.

Variables ≤35
n = 5021 (1.8%)

36–55
n = 59,493 (21.9%)

56–74
n = 122,115 (44.9%)

≥75
n = 85,641 (31.5%) p-Value

Histology, n (%)

Adenocarcinoma 4148 (82.6) 52801 (88.8) 107,882 (88.3) 73,637 (86.0) <0.0001

Goblet Cell 6 (0.1) 73 (0.1) 123 (0.1) 39 (0.05)

Mixed Adenocarcinoma and
Carcinoma 2 (0.04) 62 (0.1) 140 (0.1) 118 (0.14)

Mucin Producing 600 (12.0) 5445 (9.2) 11805 (9.7) 10146 (11.9)

Signet Ring 265 (5.3) 1112 (1.9) 2165 (1.8) 1701 (2.0)

Location, n (%)

Rt Colon 1174 (23.4) 14,828 (24.9) 45,307 (37.1) 43,354 (50.6) <0.0001

Transverse Colon 303 (6.0) 3050 (5.1) 8132 (6.7) 7763 (9.1)

Lt Colon 1635 (32.6) 19,922 (33.5) 34,380 (28.2) 18,915 (22.1)

Rectum 1733 (34.5) 20,386 (34.3) 31,380 (25.7) 13,339 (15.6)

unknown 176 (3.5) 1307 (2.2) 2916 (2.4) 2270 (2.7)

T Stage, n (%)

T1 185 (3.68) 2752 (4.63) 4659 (3.82) 1860 (2.17) <0.0001

T2 447 (8.9) 6192 (10.4) 11,692 (9.57) 6462 (7.55)

T3 2667 (53.1) 32,503 (54.6) 67,369 (55.2) 47,695 (55.7)

T4 943 (18.8) 8534 (14.3) 18,322 (15.0) 14,958 (17.5)

Tx 764 (15.2) 9382 (15.8) 19,849 (16.3) 14,558 (17.0)

Microsatellite Instability, n (%)

Negative 965 (74.3) 9661 (81.7) 14,913 (78.8) 7793 (69.9) <0.0001

Positive 334 (25.7) 2166 (18.3) 4010 (21.2) 3353 (30.1)

MSI missing n = 229,075
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Mean TPN was found to be higher in the 2 youngest age cohorts while the two eldest
were identical, with 4.8 average positive nodes in the patients < 35 years old, as compared
to 3.9 in patients 36–55 years old, 3.6 in those aged 56–74, and 3.6 among those ≥ 75 years
old (Figure 1). The mean TLH was highest among patients < 35 years old at 27.3 and
decreased to 18.4 in the oldest age group (Figure 1). The mean LNR was similar across all
age groups with a range of 0.21–0.23 (Figure 2).
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with at least one lymph node harvested.

After adjusting for tumor location, grade, histology, pathological T stage, and neoad-
juvant chemotherapy the TLH was increased with decreasing age of the patient. The
largest difference was noted when comparing the youngest cohort of patients (those ≤ 35)
who had an incident rate ratio (IRR) 1.56 (95% CI 1.54, 1.59) times than that of patients
age ≥ 75 (Table 3). The estimated LNR was only slightly higher among younger patients
after adjusting for covariates, with the IRR in patients ≤ 35 of 1.16 (95% CI 1.13, 1.2) when
compared to patients ≥ 75 (Table 3). Additional factors found to impact LNR were grade,
histology, and pathologic T stage of the tumor. LNR directly increased as the grade of the
tumor became more undifferentiated, with poorly differentiated tumors having the largest
impact on LNR 1.60 times higher than well differentiated tumors (CI 95% 1.56, 1.62). More
aggressive histologies were found to correlate with increased LNR, with signet ring having
the largest impact, 1.56 times higher than in adenocarcinoma (CI 95% 1.52, 1.61). Pathologic
T stage had the largest correlation with LNR with T4 tumors having 2.13 times increased
LNR (Table 3).



Cancers 2022, 14, 3817 6 of 11
Cancers 2022, 14, x FOR PEER REVIEW 6 of 11 
 

 

 
Figure 2. Mean LNR ratio by age groups with at least one lymph node examined. 

After adjusting for tumor location, grade, histology, pathological T stage, and neoad-
juvant chemotherapy the TLH was increased with decreasing age of the patient. The larg-
est difference was noted when comparing the youngest cohort of patients (those ≤ 35) who 
had an incident rate ratio (IRR) 1.56 (95% CI 1.54, 1.59) times than that of patients age ≥ 75 
(Table 3). The estimated LNR was only slightly higher among younger patients after ad-
justing for covariates, with the IRR in patients ≤ 35 of 1.16 (95% CI 1.13, 1.2) when com-
pared to patients ≥ 75 (Table 3). Additional factors found to impact LNR were grade, his-
tology, and pathologic T stage of the tumor. LNR directly increased as the grade of the 
tumor became more undifferentiated, with poorly differentiated tumors having the larg-
est impact on LNR 1.60 times higher than well differentiated tumors (CI 95% 1.56, 1.62). 
More aggressive histologies were found to correlate with increased LNR, with signet ring 
having the largest impact, 1.56 times higher than in adenocarcinoma (CI 95% 1.52, 1.61). 
Pathologic T stage had the largest correlation with LNR with T4 tumors having 2.13 times 
increased LNR (Table 3). 

Table 3. Negative binomial regression, LNR and TLH. 

Variables LNR (IRR) (CI) TLH (IRR) (CI) 
Age Cohort   

≤35 1.16 (1.13, 1.2) 1.56 (1.54, 1.59) 
36–55 1.09 (1.07, 1.10) 1.21 (1.20, 1.22) 
56–74 1.03 (1.02, 1.04) 1.08 (1.07, 1.09) 
≥75 Reference Reference 

Neoadjuvant Chemotherapy 0.89 (0.88, 0.91) 0.81 (0.80, 0.82) 
Tumor Location   

Left 0.88 (0.87, 0.89) 0.99 (0.99, 1.01) 
Right 0.88 (0.87, 0.89) 1.13 (1.13, 1.14) 

Transverse 0.77 (0.75, 0.78) 1.11 (1.11, 1.13) 

Figure 2. Mean LNR ratio by age groups with at least one lymph node examined.

Table 3. Negative binomial regression, LNR and TLH.

Variables LNR (IRR) (CI) TLH (IRR) (CI)

Age Cohort

≤35 1.16 (1.13, 1.2) 1.56 (1.54, 1.59)

36–55 1.09 (1.07, 1.10) 1.21 (1.20, 1.22)

56–74 1.03 (1.02, 1.04) 1.08 (1.07, 1.09)

≥75 Reference Reference

Neoadjuvant Chemotherapy 0.89 (0.88, 0.91) 0.81 (0.80, 0.82)

Tumor Location

Left 0.88 (0.87, 0.89) 0.99 (0.99, 1.01)

Right 0.88 (0.87, 0.89) 1.13 (1.13, 1.14)

Transverse 0.77 (0.75, 0.78) 1.11 (1.11, 1.13)

Rectum Reference Reference

Grade

Well differentiated Reference Reference

Moderately differentiated 1.10 (1.08, 1.15) 1.01 (1.00, 1.01)

Poorly differentiated 1.60 (1.56, 1.62) 1.03 (1.02, 1.04)

Undifferentiated 1.56 (1.52, 1.61) 1.06 (1.04, 1.07)

Histology

Adenocarcinoma Reference Reference

Goblet Cell 0.71 (1.04, 0.86) 0.84 (0.77, 0.92)

Mixed Adenocarcinoma and Carcinoma 1.35 (1.21, 1.52) 0.98 (0.92, 1.03)

Mucin Producing 1.13 (1.12, 1.15) 1.02 (1.01, 1.03)

Signet Ring 1.56 (1.52, 1.61) 0.98 (0.96, 0.99)

Pathologic T stage

T2 1.24 (1.21, 1.28) 1.05 (1.04, 1.07)

T3 1.77 (1.72, 1.82) 1.12 (1.11, 1.14)

T4 2.13 (2.07, 2.19) 1.14 (1.13, 1.15)

Tx 1.91 (1.85, 1.97) 1.05 (1.04, 1.06)

Total Lymph Node Harvested 1.02 (1.01, 1.02)

95% CI; TLH—Total Lymph Node Harvested, LNR—Lymph Node Ratio, IRR—Incident Rate Ratio,
CI—Confidence Interval.
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When colon cancer was separated from rectal cancer, the impact of age was still noted
in the TLH and TPN, with the youngest patients (≤35 years old) having the highest TPN
and TLH (1.12 colon vs. 1.20, and (1.59 colon vs. 1.50 rectal). The impact of age on TPN
and TLH were comparable between the colon and rectal as with each age cohort decreased
in age, the rate of TPN and number of TLH increased in a similar fashion (Table 4).

Table 4. Negative binomial regression, TLH and LNR colon vs. rectal cancer.

Colon Rectal

Variables LNR (IRR) (CI) TLH (IRR) (CI) LNR (IRR) (CI) TLH (IRR) (CI)

Age Cohort

≤35 1.14 (1.10, 1.19) 1.59 (1.56, 1.61) 1.20 (1.14, 1.28) 1.50 (1.46, 1.55)

36–55 1.09 (1.08, 1.11) 1.22 (1.22, 1.23) 1.07 (1.05, 1.10) 1.17 (1.56, 1.19)

56–74 1.03 (1.02, 1.04) 1.09 (1.08, 1.09) 1.01 (0.99, 1.04) 1.07 (1.05, 1.08)

≥75 Reference Reference Reference Reference

Neoadjuvant Chemotherapy 1.02 (0.97, 1.07) 0.95 (0.93, 0.97) 0.87 (0.86, 0.89) 0.80 (0.80, 0.81)

Grade

Well differentiated Reference Reference Reference Reference

Moderately differentiated 1.09 (1.07, 1.11) 1.01 (1.00, 1.02) 1.12 (1.08, 1.16) 1.01 (0.99, 1.02)

Poorly differentiated 1.59 (1.56, 1.62) 1.03 (1.02, 1.04) 1.60 (1.54, 1.67) 1.02 (1.00, 1.04)

Undifferentiated 1.55 (1.51, 1.60) 1.05 (1.04, 1.07) 1.59 (1.49, 1.70) 1.07 (1.03, 1.11)

Histology

Adenocarcinoma Reference Reference Reference Reference

Goblet Cell 1.03 (0.85, 1.24) 0.85 (0.77, 0.92)

Mixed Adenocarcinoma and
Carcinoma 1.32 (1.17, 1.50) 0.97 (0.91, 1.03) 1.55 (1.12, 2.13) 1.01 (0.86, 1.18)

Mucin Producing 1.09 (1.08, 1.11) 1.02 (1.02, 1.03) 1.33 (1.29, 1.38) 1.01 (0.99, 1.03)

Signet Ring 1.51 (1.47, 1.56) 0.97 (0.95, 0.99) 1.82 (1.69, 1.97) 1.01 (0.97, 1.05)

T Stage, n (%)

T1 Reference Reference Reference Reference

T2 1.26 (1.21, 1.31) 1.06 (1.04, 1.08) 1.22 (1.16, 1.29) 1.05 (1.02, 1.07)

T3 1.79 (1.73, 1.85) 1.13 (1.12, 1.15) 1.74 (1.66, 1.83) 1.15 (1.08, 1.13)

T4 2.18 (2.11, 2.26) 1.14 (1.12, 1.15) 1.95 (1.85, 2.06) 1.17 (1.14, 1.20)

Tx 1.96 (1.90, 2.03) 1.06 (1.04, 1.07) 1.77 (1.68, 1.87) 1.03 (1.01, 1.06)

Total Lymph Node Harvested 1.02 (1.02, 1.02) 1.03 (1.03, 1.03)

95% CI; TLH—Total Lymph Node Harvested, LNR—Lymph Node Ratio, IRR—Incident Rate Ratio, CI—
Confidence Interval.

4. Discussion

Nodal status in CRC is an important prognostic factor with overall survival inversely
correlating with the LNR [48–50]. With the growing incidence of CRC in younger patients
over the past decade the impact of age on these factors is critical to understand [1,2].
The patients represented in previous studies may not be reflective of the younger age
patient population now being treated for CRC. The goal of this study was to identify if age
alone impacted nodal status in colorectal cancer patients. Several studies have previously
identified that TLH is greater in younger patients, but none of these studies adjusted for
tumor specific factors that could impact nodal yield [38,40,41,49,51,52]. To our knowledge,
this is the first study to confirm that younger age independently correlates with increased
lymph nodes harvest regardless of tumor stage, location, grade, neoadjuvant chemotherapy
or histology. This was also confirmed in separate analyses for both colon cancer and rectal
cancer (IRR of 1.56 in patients ≤35 for all CRC and IRR 1.59 in colon and 1.50 in rectal).
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Interestingly, age was not found to impact LNR as much as it affected TLH which
could suggest that higher lymph node counts in younger patients are due to increased
lymph node hyperplasia in younger patients leading to improved pathologic identification.
Indeed, lymph node hyperplasia is known to aid in identification of lymph nodes within
surgical specimens by pathologists, and these nodes appear to be enlarged consistently in
younger patients independent of nodal metastasis. This could be a direct reflection of the
age-related changes that exist in the immune system resulting in more robust response in
younger patients.

Although, there was a statistically significant elevation in the LNR within our youngest
age group (IRR 1.16), this did not cross the threshold for clinically significant effects on sur-
vival. Previously identified cut points for LNR found to negatively impact overall survival
have been identified at 17%, 41%, and 69%, while within this study the mean LNR for all
age groups was approximately 22%, indicating that age did not have a meaningful impact
on LNR [49] (Figure 2). These results at first glance, contrast what has been previously
reported, by Xei et al. and Meyer et al. who both found that younger age directly correlated
with increased positivity of nodes utilizing the Surveillance, Epidemiology, and End Results
database (SEER). Xei et al. in T1 and T2 colon cancer patients used a predictive model to
identify those patients less than 40 years old were more likely to have an increased LNR and
Meyers et al. utilizing Poisson regression models in stage I-III rectal cancer patients identi-
fied younger age and increased T stage correlated with increased node positivity [53,54].
Both of these studies did not adjust for the other known cancer-specific factors that can
affect nodal positivity such as grade and histology. As shown within our study aggressive
histology types such as signet ring have a significant association with nodal positivity (IRR
1.56 (CI 1.52,1.61) and grade of tumor also correlates with nodal positivity with poorly
differentiated tumors having highest impact (IRR 1.60 (CI 1.56, 1.62). The results of these
two prior studies in combination with our results, highlight the fact that younger patients
are different from their elder counter parts and they do present with higher rates of positive
nodes, but our study allows for the clarification that the major contributor to this finding,
actually is from the nature of the tumor and not only the age of the patient.

The importance of the LNR has been previously established as it has a strong correla-
tion with overall and cancer-specific survival [48–50]. It also serves as a clinical surrogate
for the immune system interaction with the tumor and directly reflects the nature of the
tumor, as shown within this study where histology, T stage, and grade correlated with
LNR [38]. With the increasing incidence of younger patients with CRC, identifying that
younger age has minimal clinical impact on LNR is important to allow for this biomarker
to continue to serve as an accurate prognostic indicator.

5. Limitations

This study is limited by the retrospective nature of the data collection and, therefore,
temporal and individual institutional alterations in treatment could not be accounted for
and large percentage of missing data for MSI, an important variable. Additionally, due to
the large sample size, p-value calculations, while indicating statistical significance, may
not translate to differences that are clinically significant. As such, our discussion and
conclusions have been limited to clinically relevant findings. This study is also limited to
only CRC patients who underwent surgical resection and form of surgical intervention—open,
robotic, or laparoscopic—was not accounted for due to the limitations of the data set.

6. Conclusions

Younger patients with colon and rectal cancer have higher lymph node harvest after
adjusting for tumor location, histology, grade of tumor, and neoadjuvant chemotherapy.
Younger age has a slight correlation with increased total positive nodes and lymph node
ratio, but both these components of nodal status were found to be more largely impacted
by tumors specific characteristics including grade, histology, and T stage.
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41. Stanisavljević, L.; Søndenaa, K.; Storli, K.E.; Leh, S.; Nesvik, I.; Gudlaugsson, E.; Bukholm, I.; Eide, G.E. The total number of
lymph nodes in resected colon cancer specimens is affected by several factors but the lymph node ratio is independent of these.
Apmis 2014, 122, 490–498. [CrossRef]

42. Ng, S.K.; Lu, C.T.; Pakneshan, S.; Leung, M.; Siu, S.; Lam, A.K. Harvest of lymph nodes in colorectal cancer depends on
demographic and clinical characteristics of the patients. Int. J. Colorectal Dis. 2018, 33, 19–22. [CrossRef] [PubMed]

43. Markl, B. Stage migration vs. immunology: The lymph node count story in colon cancer. World J. Gastroenterol. 2015, 21,
12218–12233. [CrossRef] [PubMed]

44. American College of Surgeons. National Cancer Data Base. 2020. Available online: http://www.facs.org/quality-program/
cancer/ncdb (accessed on 16 April 2020).

45. Bui, L.; Rempel, E.; Reeson, D.; Simunovic, M. Lymph node counts, rates of positive lymph nodes, and patient survival for colon
cancer surgery in Ontario, Canada: A population-based study. J. Surg. Oncol. 2006, 93, 439–445. [CrossRef] [PubMed]

46. National Comprehensive Cancer Network. NCCN Guidelines Colon Cancer (Version 2.2017); National Comprehensive Cancer
Network: Plymouth, PA, USA, 2017.

47. Swanson, R.S.; Compton, C.C.; Stewart, A.K.; Bland, K.I. The prognosis of T3N0 colon cancer is dependent on the number of
lymph nodes examined. Ann. Surg. Oncol. 2003, 10, 65–71. [CrossRef]

http://doi.org/10.1016/j.cell.2010.01.025
http://www.ncbi.nlm.nih.gov/pubmed/20303878
http://doi.org/10.1001/jama.1978.03290040052023
http://www.ncbi.nlm.nih.gov/pubmed/660874
http://www.ncbi.nlm.nih.gov/pubmed/22761186
http://doi.org/10.1016/j.cyto.2008.05.012
http://doi.org/10.1200/JCO.2005.02.8852
http://doi.org/10.1245/s10434-006-9322-3
http://www.ncbi.nlm.nih.gov/pubmed/17253102
http://doi.org/10.1016/j.ejca.2004.10.010
http://doi.org/10.3816/CCC.2010.n.022
http://www.ncbi.nlm.nih.gov/pubmed/20643621
http://doi.org/10.1245/s10434-010-1308-5
http://doi.org/10.1093/jnci/dji020
http://www.ncbi.nlm.nih.gov/pubmed/15687365
http://doi.org/10.1111/j.1445-2197.2010.05571.x
http://www.ncbi.nlm.nih.gov/pubmed/21418471
http://doi.org/10.1002/jso.21886
http://doi.org/10.1001/archsurg.2009.210
http://doi.org/10.1007/DCR.0b013e3181979164
http://doi.org/10.1016/j.ejso.2014.06.002
http://doi.org/10.1111/codi.12245
http://www.ncbi.nlm.nih.gov/pubmed/23582027
http://doi.org/10.1111/j.1463-1318.2009.01788.x
http://doi.org/10.1186/s12893-016-0132-7
http://doi.org/10.1111/apm.12196
http://doi.org/10.1007/s00384-017-2927-0
http://www.ncbi.nlm.nih.gov/pubmed/29134274
http://doi.org/10.3748/wjg.v21.i43.12218
http://www.ncbi.nlm.nih.gov/pubmed/26604632
http://www.facs.org/quality-program/cancer/ncdb
http://www.facs.org/quality-program/cancer/ncdb
http://doi.org/10.1002/jso.20499
http://www.ncbi.nlm.nih.gov/pubmed/16615148
http://doi.org/10.1245/ASO.2003.03.058


Cancers 2022, 14, 3817 11 of 11

48. Veen, T.; Nedrebø, B.S.; Stormark, K.; Søreide, J.A.; Køner, H.; Søreide, K. Qualitative and quantitative issues of lymph nodes as
prognostic factor in colon cancer. Dig. Surg. 2013, 30, 1–11. [CrossRef]

49. Rosenberg, R.; Friederichs, J.; Schuster, T.; Gertler, R.; Maak, M.; Becker, K.; Grebner, A.; Ulm, K.; Höfler, H.; Nekarda, H.; et al.
Prognosis of patients with colorectal cancer is associated with lymph node ratio: A single-center analysis of 3026 patients over a
25-year time period. Ann. Surg. 2008, 248, 968–978. [CrossRef]

50. Jiang, C.; Wang, F.; Guo, G.; Dong, J.; Liu, S.; He, W.; Zhang, B.; Xia, L. Metastatic lymph node ratio as a prognostic indicator in
patients with stage IV colon cancer undergoing resection. J. Cancer 2019, 10, 2534–2540. [CrossRef]

51. Moro-Valdezate, D.; Pla-Martí, V.; Martín-Arévalo, J.; Belenguer-Rodrigo, J.; Aragó-Chofre, P.; Ruiz-Carmona, M.D.; Checa-Ayet, F.
Factors related to lymph node harvest: Does a recovery of more than 12 improve the outcome of colorectal cancer? Colorectal Dis.
2013, 15, 1257–1266. [CrossRef]

52. Xie, Y.; Huang, Y.; Ruan, Q.; Wang, H.; Liang, X.; Hu, Z.; Li, X. Impact of Tumor Site on Lymph Node Status and Survival in
Colon Cancer. J. Cancer 2019, 10, 2376–2383. [CrossRef]

53. Xie, X.; Yin, J.; Zhou, Z.; Dang, C.; Zhang, H.; Zhang, Y. Young age increases the risk for lymph node metastasis in patients with
early Colon Cancer. BMC Cancer 2019, 19, 803. [CrossRef]

54. Meyer, J.E.; Cohen, S.J.; Ruth, K.J.; Sigurdson, E.R.; Hall, M.J. Young Age Increases Risk of Lymph Node Positivity in Early-Stage
Rectal Cancer. J. Natl. Cancer. Inst. 2016, 108, djv284. [CrossRef] [PubMed]

http://doi.org/10.1159/000349923
http://doi.org/10.1097/SLA.0b013e318190eddc
http://doi.org/10.7150/jca.29216
http://doi.org/10.1111/codi.12424
http://doi.org/10.7150/jca.32038
http://doi.org/10.1186/s12885-019-5995-4
http://doi.org/10.1093/jnci/djv284
http://www.ncbi.nlm.nih.gov/pubmed/26719881

	Introduction 
	Methods 
	Source 
	Study Cohort 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

