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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

Recently lymph node yield (LNY) has been endorsed as a quality measure of colon cancer
resection adequacy. It is unclear whether this measure is relevant to all ages. We hypothesized
that total lymph node yield (LNY) is negatively correlated with increasing age and overall
survival (OS).

The Surveillance, Epidemiology and End Results (SEER) database was queried for all nonmetastatic
colon cancer patients diagnosed from 1992 to 2004 (n = 101,767), grouped by age (<40, 41 to 45,
46 to 50, and in 5-year increments until 86+ years). Proportions of patients meeting the 12 LNY
minimum criterion were determined in each age group and analyzed with multivariate linear regres-
sion adjusting for demographics and American Joint Committee on Cancer (AJCC) 6™ Edition
stage. OS comparisons in each age category were based on the guideline of 12 LNY.

Mean LNY decreased with increasing age (18.7 vs 11.4 nodes/patient, youngest vs oldest group, p <
0.001). The proportion of patients meeting the 12 LNY criterion also declined with each incremen-
tal age group (61.9% vs 35.2% compliance, youngest vs oldest, p < 0.001). Multivariate regression
demonstrated a negative effect of each additional year in age and log (LNY) with coefficient of
—0.003 (95% CI —0.003 to —0.002). When stratified by age and nodal yield using the 12 LNY
criterion, OS was lower for all age groups in stage II colon cancer with less than 12 LNY, and each age
group over 60 years with less than 12 LNY for stage III colon cancer (p < 0.05).

Every attempt to adhere to proper oncologic principles should be made at the time of colon

cancer resection regardless of age. The prognostic significance of the 12 LN minimum criterion
should be applied even to elderly colon cancer patients. (J Am Coll Surg 2011;213:95-105.
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Despite continued advances in the multidisciplinary treat-
ment of colon cancer, it remains the second leading cause of
cancer-related death in the United States. The American
Cancer Society estimates that there will be 102,900 newly
diagnosed colon cancer cases and 51,370 deaths in 2010
alone.! After oncologic resection, adjuvant chemotherapy
is reserved for lymph node-positive patients and at present,
recommended on a case-by-case basis for certain high-risk
node-negative patients having tumor perforation, low
lymph node retrieval, poorly differentiated tumors, and/or
T4 lesions.> Despite this multimodality treatment ap-
proach, the outcomes of node-negative patients with colon
cancer remain highly variable, attributable, in part, to
nodal yield at time of operation and pathologic staging.
Proper staging, involving adequate resection of the pri-
mary tumor with associated draining lymph node basins
along with a thorough pathologic examination, remains
paramount to ensuring appropriate surgical care and selec-
tion for adjuvant systemic therapy. However, other factors
may also play a role in the subsequent treatment, both at
the time of and after the operation. Aside from individual
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Abbreviations and Acronyms

AJCC = American Joint Committee on Cancer
LNY = lymph node yield
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overall survival
Surveillance, Epidemiology and End Results

surgeon and pathologist variation, patient factors such as
underlying comorbidities, physiologic condition at the
time of operation, body mass index, and age often factor
into the aggressiveness (both surgical and oncologic) with
which care is pursued (eg, extent of resection, selection of
adjuvant therapy).*® An important factor in therapeutic
decisions in colon cancer is patient age, which has been
known to add to the considerable variation in the overall
management of this disease. These decisions affect both
muldagent systemic therapy, and the ultimate benefit of
each weighing into the treatment algorithm.

To determine the adequacy of an oncologic resection for
colon cancer, the lymph node yield (LNY) examined in the
specimen has recently become a defined, widely promul-
gated quality measure. Furthermore, a consensus including
multiple national society and quality forums (supported by
the American Board of Surgery, the National Cancer Insti-
tute, and the American Society of Clinical Oncology) have
emerged endorsing the standard LNY >12 as the mini-
mum requirement for number of nodes resected and exam-
ined to define adequate staging.”"" Yet, a low lymph node
yield does not necessarily demonstrate a failure of surgeons
to adhere to proper oncologic principles.' In the era of pay
for performance, transparency of hospital outcomes, and
quality metric evaluation, this may result in an inappropri-
ate attribution of low quality to surgeons who are otherwise
performing high quality operations. Therefore, it is impor-
tant to thoroughly explore the different factors that may
ultimately affect lymph node retrieval. Previous studies
have identified that young age is a predictor for improved
lymph node yield after resection, with consistently higher
percentages able to achieve this emerging national bench-
mark of the 12-node minimum.'*"'® Conversely, older age
has been associated with lower lymph node yield, for some-
what indistinct causes.'”'® Yet, although LNY is a marker
for proper resection of colon cancer, it remains unclear
whether this measure is relevant to all ages. The goal of this
study was to use a large, population-based dataset to help
more clearly define what the combined effect of LNY and
age ultimately has on colon cancer outcomes as well as
determine the impact of age on quality measure adherence
in colon cancer. We hypothesized that total LNY is nega-
tively correlated with increasing age and overall survival

(OS).

METHODS

Design and outcomes
This was a retrospective analysis of prospectively collected
data.

The primary study endpoints were LNY compliance
with a 12 lymph node minimum for surgical resection
based on age. The secondary endpoint was OS.

Data source

The Surveillance, Epidemiology, and End Results (SEER)
program collects data from 13 regional cancer registries
comprising 26% of the US population, and it is considered
representative of the entire population. A public use set of
deidentified data is available to researchers and is consid-
ered exempt from institutional review board review. Avail-
able data include patient demographics, primary tumor
data, regional nodal data, vital status, and survival.

Patient population

The SEER database was queried for all patients diagnosed
with colon adenocarcinoma diagnosed between 1992 and
2004, who had data recorded for the number of lymph
nodes examined. Although data collection began in 1977,
the number of examined lymph nodes was recorded from
1988. The study population consisted of those undergoing
colon resections (ICD-O-3 codes C18.0-C18.9 and
C26.0) with a T1-T4 colon cancer without distant metas-
tases (American Joint Committee on Cancer [AJCC]6™
Edition, stages I to III). Patients were excluded for having
insufficient information to determine AJCC 6™ Edition
cancer stage or number of nodes in the pathologic speci-
men, having had a previous noncolon cancer, rectal cancer,
or AJCC stage IV disease. Rectal cancers were not included
in this analysis.

Statistical analysis

All cases were restaged based on the AJCC 6™ Edition
staging criteria. Mean, median, and mode of the number of
lymph nodes examined were determined. Patients were ini-
tially grouped by age (<40 years, 41 to 45, 46 to 50, and in
5-year increments until 86+ years). LNY was calculated by
age group and compared using ANOVA. Tumors with a
primary site of cecum, ascending colon, and hepatic flexure
were classified as right colon lesions. Left colon tumors
encompassed those in the descending colon and splenic
flexure. Based on the national guidelines, analysis was
further stratified by those with =12, and <12 nodes ex-
amined. Proportions of patients meeting the 12 LNY min-
imum criterion in each age group were analyzed by chi-
squared testing. Overall survival comparisons stratified by
each age category (65+ versus <65) were based on the
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Table 2. Lymph Node Yield with Increasing Age

Age Mean % Meeting
group, y n LNY, n 95% CI 12 LNY
=40 2,266 18.7 18.2 19.3 61.9
41-45 2,284 15.6 15.2 16.1 52.4
46-50 4,038 14.3 14.0 14.6 48.0
51-55 6,439 13.7 13.5 14.0 45.6
56-60 8,072 13.0 12.8 13.2 41.9
61-65 10,578 12.5 12.4 12.7 40.0
66-70 13,631 12.2 12.1 12.4 38.6
71-75 16,247 12.0 11.9 12.2 37.5
76-80 16,335 12.1 12.0 12.2 38.0
81-85 12,599 11.9 11.8 12.1 37.5
86+ 9,278 11.4 11.2 11.6 35.2
Total 101,767 12.6 12.5 12.6 39.9

LNY, lymph node yield.

for gender and AJCC stage (Table 4). This translates to an
approximately 3.4% decrease in nodal yield for each 5-year
age interval on average. Overall survival, when stratified by
AJCC staging and nodal yield using the 12 LNY criterion,
was lower for all age groups in stage II colon cancer with
<12LNY and each age group over 60 years with <12LNY
for stage III colon cancer (p < 0.05) (Fig. 2). Finally,
cancer-specific survival stratified by AJCC staging, age, and
LNY again demonstrated significant differences for all
AJCC stage II groups and older patients with stage III
colon cancer. Cancer-specific survival for AJCC stage I
patients was similar (Table 5).

DISCUSSION

With the increased emphasis on surgical competence, thor-
oughness of pathologic evaluation, evidence-based medi-
cine, and outcomes analysis, it is important that each qual-
ity metric applied in clinical practice adequately represents
an accurate assessment of care and the population of inter-
est affected by disease. Although the 12-node minimum for

Table 3. Lymph Node Yield by Primary Tumor Site
Lymph node yield, n

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

% compliance

Year

Figure 1. Percentage of patients compliant with 12+ nodes by year
of diagnosis and age.

colon cancer endorsed by a number of key opinion-leading
organizations has been deemed the “gold standard” both in
the United States and internationally, carlier large-scale
population-based reviews, including this study, have dem-
onstrated benchmark achievement in <50%.'* There has,
however, been a significant improvement recently in reach-
ing this benchmark as demonstrated in the present study,
particularly at National Comprehensive Cancer Network-
designated cancer centers, with reported rates of compli-
ance exceeding 90%.>'? This is both clinically relevant and
important, because the OS benefit for patients with colon
cancer has been shown to increase progressively with in-
creasing number of lymph nodes resected and evaluated
pathologically in some reports.””*'

Although the 12-node minimum threshold is not nec-
essarily substantiated biologically or mathematically, it rep-
resents a reasonable, achievable minimum number of
lymph nodes that should be examined after oncologic re-
section of the colon. However, the importance of this LNY
cutoff may not apply for all patients across all stages of
nonmetastatic disease. In fact, the optimal minimum num-
ber of lymph nodes to be examined after colon resection
remains a topic of controversy. The overall survival impact
of this quality measure in colon cancer remains to be de-
finitively determined, especially as it relates to different age

Lower Upper
Site . Mean Total n bound bound Table 4. Linear Regression of Factors Associated with Log
Ascending colon 14.6 17,733 14.5 14.8 (LNY)
Cecum 13.6 24,391 13.6 13.8 Standardized coefficients 95.0% Cl for B
Descending colon 11.8 6,245 11.6 12.1 Lower Upper
Hepatic flexure 14.4 5,834 14.2 14.7 Model Beta p Value  bound bound
Large intestine, NOS 13.6 1,487 12.8 14 Variable 0.000 1.037 1.060
Sigmoid colon 10.4 32,657 10.3 10.5 Age at diagnosis —0.003 0.000 —0.003 —0.002
Splenic flexure 12 4,187 11.7 12.3 Sex 0.039 0.000 0.022 0.030
Transverse colon 12.7 9,233 12.5 12.9 AJCC stage II 0.185 0.000 0.119 0.129
Total 12.6 101,767 12.5 12.6 AJCC stage I1I 0.224 0.000 0.150 0.160

NOS, not otherwise specified.

AJCC, American Joint Committee on Cancer; LNY, lymph node yield.
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Figure 2. Overall survival by adherence to =12 node sampling by age. (A) and (B), AJCC6 stage |; (C) and (D), AJCC6
stage Il; (E) and (F), AJCC6 stage IIl. AJCCB, American Joint Committee on Cancer, 6™ Edition.
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Table 5. Cancer-Specific Survival by AJCC Stage, Age, and
Lymph Node Yield

AJCcC Age Lymph node p Value vs <12
stage group, y yield, n nodes
I =40 12+ 0.564
41-45 12+ 0.232
46-50 12+ 0.871
51-55 12+ 0.911
56-60 12+ 0.939
61-65 12+ 0.258
66-70 12+ 0.568
71-75 12+ 0.097
76-80 12+ 0.503
81-85 12+ 0.088
86+ 12+ 0.687
I =40 12+ 0.000
41-45 12+ 0.050
46-50 12+ 0.000
51-55 12+ 0.000
56-60 12+ 0.001
61-65 12+ 0.000
66-70 12+ 0.000
71-75 12+ 0.000
76-80 12+ 0.000
81-85 12+ 0.000
86+ 12+ 0.000
111 =40 12+ 0.073
41-45 12+ 0.129
46-50 12+ 0.348
51-55 12+ 0.249
56-60 12+ 0.673
61-65 12+ 0.033
66-70 12+ 0.317
71-75 12+ 0.062
76-80 12+ 0.023
81-85 12+ 0.004
86+ 12+ 0.041

AJCC, American Joint Committee on Cancer.

groups, although recent data support LNY as an oncologi-
cally relevant metric.'"'**'* There is no question that suc-
cess or failure to reach this minimum nodal threshold is not
simply patient factor or hospital facility driven, but is likely
muldifactorial and includes tumor-specific molecular alter-
ations such as nodal lymphocytic reaction.® *>*” Factors
identified as having an impact on LNY have included in-
dividual surgeon, pathologist, pathology technician, hospi-
tal case-volume, site of the primary tumor, and year of
resection.”®?* Although all of these have been previously
validated in single-institution or population-based studies,
it is important to evaluate the current quality metric to
ensure its reliability and reproducibility as it pertains to all

patients in whom the standard is applied; in this case,
young and old patients alike. Consequently, the goal of this
study was to evaluate the impact of age on quality measure
adherence of minimum LNY in colon cancer. We hypoth-
esized that total LNY is negatively correlated with increas-
ing age and OS.

We identified a negative correlation between advancing
age and LNY for patients diagnosed with nonmetastatic
colon adenocarcinoma, who were treated with curative in-
tent. Previous authors have similarly found that increasing
age is associated with a decreasing number of lymph nodes
examined, although collective comparisons are somewhat
hampered by widely varying, somewhat arbitrary, age cut-
offs without clear mathematical or oncologic basis (ie, =40
vs >40, <67 vs >78, >80 years, etc).'***>** We therefore
chose to evaluate patients by grouping both extremes of age
(<40, 86+ years), along with 5-year age increments be-
tween these 2 extremes. This allowed us to not only deter-
mine trends within each age cohort over the 13-year study
period, but also compare the age groupings with one an-
other. Not surprisingly, we identified improvement in LNY
within all age categories over the course of the study, likely
reflecting added emphasis in recent years on adequate LNY
to support accurate staging, as well as increasing awareness
of the relationship between LNY and improved sur-
vival.?"?*?* We also found that within each study year, the
LNY for younger patients continued to be significantly
higher than LNY for older patients (Fig. 1).

Speculative reasons for this multifactorial LNY-
associated and age-dependent phenomenon may be related
to factors beyond generally accepted surgical and patho-
logic techniques. These include a biologic decrease in num-
ber of evaluable lymph nodes or immunocompetence with
older age, or age-dependent lymphocyte transformation of
regional lymph node cells. Although difficult to prove, this
may essentially represent a reverse causality. This may sug-
gest that taking more lymph nodes doesn’t necessarily yield
better results; rather, improved outcomes may result from
people already having more lymph node density. The im-
portance of proper evaluation, and perhaps ultimate im-
pact on OS, however, cannot be overemphasized. For al-
though the exact reasons remain elusive, we were able to
identify an independent statistical correlation on multivar-
iate analysis, specifically, that OS was lower for all age
groups in stage II colon cancer with <12LNY and each age
group over 60 years with <12LNY for stage III colon can-
cer. Therefore, with a lack of data to identify other factors,
such as biologic behavior, to account for these differences
in outcome, the goal remains to achieve a 12 LNY mini-
mum when possible.
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Although it is enticing to attribute the finding of age-
dependent differences in nodal evaluation to surgeon or
patient-specific factors, much has been written about the
various contributing factors that may account for this dis-
parity. In a recent study of 430 colon cancer resections,
increasing age itself was associated with a mild negative
correlation with respect to overall LNY (» = —0.19, p <
0.001).° The authors concluded factors “out of control of
the surgeon,” such as patient age, may have to be taken into
consideration before becoming a permanent incentive-
based measurement. Quah and colleagues'® similarly found
that younger patients had more nodes retrieved in their
specimens (median 18 vs 14, p = 0.001) in a comparison
of 68 patients younger than 40 years undergoing colectomy
for cancer vs 1,259 patients over 40 years.'® They also
found that younger patients were more likely to receive
adjuvant chemotherapy, especially in those with stage II
disease (39% vs 14%, p = 0.003). Yet this did not translate
into a difference in disease-specific survival (younger vs
older, 86% vs 87%), though 5-year OS was higher in the
younger cohort (84% vs 73%, p = 0.001). The authors
concluded that factors such as nodal retrieval, which was
age-dependent, and ultimately treatment differences, espe-
cially in node-negative disease, may have contributed to the
differences in outcome. Similar to this study, large
population-based studies have shown overall low rates of
adequate lymph node evaluation (>>12 nodes examined),
with older patients (>71 years) less likely to have adequate
nodes examined than younger patients (odds ratio [OR]
0.45, 95% CI 0.44 to 0.47).”° Regarding the 12 LNY min-
imum benchmark, Baxter and associates®® also found that
patients less than 50 years old achieved the 12 lymph node
minimum in 51% vs only 35% for those over 70 years of
age, findings similar to ours. Yet, many of these previous
studies used a single cutoff to define age, which may have
affected their findings. We elected, therefore, to use 5-year
increments to evaluate for trends and provide additional
information that may be unique to certain smaller cohorts.

Notwithstanding the differences in LNY among the var-
ious age groups over the study period, we wanted to iden-
tify the impact of LNY (<12 vs 12+ lymph nodes) on
patient outcomes. We again found that in patients with
advanced age, lower LNY was associated with decreased OS
for both node-positive and node-negative colon cancer.
This is similar to the findings of other authors,"*'
identified that decreased lymph node evaluation was asso-
ciated with worse OS, though they did not specifically
evaluate the impact of age. Yet this point remains somewhat
controversial because not all have found that number of
lymph nodes resected and examined correlates with overall
survival. A study out of the Mayo Clinic found that survival

who

was dependent only on the number of positive nodes and
independent of the total number of nodes (>12 or 12+)
examined for stage III patients.”” Considering that previous
authors have identified a higher frequency of lymph node
metastasis in younger patients,'”*® it may not be the abso-
lute number, but tumor biology that dictates ultimate out-
come. Furthermore, Wang and colleagues™ found the
prognostic value of total number of lymph nodes on sur-
vival was nullified after stratifying by the lymph node ratio
of positive to evaluated nodes.”® Chen and associates,” in a
review of the SEER database, also found that the lymph
node ratio independently estimates survival for patients
with stage III colon cancer, irrespective of number of nodes
examined. However, unlike the Wang study,* the authors
found a statistically significant improvement in OS within
each lymph node ratio stratum for patients with examina-
tion of =12 nodes. In this study, the 12 LNY benchmark
continued to have a direct impact on outcomes for both
stage II and stage III disease, with OS lower for all age
groups in stage II when the LNY was <12, and each age
group over 60 years with <12LNY for stage I1I (p < 0.05).
We also elected to look at cancer-specific survival because
OS may be confounding, especially in older patients. We
found similar cancer-specific survival for both stage II and
III disease.

Although the findings in stage II colon cancer might
simply represent a stage migration issue, LNY-dependent
survival impact continued to hold up as an independent
predictor of OS in multivariate analysis, confirming earlier
reports.” Additionally, it may represent a difference in
treatment with regard to adjuvant therapy with age differ-
ences and variations in LNY.*" Hardiman and colleagues®
showed that there are disparities in the treatment of those
older than 80 compared with younger. This may be second-
ary to their finding of LNY being significantly lower in
those over 80 (11 vs 10 nodes, p < 0.01) in a review of
10,433 patients in the Nationwide Inpatient Sample.
Older patients were also less likely to receive chemotherapy
than younger patients. Although it is difficult to pinpoint
definitive reasons for the findings in only those stage III
patients over 60 years, this may again reflect a statistical
anomaly, or more likely, a combination of tumor biology
along with adherence to oncologic principles at time of
operation, as well as pathologic techniques.

We acknowledge several limitations of this study. Large
population-based data sources such as SEER allow exami-
nation of nationwide trends and outcomes, providing in-
sight into how groups represented in smaller, more con-
trolled studies compare with the general population.
However, as a clinical administrative database that relies on
coding for accuracy, SEER itself is subject to coding dis-
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crepancies. However, the large sample size provided by the
SEER database increases the likelihood of an even distribu-
tion of coding errors or adjuvant therapy differences
among the various groups. Other limitations of this study
include the mere nature of an observational, retrospective
study and the inherent biases associated with it
Population-based databases such as SEER provide a large
volume of information; however, they lack specifics that
could add to the study—for example, why exactly was a
treatment algorithm chosen, certain patient comorbidities,
and oncologic adequacy of the operation including mar-
gins. In addition, small differences relating to LNY in var-
ious age groups above or below the 12 LNY benchmark
may be statistically different, but the clinical impact is un-
known. Yet our goal was to identify as well as possible what
was taking place on a national level with regard to the
impact age has on what is becoming a national and inter-
national standard, which may ultimately have a dramatic
impact on health care providers in terms of determining
competency. More importantly, however, we are reminded
how staging accuracy remains a critically important quality
metric because recent data have demonstrated that when
chemotherapy is appropriately given for stage III patients,
despite being older, it is generally well tolerated, with even
fewer adverse reactions than in younger patients,* and it
improves overall survival.*** Older patients receiving che-
motherapy have been reported to have similar disease-
specific survival to their younger counterparts.' Yet, when
the 12 LNY benchmark is not achieved, resulting in a
pathologic diagnosis of stage II disease despite “inadequate
sampling,” chemotherapy is used less often in the older
population.*"*> Though we can still only speculate on rea-
sons the LNY was lower across the study period for older
patients, we were able to demonstrate a continued impact on
OS between those achieving the 12 LNY benchmark and
those who were unable to do so. Additionally, this held up in
both node-positive and node-negative disease. Finally, al-
though AJCC stages were controlled for in the Cox propor-
tional hazard regression model in this study, additional factors
that may have affected the analysis—adjuvant therapy use and
specific surgical intervention—could unfortunately not be
specifically controlled for in our modeling.

CONCLUSIONS

We identified a negative correlation between advancing age
and LNY in nonmetastatic colon cancer. This multifacto-
rial phenomenon may be related to surgical and pathologic
technique, or perhaps a biologic decrease in number of
evaluable lymph nodes or immunocompetence with older
age. In patients with advanced age, lower LNY was associ-
ated with decreased OS for both node-positive and node-

negative colon cancer. Based on this, the prognostic signif-
icance of the 12 lymph node minimum criterion should be
applied even to elderly colon cancer patients. Every at-
tempt to adhere to proper oncologic principles to attain
this 12 lymph node minimum benchmark should be a goal
at the time of colon cancer resection for all patients, regard-
less of age, in order that appropriate treatments can be
considered and survival optimized even if tumor biology
limits eventual outcomes.
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