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Introduction
Multimodality treatment guidelines for colon cancer have been revised frequently as data
accumulate on the optimal selection and timing of treatment. The National Comprehensive
Cancer Network (NCCN) is a nonprofit organization that has established working, expert
consensus and evidence-based guidelines for organ-specific cancer care, including care of
patients with colon cancer.1 Stage-based treatment for colon cancer has been subjected to
significant scrutiny over the last decade, and several large trials have examined the benefits
of multimodality care for this disease.2-7 The current NCCN guidelines for colon cancer
recommend that patients with stage I and low-risk stage II disease be treated with surgery
alone; that patients with high-risk stage II disease and all patients with stage III disease be
treated with surgical resection and adjuvant chemotherapy unless there are obvious
contraindications; and that patients with stage IV disease be offered some combination of
chemotherapy with or without surgical resection.1

There is clear evidence that adjuvant chemotherapy in patients with stage III colon cancer is
associated with improved survival outcomes.3,4,8-15 However, the optimal treatment of
patients with high-risk stage II disease (defined by tumor depth, histologic grade, margin
status, and number of nodes retrieved)has been the subject of considerable study and is a
subject of ongoing controversy. Many studies have shown an overall survival benefit from
the addition of adjuvant chemotherapy to surgery, but some have not. Thus, although the
NCCN guidelines recommend adjuvant chemotherapy for patients with high-risk stage II
disease, a significant proportion of such patients do not receive adjuvant chemotherapy.

The goal of the current study, which expands on a previous study by our group that
evaluated practice variation with respect to adherence to NCCN recommendations within the
National Cancer Data Base (NCDB),16 was to examine the impact of adherence to
guidelines on stage-specific survival outcomes in patients with stage III and high-risk stage
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II colon cancer. We examined factors associated with survival in order to identify subgroups
of patients who may benefit from improved access to or delivery of cancer care.

Materials and Methods
Data Sources

The NCDB is a program of the Commission on Cancer of the American College of Surgeons
and the American Cancer Society that accumulates outcomes data from more than 1500
Commission-accredited cancer programs in the US and Puerto Rico. Reporting hospitals
range from small community hospitals to National Cancer Institute-designated
comprehensive cancer centers. The database captures approximately 70% of all cancer
diagnoses within the US, offering a large hospital-based sampling of current clinical
practice.17-19

Definition of Patient Cohort
The International Classification of Disease for Oncology (ICD-O-3) codes associated with a
diagnosis of adenocarcinoma of the colon (ICD-O-3 topography codes C180 and C182-199
and morphology codes 8140-8144, 8210, 8211, 8220, 8221, 8260-8263, 8480-8481, 8490,
and 8550) were used to select patients from within the National Cancer Data Base who were
diagnosed with colon adenocarcinoma between 1998 and 2002. The cohort was limited to
patients who received their first course of treatment at the reporting facility. Pathologic
variables, including tumor depth, nodal status, and evidence of metastatic disease, were used
to re-stage patients according to the American Joint Committee on Cancer staging system
(6th edition).

Patients with stage II disease were subdivided into low- and high-risk categories on the basis
of criteria defined by the NCCN: patients were considered to have high-risk disease if they
had T4 depth of invasion, histologic grade of 3 or greater, R1-R2 margin status, or fewer
than 12 nodes were retrieved. Several other selection criteria were also used to restrict the
cohort to minimize the potential for selection or reporting bias. Patients were excluded if
they were older than 80 years or treated at an institution where the overall rate for
recommending chemotherapy for stage III cancer was less than 20%, suggesting that an
institution may have underreported this treatment variable (as previously described16).
Patients with missing or incomplete treatment information were excluded from the analysis
(Figure 1).

The definition of adherence or non-adherence to NCCN guidelines in this study is based
upon stage-based NCCN recommendations for colon cancer. The current NCCN guidelines
for colon cancer recommend that patients with stage I and low-risk stage II disease be
treated with surgery alone; that patients with high-risk stage II disease and all patients with
stage III disease be treated with surgical resection and adjuvant chemotherapy unless there
are obvious contraindications; and that patients with stage IV disease be offered some
combination of chemotherapy with or without surgical resection.1 Therefore, patients treated
in accordance with these recommendations were categorized as “adherent” and those not
treated according to these recommendations were categorized as “non-adherent”.16

Statistical Analyses
To assess cancer-specific causes of death, relative survival was used as a means of
estimating disease-specific survival.20 Relative survival analysis is a validated method for
performing survival studies that gives an objective measure of survival of cancer patients
when comorbidities or issues complicating treatment do not exist. Relative survival is best
defined as the ratio of the observed survival rate (including all causes of death) among an
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established cohort of cancer patients to the expected survival rate of a similar cohort of
people who do not have cancer. Five-year relative survival was presented according to
cancer stage and whether treatment adhered or did not adhere to NCCN guidelines.
Propensity scores were also used to adjust for potential confounding in the analysis of
treatment outcome.21,22 Specifically, several models were created to compare the effects of
adherent versus nonadherent treatment on relative survival within groups stratified by
propensity scores incorporating gender, age, race, insurance, facility type, year of diagnosis,
and class of case; pooled stratum-specific estimates were computed for groups with similar
propensity scores. We also included the propensity score, as a summary measure of all
potential confounders, as one of the covariates in the multivariable regression models.

Two-level, stage-specific, hierarchical generalized linear regression models were used to
analyze the influence of multiple factors on relative survival for patients with stage III and
high-risk stage II disease to evaluate the influence of various demographic factors. All the
reported p values were 2-sided, and values less than 0.05 were considered statistically
significant. Statistical analyses were performed using Stata 10 software (Stata Corp, College
Station, TX. Forest plots were generated using SigmaPlot 10 for Windows.

Results
Following the application of defined inclusion and exclusion criteria (Figure 1), the final
study cohort consisted of 167,434 patients. The baseline patient characteristics are shown in
Table 1. The gender distribution did not differ by stage, and 50.7% of patients overall were
male. Younger patients were more likely to present with more advanced disease (51.1% of
patients with stage IV disease were < 65 years old). The bulk of patients across all stages
were Caucasian (81.2%), and most patients had Medicare (47.4%) or private insurance
(43.0%). Most patients (81.2%) had a median household income (as measured per zip code)
greater than $30,000 per year. Patients most commonly received treatment at community
cancer centers (52.0%); the remaining patients were treated at academic hospitals (29.2%) or
community hospitals (18.8%). Most patients received their treatment at the hospital of initial
diagnosis (81.4%).

Rates of adherence to NCCN treatment guidelines were 96.4% for patients with stage I
disease, 67.0% for patients with low-risk stage II disease, 35.7% for patients with high-risk
stage II disease, 73.6% for patients with stage III disease, and 63.4% for patients with stage
IV disease. The highest rate of nonadherence occurred in the high-risk stage II group
(undertreatment), followed by stage IV (undertreatment), low-risk stage II (overtreatment),
and stage III (undertreatment); the treatment of stage I disease was highly compliant with
guidelines.16

The relative survival rates of patients for the entire cohort, stratified according to adherence
versus nonadherence to NCCN treatment guidelines, are shown in Figure 2. Nonadherence
to current NCCN guidelines was associated with a decreased 5-year relative survival rate
(54.5% vs. 67.7%). We then examined stage-specific relative survival rates stratified by
adherence to current NCCN guidelines, specifically focusing on patients with stage III and
high-risk stage II disease. Among patients with high-risk stage II disease, the 5-year relative
survival rate was lower with nonadherence (i.e., no adjuvant chemotherapy) (77.5% vs.
84.9%) (Figure 3A). A similar trend was noted for patients with stage III disease who did
not receive adherent treatment (5-year relative survival rate of 50.9% vs. 68.8%) (Figure
3B). Overall survival was also calculated with identical stage-specific survival trends
observed, as well as similar hazard ratios in multivariate analyses (data not shown).
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On multivariate analysis of relative survival in patients with high-risk stage II disease and
patients with stage III disease (Table 2 and Figure 4), multiple factors were associated with
differences in relative survival. In both patient subgroups, factors associated with decreased
survival included male gender, African American ethnicity, lack of insurance, Medicaid
coverage, and Medicare coverage. Age 75 years or greater was also associated with
decreased relative survival in patients with stage III disease. In both patient subgroups,
residence in area code with median income of $30,000/year or greater was associated with
improved relative survival, as was treatment at a comprehensive cancer center and treatment
at the same facility where the colon cancer was initially diagnosed. There was a trend
towards increased relative survival in later years compared to earlier years of diagnosis in
both patients with high-risk stage II disease and patients with stage III disease, most likely
representing the evolution of practice patterns and available treatment options over time. In
both groups, patients not treated in accordance with NCCN guidelines (i.e., “undertreated”)
had an increased risk of death.

To elucidate the specific factors underlying the trends in adherence to treatment
recommendations, univariate analysis was used to analyze adherence patterns in both patient
subgroups (high-risk stage II and stage III). Several factors were associated with a higher
rate of nonadherence in both groups, including older age (p<0.001); Medicaid, Medicare, or
uninsured status versus private insurance (p<0.001); and subsequent treatment at a different
facility than the facility where the cancer was first diagnosed(p<0.001).

The hazard ratios for relative survival associated with nonadherent versus adherent treatment
were noted to be similar regardless of the specific propensity-adjusted application examined
(Table 3). In addition, the propensity-adjusted estimates were similar to the multivariate
hazard ratios for relative survival which were estimated for nonadherent versus adherent
treatment without propensity scores, HR=1.43 (95%CI: 1.33-1.54) for stage II high risk and
HR=1.88 (95%CI: 1.82-1.95) for stage III patients.

Discussion
The findings of this study, a large hospital-based analysis, demonstrate a relative survival
benefit for patients with stage III and high-risk stage II colon cancer treated according to the
NCCN guidelines. While a number of trials support the survival benefits of adjuvant
chemotherapy in patients with stage III disease,3,8-12 the recommendations in favor of
adjuvant chemotherapy in patients with high-risk stage II disease are based on compiled data
from several studies suggesting that there is a subset of such patients who may benefit from
adjuvant therapy.2,8-10,23,24 Our data offer additional evidence to support the current NCCN
recommendations on the effectiveness of adjuvant chemotherapy in heterogeneous
populations that extend the results of well-controlled clinical trials. The current analysis also
identified several other factors associated with an increased risk of death in both patients
with stage III disease and those with high-risk stage II disease, including male gender,
African American race, insurance status other than private insurance (i.e., Medicare,
Medicaid, other government insurance, or lack of insurance), lower household income,
treatment at a community hospital, and treatment at an institution other than the hospital of
diagnosis.

The current recommendations for adjuvant treatment of high-risk stage II colon cancer are
based on composite data from a number of different studies. These include the National
Surgical Adjuvant Breast and Bowel Project (NSABP) C-04,6 NSABP C-05,25 and NSABP
C-077 trials as well as the Multicenter International Study of Oxaliplatin/5-Fluorouracil/
Leucovorin in the Adjuvant Treatment of Colon Cancer (MOSAIC trial), all of which
showed a benefit from adjuvant chemotherapy with 5-fluorouracil and leucovorin.3 The

Boland et al. Page 4

Cancer. Author manuscript; available in PMC 2014 April 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Intergroup 0035 study demonstrated a trend towards a lower rate of recurrence in patients
with stage II colon cancer treated with adjuvant fluorouracil plus levamisole but did not
show improvements in overall survival.5 A Surveillance, Epidemiology, and End Results
(SEER) Medicare study of patients with stage II disease did not show a significant increase
in survival with adjuvant treatment but did show a trend in that direction.15 The Quick and
Simple and Reliable (QUASAR) study is the most contemporary study to specifically
evaluate the benefit of adjuvant chemotherapy in patients with stage II colon cancer and
identified a small but measurable benefit in overall survival and a clinically significant
reduction in recurrence risk with the addition of 5-fluorouracil-based adjuvant
chemotherapy.23 Pooled analysis of the NSABP C-01 through C-05 trials demonstrated
improved overall survival in patients with both stage II and stage III disease treated with
adjuvant 5-fluorouracil and leucovorin.10 The combined observations from NSABP C-07 10

as well as the International Multicentre Pooled Analysis of B2 Colon Cancer (IMPACT B-2)
trial, 2contributed to the NCCN adoption of their current recommendations for adjuvant
treatment in both patients with stage III and patients with high-risk stage II disease when
possible. However, the formal NCCN recommendations for the treatment of high risk stage
II patients with adjuvant chemotherapy is based upon several pooled analyses of the
literature 26, 27, 28.

The recently published pooled analysis of the NSABP C-01 through C-05 trials, including
2273 patients with colon cancer (rectal cancer excluded), showed outcomes consistent with
our study findings24. In the pooled analysis, improved overall survival was seen with
adjuvant chemotherapy in both patients with stage II disease (HR=0.65, 95% CI: 0.48-0.71)
and patients with stage III disease (HR=0.65, 95% CI: 0.55-0.75). These results, as well as
our own findings, demonstrate a much greater effect than that seen in the ACCENT study
group, which compiled data from 18 trials of adjuvant chemotherapy in patients with stage II
and III colon cancer.29 These differences may reflect differences in patient populations or
selection criteria. In the NSABP pooled analysis24, factors associated with poor outcomes
were age greater than 60 years, male gender, African-American race, and fewer than 12
lymph nodes examined. Our findings are similar, with consistent trends in relative survival
demonstrating an increased risk of death associated with age greater than 75 years, male
gender, and African American race. Additionally, our analysis noted an increased risk of
death in patients with insurance status other than private insurance among patients with
stage III and high-risk stage II disease not treated in adherence to NCCN guidelines (i.e.,
with surgery alone). Similar survival trends relating to insurance status and demographic
factors have been noted in several other studies.30-34

These survival benefits associated with adherence to NCCN guidelines, which call for
patients with high-risk stage II disease to receive adjuvant chemotherapy, are in contrast to
results reported by O'Connor et al,35 who examined data from the SEER-Medicare database
from the same time period and reported no survival benefit associated with chemotherapy in
patients with high-risk stage II disease (HR=1.03; 95% CI: 0.94-1.13).35 SEER accumulates
data from specific geographic areas covering 26% of the US population and documents
cancer incidence and survival in 15 population-based registries.36 An earlier analysis of
SEER-Medicare data (1991-1996), which examined outcomes from 3151 patients with low-
risk stage II colon cancer (T3N0M0), reported a 5-year survival rate of 75% for patients
treated with surgery, but without adjuvant chemotherapy and 78% for patients treated with
adjuvant chemotherapy. In this older SEER analysis, the hazard ratio for survival was 0.91
(95% CI: 0.77-1.09), and the survival advantage from adjuvant chemotherapy did not reach
statistical significance despite a trend toward improved outcomes.15 Our current findings
demonstrating a survival benefit from adjuvant chemotherapy in patients with high-risk
stage II disease may reflect cohort differences and/or differences in patient selection
practices between the SEER-Medicare and the National Cancer Data Base. The most
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obvious difference is patient age, as 45% of patients in the National Cancer Data Base
analysis were under the age of 65 years and our selection criteria excluded all patients over
the age of 80 years. In addition, our data demonstrated poorer survival outcomes in patients
with Medicare than in patients with private insurance, a group excluded from the previous
SEER analysis. These differences in patient selection may contribute to our overall
improved survival statistics for each stage of disease as compared to the survival statistics in
previously reported studies.

When we examined factors influencing adherence to NCCN treatment recommendations,
our findings on univariate analysis suggested that in both patients with high-risk stage II
disease and those with stage III disease, adherence to NCCN guidelines was worse with
increasing age, insurance status other than private insurance, and treatment at a different
facility from the one where colon cancer was diagnosed.

Recently, several groups have examined trends in racial disparities in colon cancer patients.
A study of the SEER database by Robbins et al.37 spanning the same timeframe as our
current study demonstrated increasing disparities between blacks and whites in colon cancer
survival, relating to differences in the stage of diagnosis and resultant outcomes. These
differences may be related to differences in access to and receipt of adjuvant chemotherapy.
While referral rates may be the same for black and white patients, differences in these 2
groups in terms of actual treatment with adjuvant therapy have previously been reported.37

The current analysis is not an intention-to-treat analysis and reflects the actual treatment
received by patients, which may also contribute to the racial disparities identified.

In terms of access to care, other groups have previously documented differences in cancer
outcomes based on insurance status.38,39 A recent evaluation of the Ohio Cancer Incidence
Surveillance System demonstrated higher mortality and unfavorable survival outcomes in
Medicaid patients compared to non-Medicaid patients with various malignancies, including
colon cancer.40 These studies support the hypothesis that multiple factors influence the
utilization of and access to health resources and that these factors may be associated with
measurable survival outcomes.

The current study has a number of limitations, including the possibility of variations in
practice patterns and chemotherapy regimens administered over the time period covered by
the study (1998 – 2002). However, multivariate analyses which included year of diagnosis
did not demonstrate significant differences over time (Table 2). Additionally, specific
pathologic data fields were absent (e.g., lymphovascular invasion and microsatellite
stability/instability) as well as clinical data noting whether the tumors were obstructing and/
or emergent surgery was required. Therefore, the low and high risk categorization of patients
with stage II disease in this analysis does not include all of the criteria currently used in the
current clinical setting. However such misclassification of high risk patients as low risk
would likely result in minimizing differences in outcomes. In addition, the NCDB is a
hospital-based database that includes a younger cohort of patients with various types of
insurance not previously included in the other studies and spans a broad range of hospital
settings. Our selection criteria created an analytic cohort limited to patients less than 80
years old, almost half of whom were younger than 65 years, which may have influenced the
magnitude of the treatment effects seen in our analysis. Given that measures of baseline
health indices including co-morbidities were not available, it is possible that baseline health
factors may have contributed to treatment decisions and be reflected in the relative survival
differences.
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Furthermore, our analysis was not an intention-to-treat analysis, and outcomes relating to
adjuvant chemotherapy reflect situations in which adjuvant chemotherapy was actually
received by the patient.

Overall, the current analysis documents practice patterns in a heterogeneous population of
patients with colon cancer and demonstrates a survival benefit for patients with stage III and
high-risk stage II colon cancer who received treatment that adhered to NCCN guidelines.
These data validate the current NCCN practice guidelines for colon cancer and support the
concept of guideline-based metrics that can be compared across institutions to assess the
quality of cancer care and compare the quality of cancer care among institutions.
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Figure 1.
Selection of patient cohort.
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Figure 2.
Relative survival of patients with colon cancer treated in accordance with (adherent) or not
in accordance with (nonadherent) National Comprehensive Cancer Network guidelines.
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Figure 3.
Relative survival of patients with colon cancer treated in accordance with (adherent) or not
in accordance with (nonadherent) National Comprehensive Cancer Network guidelines, by
stage. (A) Patients with high-risk stage II disease. (B) Patients with stage III disease.
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Figure 4.
Multivariate analysis of factors affecting relative survival in patients with high-risk stage II
colon cancer and patients with stage III colon cancer.
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