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A B S T R A C T

Purpose
Adherence to evidence-based treatment guidelines has been proposed as a measure of cancer
care quality. We sought to determine rates of and factors associated with adherence to the
National Comprehensive Cancer Network (NCCN) treatment guidelines for colon cancer.

Patients and Methods
Patients within the National Cancer Data Base treated for colon adenocarcinoma (2003 to 2007)
were identified. Adherence to stage-specific NCCN guidelines was determined based on disease
stage. Hierarchical regression analyses were performed to identify factors predictive of adher-
ence, overtreatment, and undertreatment.

Results
A total of 173,243 patients were included in the final cohort, 123,953 (71%) of whom were treated
according to NCCN guidelines. Patients with stage I disease were more likely to receive
guideline-based treatment (96%) than patients with stage II (low risk, 66%; high risk, 36%), III
(71%), or IV (73%) disease (P � .001). Adherence to consensus-based guidelines increased over
time. Factors associated with adherence across all stages included age, Charlson-Deyo comor-
bidity index score, later year of diagnosis, and insurance status. Among patients with high-risk
stage II or stage III disease, older patients with pre-existing comorbidities and patients with lower
socioeconomic status were less likely to be offered adjuvant chemotherapy. Among patients with
stage I and II disease, young, healthy patients were more likely to be recommended chemother-
apy, in discordance with NCCN guidelines.

Conclusion
Significant variation exists in the treatment of colon cancer, particularly in treatment of high-risk
stage II and stage III disease. The impact of nonadherence to guidelines on patient outcomes
needs to be further elucidated.

J Clin Oncol 30:972-979. © 2012 by American Society of Clinical Oncology

INTRODUCTION

In 1999, a seminal report from the Institute of
Medicine revealed the existence of significant
variation between ideal and observed cancer care
across the United States.1 This variation, defined
in part by the overuse, underuse, or misuse of
diagnostic and treatment modalities, has gener-
ated increasing demand for up-to-date evidence-
based clinical practice guidelines and appropriate
performance measures.2-12 These benchmarks are
currently assuming even greater importance in this
era of value-based purchasing programs because US
hospitals will increasingly be required to publicly
disclose and in turn receive financial remuneration
based on adherence to quality indices.13-17

Variation in the management of colonic ad-
enocarcinoma has been reported,18,19 although

there is a paucity of data on the sources and dis-
tribution of this variation at the national level.
Despite this lack of data, there is a high degree of
consensus among several guideline-generating
agencies, including the National Comprehen-
sive Cancer Network (NCCN), the American
Society of Clinical Oncology, and the National
Quality Forum, on specific standards of care for
colon cancer treatment.3,4,20,21 Such information
could provide an opportunity to standardize care
for the approximately 100,000 patients in the
United States who are diagnosed annually with
this malignancy.22

In this study, we sought to determine hospital-
based, stage-specific rates of adherence to NCCN
treatment guidelines for colon cancer using the Na-
tional Cancer Data Base (NCDB). In addition, we
attempted to elucidate potential factors associated
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with adherence as well as nonadherence with these guidelines,
in terms of both undertreatment and overtreatment. Our cen-
tral hypothesis is that the stage-specific adherence to NCCN
treatment guidelines varies and is most strongly associated with
comorbidity and insurance status.

PATIENTS AND METHODS

Data Sources

The NCDB is a hospital-based cancer registry that is a joint program
of the American College of Surgeons Commission on Cancer and the
American Cancer Society. The NCDB is the largest cancer registry of its
kind; it captures approximately 70% of all cancer diagnoses annually
within the United States from more than 1,400 hospitals accredited by the
Commission on Cancer. Data are collected by trained abstracters, and data
quality assessments are carried out using a combination of electronic and
site-specific methods.23,24

Definition of Patient Cohort

The International Classification of Diseases for Oncology, third
edition (ICD-03) was used to identify patients within the NCDB (2003
to 2007) who were diagnosed with adenocarcinoma of the colon
(ICD-03 topography codes C180 and C182 to C199 and histology codes
8140 to 8144, 8210 to 8211, 8220 to 8221, 8260 to 8263, 8440, 8480 to

8481, and 8490) and who received their first course of treatment at the
reporting facility. Patients were subsequently restaged according to the
American Joint Committee on Cancer staging system (sixth edition)
using pathologic data for tumor depth and number of positive nodes
resected and clinical and pathologic data for the presence of distant
metastases.25 Patients with stage II disease were further subcategorized
into low risk and high risk based on tumor depth (T3 v T4), histologic
grade (� v � 3), margin status (R0 v R1), and number of nodes
retrieved after lymphadenectomy (� v � 12 nodes). The initial cohort
was further restricted to include patients who were most likely to be
eligible to receive chemotherapy—those less than 80 years of age with a
Charlson-Deyo comorbidity index score less than 2. In addition, in an
attempt to account for potential under-reporting of chemotherapy by
some hospitals, patients who were treated at institutions with a less than
20% rate of recommending adjuvant chemotherapy to patients with
stage III disease were excluded.26 Adequacy of surgical resection was
determined based on the most invasive treatment received, for example
colectomy in a patient who underwent polypectomy followed by a
colectomy. Data used in these analyses were restricted to 2003 to 2007
because of the availability of comorbidity variables.3,20

Outcomes

Adherence to stage-specific treatment was the primary outcome for the
study (Fig 1) based on the NCCN treatment guidelines for colon cancer.20

Inadequate surgical resection

Adequate surgical resection +
chemo/radiation

Adequate surgical resection

Stage II low risk
(T3, grade < 3, 
R0 resection,
≥ 12 nodes)

Stage II high risk
(T4, grade ≥ 3, 
R1 resection,
< 12 nodes)

Stage III

Stage IV

Stage I

Adherent 

Nonadherent

Overtreatment

Undertreatment

Inadequate surgical resection
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Fig 1. Stage-specific treatment for colon
cancer based on the National Comprehen-
sive Cancer Network guidelines.

Adherence to Guidelines for Treatment of Colon Cancer

www.jco.org © 2012 by American Society of Clinical Oncology 973



Adherence was based on whether adjuvant chemotherapy had been recom-
mended, independent of whether it was actually received. Furthermore, ad-
herence for high-risk stage II colon cancer was defined as treatment with both
adequate surgery and chemotherapy, which is supported by the contemporary
literature27,28 and provided as an option by the NCCN.20 In addition, nonad-
herence to treatment guidelines was defined and examined as two separate
outcomes. Specifically, the factors associated with overtreatment and under-
treatment were determined.

Statistical Analyses

To determine which clinicopathologic and socioeconomic factors
were associated with adherent treatment, overtreatment, or undertreat-

ment relative to the NCCN guidelines (Fig 1), two-level, stage-specific,
hierarchical regression models were created, with controlling for the het-
erogeneity of variance at both the patient and hospital levels.29-31 Hierarchical
models predicting one of three outcomes (adherence, overtreatment, or un-
dertreatment) as the dependent variable were assessed for adequate discrimi-
nation and fit, and forest plots were created from the resultant odds ratios
(ORs) and respective 95% CIs. All available demographic and clinical data
were categorized (Table 1) and examined in the models. The presence of
interaction between categorical variables was tested. C statistics were cal-
culated to assess model fit.32 Statistical analyses were performed using SAS
version 9.2 for Windows (SAS Institute, Cary, NC).

Table 1. Patient Demographics and Clinical Characteristics

Demographic or Clinical Characteristic

% of Patients

P
Stage I

(n � 36,367)

Stage II

Stage III
(n � 53,127)

Stage IV
(n � 38,443)

Low Risk
(n � 22,792)

High Risk
(n � 22,514)

Male 51 50 51 50 52 � .001
Age, years � .001

� 50 9 14 10 16 18
50-64 37 35 33 37 40
65-74 35 32 35 31 28
� 75 19 19 22 16 14

Race/ethnicity � .001
White 80 78 78 76 74
African American 11 12 12 14 16
Hispanic 4 5 5 5 5
Asian/Pacific Islander 3 3 3 3 3
Other 2 2 2 2 2

Charlson-Deyo comorbidity index score � .001
0 77 77 77 79 81
1 23 23 23 21 19

Insurance status � .001
Uninsured 2 4 4 4 6
Medicaid 2 4 4 4 7
Medicare 47 45 50 42 38
Government� 1 1 1 1 1
Private 46 44 39 47 46
Unknown 2 2 2 2 2

Median household income � .001
� $30,000 12 13 15 14 15
$30,000-$45,999 43 43 45 43 44
� $46,000 39 38 34 37 35
Unknown 6 6 6 6 6

Year of diagnosis � .001
2003 20 18 23 20 20
2004 20 18 22 20 20
2005 21 19 21 20 20
2006 20 21 19 20 20
2007 19 24 15 20 20

Treatment region � .001
West 14 15 15 16 15
Midwest 26 26 25 25 26
Northeast 22 22 21 21 21
South 38 37 39 38 39

Treatment facility � .001
Teaching hospital 20 19 23 20 18
Community cancer center 52 51 52 51 47
Community hospital 28 30 25 29 35

�Includes federal insurance programs such as Veterans Affairs, TRICARE/Military, and Public Health Service.
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RESULTS

Patient Population and Stage Distribution

A total of 293,419 patients were identified before applying the
exclusion criteria (Fig 2). The final analytic cohort included 173,243
patients with colon adenocarcinoma. The clinicopathologic charac-
teristics of these patients are listed in Table 1. The median age was 64
years (range, 19 to 79 years), and there was a relatively even distribu-
tion for sex and year of diagnosis. There was also minimal variation
(� 10%) in the distribution of patients by stage (stage I, 21%; stage II
low risk, 13%; stage II high risk, 13%; stage III, 31%; and stage IV,
22%). The majority of patients were white, held private insurance, and
were treated at community cancer centers. Of patients categorized as
having high-risk stage II disease, 23% had T4 tumors, 30% had histo-
logic grade � 3, 8% had positive margins, and 65% had less than 12
nodes retrieved.

Stage-Specific Treatment and Adherence Patterns

Stage-specific treatment and adherence patterns are presented in
Figure 3. Of note, there was a significant variation for the treatment of
stage II high-risk patients, with 56% of patients treated with adequate
surgery only. This resulted in a low adherence rate for this subgroup,
with only 36% of high-risk stage II patients receiving both adequate
surgery and chemotherapy.

Overall, 123,845 (72%) of 173,243 patients in the cohort received
adherent treatment. Patients with stage I disease were more likely to
receive guideline-based treatment (96%) than patients with stage II
(low risk, 66%; high risk, 36%), III (71%), or IV (73%) disease (P �
.001; Fig 3).

Nonadherence within stage I was largely attributed to overtreat-
ment (4% of patients); only 0.4% of patients with stage I disease were
undertreated (with inappropriate use of polypectomy or lack of sur-
gical resection; Fig 3). A majority of patients with stage III (71%) and
stage IV (73%) disease received recommendations for chemotherapy
in accordance with the NCCN guidelines.

Factors Associated With Adherence to

Treatment Guidelines

Forest plots generated from hierarchical regression models de-
picting the factors associated with stage-specific adherence to NCCN
guidelines are presented in Figure 4. For patients with stage I and
low-risk stage II disease, increasing age was independently associated
with a greater likelihood of receiving adherent treatment. For age 50 to
64 years versus age less than 50 years, ORs were as follows: stage I, 1.67
(95% CI, 1.43 to 1.96); and low-risk stage II, 1.90 (95% CI, 1.73 to
2.07). Similarly, for patients with low-risk stage II disease, a Charlson-
Deyo comorbidity index score of greater than 0 was associated with a
greater likelihood of receiving adherent treatment (OR, 1.28; 95% CI,
1.18 to 1.38). An opposite trend was observed for high-risk stage II and
stage III disease, with older patients and those with a greater number of
comorbid conditions being more likely to receive nonadherent treat-
ment (Fig 4). Stage III patients without private insurance (OR, 0.87;
95% CI, 0.78 to 0.97) were less likely than insured patients to receive
guideline-based treatment. Across all stages, a later year of diagnosis
was independently associated with an increased likelihood of receiving

N = 293,419

n = 292,517

n = 284,804

n = 236,964
(entire cohort)

n = 185,453

n = 173,802

n = 173,243
(restricted cohort)

National Cancer Data Base
(2003-2007; colonic adenocarcinoma)

Missing hospital identification and
gender information

(n = 902; 0.3%)

Did not receive first course of treatment
within reporting hospital

(n = 7,713; 2.6%)

Missing treatment information
(n = 47,840; 16.3%)

Age ≥ 80 years
(n = 51,511; 17.6%)

Charlson comorbidity score > 1
(n = 11,651; 4.0%)

Hospital’s rate of recommendation of
chemotherapy for patients with stage III

disease ≤ 20%
(n = 559; 0.2%)

Fig 2. Selection of the study cohort.
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  + radiation
Other treatment 0.6 1.1 1.1 1.1 25.9*
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Fig 3. Stage-specific treatment and adherence patterns. Chemo, chemother-
apy. (*) Only includes undertreatment (no chemotherapy) or adherent (che-
motherapy) patients; no surgery included.
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guideline-based care; for 2007 versus 2003, ORs were as follows: stage
I, 1.53 (95% CI, 1.30 to 1.81); low-risk stage II, 1.21 (95% CI, 1.10 to
1.33); high-risk stage II, 1.14 (95% CI, 1.04 to 1.26); stage III, 1.29
(95% CI, 1.21 to 1.38); and stage IV, 1.26 (95% CI, 1.17 to 1.36).

Factors Associated With Undertreatment

and Overtreatment

To delineate factors independently associated with undertreat-
ment or overtreatment relative to the NCCN guidelines, separate
hierarchical models were constructed (Fig 5). For patients with high-
risk stage II and stage III disease, increasing age and comorbidity score
were independently associated with undertreatment relative to the
NCCN guidelines (Fig 5). Lack of insurance and earlier year of diag-
nosis were also independently associated with undertreatment (Fig 5).
For patients with stage I and low-risk stage II disease, the following
factors were associated with a lower likelihood of overtreatment: in-

creasing age compared with age less than 50 years (50 to 64 years: OR,
0.54; 95% CI, 0.50 to 0.59; 65 to 74 years: OR, 0.35; 95% CI, 0.32 to
0.39; � 75 years: OR, 0.18; 95% CI, 0.16 to 0.21); increasing Charlson-
Deyo comorbidity index score (OR, 0.83; 95% CI, 0.78 to 0.89);
nonwhite versus white race/ethnicity (OR, 0.77; 95% CI, 0.62 to 0.94);
and diagnosis in 2007 versus 2003 (OR, 0.79; 95% CI, 0.73 to 0.86).

DISCUSSION

Using a large, nationally representative hospital-based cancer registry,
we have found significant variation in the stage-specific management
of colon cancer with adherence to NCCN guidelines estimated for
stage I (96%), stage II low-risk (66%), stage II high-risk (36%), stage
III (71%), and stage IV (73%) disease. Factors associated with adher-
ence across all stages included age, comorbidity, later year of diagnosis,
and insurance status.
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Fig 4. Forest plot of factors predicting ad-
herent treatment for (A) stage I, (B) stage II
low-risk, (C) stage II high-risk, and (D) stage III
disease. Odds ratios (blue dots) are shown
with associated 95% CIs (horizontal lines).
Models were also adjusted for sex, education,
income, geographic region, and facility
type as appropriate. Government includes
federal insurance programs such as Vet-
erans Affairs, TRICARE/Military, and Public
Health Service. AA, African American; AP,
Asian/Pacific Islander.
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In this analysis, we defined adherence for high-risk stage II
colon cancer as treatment with both adequate surgery and chemo-
therapy, which resulted in a low adherence rate of 36% for this
subgroup. The nonadherence was predominantly attributable to
undertreatment in the form of lack of recommended adjuvant
chemotherapy, especially for older patients with pre-existing co-
morbidities. However, given the mixed results from contemporary
reports as to the benefit of adjuvant therapy in nonstratified pa-
tients with stage II disease, this variation in practice may reflect
deliberate, carefully considered deviation from the guidelines.33-39

Indeed, although numerous retrospective and population-based re-
ports suggest that there may be a survival benefit from systemic ther-
apy in high-risk cohorts, most randomized trials to date have not been
designed to address or been adequately powered to detect a survival
difference in patients with node-negative disease.33,37,40,41 Both the
NCCN and American Society of Clinical Oncology suggest that adju-
vant chemotherapy be considered in patients with stage II disease who
have pathologically defined high-risk features.4,20,21 Although we were
able to stratify patients according to these criteria, other proposed
high-risk features, such as lymphovascular invasion or perforation, are
not currently collected within the NCDB, and the lack of information
about these features may have resulted in the misclassification of some
patients as having low-risk stage II disease. Despite this limitation, our
observation that a significantly greater proportion of patients with
high-risk stage II disease than of patients with low-risk stage II disease
received recommendations for adjuvant chemotherapy implies that
some clinicians believe that there is a clinical benefit from adjuvant
chemotherapy for this high-risk cohort. Moreover, two recent pooled
analyses of at least seven randomized trials have indicated that with the
exception of inadequate lymphadenectomy, the pathologic factors
that are used to define high-risk stage II disease have potential value in
predicting response to chemotherapy, suggesting that guideline ad-
herence is consistent with current best evidence.34,37 Controversy still
exists, however, given that data from recent randomized controlled
trials, such as Eastern Cooperative Oncology Group trial 5202, which
specifically aimed to identify subsets of patients with stage II disease

who are most likely to respond to adjuvant therapy, will require several
years to mature.42 Although practice guidelines should be based on
evidence, they are not necessarily always derived from high-quality,
level I data, and therefore, caution should be applied when attempting
to equate guideline adherence with quality of care.43 A recent report by
Poonacha and Go44 noted that many of the NCCN guidelines were
based on lower levels of scientific evidence.

However, there is strong evidence supporting the use of adjuvant
chemotherapy in patients with stage III disease.33-38,45 In this analysis,
we observed that only 71.3% of patients with stage III disease were
recommended adjuvant chemotherapy. It is important to emphasize
that adherence was based on whether adjuvant chemotherapy was
recommended by the clinician, independent of whether it was actually
received. As may be encountered in any large cancer registry, however,
there may have been under-reporting of recommendations for adju-
vant chemotherapy within the NCDB, resulting in an underestima-
tion of true adherence rates.26,46 Our results are consistent with two
observational studies based on Surveillance, Epidemiology, and End
Results–Medicare data and Cancer Care Outcomes Research and Sur-
veillance Consortium registry data, which reported similar rates for
the receipt of adjuvant chemotherapy among elderly patients with
stage III colon cancer.18,46 In contrast to our results, a more recent
study that examined chemotherapy or medical oncology evaluation
for stage III colon cancer using Surveillance, Epidemiology, and End
Results–Medicare data reported a 96.8% concordance for the aggre-
gate patient-level analyses and 71.5% concordance for the hospital-
level analysis.19 This discrepancy in patient-level concordance could
be related to a number of factors including comparison of cohorts,
which vary by demographic or socioeconomic factors, or study exclu-
sion criteria, which limited the final analytic cohort from 10,712 to
6,112 patients with stage III colon cancer.

Another important finding of our study was that among patients
with stage III disease, older age was associated with undertreatment,
independent of pre-existing comorbidities as well as other clinico-
pathologic and socioeconomic factors. Our analysis excluded patients
older than 80 years, which likely resulted in an overestimation of
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Fig 5. Forest plot of factors predicting un-
dertreatment for (A) high-risk stage II and (B)
stage III disease. Odds ratios (blue dots) are
shown with associated 95% CIs (horizontal
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facility type as appropriate. Government in-
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Veterans Affairs, TRICARE/Military, and Public
Health Service. AA, African American; AP,
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adherence for the older age group. A recent prospective survey of
American oncologists revealed that in the absence of secondary co-
morbid conditions, more than 90% of respondents would recom-
mend adjuvant therapy to an 80-year-old patient with stage III colon
cancer.47 Despite the reported survey results, there is a large body of
literature demonstrating that older persons are less likely to receive or
complete chemotherapy and are more likely to experience higher
adverse events.

The consensus among clinicians is consistent with results of a
pooled analysis of seven randomized controlled trials, which demon-
strated a similar survival benefit from chemotherapy in patients older
than 70 years and their younger counterparts.40 However, the majority
of individual studies are known to have either underenrolled or ex-
cluded patients older than 75 years. A recent observational study
reported results consistent with our findings: Elderly patients with
stage III disease were less likely to receive adjuvant therapy despite
having fewer long-term adverse events relative to their younger coun-
terparts.18 It is clear that assessment of treatment adherence in older
patients is complex given the inter-related nature of comorbidities,
performance status, and clinician bias.

Although undertreatment of patients with pathologically con-
firmed or potential node-positive disease has become a focus of the
National Quality Forum and some value-based purchasing programs,
overtreatment of patients with early-stage disease, especially those
with stage I disease, has not received similar consideration as a con-
tributor to lower quality of care.4,48 We found that nonadherence in
patients with stage I and low-risk stage II disease was primarily attrib-
utable to overtreatment in the form of recommendations for adjuvant
chemotherapy, especially for young, healthy, insured patients. To our
knowledge, there is no high- level evidence suggesting improved sur-
vival outcomes after receipt of systemic therapy within this cohort.
Moreover, given the adverse effect profile of current chemotherapy
regimens, the potentially deleterious effects of overtreatment, both to
the patient and to an overburdened health care system seeking high-
quality, low-cost interventions, suggest that overtreatment of patients
with early-stage adenocarcinoma of the colon may be a valuable, albeit
relatively understudied, opportunity for quality improvement. In
stage III patients, overtreatment was noted for patients receiving radi-
ation therapy in addition to surgical resection and chemotherapy. It is
possible that this finding is related to misclassification of a high rectal
or rectosigmoid cancer as a sigmoid cancer or appropriate treatment
of a perforated tumor, which cannot be defined within these data.

Limitations of the NCDB data are that treatment data were miss-
ing for 16% of patients and coding errors may exist, which are likely
not random and may have led to overestimation or underestimation
of the exact proportion of patients receiving adherent or nonadherent
treatment. Despite these limitations, a significant deviation in adher-
ence to NCCN clinical practice guidelines for colon cancer was still
detected. Given the variation in the level of evidence used to construct
these guidelines, whether adherence to the guidelines correlates with
improved survival or patient-reported outcomes or is an appropriate
quality measure is somewhat contentious.5,10-17 It is essential that
guidelines be updated frequently to integrate current best evidence
and that guidelines indicate the strength of the recommendations
based on the quality of this evidence.43,49 In addition, the generaliz-
ability of these findings is uncertain with respect to hospitals outside of
the Commission on Cancer, particularly given that 90% of the NCDB
patients were noted to have health insurance.

Although the rate of adherence to guidelines increased steadily
over the 5-year period examined, there was still marked variation in
treatment patterns among hospitals accredited by the American Col-
lege of Surgeons Commission on Cancer, particularly for patients with
high-risk stage II and stage III colon cancer. To determine the true
impact of nonadherence to guidelines, treatment-associated disease-
specific survival outcomes must be examined. Furthermore, value-
based purchasing programs that provide financial incentives in an
attempt to promote adherence to clinical practice guidelines or other
surrogate quality measures will undoubtedly have to account for the
subjectivity inherent in the generation of these benchmarks, as well as
for other sources of variation, including patient preference.
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