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ORIGINAL CONTRIBUTION

Adjuvant Chemotherapy
for Stage III Colon Cancer
Implications of Race/Ethnicity, Age,
and Differentiation
J. Milburn Jessup, MD
Andrew Stewart, MS
Frederick L. Greene, MD
Bruce D. Minsky, MD

THE RESULTS OF A NATIONAL IN-
stitutes of Health Consensus
Conference on the adjuvant
therapy of colon and rectal can-

cer were published in 1990.1 Two pro-
spectively randomized phase 3 trials
demonstrated that adjuvant chemo-
therapy with 5-fluorouracil and levami-
sole improved the survival of patients
with stage III colon cancer compared
with patients who received levamisole
alone or who only underwent the sur-
gical resection.2,3 Thus, the confer-
ence recommended that adjuvant che-
motherapy be given to all patients with
stage III colon cancer who were not en-
rolled in a clinical trial.

However, as with most recommen-
dations, it is not clear to what extent
they are followed or contribute to out-
come in the general population. The pa-
tients in Cooperative Oncology Group
trials may be younger with less comor-
bid disease and may be able to tolerate
more therapy than do older patients in
the community. Second, the results
from clinical trials may not be incor-
porated into the daily practice of phy-
sicians and surgeons who care for pa-
tients in the community. Thus, the
results obtained in rigorously con-

trolled clinical trials may not necessar-
ily translate into better outcomes for the
general population.

Our purpose in the present study was
to assess to what extent the 1990 Con-
sensus Conference recommendation
has been followed in the community
and whether adjuvant chemotherapy
has improved the 5-year survival of pa-
tients with stage III colon cancer. Our
approach was to use the National Can-For editorial comment see p 2758.

Author Affiliations: Department of Oncology, George-
town University Medical Center, Washington, DC (Dr
Jessup); Cancer Diagnosis Program, Division of Can-
cer Treatment and Diagnosis, National Cancer Insti-
tute, Rockville, Md (Dr Jessup); Cancer Department,
American College of Surgeons, Chicago, Ill (Mr Stew-
art); Department of Surgery, Carolinas Medical Cen-
ter, Charlotte, NC (Dr Greene); and Department of
Radiation Oncology, Memorial Sloan-Kettering Can-
cer Center, New York, NY (Dr Minsky).
Corresponding Author: J. Milburn Jessup, MD, Can-
cer Diagnosis Program, Division of Cancer Treat-
ment Diagnosis, National Cancer Institute, Executive
Plaza N 6040, 6130 Executive Blvd, Rockville, MD
20892 (jessupj@mail.nih.gov).

Context A 1990 National Institutes of Health Consensus Conference recommended
that patients with stage III colon cancer receive adjuvant chemotherapy because
survival was improved in clinical trials in patients who received a 5-fluorouracil–based
regimen.

Objective To determine whether adjuvant chemotherapy is used in the community
as a standard of practice that improves outcome and whether it failed to benefit any
specific sets of patients.

Design, Setting, and Participants Prospective data from 85 934 patients with stage
III colon cancer from 560 hospital cancer registries were entered into the National Can-
cer Data Base between 1990 and 2002 and included standard clinical, pathological,
and first course of treatment variables.

Main Outcome Measures Prevalence of adjuvant chemotherapy usage and 5-year
survival in patients treated in US hospitals.

Results Adjuvant chemotherapy use increased from 39% in 1991 to 64% in 2002
but was lower in black, female, and elderly patients. It improved 5-year survival from
almost 8% in 1991 to more than 16% in 1997 compared with surgery alone. Adju-
vant chemotherapy increases survival in elderly patients as much as it does in younger
patients. However, the benefit of adjuvant chemotherapy in blacks and those with
high-grade cancers is not as great.

Conclusions Adjuvant chemotherapy use has increased from 1990 to 2002 for pa-
tients with stage III colon cancer with an associated increase in 5-year survival of 16%.
The benefit of adjuvant chemotherapy seems to be lower in black patients and high-
grade cancers. Women have the same benefit but are less often treated. Elderly pa-
tients have the same benefit as younger patients but are less frequently treated. New
options for adjuvant therapy in 2004-2005 may further improve the outcome of pa-
tients with stage III colon cancer.
JAMA. 2005;294:2703-2711 www.jama.com
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cer Data Base (NCDB), a hospital-
based database of patients who are di-
agnosed with or receive treatment for
cancer in 1430 US hospitals,4-6 and ana-
lyze both the use and effect of adju-
vant chemotherapy on the outcomes of
patients with node-positive colon can-
cer in patients within the community.

METHODS
NCDB, Data Collection,
and Handling

The NCDB is a joint project of the Com-
mission on Cancer of the American
College of Surgeons and the American
Cancer Society and collects data pro-
spectively on all forms of cancer diag-
nosed in the United States. Approxi-
mately 1430 hospitals participate in the
approvals program and respond to the
annual calls for data to be delivered to
the NCDB. A total of 168 598 patients
with stage III (node-positive) colon can-
cer were reported to the NCDB from a
total of 1902 hospital registries between
1990 and 2002. However, only 560 hos-
pital registries participated in every data
submission for this period and entered

a total of 85 934 stage III colon cancers,
which are the basis of this report. The
cohort reported herein was selected so
that patients would be studied from the
same facilities and with similar inher-
ent distributions of treatment, clinical,
and pathological variables. There was no
more than a 1% difference in the preva-
lence of any characteristic or outcome
in the subset presented herein and the
larger data set (data not shown). Hos-
pital cancer registrars abstracted each
case according to a standardized set of
dataelements anddefinitions4-6 basedon
information provided by both the
patients and the hospital medical infor-
mation systems. The NCDB data ele-
ments include patient characteristics:
sex, age or date of birth, race/ethnicity;
tumor characteristics: primary site, his-
tology, grade, regional nodes positive or
examined,AmericanJointCommitteeon
Cancer (AJCC) stage group, and date,
type, and site of recurrence; first course
of treatment: surgery, radiation, chemo-
therapy,hormone,andother;andfollow-
up: last contact date, vital status, and
tumor status at last follow-up. The infor-
mation about the first course of treat-
ment: does not include the chemothera-
peutic agents, the dosages, or the
durationof therapy.Thedatawere trans-
mitted to the NCDB following a stan-
dard data transfer protocol.7-9 Diagno-
sisandtreatmentwereanalyzedbyAJCC
stage for all cases,10 which includes the
pathological (pAJCC) stage group aug-
mented by the clinical (cAJCC) stage
group when pathological stage is not
recorded. Low grade is defined as grades
I,differentiatedorwelldifferentiated,and
grade II, moderately differentiated or
moderately well differentiated, whereas
high grade is grade III, poorly differen-
tiated, and grade IV, undifferentiated,
anaplastic. Because race/ethnicity may
affect outcome, registrars classified each
patient’s race or ethnicity based on infor-
mation supplied by the patients accord-
ing to the NCDB data element descrip-
tions.4-6 The hospitals providing these
data were: 146 (26.1%) community can-
cercenters, facilities thatdiagnoseand/or
treat 300 or fewer cancer cases annu-
ally; 280 (50%) comprehensive com-

munitycancercenters, facilities thatdiag-
nose and/or treat more than 300 cancer
cases annually; and 134 (23.9%) teach-
ing-research centers, facilities associ-
ated with university medical schools or
designated as National Cancer Insti-
tute Comprehensive Cancer Care Pro-
grams. The 3 types of hospitals submit-
ted 12 887 (15%), 47 401 (55.2%), and
25 646 (29.8%) cases, respectively.

The American College of Surgeons
has executed a business associate agree-
ment that includes a data-use agree-
ment with each of its Commission on
Cancer–approved hospitals. Data re-
ported to the NCDB are deidentified.
The Georgetown University Institu-
tional Review Board gave this study
(protocol 2005-395) an exemption
waiver in September 2005.

Analysis

The change over time between 1990
and 2002 in the proportion of cases pre-
senting, treated, or pathologically evalu-
ated with specific characteristics was
assessed using a �2-based test for con-
ditional independence. Statistical sig-
nificance was established at the P�.001
level.

Relative survival is the ratio of the ob-
served survival rate to the aggregated
expected survival rate of persons of the
same sex, age, and racial or ethnic back-
ground. Observed survival was com-
puted by the actuarial method, com-
pounding survival in 1-month intervals
from the date of diagnosis, with death
from any cause as the end point.11 Ex-
pected survival rates are then com-
puted in single-year increments using
the most recent life-expectancy tables
published by the National Cancer In-
stitute.12 With this method, the rela-
tive survival rates are adjusted for risk
within the demographic variability in
patient populations and can be calcu-
lated in the absence of specific and re-
liable cause of death information for
each patient. Since the data set is quite
large for each group, the 95% confi-
dence interval is less than 2%.

A multivariate Cox proportional haz-
ards model13 was fitted to these data for
cases first diagnosed during 1991-

Table 1. Characteristics of Patients With
Stage III Colon Carcinoma in the National
Cancer Data Base, 1990-2002*

Variables

No. (%) of Patients†

1990-1991
(n = 12 413)

2001-2002
(n = 14 187)

Sex
Men 5956 (48.0) 6622 (46.7)

Women 6457 (52.0) 7565 (53.3)

Age, y
�60 2619 (21.1) 3601 (25.4)

60-69 3098 (25.0) 3195 (22.5)

70-79 4103 (33.1) 4086 (28.8)

�80 2593 (20.9) 3305 (23.3)

Race/ethnicity‡
Non-Hispanic

white
9577 (77.2) 10 692 (75.4)

Black 975 (7.9) 1529 (10.8)

Hispanic 283 (2.3) 429 (3.0)

Asian or Pacific
Islander

227 (1.8) 386 (2.7)

Other or
unknown

1351 (10.9) 1151 (8.1)

*Age and race/ethnicity definitions are described in the “Meth-
ods” section.

†Percentages may not sum to 100 due to rounding.
‡Over the periods studied there has not been an appre-

ciable change in the distribution of sex but there has been
in age and the percentage of blacks, as presented in
Figure 1.

COLON CANCER TREATMENT IN THE COMMUNITY

2704 JAMA, December 7, 2005—Vol 294, No. 21 (Reprinted) ©2005 American Medical Association. All rights reserved.

 by guest on July 12, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


1997. The primary end point was date
of death, measured from the date of first
diagnosis. The Cox model included age;
AJCC substage IIIA vs IIIB vs IIIC; race/
ethnicity: non-Hispanic white, black,
Asian Pacific Islander, and other or un-
known because not specified; sex; site:
right colon (the cecum and ascending
colon), the transverse colon (includ-
ing both flexures), and the left colon
(the descending and sigmoid colon);
and histological grade, low vs high. All
analyses were conducted using SPSS for
Windows Advanced Statistics, 9.0 (SPSS
Inc, Chicago, Ill).

RESULTS
Characteristics of Patients

A total of 85 934 cases of stage III ad-
enocarcinoma of the colon were re-
ported to the NCDB from 1990 through
2002 by 560 hospitals. Slightly more
than half of these patients were women,
and approximately a quarter of the pa-
tients were 80 years or older at diag-
nosis (TABLE 1). The distribution of sex
did not change appreciably over the pe-
riod (FIGURE 1A). However, the distri-
bution of age did change with in-
creases in both the patients who were
younger than 60 years at diagnosis and
80 years or older (Table 1, Figure 1B).

The percentage of blacks who had
newly diagnosed stage III colon carci-
nomaalso significantly increasedby3.4%
from the 7.1% in 1990 to 10.5% in 2002.
However, the percentage of colon can-
cer cases reported in Hispanics or Asian
or Pacific Islanders remained stable while
the percentage of patients whose ethnic-
ity was not identified decreased from
10.9% in 1990 to 8.1% in 2002 (Table 1,
Figure 1C). The US Census Statistical
Abstract provides a crude measure of
NCDB representativeness with regard to
ethnicity in patients 65 years old or older.
For all types of cancer in 1995-1996, the
midpoint of this study, 9.9% of the pa-
tients were black in the NCDB vs 8.2%
in the census, 2.6% Hispanic vs 4.9% in
the census, and 1.8% Asian vs 2.1% in
the census.14 Thus, the NCDB has an eth-
nic distribution that is similar to that of
the general population of the United
States forblacksandnon-Hispanicwhites

but slightly underrepresents Hispanics
and Asians. Nevertheless, the patients in
this analysis reflect the age, sex, and race/
ethnicity of the majority of those who are
treated within the community.

Characteristics of Stage III
Colon Cancer
As has been true in previous reports, not
only from the NCDB15-17 but also from
other sources, a trend toward right co-

Figure 1. Trends in Clinical and Pathologic Features, 1990-2002

6
8

0
2
4

–2
–4

–8
–6

1990

Men

P = .55

Women

1992 1998 2002200019961994
–10

6
8

0
2
4

–2
–4

–8
–6

–10

6

8

0
2

4

–2
–4

–8
–6

–10

%
 C

ha
ng

e 
S

in
ce

 1
99

0
%

 C
ha

ng
e 

S
in

ce
 1

99
0

%
 C

ha
ng

e 
S

in
ce

 1
99

0
%

 C
ha

ng
e 

S
in

ce
 1

99
0

6
8

0
2
4

–2
–4

–8
–6

–10

1990 1992 1998 2002200019961994

1990 1992 1998 2002200019961994 1990 1992 1998 2002200019961994

1990 1992 1998 2002200019961994 1990 1992 1998 2002200019961994

1990 1992 1998 2002200019961994 1990 1992 1998 2002200019961994

SexA

Low High

T1-2 T3-4 N1 N2

6
8

0
2
4

–2
–4

–8
–6

<60 y ≥80  y

P < .001

P < .001

P < .001

P < .001 P < .001

60-79 y

–10

6
8

0

2
4

–2
–4

–8
–6

–10

6

8

0
2

4

–2
–4

–8
–6

–10

6
8

0
2
4

–2
–4

–8
–6

–10

AgeB

Race/EthnicityC

P = .31

LocationD

P = .02

GradeE StageF

Tumor CategoryG Node CategoryH

White Black
Asian Others or Unknown

Hispanic Right Transverse Left

IIIA IIIB IIIC

Changes in the distribution of clinical and pathologic characteristics from baseline year 1990 for sex, age, race/
ethnicity, location of primary cancer, grade, substage of cancer, tumor category, and node category. P values
reflect the significance of the changes, if any, in trends over the period of 1990 to 2002.
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lon primary location was observed
(Figure 1D, TABLE 2). The propor-
tional distribution of diagnosed tu-
mors in 1990 by substage and grade is
10.1%, stage IIIA; 60.8%, stage IIIB; and
29.2% stage IIIC with low grade occur-

ring in about 73% of all stage III can-
cers (Table 2). In aggregate, this distri-
bution is similar to previous reports from
the NCDB.17 Previous data from the
NCDB have shown that histological
grade is an independent covariant of out-
come in both colon and rectal carcino-
ma.17-19 However, the distribution of low-
grade and high-grade cancers did not
change significantly over the study pe-
riod (Table 2, Figure 1E). In contrast,
the substage of stage III colon cancers
did change over the 1990-2002 period
quite significantly (Figure 1F). There
was a small increase in the relative pro-
portion of pT1 and pT2 lesions from
11.6% in 1990 to 13.1% in 2002
(Table 2, Figure 1G). However, the fre-
quency of N2 disease (�4 regional nodes
containing metastases) increased 3.1%
that was significant (P�.001, Table 2,
Figure 1H). Combined, these changes
in T and N category caused an increase
of more than 3% in the proportion of pa-
tients with stage IIIC disease and a de-
crease in stage IIIA disease (Figure 1F).

Use of Adjuvant Chemotherapy

An increase in the use of adjuvant che-
motherapy was observed for all patients
with stage III colon cancers from 39%
of patients in 1990 to 64% in 2002
(FIGURE 2). These percentages include
the use of both chemotherapy and a bio-
logical response modifier—primarily
the use of 5-fluorouracil and levami-
sole and a small number of patients who
received the BCG vaccine in the early
1990s. Adjuvant chemotherapy use
remained constant until the mid 1990s
when 5-fluorouracil and leucovorin was
found to be as effective as 5-fluoroura-
cil and levamisole20-22 and then that 6
months of 5-fluorouracil and leucovo-
rin were as effective as 12 months.23 The
use of 5-fluorouracil and leucovorin–
based regimens then increased so that
approximately 10% more patients
received adjuvant chemotherapy in
2002 than in the mid 1990s (Figure 2).

However, use of adjuvant chemo-
therapy differed considerably by race/
ethnicity, age group, and sex (FIGURE 3).
Its usage was significantly less in blacks
at the beginning and middle of the pe-

riod but was not different from that of
the other ethnic groups by 2002. Ad-
juvant chemotherapy usage increased
in both sexes over the study period but,
significantly, 3% fewer women re-
ceived adjuvant chemotherapy after
surgery than did men for each period
analyzed. The proportion of patients re-
ceiving surgery and adjuvant chemo-
therapy declined significantly with age.
In 2001-2002 adjuvant chemotherapy
was used in 82% of patients younger
than 60 years but declined to 77.2% of
those aged 60 through 69 years, 69%
of those aged 70 through 79 years, and
only 39.2% in those 80 years or older.

When the use of adjuvant chemo-
therapy was analyzed by the substage
at diagnosis, patients with substage IIIC
were more likely to receive it than either
those with substage IIIA or IIIB (data
not shown), but the percentage of pa-
tients receiving adjuvant chemo-
therapy increased in all substages be-
tween 1990 and 2002 (data not shown).

Effect of Adjuvant Chemotherapy
on Survival

The 5-year relative survival of patients
who received adjuvant chemotherapy
within 18 months of the National In-
stitutes of Health Consensus Confer-
ence was 62% compared with 54% in
patients who only received surgery
(FIGURE 4). However, the 5-year sur-
vival of the group that received adju-
vant chemotherapy after surgery in
1997 was 66%, a relative increase of 4%
in the 5-year survival of these patients
(Figure 4). The difference in relative
survival increased from an 8% improve-
ment in the 1991 subgroup to 16% in
the 1997 subgroup that received adju-
vant chemotherapy compared with sur-
gery alone. The increase in difference
in survival is not only associated with
an increase in survival in the group
treated with adjuvant chemotherapy but
also with a decrease in the survival of
patients treated with surgery only from
54% in 1991 to 50% in 1997. As de-
scribed below, this change in survival
may be associated partially with changes
in the distribution of patients who re-
ceive adjuvant chemotherapy.

Figure 2. Use of Surgery and Other
Therapies for Stage III Colon Cancer Between
1990 and 2002
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Between 1990 and 2002, 85 934 patients were treated
for stage III colon cancer. Patients received either sur-
gery alone; surgery and chemotherapy, which in-
cludes all patients treated with a 5-fluorouracil–
containing regimen other than the surgery and
chemotherapy; and biological response modifier, which
represents primarily the patients treated with adjuvant
5-fluorouracil and levamisole. Other therapy includes
all other stage III colon cancers treated with various regi-
mens that may include radiation, surgery, or both.

Table 2. Clinical and Pathologic Variables
for Stage III Colon Cancer, 1990-2002

Location

No. (%)

1990-1991
(n = 12 413)

2001-2002
(n = 14 187)

Colon subsite*
Right 7104 (56.3) 8830 (60.9)
Left 5309 (43.7) 5357 (39.1)

Pathologic tumor
T1 or T2 1444 (11.6) 1857 (13.1)
T3 or T4 10 969 (88.4) 12 330 (86.9)

Pathologic node
N1 8793 (70.8) 9603 (67.7)
N2 3620 (29.2) 4584 (32.3)

Cancer substage
IIIA 1248 (10.1) 1599 (11.3)
IIIB 7545 (60.8) 8004 (56.4)
IIIC 3620 (29.2) 4584 (32.3)

Histological grade†
Low 8546 (73.6) 9833 (71.9)
High 3070 (26.4) 3846 (28.1)

*Colon subsite is defined as either right, cecum, ascending
and transverse colon with splenic flexure, or left, descend-
ing and sigmoid, colon.

†Histological grade is defined as either low, well and mod-
erately differentiated malignant tumors, or high, poorly and
undifferentiated malignant tumors. Not all tumors were
graded
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Effect of Adjuvant Chemotherapy
on Survival in Various Subgroups
The present data confirm that patient
race/ethnicity is associated with sur-
vival in colon cancer.24 Blacks have an
approximate 4% worse 5-year survival
than non-Hispanic whites when they un-
dergo surgery with or without adju-
vant chemotherapy (FIGURE 5A). In con-
trast, the 5-year survival rates of women
undergoing surgery with or without ad-
juvant chemotherapy is similar to that
of men (Figure 5B). Age also affects sur-
vival after therapy. Patients 80 years or
older who received adjuvant chemo-
therapy had 5-year survival similar to
that of younger patients who received
postoperative adjuvant chemotherapy
and 19% better than patients 80 years
or older who received surgery alone.
The youngest cohort of patients had a
10% increase in 5-year survival with
surgery plus adjuvant chemotherapy
compared with surgery alone in the
1997 cohort (Figure 5C).

The association between tumor grade
and the efficacy of adjuvant chemo-
therapy is also strong. In 1997 patients
with low-grade cancers who received it
aftersurgeryhadanalmost19%improve-
ment in 5-year survival compared with
patients who underwent surgery alone
(Figure 5D). In contrast, the improve-
ment in 5-year survival in patients with
high-grade cancers who received adju-
vant chemotherapy in the 1997 cohort
was 13.5% better than the patients with
high-grade cancers who did not receive
it. The survival of patients with high-
grade cancers who received adjuvant
chemotherapy was still almost 3% lower
than the survival of patients with low-
grade cancers who did not receive it
(Figure 5D). Thus, both grade and eth-
nicity influence survival and affect the
efficacy of adjuvant chemotherapy while
the 5-year survival of elderly patients is
similar to younger age groups. Sex does
not seem to influence survival in the
cohorts presented in this series.

Independent Prognostic Factors

Because patient race/ethnicity and grade
appear to be associated with survival, is
it possible that stage or other factors con-

tributed to this poor prognosis in spe-
cific subgroups? Greene et al18 have
shown previously that substage IIIC in
the new 6th edition of the AJCC TNM
staging system and grade have a worse
prognosis than either IIIA-IIIB or low-

grade cancers. A Cox proportional haz-
ards analysis included demographic vari-
ables (race/ethnicity, age, sex),pathologic
variables (histological grade, anatomic
subsite, AJCC substage), and treatment
variables (surgery, adjuvant chemo-

Figure 3. Percentage of Subgroups of Patients With Stage III Cancer Receiving Adjuvant
Chemotherapy
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A, The percentage of black patients with stage III colon cancer who received adjuvant chemotherapy was sig-
nificantly lower than the percentage of whites in 1990-1991 and 1994-1995 (P�.001). This difference was no
longer significant in 2001-2002. B, The percentage of women with stage III colon cancer who received adju-
vant chemotherapy was significantly lower than the percentage of men in each period (P�.001). C, The per-
centage of patients 80 years or older with stage III colon cancer who received adjuvant chemotherapy was
significantly lower than the percentage of patients younger than 60 years in each period (P�.01). P values
were calculated by contingency table analysis with Bonferroni correction.
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therapy) in the model. The significant in-
dependent cofactors identified were
AJCC substage, the first course of
therapy, the age of the patient, and the
histological grade of the tumor but not
race/ethnicity (TABLE 3). The 5-fluoro-

uracil and leucovorin and 5-fluoroura-
cil and levamisole treatments reduce the
risk of death significantly (hazard ratio
[HR], 0.64) while the risk of death is in-
creased in substage IIIB (HR,1.75) and
IIIC (HR, 2.95) disease. Interestingly,
blacks did not have an increased pro-
portion of stage IIIC or high-grade le-
sions (data not shown). Similarly, pa-
tients 80 years or older tended to present
less frequently with stage IIIC disease but
more frequently with high-grade le-
sions (data not shown). Thus, the inde-
pendent effect of age is similar to that of
advancedsubstage,whilehigh-gradecan-
cers have a 40% increased risk of death
from colon cancer.

COMMENT
The present data from the NCDB indi-
cate that the 1990 NIH Consensus Con-
ference on adjuvant therapy for colorec-
tal cancer has had an impact on the usage
of adjuvant chemotherapy in stage III co-
lon cancer. Four years before the con-

sensus conference less than 10% of eli-
gible patients received adjuvant
chemotherapy (data not shown). How-
ever, within 12 months of the confer-
ence more than a third of patients with
stage III colon cancer received adjuvant
chemotherapy. This pattern of use re-
mained stable through the first half of the
1990s but then increased again when re-
ports from prospective randomized clini-
cal trials first demonstrated the efficacy
of 5-fluorouracil and leucovorin regi-
mens and especially then that 6 months
of adjuvant 5-fluorouracil and leucovo-
rin were as effective as 12 months of
5-fluorouracil and levamisole.22,23 The
original recommendation was based on
the 2 randomized trials in which 12
months of 5-fluorouracil and levami-
sole improved the survival of patients
with stage III colon cancer. Thus, the in-
tent of the 1990 NIH Consensus Con-
ference to translate information from
prospective, randomized clinical trials to
the community has been achieved. Since
the use of adjuvant chemotherapy has
continued to increase through the last co-
hort available for study, the recommen-
dation is followed but a substantial frac-
tion of patients are still not receiving
adjuvant chemotherapy.

Theexactregimenofadjuvanttherapy,
how much of the drug patients received,
andtheadverseeffectscannotbeassessed
in the NCDB. Therefore, like the coop-
erativeoncologygrouptrials, thedataare
analyzed on an intention-to-treat basis
and cannot assess whether patients
receiveda full courseof aparticularadju-
vant regimen.At the timeof theNIHcon-
ference in 1990, the data suggested that
12 months of 5-fluorouracil and levami-
sole was the best regimen and produced
approximately a 10% to 15% increase in
overall survival at 5 years.2,3 However,
subsequent data25 indicated that 6
months of 5-fluorouracil and levami-
sole provided a similar improvement in
survivalwith fewer toxic effects and time
for patients. Unfortunately, the NCDB
does not currently contain information
about which agents are used for chemo-
therapy in its core data set but may be
able to do so in the future. In addition,
analysis of NCDB data indicates that it

Figure 4. Comparison of the 5-Year Relative
Survival in Patients With Stage III Colon
Cancer Treated by Surgery Alone vs Surgery
and Adjuvant Chemotherapy
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Figure 5. Interaction Between Select Clinical and Pathologic Variables and 5-Year Survival
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is98%accuratewhenit identifiespatients
receivingadjuvant therapy.26 Asreported
bySchneider et al,27 theNCDBdoeshave
a lag of at least 6 months before cases are
abstracted and then another year and a
half for data analysis and quality con-
trol. However, as also pointed out by
Schneider et al, this is commontoall reg-
istrydatawhether itbehospital-orpopu-
lation-based.

The present data suggest that patients
with stage III colon cancer have a 16%
benefit inrelativesurvivalcomparedwith
patients with stage III colon cancer who
do not receive adjuvant therapy. This is
important because further analysis sug-
gests that the benefit occurs primarily in
patients with well to moderately differ-
entiated stage III colon cancer while the
improvement in relative survival in
higher grade stage III colon cancer is less
(Figure5).Also the improvement in sur-
vivalappears to includebothanimprove-
ment in survival associated with adju-
vant chemotherapy as well as a decrease
in the survival of patients who only
receive surgery. The decrease in sur-
vival inthesurgery-onlygroupmayresult
from redistribution of patients, such as
the oldest subgroup who do not receive
adjuvant chemotherapy whose survival
is quite worse than that of younger sub-
groups that did not receive it. Gill et al28

analyzed more than 3000 patients who
were treated on randomized controlled
trials for the efficacy of treatment in such
demographic variables as age and sex as
well as such clinicopathologic variables
as T and N category, grade, and loca-
tion. Adjuvant chemotherapy only pro-
vided a 1% improvement in 5-year over-
all survival in patients with high-grade
lesions compared with surgery alone in
patientswithhigh-gradelesionswhile the
benefit in low-grade lesions was greater
with a difference of 9% associated with
adjuvant chemotherapy. Thus, the effect
of histological grade on therapeutic out-
come may need to be further evaluated
in other trials.

The NCDB is a hospital-based sample
that reflects a wide range of race/ethnic,
sex, and age diversity reflecting what oc-
curs within the community. The data
presented herein represent usage and

practice in the community and are col-
lected prospectively but are not random-
ized. These data represent an attempt to
analyze the impact that randomized clini-
cal trials have on community clinical
practices through the NIH Consensus
Conference mechanism. Therefore, these
data are a large convenience sample that
represents a large fraction of the under-
lying set of patients with stage III colon
cancer. As a result, the analysis of these
nonrandom patients can only be con-
sidered as a guide to interpretation of the
trends in changing proportions of pa-
tients who receive and benefit from ad-
juvant chemotherapy.

Unfortunately, because comorbid-
ity information is not available, there
are no data on why subsets of patients
did or did not receive adjuvant chemo-
therapy. The patients are older than the
patients in cooperative group trials and
age may have a large impact on pat-
terns of treatment and survival out-
come. We have previously shown that
patients with colon17 or rectal19 cancer
and who are older than 70 years are
more frequently diagnosed at an ear-
lier stage than younger patients, yet they
have a worse stage-specific relative sur-

vival even using relative survival, which
corrects for age-related mortality. The
current data indicate that fewer pa-
tients older than 80 years who have
stage III colon cancer receive adjuvant
therapy—even though the survival of
these older patients who receive adju-
vant chemotherapy is similar to that of
younger patients who also receive it.

Ayanian et al29 examined the use of
adjuvant therapy in a population-
based study of patients treated be-
tween 1996 and 1997 in Northern Cali-
fornia that included both stage III colon
cancer as well as stage II and III rectal
cancer. Patients older than 74 years with
colon cancer also had reduced usage of
adjuvant chemotherapy as did our co-
horts. Because their study also de-
scribed the use of adjuvant chemora-
diotherapy for rectal cancer, the issues
surrounding the lack of adjuvant therapy
in elderly patients with colon cancer
were somewhat limited but appeared to
involve the presence of comorbid dis-
ease, patient refusal, and perhaps an in-
verse association between the use of ad-
juvant therapy and hospital size.
Unfortunately, the NCDB data for our
cohorts did not include information

Table 3. Significant Variables in a Cox Proportional Hazards Model of 43 126 Patients With
Colon Carcinoma Diagnosed Between 1991 and 1997

Covariate
No. of
Cases

Hazard Ratio
(95% Confidence Interval)*

P
Value

Cancer substage
IIIA 4085 1
IIIB 25 900 1.75 (1.65-1.87) �.001
IIIC 13 123 2.95 (2.77-3.14) �.001

First-course therapy
Surgery alone 17 046 1
Surgery and adjuvant chemotherapy† 18 403 0.64 (0.62-0.66) �.001
Surgery and adjuvant chemotherapy BRM‡ 5315 0.53 (0.50-0.56) �.001

Other pharmaceutical treatment 2344 0.97 (0.92-1.03) .34
Patient age, y

�60 9027 1
60-69 10 574 1.19 (1.14-1.25) �.001
70-79 14 063 1.56 (1.49-1.62) �.001
�80 9444 2.24 (2.14-2.35) �.001

Histological grade§
Low 31 386 1
High 11 740 1.41 (1.37-1.45) �.001

Abbreviation: BRM, biological response modifier.
*The Cox proportional hazards model included all the demographic, clinicopathologic, and treatment variables de-

scribed and then eliminated those in a forward step-wise manner that did not make a contribution at a significance
level of .05 or less.

†5-Fluorouracil and leucovorin.
‡5-Fluorouracil and levamisole.
§Histological grade is defined as either low, well and moderately differentiated malignant tumors, or high, poorly and

undifferentiated malignant tumors.
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about the presence of comorbidities but
neither did the data on which Ayanian
et al based their analyses. Instead, they
examined the perceptions of the treat-
ing physicians and surgeons who sug-
gested that comorbidity was often a
reason for not providing adjuvant che-
motherapy to elderly patients with co-
lon cancer. As Ayanian et al29 sug-
gested, more adjuvant chemotherapy
could be given to this population.

Gill et al28 commented that age did not
adversely affect benefit from the treat-
ment; however, their cutoff was age 60
years for their univariate analysis that was
the age limit of the youngest cohort in
the present study. Gill et al did estab-
lish a binning model that includes older
patients and enables examination of the
interaction between T and N category,
as well as age with adjuvant chemo-
therapy. Sundararajan et al30,31 and
VanEenwyk et al32 also found that pa-
tients older than 65 years with stage III
colon cancer were significantly less likely
through 1996 to receive adjuvant che-
motherapy. Potosky et al33 examined the
use of adjuvant therapy in colon and rec-
tal cancer in different Surveillance, Epi-
demiology, and End Results registries
and found that in addition to dispari-
ties in theadministrationof adjuvant che-
motherapy in stage III colon cancer for
elderly patients there were similar dis-
parities based on racial differences with
blacks receiving it less often. Potosky et
al33 found that 88% of patients younger
than 55 years, 65% of those between 55
and 74 years, and 41% of those 75 years
and older received adjuvant chemo-
therapy, which is considerably higher
than theoldest cohort inourcommunity-
based study although the divisions in age
cohorts are somewhat different from
ours. Nevertheless, it is clear that Poto-
sky et al also demonstrate a decreased use
of adjuvant chemotherapy in older pa-
tients and concluded that its use, even
in older patients, may lead to improved
survival. In a population-based study of
stage III colon cancer patients treated be-
tween 1990 and 1996, Bouchardy et al34

observed, as we did, that chemotherapy
improved survival independent of age.
Schrag et al35 also studied the relation-

ship between adjuvant chemotherapy us-
age and age in a large cohort of patients
from population-based registries col-
lected between 1991 and 1996 and found
that its usage decreased dramatically in
patients in their late 70s and 80s. Inter-
estingly, Mahoney et al36 attempted to de-
fine why elderly patients were less likely
to receive adjuvant chemotherapy than
younger patients and found that educa-
tion of both patients and physicians
would be appropriate to increase its us-
age in older patients.

A more recent review by Townsley et
al37 demonstrated that physicians were
less likely to include elderly patients in
trials than younger patients because they
perceived that older patients required
more time, effort, and expense to man-
age in trials than younger patients and
that older patients were as interested in
chemotherapy as younger patients but
were not well educated about its poten-
tials and risks. Our results confirm and
extend theirs since we show that adju-
vant chemotherapy usage decreases in
the elderly and that those who receive
it enjoy survival similar to that of younger
patients. Although the expression of en-
zymes that metabolize commonly used
agents may be altered in older patients
and contribute to the toxic effects of
agents, such as 5-fluorouracil,38 and
nearlyhalf of thepatientswithin thecom-
munity are older than 79 years, any in-
crease in theeffectiveuseof adjuvant che-
motherapy may further enhance the
survival of stage III colon cancer.

Race/ethnicity is another major fac-
tor for outcome in stage III colon can-
cer.Ourdataindicatethatblacksreceived
adjuvant chemotherapy less often than
other ethnic groups in the early to mid
1990s but that disparity disappeared by
2002. Also the current data suggest that
the5-yearrelativesurvival ispersistently
lower in blacks than whites by at least
3%to4%percohort,despite theirreceipt
of adjuvant chemotherapy. Dignam et
al39 studied the effect of race across Na-
tional Surgical Adjuvant Breast and
BowelProjecttrialsonsurvivalandfound
that there was a significant decrement
in survival for blacks compared with
whites and that the decrease in overall

survival was approximately 4% to 5%,
which is similar to that observed in our
study.AlthoughDignametalarguedthat
other factors may have contributed to
this decreased survival, such as later di-
agnosis or comorbid disease, it is also
possible that there are inherent genetic
causesassociatedwithethnicitythatmay
lead either to differences in response to
adjuvant chemotherapy or the biologi-
cal aggressiveness of colon cancer. For
instance,certainpolymorphismsinp5340

and5,10-methylenetetrahydrofolate re-
ductase41 are associated with race and
may contribute to either resistance to a
chemotherapeutic agent or to the bio-
logical aggressiveness of the cancer. In
addition, racial differences may cause
greater neutropenia and result in a de-
creased dose of chemotherapy.42 How-
ever,McCollumetal43 comparedthesur-
vivalofblacks treated in therandomized
controlled Intergroup Trial 0089 to that
of whites and found that there was no
difference in survival based on race and,
in fact, blacks had lower levels of toxic
effectsthatwererelatedtochemotherapy.

A criticism of this analysis is that race
was not a stratification factor and when
clinical variables were compared there
were significant differences in several
important variables between blacks and
whites that may have contributed to the
lack of any survival difference, particu-
larly age, sex, location, and grade among
others. Thus, although this prospec-
tive, randomized, controlled trial sug-
gests that there is not a survival disad-
vantage for blacks, it must be interpreted
with caution.

Also, it must be emphasized that the
present data reflect patterns of care and
survival in the community and are not
the result of randomized, prospective
trials. The NCDB data do not provide in-
sight into why physicians may choose
certain patients for therapy and not oth-
ers. Because these patients were not ran-
domized, selection bias is possible. It is
likely that physicians recommend
therapy based on a perceived balance be-
tween benefit and risk of the therapy as
suggested by Sargent et al.44 Thus, a rela-
tively nontoxic therapy may be given to
older patients more frequently than a
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more toxic therapy. Unfortunately, the
NCDB does not have the capacity to rec-
ord specific agents, the dose, and sched-
ule of chemotherapy received or the
toxic effects experienced. Further-
more, the NCDB is an anonymized data
set that does not contain personal iden-
tifiers. As a result, it is difficult to per-
form detailed analyses on randomly se-
lected subsets of NCDB patients to define
issues about how physicians recom-
mend treatment.

In summary, 15 years after the NIH
Consensus Conference, adjuvant che-
motherapy use has increased to include
nearly two thirds of patients with stage
IIIcoloncancerpatients.Patients receiv-
ing adjuvant therapy for stage III colon
cancer,especially low-gradecancer,have
anincreasedsurvivalbenefitof16%.The
benefitofadjuvantchemotherapyseems
to be lower in blacks and patients with
high-grade cancers. Women have the
same benefit but are less often treated.
Elderly patients have the same benefit
as younger patients but are also less fre-
quently treated. Future studies are
neededto identifywhetherneweragents
such as irinotecan and oxaliplatin may
be more effective in patients with high-
grade cancers or in blacks than the
5-fluorouracil and leucovorin regimens
thatweredominantduring the time that
the cohorts reported herein were fol-
lowed up for survival.
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