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A B S T R A C T

Purpose
National Surgical Adjuvant Breast and Bowel Project (NSABP) protocol LTS-01 examines routine
preventive care and cancer surveillance in long-term colorectal cancer (CRC) survivors previously
treated in NSABP adjuvant trials.

Patients and Methods
Long-term CRC survivors (� 5 years) from five completed NSABP trials (Protocols C-05, C-06,
C-07, R-02, and R-03) at 60 study sites were recruited and surveyed using preventive health care
items from the National Health Interview Survey (NHIS). A 3:1 comparison cohort case-matched
by age, sex, race, and education was created from the 2005 NHIS. Contingency tables and
multivariate models were used to compare cohorts and determine predictors of preventive care
and cancer surveillance.

Results
A total of 708 patients in protocol LTS-01 (681 patients with colon cancer, 27 patients with rectal
cancer) completed the interview: 57.1% male, mean age 66.2 years (standard deviation � 10.6),
median survival 8 years. Patients in the LTS-01 protocol were more likely to have a usual source
of health care (97.7% v 93.8%, P � .0001), have received a flu shot in the past 12 months (67.5% v
44.3%, P � .0001), and have undergone cancer screening by Pap smear (67.3% v 54.8%,
P � .0001), mammogram (80.4% v 70.7%, P � .0001), and prostate-specific antigen test (84.5% v
74.5%, P � .0001) than patients in the NHIS cohort. For CRC surveillance, 96.5% of patients in
protocol LTS-01 had a colonoscopy, 88.2% had a carcinoembryonic antigen test, and 66.4% had
a computed tomography scan in the previous 5 years. Health insurance was the best predictor of
cancer screening for all three methods (odds ratio � 2.6 to 4.5). No factor was uniformly
associated with CRC surveillance.

Conclusion
This select population of long-term CRC survivors who participated in clinical trials achieved better
routine preventive care and cancer screening than the general population and high rates of
cancer surveillance.

J Clin Oncol 28:5274-5279. © 2010 by American Society of Clinical Oncology

INTRODUCTION

The high incidence of colorectal cancer (CRC),
along with improving techniques in treatment, have
led to a very large population of patients who have
now transitioned from treatment to survivorship of
colon and rectal cancer. CRC survivors today ac-
count for approximately 10% of the estimated 11.4
million cancer survivors in the United States.1

Although it has been suggested that intensive
follow-up after CRC resection is correlated with a
20% to 33% reduction in risk of death from all
causes, many studies have shown that CRC survi-

vors are less likely to receive recommended care
across a broad range of chronic medical conditions
than their noncancer age-matched counterparts.2-4

In addition, studies comparing CRC survivors with
noncancer controls in their rate of receipt of routine
preventive care, such as influenza vaccination or
cholesterol screening, and cancer screening by
mammogram, Papanicolaou (Pap) smear, and
prostate specific antigen (PSA) test are mixed.3,5,6

Certain groups of patients including African Amer-
icans and patients older than age 80 years are also
shown to have consistently lower rates of receipt of
necessary care and cancer surveillance.3,7-11
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One of the challenges inherent to studying the use of health
services by long-term CRC survivors is that it is difficult to identify
them. Potential recruitment sources previously included convenience
samples from clinical practices or hospital tumor registries whose
patients experienced varied treatments.3,11-13 In comparison, recruit-
ment of long-term survivors from cancer clinical trials has the poten-
tial to identify patients with more uniform treatment exposures,
allowing linkage of specific treatments with late effects. With this in
mind, the National Surgical Adjuvant Breast and Bowel Project
(NSABP) Protocol Study LTS-01 was designed to investigate impor-
tant issues, including quality of life, functional outcomes, clinical
symptoms, and the health behaviors of these long-term survivors
(defined as � 5 year survival) of colon and rectal cancer.14 Patients
were recruited from five closed NSABP adjuvant therapy trials; three
colon cancer trials (C-05, C-06, and C-07), and two rectal cancer trials
(R-02 and R-03), which accrued patients from 1987 to 2002.

In this article we present the LTS-01 findings related to the health
behaviors of the study participants, focusing on three areas: use of
routine preventive care; cancer screening by mammogram, Pap
smear, and PSA test; and cancer surveillance by colonoscopy, com-
puted tomography (CT) scan, and carcinoembryonic antigen (CEA)
test in the years after surgical resection. For comparison, we contrast
their behaviors with those of a case-matched noncancer cohort.

PATIENTS AND METHODS

Patient Selection

Sixty NSABP study sites that had previously participated in the colon and
rectal cancer adjuvant treatment trials (C-05, C-06, C-07, R-02, R-03) were
recruited to enroll patients in the LTS-01 study (see Ganz et al14 for a complete
description of the institutional and subject recruitment process). The two
rectal cancer protocols were the oldest studies included. The R-02 trial com-
pared adjuvant 1-(2-chloroethyl)-3-(trans-4-methylcyclohexyl)-1-nitrosourea,
vincristine, and fluorouracil (FU) with and without radiation with adjuvant
leucovorin and FU with and without radiation in patients with Dukes’ B and C
rectal cancer. Accrual to the R-02 study began in August 1987 and closed in
December 1992.15 The R-03 trial compared preoperative multimodality ther-
apy (FU � leucovorin � radiation therapy) with the same regimen adminis-
tered postoperatively and accrued patients from June 1993 to June 1999.16

Of the three colon cancer protocols, the C-05 trial compared FU plus
leucovorin with FU plus leucovorin plus interferon alfa 2a and accrued pa-
tients from October 1991 to February 1994.17 The C-06 treatment trial com-
pared oral uracil/ftorafur plus leucovorin with FU plus leucovorin and accrued
patients from February 1997 to March 1999.18 The C-07 trial compared
intravenous FU plus leucovorin with FU plus leucovorin plus oxaliplatin and
accrued patients from February 2000 to November 2002.19

Patients who had participated in these five protocols at one of the 60
NSABP sites and were long-term survivors (� 5 years) were identified by the
NSABP Biostatistical Center and asked to participate in the LTS-01 study.
Patients who agreed and provided informed consent received a computer-
assisted telephone interview using a battery of survey instruments previously
developed and validated for the LTS-01 study. Telephone interviews were
conducted in English between 2007 and 2009 using trained interviewers.

NHIS Matched Cohort

To obtain a representative sample of the general population for compar-
ison, a 3:1 case-matched cohort (matched on age, sex, race, and education) was
taken from the National Health Interview Survey (NHIS) 2005 Adult Sample
using a simple random sampling method. The NHIS is a population-based
nationwide survey conducted by the National Center for Health Statistics and
the US Centers for Disease Control and Prevention as the principal source of

information on the health of the civilian, noninstitutionalized, household
population of the United States. The NHIS is conducted annually using
computer-assisted personal interviewing by trained census takers. The 2005
NHIS was chosen because this was the most recent survey that included the
Sample Adult Cancer component, which gathered information on cancer
screening. The NHIS Adult Sample included 31,428 persons � 18 years of age
and incorporated demographics, clinical disease information, health behav-
iors, and use of health services. Further socioeconomic information including
education level and insurance status was obtained from the 2005 NHIS Person
component using unique person identifiers.

Survey Instrument and Variables

The LTS-01 survey was developed specifically to investigate the health
behaviors and quality of life of long-term survivors and included sections
addressing cancer screening, cancer surveillance, and the use of health care
services. Questions regarding use of health services (having a usual source of
care, number of emergency room [ER] visits, and receipt of flu shot) and
cancer screening (receipt of Pap smear, mammogram, and PSA test) were
taken directly from the NHIS interview schedule.20 Only patients on the
LTS-01 protocol were evaluated for cancer surveillance by colonoscopy, CT
scan, and CEA test.

To compare the LTS-01 and NHIS cohorts for comorbid conditions, we
collapsed multiple LTS-01 survey questions into broader disease categories.
For example, patients on the LTS-01 protocol who answered positively to any
question regarding prior heart attack, coronary artery bypass operation, coro-
nary artery balloon stent procedures, or congestive heart failure were consid-
ered to have heart disease. Race was collapsed into black or other, and Hispanic
was coded as yes or no. Health insurance was considered as present or absent,
and patients with health insurance were further divided into those with private
insurance (private or health maintenance organization) and other insurance
(Medicare, Medicaid, Healthy Families, VA health care, Tricare, or Indian
Health Service).

Statistical Analysis

The presence of comorbidities, smoking and drinking status, use of
health services (care source, ER visits, flu shot) and cancer screening (Pap
smear, mammogram, PSA test) were compared between the LTS-01 cohort
and case-matched NHIS cohort using Fisher’s exact test. Cancer screening
analyses were restricted to the eligible population (eg, only females for Pap
smear). Multiple logistic regression with stepwise selection was used to deter-
mine predictors of use of health services and cancer screening in the LTS-01
and NHIS cohorts and cancer surveillance among patients in the LTS-01
protocol and included demographic variables such as age, race, ethnicity,
education, marital status, insurance status, smoking status, and comorbidities.
All statistical analyses were performed using Statistical Analysis Software (SAS;
version 9.1 for Windows, SAS Institute, Cary, NC). This study was approved
by the institutional review board at the University of California, Los Angeles,
and at each participating NSABP Study Protocol LTS-01 study site.

RESULTS

Demographics

Sixty-five institutions were invited to participate, and 60 (92.3%)
were able to obtain institutional review board approval to take part in
the LTS-01 protocol study. From these institutions, 744 long-term
survivors consented to participate, and 708 (95.2%) completed the
LTS-01 interview. The majority of these patients were white (93.1%)
with mean age 66.2 years (standard deviation � 10.6). Fifty-seven
percent were male, and median survival from diagnosis was 8 years.
Most were from the colon cancer trials: 147 from C-05, 180 from C-06,
and 354 from C-07. A smaller number were from the rectal cancer
trials: 15 from R-02 and 12 from R-03. Overall, 75.8% of patients were
married, and most had a high school diploma or higher education
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level. Nearly all patients (99.0%) had health insurance, and 76.1% had
private insurance (Table 1).

A 3:1 case-matched cohort was taken from the NHIS 2005 Adult
survey resulting in 2,124 NHIS participants. Despite case matching
there were differences between the two groups. Patients in the LTS-01
protocol were more likely to be married (75.8% v 54.6%, P � .0001)
and have health insurance (99.0% v 93.3%, P � .0001) than the
case-matched NHIS cohort. Both groups had approximately the same
amount of heart disease, but patients in the LTS-01 protocol had more
strokes, diabetes, and renal disease, whereas NHIS participants had
more chronic lung disease and GI disease (Fig 1). Overall, the number
of comorbidities was not statistically different between the LTS-01 and
NHIS groups (P � .1145). LTS-01 participants were more likely to
have a history of smoking (51.3% v 29.9%, P � .0001) but were less
likely to be current smokers than the NHIS participants (6.2% v
12.5%, P � .0001). There was no difference in alcohol consumption
between the two groups.

Use of Services

Patients in the LTS-01 protocol were more likely to have a usual
source of health care than the NHIS cohort (97.7% v 93.8%, P� .0001;
Table 2), which was confirmed after adjusting for covariates in the
multivariate model. The presence of health insurance (odds ratio
[OR] � 7.55; 95% CI, 4.47 to 12.73; P � .0001) and diabetes
(OR � 6.70; 95% CI, 2.42 to 18.53; P � .0002) were the most strongly
associated with having a usual source of care (Table 3).

Approximately two thirds of patients in the LTS-01 protocol had
received a flu shot in the previous 12 months compared with 44.3% of
the NHIS cohort (P � .0001; Table 2). The factors most strongly
associated with having a flu shot included the presence of health
insurance (OR � 2.99; 95% CI, 1.84 to 4.85; P � .0001), increasing age
(OR � 2.32; 95% CI, 2.10 to 2.57; P � .0001), and LTS-01 status
(OR � 2.88; 95% CI, 2.35 to 3.53; P � .0001). Male sex (OR � 0.74;
95% CI, 0.63 to 0.89; P � .0009) and Hispanic ethnicity (OR � 0.67;
95% CI, 0.49 to 0.92; P � .0140) were inversely associated with
receipt of a flu shot (Appendix Table A1, online only). The fre-
quency of ER visits was not significantly different between the two

Table 1. Comparison of Demographics of LTS-01 and NHIS Cohorts

Variable

LTS-01
(n � 708) NHIS (n � 2,124)

No. % No. %

Age, years
� 50 52 7.3 156 7.3
50-59 140 19.8 420 19.8
60-69 227 32.1 681 32.1
� 70 289 40.8 867 40.8
Mean 66.19 66.01
SD 10.63 11.73

Sex
Male 404 57.1 1212 57.1
Female 304 42.9 912 42.9

Race�

White 659 93.1 1965 92.5
Black 19 2.7 57 2.7
Other 29 4.1 102 4.8
Unknown 1 0.1 0 0.0

Hispanic
Yes 27 3.8 217 10.2
No 681 96.2 1907 89.8

Marital status
Yes 537 75.8 1156 54.6
No 171 24.2 961 45.4

Education†
Less than high school 44 6.2 447 21.1
High school graduate 379 53.5 822 38.7
College 154 21.8 467 22.0
Post graduate 131 18.5 388 18.3

Health insurance
Yes 701 99.0 1981 93.3
No 7 1.0 143 6.7

Private insurance
Yes 539 76.1 1412 66.5
No 169 23.9 712 33.5

Abbreviation: NHIS, National Health Interview Survey.
�Case-control sampling selection is based on only two race categories: black

and other.
†Case-control sampling selection is based on only two education categories:

� high school graduate and � college.

LTS-01
NHIS

*P < .05
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Fig 1. Comorbidities of LTS-01 and National Health Interview Survey
(NHIS) cohorts.

Table 2. Comparison of Use of Services and Cancer Screening Among
LTS-01 Patients and NHIS Participants

Variable

LTS-01
(n � 708)

NHIS 2005
(n � 2,124)

PNo. % No. %

Use of services
Have a usual source of care 692 97.7 1965 93.8 � .0001
Had flu shot in past 12 months 477 67.5 916 44.3 � .0001
ER visits in past 12 months

0 552 78.0 1711 80.6 .1619
1 102 14.4 291 13.7
� 2 54 7.6 122 5.7

Cancer screening
Pap smear in past 12 months 183 67.3 415 54.8 � .0001
Mammogram in past 12 months� 254 84.4 503 70.7 � .0001
PSA test in past 12 months† 294 84.5 519 74.5 � .0001

Abbreviations: NHIS, National Health Interview Survey; ER, emergency
room; PSA, prostate-specific antigen.

�Women only.
†Men only.
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groups (P � .1619) in univariate (Table 2) and multivariate anal-
ysis (data not shown).

Cancer Screening

Significantly more women in the LTS-01 cohort had a Pap
smear or mammogram in the previous 12 months than women in
the NHIS cohort (Table 2). Health insurance was the most strongly
associated with receipt of a Pap smear (OR � 2.01; 95% CI 1.08 to
3.73; P � .0283), whereas increasing age was inversely associated
with receipt of a Pap smear (OR � 0.52; 95% CI, 0.44 to 0.61;
P � .0001). LTS-01 status was most strongly associated with having
a mammogram (OR � 1.79; 95% CI, 1.22 to 2.64; P � .0029),
whereas increasing age was inversely associated with receipt of a
mammogram (OR � 0.82; 95% CI, 0.70 to 0.97, P � .0228). For
men, 84.5% of LTS-01 men had a PSA test in the previous 12
months compared with 74.5% of the NHIS cohort (Table 2). Being
married (OR � 1.42; 95% CI, 1.02 to 1.97; P � .0383), the presence
of health insurance (OR � 2.20; 95% CI, 1.01 to 4.77; P � .0462),
and LTS-01 status (OR � 1.70; 95% CI, 1.21 to 2.40; P � .0024)
were significantly associated with receipt of a PSA test.

Cancer Surveillance

Although the recommendations for appropriate surveillance af-
ter CRC resection vary, there is a general consensus that patients
should receive at least one colonoscopy every 5 years. In the LTS-01
cohort, 96.5% of patients had a colonoscopy within the previous 5
years (74.1% within the previous 2 years). In addition, 88.2% had a
CEA test and 66.4% had a CT scan within the previous 5 years (Table
4). The presence of health insurance was the most significant predictor
of colonoscopy (OR � 26.42; 95% CI, 5.50 to 126.79; P � .0001) and
CEA test (OR � 6.19; 95% CI, 1.06 to 36.38; P � .0435) but was not

predictive of receipt of a CT scan. There was no common factor that
was significantly associated with all three CRC surveillance tests. Anal-
ysis of cancer surveillance by years of survivorship demonstrated that
surveillance by colonoscopy remained stable over time. Receipt of a
CEA test and CT scan declined more sharply with increasing length of
survivorship (Fig 2).

DISCUSSION

There is increasing awareness of and interest in the health behaviors of
the growing population of long-term CRC survivors in the United
States. In light of the difficulty in identifying and studying this group,
the LTS-01 protocol was developed to overcome some of the barriers
in recruiting this specific patient population by focusing on long-term
survivors of completed adjuvant therapy trials for colon and rectal
cancer. The LTS-01 cohort was recruited from 60 participating
NSABP sites, resulting in a nationally representative sample of CRC
survivors who participated in clinical trials and whose care is represen-
tative of the care that cancer clinical trial patients are receiving across
the country.

Previous studies using large population databases comparing the
use of services and receipt of cancer screening between cancer survi-
vors and noncancer controls had mixed results.3,5,6,21 Earle et al3

studied 14,884 Medicare-eligible 5-year CRC survivors identified
through the National Cancer Institute’s Surveillance, Epidemiology,
and End Results registry. In their study, CRC survivors were less likely
to undergo influenza vaccination (53% v 55%, P � .001) and female
survivors were less likely to have cervical screening (18% v 22%,
P � .08) than noncancer controls. Multivariable analysis confirmed
that being a CRC survivor was associated independently with lower
rates of receipt of necessary care. However, a study by Bellizzi et al6

using the NHIS 1998, 1999, 2000, and 2001 surveys, which included
7,384 cancer survivors (693 colon), found that female cancer survivors
were 34% to 36% more likely to meet mammogram and Pap smear
screening recommendations and male cancer survivors were 32%
more likely to meet PSA screening recommendations than controls.

In our LTS-01 study of 708 long-term CRC survivors, we found
that patients in the LTS-01 protocol had higher rates of having a usual
source of care and of receiving a flu shot than the case-matched

Table 3. Multiple Logistic Regression for Factors Associated With Usual
Source of Care

Predictor
Odds
Ratio

95% Wald
Confidence Limits P

Health insurance 7.55 4.47 to 12.73 � .0001
Diabetes 6.70 2.42 to 18.53 .0002
Private insurance 2.11 1.35 to 3.31 .0010
LTS-01 1.79 1.04 to 3.09 .0369
Age 1.33 1.10 to 1.62 .0039
Male 0.67 0.46 to 0.97 .0328

Table 4. Cancer Surveillance Among LTS-01 Patients (n � 708)

Variable LTS-01 (%)

Colonoscopy
In last 2 years 74.1
In last 5 years 96.5

CEA test
In last 2 years 71.8
In last 5 years 88.2

Computed tomography scan
In last 2 years 43.9
In last 5 years 66.4

Colonoscopy in past 5 years
CEA test in past 5 years
CT scan in past 5 years
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Fig 2. LTS-01 cancer surveillance by years of survivorship. CEA, carcinoembry-
onic antigen; CT, computed tomography.
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noncancer NHIS cohort. In addition, LTS-01 survivors had a 10% to
14% higher absolute rate of receiving routine cancer screening tests in
the form of mammogram, Pap smear, and PSA test than the compar-
ison NHIS cohort. For cancer surveillance, almost all LTS-01 partici-
pants (96.5%) met the minimum surveillance guidelines of having a
colonoscopy every 5 years, and this remained relatively stable over
increasing length of survivorship.

In many respects, our findings may not be surprising, given the
highly selected nature of clinical trial participants. These patients are
consulting physicians who are actively engaged in clinical research.
They are also motivated to explore different treatment options and are
able to navigate the health care system, allowing them to be active
participants in their own care. In addition, they are required to have a
certain level of overall health to be eligible for the clinical trial (eg,
normal kidney and liver function and a limited number of comorbid
conditions), making them a selected sample compared with the gen-
eral population, with or without the particular disease.

Thus the CRC survivors invited to participate in the LTS-01
study were highly selected from the outset, and those who agreed to be
interviewed were an even more exclusive group of survivors. Although
men and women participated at roughly the same rate in the LTS-01
study, those who were interviewed were significantly younger and
more likely to be white than the total sample who were eligible.14 As
expected, fewer patients from the older rectal cancer trials (10% to
18%) and more patients from the recently completed C-07 trial (34%)
participated in the LTS-01 study. Previous studies had demonstrated
that patients who were younger, white, and had fewer comorbidities
tended to receive more necessary care.7,9-11 Therefore, we anticipated
that the LTS-01 cohort would likely represent very high levels of
receipt of care among CRC survivors.

Perhaps an equally important influence on the health behaviors
of these clinical trial participants was their extremely high rate of
health insurance. Health insurance has been closely correlated with
having a usual source of care, receipt of cancer screening, and cancer
care in multiple prior studies, and 99% of the LTS-01 participants had
health insurance.22-24 In our study, health insurance was positively
associated with having a usual source of health care, receipt of flu shot,
Pap smear, PSA test, colonoscopy, and CEA test in multivariate anal-
ysis. Private insurance was also associated with receipt of mammo-
gram in multivariate analysis. The combination of health insurance
and these highly motivated patients and their providers created an
optimal situation leading to high levels of care among long-term CRC
survivors. However, even in this extremely motivated group, if we use
flu shot as a proxy for receipt of routine preventive care, only two
thirds of LTS-01 participants received their yearly flu shot. This was
higher than in population-based cancer survivor studies, but lower
than might be expected from this select group of long-term cancer
survivors.3,9 What this suggests is that although the LTS-01 cancer

survivors are extremely vigilant about their cancer-related health is-
sues, they may have some doubts about the necessity for some non–
cancer-related health maintenance, and this represents an area for
improvement in the care of these long-term cancer survivors.

This study has some limitations. Previous studies have reported
that patients followed-up by both oncologists and primary care phy-
sicians receive the highest proportion of recommended care, whereas
patients followed-up only by a primary care physician were more
likely to receive preventive care, and patients followed-up only by an
oncologist were more likely to receive cancer surveillance.3,9 We did
not include the type of provider in the LTS-01 survey battery and were
therefore unable to determine the effect of provider type on the health
behaviors of the LTS-01 participants. Finally, we tried to capture the
survival experience of long-term survivors of a wide range of survival
length. However, health behaviors and cancer screening have been
shown in the past to vary over length of survivorship.9 Future studies
may include further analyses of LTS-01 health behaviors by years of
survivorship and allow us to target areas of improvement in the care of
long-term CRC survivors.

In conclusion, we have demonstrated the feasibility of using
clinical trials to identify, contact, and study long-term cancer survivors
and the possibility of comparing them with the noncancer general
population. These results represent the first data from the larger
LTS-01 study. When the complete findings are reported encompass-
ing patient-reported outcomes of quality of life, function, and symp-
toms, this will offer a better understanding of how these health
behaviors affect the experience of long-term cancer survivors.
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