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ABSTRACT
Introduction. Follow-up surveillance after curative treatment for colorectal cancer (CRC) patients is recommended
to detect early cancer recurrences and improve survival
outcomes. However, a substantial proportion of CRC patients do not undergo cancer surveillance. Several demographic and disease-related factors have been associated
with cancer surveillance adherence. Thus far, patientcentered communication has not been studied as a determinant for undergoing cancer surveillance. The purpose of
this study is to determine whether patient– clinician information engagement (PCIE) influences patients’ self-reported adherence to recommended CRC surveillance
procedures.
Methods. The study was a longitudinal survey among
Pennsylvanian patients diagnosed with CRC in 2005.
CRC patients who were eligible for surveillance and
participated in both the baseline and 1-year follow-up
surveys were included in this analysis (n ⴝ 305). The

main outcome measure was self-reported adherence to
physical examination, carcinoembryonic antigen testing, and colonoscopy according to recommended guidelines.
Results. Controlling for potential confounders, higher
PCIE at baseline predicted a higher odds for CRC patients
reporting adherence to recommended surveillance 1 year
later by 2.8 times. Other significant predictors of adhering
to recommended surveillance were a higher education level
and having received systemic therapy.
Discussion. In this longitudinal study among CRC patients who received curative treatment, greater patient
engagement with clinicians about cancer-related information was found to improve patients’ subsequent adherence to recommended surveillance. This finding
provides support for encouraging greater patient–physician communication among CRC patients. The Oncologist 2012;17:1155–1162

INTRODUCTION

cancer amenable to further curative treatment, screening for
new tumors or polyps, and detecting metastatic sites before patients present with symptoms. Two meta-analyses reported that
conducting post-treatment surveillance through procedures including serum carcinoembryonic antigen (CEA) testing, endos-

Routine postoperative surveillance represents an integral part
of the follow-up care of patients diagnosed with colorectal cancer (CRC) who undergo potentially curative resection [1–3].
Cancer surveillance is aimed at detecting recurrences of the
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PCIE and subsequent cancer surveillance 1 year later. The
study findings will inform CRC patients, their caregivers, and
their clinicians on the role of active engagement with health
care professionals as a determinant of adherence to cancer surveillance testing.

MATERIALS AND METHODS
Study Population and Procedure
The overall study population was a randomly selected sample
of patients diagnosed with breast cancer, prostate cancer, or
CRC between January 2005 and December 2005 as reported to
the Pennsylvania Cancer Registry (PCR). The sampling frame
included all patients diagnosed with one of these cancers who
were listed in the PCR before data collection began in September 2006. This accounted for ⬃95% of all incident cases of
these cancers in Pennsylvania in 2005 that would be reported
to the PCR. To ensure sufficient statistical power for planned
subgroup analyses, we oversampled cancer patients with stage
IV disease and African-American patients. Further details of
the overall study population and sample selection are described elsewhere [25, 26].
We developed the questionnaire following a literature review, expert consultation, and a pilot study with 29 cancer patients. Appropriate revisions to the survey were included
following the pilot testing. We mailed survey questionnaires to
participants using Dillman’s tailored design method for mail
surveys [27]. We first sent a notice letter to sampled participants informing them of the study objectives and instructions
for opting out. The survey, a small monetary incentive, and a
stamped return envelope were then sent to participants. Those
who did not indicate their wish to opt out and did not return the
survey within 2 weeks were sent an additional letter and survey. Instructions for completing the survey indicated that participation was voluntary and submitting a completed
questionnaire implied informed consent. The University of
Pennsylvania Institutional Review Board approved the study
procedure and materials.

Outcome Variable: Adherence to
Recommended Surveillance
The outcome measure was a binary variable representing patients’ adherence to recommended follow-up surveillance procedures during the 12 months preceding the survey in round 2
(⬃2 years after being diagnosed with CRC—survey participants were diagnosed with CRC in January to December 2005,
the baseline survey was conducted in September 2006, and the
follow-up survey was conducted in September 2007). The criteria for adherence were adopted from Cooper and colleagues
[6], and being adherent was defined as having received all the
following: (a) two or more office visits or physical examinations in the last year, (b) two or more CEA tests in the last year,
and (c) one colonoscopy within the last year. These criteria
represent a composite of the minimum level of surveillance
procedures consistent with the prevailing recommended procedures in 2005 that were common across major professional
societies (e.g., the American Society of Clinical Oncology
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copy, physical examination, and computed tomography (CT)
imaging was associated with the beneficial outcomes of a lower
overall mortality rate, earlier detection of recurrences, and better
chances of curative re-resection [4, 5]. However, a substantial
proportion of CRC patients do not undergo routine cancer surveillance following curative surgery [6 –11].
Understanding the determinants of adherence to CRC surveillance, especially modifiable ones, is therefore important
for improving patient health and survival outcomes. Studies
showed that ethnicity, income, age, and cancer stage were associated with a greater likelihood of receiving surveillance
testing according to recommended guidelines. For instance,
studies based on the Surveillance, Epidemiology, and End Results (SEER)–Medicare database reported that CRC patients
who were younger, were white, had regional stage cancers, or
had poorly differentiated tumors were more likely to adhere to
guideline-recommended surveillance testing [6, 11]. Research in
a managed care setting showed that CRC patients who were white
or lived in neighborhoods with higher median household incomes
were more likely to undergo colon examination and CEA testing
[9]. Unfortunately, the above sociodemographic and clinical predictors of surveillance testing are often not modifiable.
Research suggests that patients’ active engagement in cancer-related information seeking from various sources—in particular their physicians—may be an important factor
influencing cancer surveillance adherence. First, we know that
CRC patients are interested in obtaining information about a
variety of topics related to their disease from myriad sources
and are reported as frequently seeking for health information
[12–15]. To illustrate, most CRC survivors reported needing
more information related to tests and treatments (e.g., follow-up tests and procedures that they should have), health promotion (e.g., nutrition and diet information), and side effects of
treatment or symptoms to alert their doctors to [12]. Cancer patients in general frequently cited health professionals as an information source and, more specifically within this category,
physicians were the most often identified information source
[13]. Furthermore, we know that patient-centered communication plays an important role in influencing the quality of patient– clinician relationships, compliance with cancer
screening and treatment guidelines, as well as short- and longer-term patient outcomes [16]. For instance, individuals’ perceived quality of communication with their physicians is
significantly associated with greater adherence to cancer
screening tests in healthy populations [17–21]. Among cancer
patients, information engagement between patients and their
physicians significantly predicts treatment decision satisfaction [22], patients’ perceived health status, and self-reported
quality of life [23–25].
In light of the above evidence, this study investigated the
relationship between one form of patient-centered communication—patient– clinician information engagement (PCIE)—
and CRC patients’ adherence to recommended cancer
surveillance in the form of physical examinations, CEA testing, and colonoscopy or sigmoidoscopy. We conducted a longitudinal survey among a population-based sample of CRC
patients in the post-treatment period to assess their baseline
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Independent Variable: PCIE
PCIE is conceptualized as the process of information engagement between cancer patients and their clinicians, primarily
operationalized as patients’ reports of active seeking of cancerrelated information from clinician sources. To a smaller extent,
PCIE included patients’ recall of physician-initiated communication behaviors (i.e., recommending patients obtain information from other sources). This analysis used the PCIE scale
as described by Martinez and colleagues [22]. The scale comprised eight survey items that asked participants to think back
to the first few months of their cancer diagnosis and to recall
whether or not they: (a) sought information about treatments
from their treating physician, (b) sought treatment information
from other physicians or health professionals, (c) actively
looked for information about their cancer from their treating
physician, (d) looked for cancer information from other physicians or health professionals, (e) discussed information from
other sources with their treating physician, (f) received suggestions from their treating physician to get information from
other sources, (g) actively looked for information about quality
of life issues from their treating physician, and (h) looked for
quality of life information from other physicians or health professionals. Each item was converted into a Z-score and the average of the eight Z-scores formed the PCIE scale. These
standardized items demonstrated reasonable internal consistency in the analyzed sample (Cronbach’s ␣, 0.80).

Control Variables
Demographic variables (age in years, gender, education level,
ethnicity, and marital status), respondents’ concern about how
to reduce their chances of cancer recurrence, and respondents’
active seeking of cancer-related information from nonclinical
sources (e.g., media and interpersonal sources) were measured
in the round 1 questionnaire. Because patient-specific clinical
characteristics may confound the relationship between PCIE
and adherence to recommended surveillance, we controlled for
important factors, including the American Joint Committee on
Cancer/International Union Against Cancer tumor–node–metastasis stage (derived from the PCR data and ranging from
stage 0 to stage III) [28], self-reported health status (ranging
from poor to excellent), treatment received (radiation therapy
and systemic therapy with chemotherapy or biologics), and
tendency to follow doctors’ recommendations for tests to monitor their cancer (ranging from never to always) in round 1.

www.TheOncologist.com

Figure 1. Selection criteria for analysis.

Statistical Analysis
We conducted the analyses using Stata/SE 11 (StataCorp LP,
College Station, TX). Based on initial descriptive analyses,
21.8% of the analyzed sample had missing data for one or more
variables. The majority occurred in the outcome measure of
adherence to surveillance (16.4%). This was a result of missing
data in responses to the frequency of receiving individual surveillance procedures. We performed multiple imputation to
address missing data for predictor variables using the Stata MI
program according to recommended procedures [29]. Multiple
imputation is considered to be superior to ad hoc methods for
multivariate regression analyses based on data with missing
values (e.g., using listwise deletion, pairwise deletion, or mean
imputation) because of less bias and lower sampling variability
[30]. Using the imputation procedure, we generated 30 datasets with imputed values of independent variables. Missing
values in the outcome measure were not imputed. We next estimated logistic regression coefficients across the imputed datasets, controlling for potential confounders.

Sensitivity Analyses
To examine the potential effect that missing data in the adherence measure has on the results, we assumed that participants
who had missing data on this measure (16.4% of the analyzed
sample) did not receive the recommended surveillance and repeated the above logistic regression procedure. We noted that
ASCO and NCCN recommended annual abdominal CT scans
for patients with a higher risk for recurrence (i.e., those with
lymphatic or venous invasion or poorly differentiated tumors)
in their guidelines for 2005 and that some health care providers
were likely to have performed CT imaging as part of routine
surveillance of CRC patients [6, 9]. However, annual CT was
not uniformly recommended by the different professional societies at the time of round 2 data collection in this study. Nev-
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[ASCO], National Comprehensive Care Network [NCCN],
and American Society of Colon and Rectal Surgeons) [1–3].
We assessed participants’ frequency of undergoing cancer
surveillance procedures by asking participants in round 2:
“How often have you done the following things in the past 12
months, as part of your routine cancer follow-up? Do not include the times that you have done things because of a new
symptom or health concern.” (These emphases were included
in the original survey questionnaire.) Participants indicated the
frequency, ranging from zero times to five or more times, of:
(a) a doctor visit and physical exam, (b) a CEA blood test, and
(c) a colonoscopy or flexible sigmoidoscopy.
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Table 1. Characteristics of analyzed sample (n ⫽ 305)
Participant characteristic

Range

Mean

26–92

67.86

⫺1.22 to 1.14

⫺1.15 to 2.43

ertheless, we conducted a sensitivity analysis that included
annual CT as part of a more stringent measure to rule out the
possibility that the proposed relationship would change as a result of this addition. This analysis assumed that the entire analyzed sample was eligible for annual CT because the study
questionnaire did not permit assessment of the recurrence risk
for individual patients.

RESULTS
In the fall of 2006, 684 participants with CRC completed the
baseline survey (round 1). Of the participants in round 1 who
consented to being recontacted, 413 completed the follow-up
survey (round 2) in the fall of 2007. The response rate for participants with CRC in round 1 was 61% (American Association for Public Opinion Research response rate, 4) [31], and for
round 2, the raw response rate of those who agreed to be con-

1–5

1–5

⫺0.21

⫺0.31

3.16

4.51

Standard deviation

n

%

147
158

48.2
51.8

177
128

58.0
42.0

270
26
9

88.5
8.5
3.0

79
221
5

25.9
72.5
1.6

41
86
89
89

13.4
28.2
29.2
29.2

262
43

85.9
14.1

174
131

57.1
42.9

12.05

0.65

0.78

0.87

.87

tacted was 75%. Figure 1 shows a flow diagram of the selection
criteria. CRC patients who completed surveys for round 1 and
round 2 were included in the analysis (n ⫽ 413). Those who
had stage IV disease according to the PCR data were not eligible for surveillance testing because they had metastatic disease
(n ⫽ 53). We excluded patients if their cancer stage was not
known because we could not determine their eligibility for surveillance testing (n ⫽ 27). Finally, patients who reported in
round 1 that their doctor told them the cancer had spread to
other parts of the body (become metastatic) were excluded
(n ⫽ 28). The final analyzed sample size was 305, or 45% of
the initial 684 respondents.
The mean age of participants at diagnosis was 68 years,
52% were female, 42% had some college education or higher,
and 89% were white. Table 1 describes other characteristics of
the sample. In round 2, the majority of participants reported
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Age, yrs
Gender
Male
Female
Education
High school and below
Some college and above
Race or ethnicity
White
Black
Hispanic or other
Patient–clinician information engagement
Concern about reducing chances of recurrence
No
Yes
Missing
Seeking of cancer information from nonmedical sources
Cancer stage
0
I
II
III
Health status
Radiation therapy
No
Yes
Systemic therapy
No
Yes (chemotherapy or biologics)
Followed doctor’s recommendations for tests
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Table 2. Frequency of undergoing surveillance
procedures in the preceding 12 months during round 2
and prevalence of overall adherence to recommended
surveillance
Procedure
n
%
79
203
23

28.0
72.0

DISCUSSION

89
159
57

35.9
64.1

69
201
35

25.6
74.4

151
104
50a

59.2
40.8

a
Twelve cases were missing for all three procedures; 38
cases were missing for at least one procedure but met the
guideline for one or two of these procedures.

undergoing physical examinations, CEA testing, or colonoscopy or sigmoidoscopy at the minimum recommended levels
(Table 2). However, less than half of the respondents (41%)
reported receiving all three surveillance procedures at the recommended levels over this time period.
Table 3 shows the results of the logistic regression predicting the odds for adhering to the recommended post-treatment
surveillance among CRC patients in round 2, controlling for
various confounders. For each unit increase in PCIE in round
1, the odds for participants adhering to recommended surveillance was 2.78 times greater (95% confidence interval, 1.41–
5.48; p ⫽ .003) in the 12 months preceding the round 2 survey.
Other significant predictors of adhering to recommended CRC
surveillance included having a higher level of education and
having received systemic therapy. To test for the presence of
multicollinearity among the independent variables in the
model, we further examined the tolerance and variance inflation factor values of each independent variable. All the independent tolerance levels were ⱖ0.42, whereas the variance
inflation factor values were ⱕ2.40, indicating that multicollinearity was not likely in this analysis.
The substantive finding that PCIE was a significant predictor of adherence to recommended surveillance was robust to
the sensitivity analysis that assumed participants with missing
data on the outcome measure did not receive the surveillance
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Despite existing evidence of the long-term survival benefits of
routine cancer surveillance among CRC patients after curative
treatment [4, 5], this study found that only about two in five
patients reported receiving the minimum level of recommended surveillance, including physical examinations, CEA
testing, and colonoscopy ⬃2 years after diagnosis. The low
prevalence of cancer surveillance in this study corroborated
findings reported in earlier studies. A study among a large cohort of SEER–Medicare patients found that 39.8% received
physical examinations, CEA tests, and colonoscopy at the minimum recommended levels or higher 6 – 42 months after diagnosis [6]. Other studies reported the prevalence of CRC
patients undergoing postoperative colonoscopy, sigmoidoscopy, or barium enema to be in the range of 50%– 60% [7–11],
whereas estimates of receiving at least one CEA test were in
the range of 35%–71% [6 – 8]. Direct comparisons of these results with those in our study were not possible because of wide
variation in designs, patient populations, surveillance procedures, and follow-up periods.
In the context of a low prevalence of cancer surveillance
among CRC patients, this study addresses an important issue in
cancer survivorship care and advances existing research on the
determinants of adherence to post-treatment CRC surveillance
in several ways. First, although prior studies have identified
various sociodemographic factors, including age, income, and
ethnicity, as determinants of receiving CRC surveillance testing [6, 11], the present study examined the predictive influence
of PCIE—a form of patient– clinician communication that is
potentially modifiable— on adhering to guideline-recommended surveillance. Greater PCIE predicted a higher likelihood that eligible CRC survivors would receive adequate
levels of physical examination, CEA testing, and colonoscopy.
The practical significance of this finding is underscored by
prior interventions targeted at improving patient involvement
and communication skills in clinic-based settings, achieving
varying levels of success [32]. Some examples of these interventions include providing informational materials to patients
in waiting rooms on desirable communication behaviors, roleplaying or practice sessions, and formal coaching sessions for
patients. Future research should be conducted to examine the
feasibility of improving behaviors engendered in PCIE.
Findings from the present study may provide some initial
directions for designing and testing pilot interventions that
could potentially improve surveillance adherence through active patient engagement with clinicians on cancer-related information. Specifically, CRC survivors who have recently
completed treatment may be encouraged to actively engage
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Physical examination
Less than twice
Twice or more
Missing
Carcinoembryonic
antigen testing
Less than twice
Twice or more
Missing
Colonoscopy or flexible
sigmoidoscopy
Less than once
Once or more
Missing
Overall adherence to
surveillance
Did not adhere
Adhered
Missing

procedures at the minimum levels. Additionally, when using a
more demanding measure of adherence to cancer surveillance
that included annual CT scans as part of the criteria, only
30.9% of respondents were classified as having adhered to surveillance. The sensitivity analysis using this alternative adherence measure showed that PCIE remained a significant
predictor of compliance with cancer surveillance recommendations.
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Table 3. Logistic regression analyses predicting adherence to colorectal cancer post-treatment surveillance during round 2
Predictor
Adjusted odds ratio
95% confidence interval
p-value

with their physicians about the importance of routine cancer
follow-up and discussing the timing and frequency of different
surveillance tests. One suggestion for providing such encouragement could be through face-to-face sessions during which
trained patient navigators provide brief counseling and skills
training to cancer survivors on talking to their physician about
routine follow-up or bringing information from other sources
to clarify with their physician. Another consideration could be
a pilot program to provide CRC survivors with a checklist of
suggested questions about cancer follow-up tests that they
should discuss with their physicians prior to each scheduled
visit.
Furthermore, PCIE encompasses patients’ active seeking

2.78
0.95
1.02

1.41–5.48
0.55–1.64
1.00–1.05

.003
.846
.089

1.00
1.38

0.70–2.68

.351

1.00
2.24

1.16–4.32

.016

1.00
0.65
5.77

0.20–2.17
0.68–49.21

.484
.109

1.00
0.84

0.41–1.72

.625

1.00
2.02

0.90–4.55

.088

1.00
1.33
2.65
1.86
0.92

0.43–4.13
0.84–8.41
0.51–6.79
0.62–1.37

.616
.097
.350
.692

1.00
1.55

0.59–4.04

.371

1.00
5.03
1.28

1.95–12.93
0.78–2.11

.001
.328

of cancer-related information not only from their treating physician but from other doctors and health professionals as well
(e.g., primary care physicians, surgeons, medical and radiation
oncologists, home nurses, nutritionists, and physical or occupational therapists). We speculate that this constant engagement across a team of providers may be contributing to patients
having more opportunities to discuss the role of continued cancer surveillance, leading to their greater awareness and positive attitudes about regular follow-up, and subsequently to
their compliance with recommended surveillance [33]. In this
hypothesized scenario, patients who engage with a multidisciplinary team of clinicians are less likely to “fall through the
cracks” in terms of cancer surveillance.
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Patient–clinician information engagement
Seeking of cancer information from nonmedical sources
Age
Gender
Male (referent)
Female
Education level
High school and below (referent)
Some college and above
Ethnicity
White (referent)
Black
Hispanic and other
Marital status
Not married (referent)
Married
Concern about reducing chances of recurrence
No (referent)
Yes
Cancer stage
0 (referent)
I
II
III
Health status
Radiation therapy
No
Yes
Systemic therapy
No
Yes
Followed doctor’s recommendations for tests
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In this study, we found that the predictive influence of
PCIE on receiving recommended surveillance was consistent
across various sensitivity analyses. Specifically, one analysis
assessed whether or not our decision to limit adherence to surveillance to the three procedures recommended in prevailing
guidelines—physical examination, CEA testing, and colonoscopy or sigmoidoscopy—was a reasonable approach. Although this measure was consistent with another study that
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beginning to be part of recommended routine surveillance for
higher risk CRC patients around the time of our data collection.
Perhaps reflecting that shift, we found that 64% of respondents
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that PCIE significantly predicted a more stringent adherence
measure that included an annual CT scan provided reassurance
of the robustness of the analysis that defined compliance based
on the above three procedures alone. However, we caution
against interpreting the findings with annual CT in the outcome measure at face value because surveillance guidelines
for CT scans were not yet uniformly recommended by professional societies in 2005. In addition, the study was not able to
identify patients who were considered at high recurrence risk,
for whom an annual CT is indicated.
An additional strength of this research is the populationbased sample from the PCR, which represented CRC patients
across different age groups and clinical settings, in comparison
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CRC patients from managed care practices or the reliance on
administrative data from the Medicare population [6, 9]. Moreover, studies that examine the effects of patient– clinician communication on health outcomes often rely on cross-sectional
data. In contrast, the present study used longitudinal data, enabling more confident interpretations of causality by establishing temporal precedence between PCIE during round 1 and
adherence to surveillance during round 2.
There are some limitations to this study. First, we relied on
patient self-report for assessing the frequency of cancer surveillance procedures. Although self-reported receipt of surveillance procedures may be subject to recall or social
desirability bias, other studies have compared self-reported adherence to CRC screening tests with medical records or with
direct observation in various healthy populations and concluded that the self-report approach is an acceptable and valid
alternative to more costly methodologies [34 –37].
Another limitation is related to the observational design of
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