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Abstract

Background: The best strategy for surveillance testing in stage II and III colon cancer patients following curative
treatment is unknown. Previous randomized controlled trials have suffered from design limitations and yielded
conflicting evidence. This observational comparative effectiveness research study was conducted to provide new
evidence on the relationship between post-treatment surveillance testing and survival by overcoming the
limitations of previous clinical trials.

Methods: This was a retrospective cohort study of the Surveillance, Epidemiology, and End Results database combined
with Medicare claims (SEER-Medicare). Stage II and III colon cancer patients diagnosed from 2002 to 2009 and between
66 to 84 years of age were eligible. Adherence to surveillance testing guidelines—including carcinoembryonic antigen,
computed tomography, and colonoscopy—was assessed for each year of follow-up and overall for up to three years
post-treatment. Patients were categorized as More Adherent and Less Adherent according to testing guidelines. Patients
who received no surveillance testing were excluded. The primary outcome was 5-year cancer-specific survival; 5-year
overall survival was the secondary outcome. Inverse probability of treatment weighting (IPTW) using generalized boosted
models was employed to balance covariates between the two surveillance groups. IPTW-adjusted survival curves
comparing the two groups were performed by the Kaplan-Meier method. Weighted Cox regression was used to obtain
hazard ratios (HRs) with 95% confidence intervals (CIs) for the relative risk of death for the Less Adherent group versus
the More Adherent group.

Results: There were 17,860 stage II and III colon cancer cases available for analysis. Compared to More Adherent patients,
Less Adherent patients experienced slightly better 5-year cancer-specific survival (HR = 0.83, 95% CI 0.76–0.90) and worse
5-year noncancer-specific survival (HR = 1.61, 95% CI 1.43–1.82) for years 2 to 5 of follow-up. There was no difference
between the groups in overall survival (HR = 1.04, 95% CI 0.98–1.10).

Conclusions: More surveillance testing did not improve 5-year cancer-specific survival compared to less testing and there
was no difference between the groups in overall survival. The results of this study support a risk-stratified, shared decision-
making surveillance strategy to optimize clinical and patient-centered outcomes for colon cancer patients in the
survivorship phase of care.
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Background
Recent studies indicate that approximately 20% of stage II
and III colon cancer patients will have a recurrence of
their cancer within 5 years following curative treatment
(surgery ± adjuvant chemotherapy) [1–4]. In the US,
guideline issuing groups such as the National Comprehen-
sive Cancer Network (NCCN) have supported surveillance
testing consisting of physical exams, carcinoembryonic
antigen (CEA) blood tests, colonoscopy, and computed
tomography (CT) scans of the chest and abdomen in the
years following primary treatment [5–7]. The main pur-
pose of colon cancer surveillance testing is to detect
tumor recurrence or new primary colon cancer at an earl-
ier point than symptom-based detection, resulting in a
higher likelihood of curative treatment for the recurrence
and better cancer-specific survival [8, 9]. However,
although earlier randomized controlled trials (RCTs) and
meta-analyses of these trials demonstrated that surveil-
lance for local/regional colon cancer improved overall
survival [10–13], the evidence that more intensive surveil-
lance improves cancer-specific survival has not been dem-
onstrated [9, 12–14]. This scenario has been complicated
by the fact that the clinical trial data pertaining to this
issue:1) has spanned a number of decades in which treat-
ments for colon cancer have dramatically improved and
surveillance strategies have evolved [15, 16], 2) includes
heterogeneous studies with varying surveillance protocols
that make comparisons between trials and inclusion of
trials in meta-analyses problematic [15–19], and 3) has
been derived from small controlled trials with limited
follow-up, and thus, lacks the statistical power to detect
meaningful survival differences [18, 19]. The resulting
contradictory evidence has led some clinicians/researchers
to question whether surveillance guidelines represent the
best follow-up strategy and even if surveillance testing
should be done at all [15, 20–22].
Observational comparative effectiveness research can

provide high quality, nuanced evidence beyond that
which may be feasible or ethical in RCT designs evaluat-
ing survival outcomes [23, 24]. This evidence can then
be used to facilitate shared decision making between
physicians and their patients [23–26]. The goal of this
retrospective comparative effectiveness study was to as-
sess the hypothesized survival benefit associated with
more surveillance testing in stage II and III colon cancer
patients following curative treatment. We utilized the
National Cancer Institute’s (NCI) Surveillance, Epidemi-
ology, and End Results database combined with Medi-
care claims (SEER-Medicare) to evaluate whether levels
of adherence with NCCN Surveillance Guidelines (more
vs. less) is associated with survival in older adult colon
cancer patients. This study was designed to address the
statistical power, heterogeneous surveillance strategies,
and generalizability limitations of previous RCT designs

by evaluating survival differences according to surveil-
lance testing received in real world clinical settings. To
achieve this objective, we sought to leverage the
strengths of the large SEER-Medicare database with ex-
tensive follow-up time to evaluate 5-year cancer-specific
survival and, secondarily, 5-year overall survival in colon
cancer survivors according to levels of surveillance with
NCCN guidelines.

Methods
Study methodology has been described although some
differences will be presented herein [17]. The study
population consisted of colon cancer patients, 66–84
years of age, who were diagnosed between 2002 to 2009
and included in the NCI’s SEER-Medicare database.
These years were included to ensure that all patients had
the potential for at least 5 years of follow-up after com-
pletion of treatment. Vital status and cause of death in-
formation was available up to the termination date of
this study, December 31, 2015. Patients who received no
surveillance tests (Nonadherent) for up to 3 years
post-treatment were excluded. The flow diagram depict-
ing inclusion/exclusion criteria is shown in Fig. 1.

Ascertainment of study data
Diagnostic and procedure codes from the International
Classification of Diseases, Ninth and Tenth Edition (ICD-9/
10); International Classification of Diseases for Oncology,
3rd Edition (ICD-O-3); Current Procedural Terminology
(CPT); and Healthcare Common Procedure Coding System
(HCPCS) were utilized to obtain relevant treatment,
surveillance, comorbidity [27, 28], and cause of death infor-
mation (Additional file 1, Table S1).

Final treatment date
For patients who received surgery as their only primary
treatment, their final treatment date was their surgery
date. For patients who received adjuvant chemotherapy,
their final treatment date was the last date of sequential
chemotherapy treatment (claims ≤90 days apart were
considered as sequential chemotherapy) or 6 months
from the first chemotherapy date for patients who
received chemotherapy > 6months.

Surveillance tests
In determining adherence with NCCN Surveillance
Guidelines, we considered receipt of surveillance tests
that were established for their ability to detect new
colon cancers and intraluminal, locoregional, and dis-
tant metastatic recurrences. Hence, we did not include
physical exams in determining adherence with guide-
lines [19]. In each year of follow-up after the final treat-
ment date, we obtained the number of CEA blood tests,
CT (and positron emission tomography [PET]) scans,
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and colonoscopies. To avoid duplicate counting of sur-
veillance tests, claims had to be separated by ≥30 days.
We assessed adherence with surveillance tests up to 3
years post-treatment as this is the time period in which
most recurrences occur [29]. In a given year, we defined
adherence with a surveillance test as receiving the
minimum number of recommended tests (Table 1) [5–
7].

Determining yearly and overall surveillance classification
For the assessment of yearly and overall surveillance, we
modified our original strategy in order to capture the to-
tality of the surveillance experience [17]. For CEA,
which requires a minimum of two tests per year to meet
minimum guidelines, we classified each year of
follow-up according to the number of CEA tests as ≥2,
1, or 0. For tests in which the minimum was one test in
a given year (Colonoscopy and CT), each patient was la-
beled as ≥1 or 0. For each year of surveillance assess-
ment, we classified colon cancer cases as “More
Adherent”, “Less Adherent”, or “Nonadherent”. Patients

who were More Adherent either received all recom-
mended testing, were missing one test, or missing more
than one test but with additional testing (e.g., colonos-
copy) that was absent for those who were Less Adherent.
Less Adherent patients were missing at least one recom-
mended tests without additional testing to compensate
for the missing tests. Nonadherent patients received no
surveillance tests during the assessment period. The
classification scheme for yearly surveillance assessment
is shown in Table 2.
In determining overall surveillance, all years of

complete follow-up up to 3 years post-treatment were
assessed, and patients were classified as More Adherent
or Less Adherent (Nonadherent patients were excluded).
For patients with only 1 year of complete follow-up,
their Year 1 classification was also their overall classifi-
cation. For patients with two or 3 years of complete
follow-up, their yearly classifications were combined to
create an overall classification. Thus, for patients with
2–3 years of complete follow-up, their yearly surveillance
assessments determined their overall surveillance

Fig. 1 Flow diagram of the study population. SEER: Surveillance, Epidemiology, and End Results

Table 1 NCCN Colon Cancer Surveillance Guidelines [30]

Stages II/III CEA testing is recommended at baseline and at least every 6 months (minimum 2 per year) for 3 years. Colonoscopy is recommended
approximately 1 year after resection. CT scans are recommended annually for 3 years.

Abbreviations: NCCN, National Comprehensive Cancer Network; CEA, carcinoembryonic antigen; CT, computed tomography
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classification. The overall classification scheme for
patients with two or 3 years of complete follow-up is
contained in Additional file 2 (Table S2).

Statistical analysis
Demographic and clinical variables for the unweighted
study population were compared across the two categor-
ies of overall surveillance (More vs. Less). Pearson’s

chi-square was applied to detect differences in
categorical variables. Median follow-up time and 25%
cancer death time between the two groups were calcu-
lated by the Kaplan-Meier method with differences eval-
uated by the log-rank test. Statistical significance was
defined as P value < 0.05.
In observational comparative effectiveness studies—

where treatment is not randomized—appropriate
methods to control for potential differences in con-
founding variables between the treatment groups is
paramount [31]. Generalized boosted models represent a
relatively new, machine learning approach, whereby pro-
pensity scores are obtained via multiple regression trees
that model complex associations between pretreatment
covariates across categories of treatment (i.e., surveil-
lance) [32–35]. This procedure produces inverse prob-
ability of treatment weighting (IPTW) that balances
covariates between groups. Propensity scores for each
treatment group were obtained by balancing covariates
according to age, race, sex, marital status, year of diag-
nosis, state buy-in coverage, census-tract poverty level,
urban-rural designation, SEER region [36], disease sub-
stage, tumor grade, tumor location (proximal/distal),
chemotherapy status, and the individual comorbid con-
ditions that comprise the Charlson Comorbidity Index
[27]. Balance between potential confounding factors was
assessed by the absolute standardized mean difference
for each group compared to the study population mean.
Differences ≥0.20 were considered as evidence of imbal-
ance [32]. For point estimates obtained in the regression
models described below, the estimand is the average
treatment effect.
Five-year survival curves for the study population

were obtained by the Kaplan-Meier method which
incorporated IPTW. The weighted Cox proportional
hazards model was used to obtain adjusted hazard
ratios (HRs) with 95% confidence intervals (CIs) for
the relative hazard (i.e., risk) of five-year colon can-
cer-specific, cancer-specific (i.e., any cancer death),
noncancer-specific, and overall mortality from the
last date of treatment. The survival analysis revealed
nearly identical hazard ratios for colon
cancer-specific and cancer-specific survival, thus,
only cancer-specific mortality is reported. We ini-
tially planned to obtain separate models according to
treatment (surgery, surgery + chemotherapy). How-
ever, when we analyzed both models, the associa-
tions between surveillance status and all survival
outcomes were highly similar. Thus, all patients were
combined. The proportional hazards assumption was
assessed for surveillance status graphically (log
[−log] of survival function by log survival time) and
by evaluating the interaction with time in the sur-
vival models. Although there was slight evidence of

Table 2 Classification scheme for yearly surveillance
assessments

Year 1
categorization

Year 1 CEAa Year 1 CT Year 1
colonoscopy

More Adherent ≥ 2 ≥ 1 ≥ 1

≥ 2 ≥ 1 0

≥ 2 0 ≥ 1

1 ≥ 1 0

1 0 ≥ 1

Less Adherent ≥ 2 0 0

1 0 0

0 ≥ 1 0

0 0 ≥ 1

Nonadherent 0 0 0

Year 2
categorization

Year 1
colonoscopy

Year 2 CEA Year 2 CT Year 2
colonoscopy

More Adherent ≥ 2 ≥ 1

≥ 2 0 ≥ 1

≥ 1 ≥ 2 0 0

≥ 1 1 0 0

1 ≥ 1

1 0 ≥ 1

Less Adherent 0 ≥ 2 0 0

0 1 0 0

0 ≥ 1

0 0 ≥ 1

Nonadherent 0 0 0

Year 3
categorization

Year 2
colonoscopy

Year 3 CEA Year 3 CT Year 3
colonoscopy

More Adherent ≥ 2 ≥ 1

≥ 2 0

1 ≥ 1

1 0 ≥ 1

≥ 1 1 0 0

Less Adherent 0 1 0 0

0 ≥ 1

0 0 ≥ 1

Nonadherent 0 0 0

Abbreviations: CEA, carcinoembryonic antigen, CT, computed tomography
Bold font indicates testing that is adherent with NCCN guidelines
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a declining hazard ratio (moving to the null) over
time for cancer-specific survival, there was not suffi-
cient evidence to indicate a violation of the propor-
tional hazards assumption.

Results
Demographic and clinical characteristics of the study
population (n = 17,825) are shown in Table 3. The ma-
jority of colon cancer patients were designated as More
Adherent vs. Less Adherent (11,840, 66.3% vs. 6020,
33.7%). More Adherent patients were more likely to be

Table 3 Demographic and clinical characteristicsa of stage II/III
colon cancer patients (n = 17,860)

Characteristic More Adherent Less Adherent P value

Study population 11,840 (66.3) 6020 (33.7)

Median follow-up time < 0.001

(years), 95% CI 9.0 (8.9–9.0) 9.6 (9.4–9.7)

5-year vital status < 0.001

Alive 8229 (69.5) 3908 (64.9)

Deceased 3611 (30.5) 2112 (35.1)

Cause of death < 0.001

Colon cancer 2133 (59.1) 787 (37.3)

Other Cancer 333 (9.2) 206 (9.7)

Other 1145 (31.7) 1119 (53.0)

25% cancer death time < 0.001

(years), 95% CI 5.3 (5.0–5.8) 7.1 (6.3–7.8)

Age at diagnosis < 0.001

66–74 years 5814 (49.1) 2114 (35.1)

75–79 years 3417 (28.9) 1774 (29.5)

80–84 years 2609 (22.0) 2132 (35.4)

Race < 0.001

White 10,047 (84.9) 5066 (84.2)

Black 945 (8.0) 563 (9.3)

Asian 421 (3.6) 163 (2.7)

Other 242 (2.0) 97 (1.6)

Hispanic 158 (1.3) 100 (1.7)

Native American 21 (0.2) 25 (0.4)

Unknown 6 (0.0) 6 (0.1)

Sex 0.304

Female 6645 (56.1) 3330 (55.3)

Male 5195 (43.9) 2690 (44.7)

Marital status < 0.001

Married or partner 6876 (58.1) 2915 (48.4)

Separated/divorced 764 (6.5) 437 (7.3)

Single 855 (7.2) 533 (8.8)

Widowed 3009 (25.4) 1897 (31.5)

Unknown 336 (2.8) 238 (4.0)

Table 3 Demographic and clinical characteristicsa of stage II/III
colon cancer patients (n = 17,860) (Continued)

Characteristic More Adherent Less Adherent P value

Year of diagnosis 0.011

2002–2003 3411 (28.8) 1820 (30.2)

2004–2006 4442 (37.5) 2304 (38.3)

2007–2009 3987 (33.7) 1896 (31.5)

State buy-in coverage < 0.001

No 9574 (80.9) 4306 (71.5)

Yes 2266 (19.1) 1714 (28.5)

Census tract poverty level < 0.001

Low 3298 (27.8) 1495 (24.8)

Lower-middle 3290 (27.8) 1629 (27.1)

Upper-middle 3227 (27.3) 1726 (28.7)

High 1988 (16.8) 1150 (19.1)

Unknown 37 (0.3) 20 (0.3)

Geographic residency 0.473

Urban 10,318 (87.2) 5263 (87.4)

Less Urban 1221 (10.3) 627 (10.4)

Rural 299 (2.5) 129 (2.2)

Unknown 2 (0.0) 1 (0.0)

SEER region 0.483

West 4226 (35.7) 2214 (36.8)

South 3089 (26.1) 1556 (25.8)

Northeast 2599 (22.0) 1299 (21.6)

Midwest 1754 (14.8) 878 (14.6)

Pacific 172 (1.4) 73 (1.2)

Disease stage < 0.001

Stage II 5912 (49.9) 4091 (68.0)

Stage III 5928 (50.1) 1929 (32.0)

Tumor grade < 0.001

Low grade 8811 (74.4) 4811 (79.9)

High grade 2784 (23.5) 1107 (18.4)

Unknown 245 (2.1) 102 (1.7)

Tumor site 0.153

Proximal colon 7627 (64.4) 3943 (65.5)

Distal colon 4213 (35.6) 2077 (34.5)

Adjuvant chemotherapy < 0.001

No 5518 (46.6) 4847 (80.5)

Yes 6322 (53.4) 1173 (19.5)

Charlson Comorbidity Index < 0.001

0 5953 (50.3) 2539 (42.2)

1 3229 (27.3) 1617 (26.9)

2–3 2143 (18.1) 1428 (23.7)

4 + 515 (4.3) 436 (7.2)
aCategorical variables are reported as frequency, (%). Measures of time are
reported as median/25%, (95% confidence interval [CI])
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alive at 5 years post-treatment, but also more likely to
have died of cancer. Other variables that were signifi-
cantly associated with surveillance status were age, race,
marital status, year of diagnosis, state buy-in coverage,
census tract poverty level, disease stage, tumor grade, re-
ceipt of adjuvant chemotherapy, and comorbidity. Sex,
geographic residency, SEER region, and tumor site were
not associated with overall surveillance status.
The assessment of balance for the unweighted and

weighted study samples is depicted in Additional file 3
(Table S3). Before weighting, when compared to the study
population, there was evidence of unbalanced data for
both groups in terms of receipt of adjuvant chemotherapy.
The Less Adherent group was also unbalanced for the 80
to 84 years age category and disease stage. After weighting,
all covariates were balanced between groups.
The IPTW-Kaplan-Meier survivor curves for 5-year

cancer-specific, noncancer-specific, and overall survival are
displayed in Figs. 2, 3, and 4, respectively. The More Adher-
ent group experienced slightly poorer 5-year cancer-specific
survival, better noncancer-specific survival for years 2–5,
and no difference in 5-year overall survival. As reflected by
the survival curves, the earliest death could not occur until
12months after final treatment date due to inclusion/exclu-
sion criteria (all patients had to have ≥1 year of surveillance
follow-up).
Mortality data are provided in Table 4. Compared to

colon cancer patients who were More Adherent, Less Ad-
herent patients experienced a 17% decreased risk of 5-year

cancer-specific death (HR = 0.83, 95% CI 0.76–0.90), and a
61% increased risk of 5-year noncancer-specific death
(HR = 1.61 95% CI 1.43–1.82) that was limited to years 2
to 5. There was no difference between the groups in over-
all survival (HR = 1.04, 95% CI 0.98–1.10).

Discussion
The controversy surrounding the use of surveillance test-
ing in colon cancer survivors has been ongoing for several
decades [37–39] as described in several meta-analyses
which included studies published between 1995 to 2016
[12, 13, 21, 40–43]. Although guideline-issuing groups in
the United States are consistent in their recommendation
that stage II and III colon cancer patients receive surveil-
lance testing following completion of treatment, we found
that there is no benefit to more testing vs. less testing in
terms of cancer-specific and overall survival in an older
adult patient population. Future studies with more granu-
lar patient data (e.g., prognostic/predictive biomarkers)
are needed to develop risk-stratified surveillance strategies
with the goal of decreasing disease-related morbidity and
mortality associated with recurrence.
Earlier RCTs on this topic were hampered by a num-

ber of limitations which resulted in conflicting evidence
[15, 17]. Recently, higher quality studies have provided a
more consistent conclusion regarding more vs. less sur-
veillance testing. In 2014, Primrose et al. [44] published
results of the Follow-Up After Colorectal Surgery
(FACS) trial conducted in the UK. This study revealed

Fig. 2 5-year cancer-specific survival probability by surveillance status. The Kaplan-Meier method was used to obtain IPTW-adjusted survival
curves with statistical significance defined by the log-rank test
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Fig. 3 5-year noncancer-specific survival probability by surveillance status. The Kaplan-Meier method was used to obtain IPTW-adjusted survival
curves with statistical significance defined by the log-rank test

Fig. 4 5-year overall survival probability by surveillance status. The Kaplan-Meier method was used to obtain IPTW-adjusted survival curves with statistical
significance defined by the log-rank test
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that surveillance with CEA/CT increased the likelihood
of curative resection by three times compared with min-
imal follow-up care, but no differences in survival were
indicated. The results of two studies—one RCT and one
observational study—were recently published in 2018 [2,
4]. Wille-Jorgensen et al. [2] reported the results of the
multicenter COLOFOL trial which overcame many of
the aforementioned limitations of earlier trials by boast-
ing a large study population (n = 2555) with long-term
follow-up. These investigators evaluated higher vs. lower
frequency surveillance testing using CEA/CT. At the
completion of the trial, there were no differences
between the groups in either cancer-specific or overall
survival. The only other observational study to evaluate
more vs. less frequent surveillance testing was recently
published by Snyder et al. [4]. This study differed from
ours in a number of ways including: 1) surveillance was
defined as high vs. low intensity CEA/CT testing at the
facility level as opposed to individual-level assessment;
2) colon and rectal cancer patients were combined; 3)
stage I patients (who only require colonoscopy to be ad-
herent with guidelines) were included; 4) assessment of
colonoscopy was not considered; and 5) differing inclu-
sion/exclusion criteria were applied. This study, too,
found no differences in overall survival according to
facility-level surveillance.
Consistent with the results reported by the authors of

the three aforementioned studies [2, 4, 44], in our study,
patients who were More Adherent with guidelines did not
experience improved cancer-specific survival compared to
those who were Less Adherent. In fact, those who were
Less Adherent with guidelines experienced slightly better
5-year cancer-specific survival. A reason for these seem-
ingly contradictory results is possibly due to a study de-
sign limitation. Namely, as receipt of surveillance testing
was not randomized, those who were deemed at greater
risk for cancer recurrence/death received more surveil-
lance testing. Similarly, patients in the Less Adherent
group had a lower risk of cancer-specific death, but a
higher risk of noncancer-specific death. These hypotheses
are supported by the bivariable data in Table 3 and the
mortality data in Table 4. Thus, due to a lower perceived
risk of cancer-specific mortality and a higher risk of

mortality from chronic comorbid conditions, patients in
the Less Adherent groups underwent, appropriately, less
surveillance testing and experienced slightly better cancer-
specific survival. It is plausible that less encounters with
the medical system in the Less Adherent group led to
poorer control of comorbid conditions and an increased
risk of noncancer-specific mortality. It is also possible that
our assessment of comorbidity using the individual co-
morbid conditions in the Charlson Comorbidity Index
[27] did not fully capture the comorbidity burden in our
study population. Although our method of IPTW bal-
anced all measured covariates between the two groups,
there could have been additional factors related to comor-
bid disease burden that were not measured which may
explain these results.
Our findings in an older adult colon cancer population

indicate that there is considerable latitude regarding ad-
herence with surveillance guidelines and the relationship
with cancer-specific survival. Given the demonstration
that treatment for cancer can result in financial (in
addition to treatment-related) toxicity, lower cost/less in-
tensive surveillance strategies might be attractive for many
patients in the US and other first world countries, as well
as in more resource-challenged environments [45–48].
Regardless of cost, shared decision making between pa-
tients and providers concerning the best surveillance strat-
egy is appropriate to balance patient preferences, quality
of life, suitability for curative treatment if recurrence is de-
tected, risk of recurrence and likelihood of cure, and the
presence of comorbid conditions which may present a
much larger risk of short-term mortality [18, 49]. The pur-
pose of comparative effectiveness research is to give pa-
tients and clinicians more information to inform these
discussions [23–26]. Given the evidence from the current
study and other recent investigations which have demon-
strated the lack of cancer-specific and overall survival
benefit with more surveillance testing, it may be appropri-
ate to revisit guideline recommendations.
This study has a number of strengths. We leveraged

the powerful SEER-Medicare database which contains
demographic, comorbidity, tumor-related, treatment,
follow-up, vital status, and cause of death information
for cancer patients diagnosed in one of the 17 SEER

Table 4 IPTW-adjusted hazard ratios for the association between surveillance status and 5-year cancer-specific, noncancer-specific,
and overall mortality

5-year Cancer-specific
death (events = 3459)a

5-year Noncancer-specific
death (events = 1256)a, b

5-year Overall mortality
(events = 5723)a

Surveillance Status HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

More Adherent Ref Ref Ref

Less Adherent 0.83 (0.76–0.90) < 0.001 1.61 (1.43–1.82) < 0.001 1.04 (0.98–1.10) 0.226

Abbreviations: IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval
aThe number of unweighted deaths
bFor years 2–5
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regions in the US. The SEER-Medicare files contain an
enormous amount of claims data with redundancies
across file types. This helps to ensure the accuracy of
information, which is a limitation of claims-based stud-
ies. Finally, we developed an individual-level classifica-
tion scheme to assess surveillance testing for up to 3
years following treatment completion. We feel that our
approach, which was based on obtaining an individual-
level, holistic evaluation of surveillance reflecting what
patients actually received, is a significant strength of
this study.
These results should be interpreted with full consider-

ation of the study’s limitations. The main limitation con-
cerns judgments regarding comparative effectiveness using
an observational study design. The gold standard for deter-
mining treatment efficacy is the RCT, but these designs are
often not ethical (randomizing to receive no surveillance
testing despite recommendations) or feasible due to the
costs of enrolling a large number of patients with years of
follow-up [23, 24]. Our study enabled the evaluation of a
range of surveillance testing experiences reflecting what
patients actually received. However, it should be acknowl-
edged that although we achieved balance on the measured,
potential confounders available in our dataset, unmeasured
prognostic factors may have remained associated with
surveillance status. Despite these limitations, the conclu-
sions of this study remains valid. That is, more surveillance
testing does not improve cancer-specific or overall survival
compared to less testing.
A criticism of this study could relate to the surveillance

classification scheme. Unlike a controlled trial, every vari-
ation of surveillance testing received in real world clinical
settings had to be categorized and combined for up to 3
years of follow-up. Although one could possibly differ with
the classification scheme used in this study, the study con-
clusions are the same. That is, more surveillance testing
did not confer a cancer-specific or overall survival benefit
compared to less testing. Another weakness of the study is
that information on tumor recurrence cannot be observed
via the SEER-Medicare database and the reason for testing
is unavailable. Thus, it was not possible to differentiate
true surveillance testing of asymptomatic patients from
diagnostic testing in patients presenting with symptoms.
Finally, our conclusions concerning the older adult/elderly
colon cancer population may not be directly generalizable
to younger patients.

Conclusions
In a population of older adults with stage II and III
colon cancer, more surveillance testing did not result in
better cancer-specific or overall survival. These results
support an individualized surveillance testing strategy
that considers patients’ preferences, risk assessment of

recurrence, and other individual-level clinical factors
(e.g., comorbidity). In conjunction with results from
recent studies [2, 4, 44], our findings may warrant a re-
consideration of guidelines. At a minimum, the results
of this study support shared decision making between
older adult colon cancer patients and their healthcare
providers. Efforts to ensure high quality cancer care
which includes a patient-specific surveillance testing
strategy are necessary to achieve the best clinical and
patient-centered outcomes for stage II and III colon can-
cer patients in the survivorship phase of care.
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