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BACKGROUND: Upfront chemoradiation with omission of surgery (CR-only) is increasingly being used to treat rectal
cancer. When CR-only is used with curative intent, intense surveillance is recommended. We hy-
pothesized that in practice, few patients treated with CR-only receive intensive post-treatment
surveillance.

STUDY DESIGN: Using Surveillance, Epidemiology, and End Results (SEER)-Medicare, all nonmetastatic rectal cancer

patients (�66 years old) diagnosed from 2004 to 2012, who received upfront chemoradiation, were
included. Patients who received CR-only were compared with patients receiving neoadjuvant therapy
plus proctectomy. In the 24 months after treatment, markers of surveillance, including carcinoem-

bryonic antigen testing (CEA), endoscopy, and imaging, were compared between groups.

RESULTS: A total of 2,482 individuals met the inclusion criteria: 21% (n ¼ 514) had CR-only and 79% had

conventional treatment (ie chemoradiation plus proctectomy). Only 2.5% and 3.4% of those in the
CR-only and conventional treatment groups, respectively, were in complete compliance with
National Comprehensive Cancer Network surveillance guidelines during the first 2 years post-treatment

(p < 0.01). The CR-only group was less likely than the conventional treatment group to receive: CEA
(adjusted risk ratio [aRR] 0.57; 95% CI 0.50 to 0.65), endoscopy (aRR 0.76; 95% CI 0.66 to 0.87),
and office visits (aRR 0.88; 95% CI 0.84 to 0.92), respectively. However, there were similar rates of

cross-sectional imaging between groups (aRR 1.31; 95% CI 0.93 to 1.85).

CONCLUSIONS: Adherence to guideline-recommended surveillance was poor for all Medicare patients with rectal cancer.

Despite recommendations for closer follow-up, patients treated with CR-only were less likely to receive
surveillance than those treated with conventional treatment. Efforts should be made to increase adherence
to surveillance guidelines for all rectal cancer patients treated with curative intent, but particularly for those

with higher risk of recurrence, such as those treated with CR-only. (J Am Coll Surg 2019;228:782e791.
� 2019 by the American College of Surgeons. Published by Elsevier Inc. All rights reserved.)
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Abbreviations and Acronyms

aRR ¼ adjusted risk ratio
CEA ¼ carcinoembryonic antigen
CR ¼ chemoradiation
SEER ¼ Surveillance
Epidemiology ¼ and End Results
NCCN ¼ National Comprehensive Cancer Network
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Surgery has always been the cornerstone of curative treat-
ment for rectal cancer, yet omission of surgery for
patients who have complete clinical response to neoadju-
vant therapy is increasingly accepted.1-5 Trials evaluating
rectal cancer treatment without surgery, also known as
watch-and-wait, or nonoperative management, involve
initial treatment with chemoradiation with and without
systemic chemotherapy, followed by frequent surveillance
for patients who have complete clinical response. The
goal of surveillance is early diagnosis of treatment failure
and recurrence, so salvage therapy, usually surgery, is
possible.5-9 Although there is not a standard surveillance
schedule, most studies evaluating chemoradiation-only
(CR-only) follow patients closely (at least every 3
months) according to similar guidelines used for patients
treated with traditional management, except CR-only pa-
tients receive more frequent proctoscopy and pelvic MRI
or rectal endoscopic ultrasound. Commonly used surveil-
lance modalities include office visits, serum carcinoem-
bryonic antigen (CEA) measurements, endoscopy, and
cross-sectional imaging.7,8,10

It is clear that use of CR-only is increasing, but our pre-
vious work suggests that this may be due more to
increasing disparities of care rather than adoption of an
innovative treatment paradigm.2,11 Patients treated with
CR-only as part of a curative-intent treatment plan should
be receiving frequent surveillance. Because we believe
increased use of CR-only is related largely to increasing
disparities of care, we hypothesized that patients treated
with CR-only in a real-world setting may also receive
less intensive post-treatment surveillance than patients
treated conventionally.

METHODS

Data

We conducted a retrospective analysis of Medicare bene-
ficiaries residing in Surveillance, Epidemiology, and End
Results (SEER) regions using SEER-Medicare data.12

Cohort

We included patients diagnosed with nonmetastatic
rectal adenocarcinoma (C209) between 2004 and
2012. During our study period, SEER did not separate
clinical and pathologic staging data, and registries prior-
itized the reporting of only the least advanced stage of
disease. Therefore, we included individuals with stage
0 rectal cancer who received radiation � chemotherapy
because this stage of disease likely represents a tumor
response to treatment. We required that patients have
a month of diagnosis, be 66 or more years old at diag-
nosis, were not diagnosed at death or autopsy, were
continuously enrolled in fee-for-service Medicare Parts
A (hospital) and B (outpatient) for 12 months before
diagnosis (for identification of comorbidities) through
the end of the surveillance period (24 months after
the end of initial treatment), and who had no previous
cancers (Fig. 1). Individuals who exited fee-for-service
Medicare during the surveillance period due to death
or change in coverage (eg enrollment in managed care)
were excluded.
Among this sample, we included patients who received

radiation with or without chemotherapy starting within 6
months of diagnosis and before surgery. Next, individuals
were classified as receiving surgery if they had a claim for
proctectomy within 90 days of their last observed radia-
tion or chemotherapy claim in the initial treatment cycle.
Those without a proctectomy claim in the 90-day post-
chemoradiation treatment window were classified as
receiving CR-only. Individuals who had a local excision
surgery without claims for proctectomy during the 90-
day post-chemoradiation treatment window were
excluded from both groups, as the purpose of the local
excision could not be determined (ie diagnostic biopsy
or definitive treatment).

Study variables

Age, sex, race, marital status, cancer stage, and month/
year of diagnosis were extracted from the SEER registry
data. Comorbidities were determined by applying the
Klabunde modification of the Charlson Comorbidity
Index to inpatient, outpatient, and professional Medi-
care claims occurring 12 months before diagnosis.13

Additionally, we measured disability status using the
Davidoff Disability Status model, a validated claims-
based predictive proxy measure for performance
status.14

Surveillance period and markers

We defined surveillance starting 90 days after the last
chemotherapy or radiation date in the initial treatment
cycle for both groups. Previous work has anchored the
start of surveillance on the date of surgery15-17; however,
this becomes challenging when an individual does not
receive surgery. We sought equipoise by starting 90 days



Figure 1. Study inclusion and exclusion criteria.
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from the last chemotherapy claim without a break in
treatment greater than 90 days.17 The surveillance period
included 2 years of follow-up.
The National Comprehensive Cancer Network

(NCCN) Guideline Surveillance for Rectal Cancer after
Surgical Resection was used to compare adequate
follow-up between groups.10 The NCCN recommends
colonoscopy within 1 year of resection for nonmetastatic
rectal cancer. They further recommend routine follow-up
office visits, cross-sectional imaging, and carcinoem-
bryonic antigen (CEA) testing at least every 6 months
for the first 2 years, Table 1.
Receipt of surveillance was measured using procedure

codes for the following services: endoscopy, CEA testing,
office visits, and cross-sectional imaging.18 Duplicated
claims for the same procedure on the same date of service
were excluded such that each test was counted only once.
In addition to colonoscopy, we also included endoscopic
ultrasound and flexible sigmoidoscopy in the endoscopy
surveillance category. For cross-sectional imaging, CT
scanning of the chest, abdomen, and pelvis is recommen-
ded by the NCCN guidelines; however, for the purposes
of this study, MRI and positron emission tomography-
CT (CT-PET) imaging were included. Any combination
of imaging modalities that included the chest, abdomen,
and pelvis were considered compliant with guideline
recommendations.

Visits to physicians were evaluated in total and by spe-
cialty using the Medicare Health Care Financing Admin-
istration specialty claims codes. We categorized physician
specialty as primary care (included general practitioner,
family practice, internal medicine, geriatrician), medical
oncologist (medical oncology, hematology/oncology),
radiation oncologist, gastroenterologist, and surgeon
(general surgeon, surgical oncologist, colorectal surgeon).
We evaluated any visit to any physician and visits to a spe-
cific specialist in the 2-year surveillance period. We did
not require an associated rectal cancer diagnosis code
with office visits to avoid undercounting health care en-
counters. Office visits associated with chemotherapy
administration were excluded from surveillance visit
counts only; imaging and CEA testing performed on
the same day were not excluded.
Outcomes

Outcomes measures were developed corresponding to
NCCN guidelines for rectal cancer patients receiving
conventional treatment.14 We compared each surveillance
type separately and as a whole (ie complete surveillance



Table 1. Guidelines for Surveillance after Curative Resection for Rectal Cancer: National Comprehensive Cancer Network
and Modified Guidelines

Guideline, y CEA Office visits* Lower endoscopy*
Imaging

(chest/abdomen/pelvis)*

NCCN guideline surveillance for rectal cancer
after surgical resection

1 2x 2x 1x 2x

2 2x 2x 0 2x

Modified guideline surveillance

Within 2-y period 2x 2x 1x 2x

*All outpatient office visits, types of endoscopic evaluation, and cross-sectional imaging were included.
NCCN, National Comprehensive Cancer Network.
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compliance) by treatment group. Additionally, we sought
to identify factors associated with poor adherence to
surveillance guidelines.
Patients were considered compliant with guidelines if,

during the 2-year surveillance period, they had all of the
following: �2 physician visits per year, �2 CEA tests
per year, �1 colonoscopy, and �2cross-sectional imaging
studies per year (Table 1).
Analyses

Bivariate analyses were performed to identify the factors
associated with different treatment approaches: CR-only
or CR plus surgery (ie conventional therapy). Multivari-
able logistic regression was used to assess associations
between the CR-only and the patient-level covariates.
Generalized estimating equations with log links and bino-
mial/Poisson distributions were used to test associations
and estimate risks for receiving surveillance as recommen-
ded by the NCCN guidelines.19,20 We controlled for the
following variables: age, race, sex, comorbidity, disability,
marital status, cancer stage, year of diagnosis, SEER
geographic region, urban vs rural residence, and census-
reported ZIP code level measures of median household
income, poverty level, and education.
Sensitivity analyses

For sensitivity analyses, we sought to control for vari-
ability in the timing of surveillance studies and competing
health priorities as they relate to cancer surveillance rates.
First, we adjusted the frequency of surveillance guidelines
to consider patients who met modified guidelines if year-1
surveillance requirements were met within 24 months
(Table 1).
Second, we performed a subset analysis of only patients

66 to 74 years old. We also performed a sensitivity anal-
ysis using propensity score matching, to ensure that treat-
ment groups were balanced in terms of baseline
characteristics that may have influenced surveillance
outcomes (eTable 1).
RESULTS
There were 2,482 individuals who met the inclusion
criteria for the study (Fig. 1). The majority of patients
(1,968 [79%]) were treated with conventional treatment,
and 514 individuals (21%) were treated with radiation �
chemotherapy-only (CR-only) for their initial treatment
(Table 2). There was a 4% average annual increase in
CR-only over our study period (adjusted risk ratio
[aRR] 1.04; 95%CI 1.005 to 1.07; p ¼ 0.02).
Individuals who were older, had increased comorbid-

ities, single/divorced, and African-American had higher
rates of CR-only (Table 2). The CR-only group was less
likely than the conventional treatment group to have an
office visit with a surgeon before the start of surveillance
(65% vs 90%, p < 0.01). Although CR-only was more
common among African-Americans, there were no differ-
ences in pre-surveillance office visits to a surgeon by race
(results not shown).
During the first and second surveillance years, 26%

(n ¼ 134) of the CR-only group later had evidence of
an operation in the surveillance period, while only
1.6% (n ¼ 31) of the conventional treatment group
required additional surgery. The mean time to surgery
for the CR-only patients was 283 � 159 days. Additional
chemotherapy was received by 31% and 66% in the first
year, and 25% and 29% in the second year, respectively,
in the CR-only and conventional treatment groups. Radi-
ation was given to 9% and 11% in the first year, and 7%
and 6% in the second year, respectively, to the CR-only
and conventional treatment groups. Results for adherence
to surveillance guidelines were not significantly changed
when the patients receiving additional therapy were
excluded.
Both the CR-only and conventional treatment groups

had poor adherence to the NCCN surveillance guidelines.



Table 2. Characteristics of Medicare Recipients with Nonmetastatic Rectal Cancer

Characteristic All patients Chemoradiation-only Conventional treatment p Value

Overall, n 2,482 514 1,968

Sex, % 0.27

Male 56.8 19.9 80.1

Female 43.2 21.7 78.3

Race, % 0.001

White 84.3 20.2 79.8

Black 6.7 31.3 68.7

Other 9.0 17.4 82.6

Age group, % <0.0001

65 to 74 y 58.1 15.9 84.1

75 to 84 y 35.8 22.6 77.4

�85 y 6.1 55.0 45.0

Charlson score, % 0.002

0 65.4 19.1 80.9

1 23.9 21.8 78.3

2þ 10.7 28.2 71.8

Marital status, % <0.0001

Married/partnered 57.7 16.8 83.2

Divorced/widowed/separated 30.3 25.2 74.8

Single 8.4 29.7 70.3

Unmarried/unknown 3.5 24.1 75.9

Stage of disease, % <0.0001

0 2.2 44.4 55.6

1 24.7 29.4 70.6

2 38.0 20.4 79.6

3 35.2 13.5 86.5

Metro group, % 0.90

Urban 87.4 20.8 79.3

Less urban/rural 12.6 20.5 79.6

Region, % 0.81

Northeast 21.7 21.9 78.1

South 26.6 20.5 79.6

North Central 11.4 19.1 80.9

West 40.3 20.7 79.3

Radiation without chemotherapy, % 10.4 20.8 7.7 <0.0001

Median household income, %* 0.62

1st (<$33,700) 19.7 23.1 76.9

2nd ($33,700 to <$45,100) 22.6 20.1 79.9

3rd ($45,100 to <$60,500) 24.7 21.0 79.0

4th (�$60,500) 32.2 19.4 80.6

Missing 0.7 22.2 77.8

Below poverty, %* 0.04

<5.0 28.4 17.6 82.4

5.0e9.9 27.3 19.2 80.8

10.0e19.9 26.3 23.4 76.6

�20.0 17.3 23.3 76.7

Missing 0.7 22.2 77.8

Non-high school graduate, %* 0.60

(Continued)
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Figure 2. Adjusted risk ratio of guideline surveillance for
chemoradiation-only compared with conventional therapy.

Table 2. Continued

Characteristic All patients Chemoradiation-only Conventional treatment p Value

�10.0 31.7 19.2 80.8

10.01e25.0 43.8 20.7 79.3

25.01e50.0 21.6 22.4 77.6

>50.0 2.3 25.0 75.0

Missing 0.7 22.2 77.8

Diagnosis date, % 0.02

2004 9.2 14.4 85.6

2005 11.9 19.7 80.3

2006 11.6 18.0 82.0

2007 12.4 22.7 77.3

2008 11.5 16.5 83.5

2009 12.0 22.9 77.1

2010 12.5 22.5 77.5

2011 12.6 25.9 74.1

2012 6.3 22.4 77.6

National Cancer Institute Center designation, % 0.098

None 86.1 21.3 78.7

Clinical 2.9 22.2 77.8

Comprehensive 11.0 15.8 84.3

Poor predicted disability status, %y 4.3 7.0 3.6 <0.001

Survival time, d

Mean 2,307.19 2,010.25 2,384.74

Median 2,140.50 1,785.50 2,251.00

*Census-level data.
yUsing the Davidoff Disability Status model, a validated claims-based predictive proxy measure for performance status.
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Only 2.5% of the CR-only group and 3.4% of the con-
ventional treatment group met all the recommended
NCCN guidelines, respectively, p < 0.01. Adherence to
the following individual guidelines was lower for the
CR-only group compared with the conventional treat-
ment group: CEA (aRR 0.57; 95% CI 0.50 to 0.65),
endoscopy (aRR 0.76; 95% CI 0.67 to 0.87), and office
visits (aRR 0.88; 95% CI 0.84 to 0.92), respectively.
However, there were similar rates of cross-sectional imag-
ing between groups (aRR 1.31; 95% CI 0.93 to 1.85)
(Fig. 2). Patient factors associated with poor adherence
to guidelines were older age and increased disability.
Chemoradiation-only patients were more likely than

the conventional treatment group to receive transrectal
ultrasound (TRUS), (8.2 vs 1.5%, p < 0.01, Table 3).
There were similar rates of pelvic MRI between the
CR-only and conventional treatment groups (5.5% vs
5.2%, p ¼ 0.81). Of note, though not generally
supported by evidence-based guidelines, approximately
one-third of patients received a PET-CT during the
surveillance period.21

Office visits were used as a surrogate marker of history
and physical exams during the surveillance period. When
all office visits were included, 79.2% and 91.5% of CR-
only and conventional treatment patients met guidelines
(ie�2 office visits/year). The CR-only group was less likely
to have at least 1 visit with a surgeon compared with the
conventional treatment group, 62% vs 80%, p < 0.01.

Sensitivity analyses

Using modified surveillance requirements (ie the first year
surveillance requirements could be met over a 2-year
period), there were higher rates of compliance for both



Table 3. Surveillance Activities among Medicare Recipients Treated with Chemoradiation-Only Compared with Conventional
Management

Surveillance All patients Chemoradiation only Conventional treatment p Value

Overall, n 2,482 514 1,968

Surveillance, across all activities, % <0.0001

Any surveillance 56.9 69.1 53.8

NCCN compliance 3.2 2.5 3.4

Modified compliance 22.5 14.4 24.6

CEA during 2-y surveillance period, %

Any surveillance, �1 CEA 88.0 70.0 92.6 <0.0001

NCCN compliance, 2þ CEA/y 56.9 33.1 63.2 <0.0001

Modified compliance, �2 CEA/2 y 79.9 57.4 85.8 <0.0001

Endoscopy during 2-y surveillance period, % 65.8 49.8 69.9 <0.0001

Transrectal ultrasound, �1 2.86 8.17 1.47 <0.0001

Colonoscopy, �1 64.6 46.3 69.4 <0.0001

NCCN compliance, �1 within year 1 43.9 33.5 46.7 <0.0001

Modified compliance, �1/2-y period 65.8 49.8 69.9 <0.0001

Imaging during 2-y surveillance period, % 63.5 55.1 65.8 <0.0001

Chest X-ray 82.7 77.4 84.1 0.0004

CT abdomen 52.3 42.4 54.9 <0.0001

CT pelvis 74.2 66.5 76.2 <0.0001

MRI abdomen 4.1 3.3 4.3 0.3035

MRI pelvis 5.2 5.5 5.2 0.8105

PET/CT 33.8 31.3 34.5 0.1750

NCCN compliance, �2/y 8.1 8.6 8.0 0.6946

Modified compliance, �2/2-y period 31.1 23.9 33.0 0.0004

Outpatient office visits during 2-y surveillance period, %

Primary care physician 82.4 78.6 83.4 0.0112

Gastroenterologist 30.0 28.6 30.4 0.4312

Surgeon 76.5 61.9 80.3 <0.0001

Radiation oncologist 28.6 30.5 28.2 0.2850

Medical oncologist 80.3 67.7 83.6 <0.0001

NCCN compliance, �2 visits/y 89.0 79.2 91.5 <0.0001

Modified compliance, �2/2-y period 97.5 93.4 98.6 <0.0001

NCCN, National Comprehensive Cancer Network.
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groups.However, theCR-only group still had lower rates for
surveillance markers except imaging: CEA (aRR 0.70; 95%
CI 0.65 to 0.76), endoscopy (aRR 0.77; 95% CI 0.70 to
0.84), office visits (aRR 0.94; 95%CI 0.92 to 0.97), and im-
aging (aRR 0.96; 95% CI 0.84 to 1.10), respectively.
Furthermore, only 14.4% and 24.6% of the CR-only and
conventional treatment groups, respectively, met all the
modified requirements, even under this extended timeframe
for assessing surveillance completion (p < 0.01).
To address competing health priorities, we, first, per-

formed a subset analysis with only patients ages 66 to
74 years old and, second, used propensity score matching
to restrict to clinically similar patients based on our
measured covariates. With the younger population only,
there were no significant changes to our initial results.
The CR-only group had lower rates for surveillance
markers except imaging: CEA (aRR 0.57; 95% CI 0.48
to 0.68), endoscopy (aRR 0.81; 95% CI 0.69 to 0.96), of-
fice visits (aRR 0.90; 95% CI 0.84 to 0.95), and imaging
(aRR 1.13; 95% CI 0.74 to 1.72), respectively. In our
propensity score matching analysis, 34 patients in the
CR-only group were unable to be matched; the over-
whelming majority of whom were older (85% were
aged �85 at the time of their cancer diagnosis) and had
higher levels of comorbidity (32% had �2 comorbidities
vs 14% in the CR-only cohort overall). However, despite
excluding these patients from the analysis cohort, our
study results remained unchanged (eTable 1).
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DISCUSSION
Adherence to guideline-recommended surveillance was
poor for all Medicare patients with rectal cancer. Only a
small fraction of our cohort met all NCCN guidelines
for the 2-year surveillance period. Although our primary
goal was to assess surveillance differences between those
receiving conventional therapy and CR-only, follow-up
care for both groups was indistinguishably poor.
When evaluating treatment and surveillance patterns by

patient-level characteristics, there were a few clear pat-
terns. Rates of CR-only are increasing with time, which
is consistent with previous work.2 Black patients were
more likely to have surgery omitted, yet surveillance pat-
terns were not different by race. Older patients, those with
increased comorbidities, and those identified as single/
divorced were more likely to receive CR-only treatment
and less likely to receive surveillance. Yet, competing
health priorities likely did not fully explain the omission
of surgery and surveillance because this study required pa-
tients survive the entire 2-year surveillance period, and
propensity score matching excluded the most elderly
and unwell in the CR-only group. Lastly, more than
96% of our cohort was seen by a provider during our sur-
veillance period, so it is unlikely they were completely lost
to follow-up.
Previous studies evaluating surveillance guidelines after

colorectal cancer treatment have shown low rates of
adherence, albeit not as low as our study showed, which
is most likely reflective of our stricter guidelines. Vargas
and colleagues15 reported overall guideline compliance
of 25%, with CEA adherence rates of 29%. Other studies
have shown similar results, with overall surveillance after
colorectal cancer treatment less than 50%.16,18,22 Various
professional societies recommend slightly different sur-
veillance schedules; however, it is universally agreed that
cross-sectional imaging, CEA, and office visits should be
performed at least once per year and a colonoscopy should
be performed within 1 year of surgery.21 Even when our
cohort was allowed to complete the first-year surveillance
guidelines over the first 2-year follow-up period, only
25% of the conventional group and 14% of the
CR-only group were compliant.
For CR-only patients, the role of transrectal ultrasound

and pelvis MRI should be critical because there is a partic-
ularly high risk of locoregional failure, up to 25% in the
first 2 years.5 However, only 10% of CR-only patients
received either transrectal ultrasound or MRI in our
cohort. Conversely, 34% of our cohort received a
PET/CT scan during the surveillance period, which has
been shown to increase costs without improving
outcomes.23
Previous work has sought to determine explanations
for the variations in care for colorectal patients using
SEER-Medicare. Popescu and associates24 found
between-physician variation explained less than 20% of
the differences and after controlling for between-
physician differences, median household income
explained only 13% and within-physician differences by
race/ethnicity were less than 2%. The majority of residual
within-physician disparities in proper care were thought
to be due to differences in patient-provider communica-
tions, patient preferences, and treatment adherence, or
unmeasured clinical severity.24 Our data do not provide
the granularity to fully understand why surveillance after
rectal cancer treatment is substandard.
We sought to evaluate provider and hospital-level fac-

tors associated with treatment and surveillance. Previous
similar investigations generally assigned patients to a
surgeon and facility where their index surgery was per-
formed.25 However, we were not able to do this because
many individuals not undergoing surgery did not see a
surgeon and/or were not treated at a hospital. Hopefully
an ongoing clinical trial (NCT02217865) will provide
better understanding of patient preferences and patterns
of care regarding surveillance after colorectal cancer
treatment.26

There are limitations to our study. Our study period is
relatively old compared with CR-only treatment.1 Initial
publications began in 2004, which coincides with the start
of our study, but publications have grown exponentially
since that time.27 It is unclear from claims data if individ-
uals had a complete clinical response or if there were other
reasons, besides intent, that patients forgo surgery. First,
SEER does not include both clinical and pathologic stag-
ing; therefore, it is not possible to know if a patient had a
clinical complete response. Furthermore, we do not know
the location of the rectal cancer. Patients with low-rectal
cancers, perhaps more frequently, chose CR-only when
offered an abdominoperineal resection instead of a low
anterior resection. Secondly, in 2004, only the innovators
and very early adopters may have intentionally treated
patients with CR-only. Accordingly, the 15% of patients
who did not undergo surgery in 2004 could represent the
baseline rate of elderly Medicaid patients unfit for surgery.
It is acceptable to limit the use of surveillance if CR-only
was chosen as a palliative alternative. These explanations
cannot be determined within SEER-Medicare data; how-
ever, we attempted to control for factors as best as possible
by requiring survival during the treatment and surveil-
lance period. Additionally, we would not suspect more
patients to be more unfit for surgery over time. Third,
cancer recurrence is not recorded in SEER; accordingly,
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it is impossible to know if surveillance patterns led to
detection of recurrence and a change in management.
In any case, the lack of guideline-coordinate surveillance
for the majority of our cohort cannot be justified by the
lack of granularity in the data.
There are limitations regarding chemotherapy and radi-

ation. Because oral chemotherapy (in this case, capecita-
bine) has been shown to be under-captured in claims,28

we allowed patients who appeared to receive radiation
without chemotherapy to remain in the sample. Ten
percent of our sample had radiation without chemo-
therapy. Likewise, we did not try to determine if an indi-
vidual completed a full course of radiation; however, the
median number of claims, 31, was the same for both
groups.
The long-term goal of this research is to improve

outcomes for individuals with rectal cancer by optimizing
care received from diagnosis through post-treatment sur-
veillance. Specifically, we aim to better understand how
new innovative treatment paradigms (ie CR-only) are
implemented and perform in general practice. Avoiding
surgery is an appealing approach to the treatment of rectal
cancer because it preserves the rectum and avoids the
morbidity of a large surgical procedure. However, appro-
priate surveillance is critical in the setting of CR-only to
reduce the risk of poor outcomes through early identifica-
tion and salvage treatment of recurrence.
CONCLUSIONS
As the prevalence of rectal cancer survivors continue to
grow, providers should be aware of the room to improve
post-treatment monitoring, particularly for patients
receiving CR-only because locoregional recurrence rates
are expected to be higher. Conversely, the role of PET-
CT in routine surveillance for nonmetastatic rectal cancer
is unwarranted,21 yet one-third of this cohort received it.
Physician education may be an important step to
improving surveillance for rectal cancer. Lastly, the need
for intensive surveillance should be discussed and factored
into discussions about the risks and benefits of the CR-
only approach.
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eTable 1. Propensity Score Matched Chemoradiation-Only Patients Compared with Conventional-Treatment Patients by
Patient Factors

Characteristic

Before matching After matching

Chemoradiation-
only

Conventional
treatment ASD

Chemoradiation-
only

Conventional
treatment ASD

n 514 1,968 480 480

Sex, n (%)

1. Male 281 (54.7) 1,129 (57.4) 5.44 270 (56.3) 262 (54.6) 3.35

2. Female 233 (45.3) 839 (42.6) 5.44 210 (43.8) 218 (45.4) 3.35

Race, n (%)

1. White 423 (82.3) 1,669 (84.8) 6.78 398 (82.9) 407 (84.8) 5.10

2. Black 52 (10.1) 114 (5.8) 16.03 44 (9.2) 39 (8.1) 3.71

3. Other 39 (7.6) 185 (9.4) 6.51 38 (7.9) 34 (7.1) 3.16

Age group, n (%)

1. 65e74 y 230 (44.7) 1,213 (61.6) 34.34 229 (47.7) 224 (46.7) 2.09

2. 75e84 y 201 (39.1) 687 (34.9) 8.70 197 (41.0) 205 (42.7) 3.38

3. 85þ y 83 (16.1) 68 (3.5) 43.69 54 (11.3) 51 (10.6) 2.00

Charlson Comorbidity Index, n (%)

0 310 (60.3) 1,313 (66.7) 13.34 300 (62.5) 318 (66.3) 7.84

1 129 (25.1) 464 (23.6) 3.54 116 (24.2) 102 (21.3) 6.97

2þ 75 (14.6) 191 (9.7) 15.00 64 (13.3) 60 (12.5) 2.48

Marital status, n (%)

1. Married/partnered 241 (46.9) 1,192 (60.6) 27.70 236 (49.2) 234 (48.8) 0.83

2. Divorced/widowed/separated 190 (37.0) 563 (28.6) 17.87 167 (34.8) 170 (35.4) 1.31

3. Single 62 (12.1) 147 (7.5) 15.52 57 (11.9) 55 (11.5) 1.30

4. Unmarried/unknown 21 (4.1) 66 (3.4) 3.87 20 (4.2) 21 (4.4) 1.03

Derived AJCC stage group, n (%)

0 24 (4.7) 30 (1.5) 18.23 20 (4.2) 21 (4.4) 1.03

1 180 (35.0) 433 (22.0) 29.14 159 (33.1) 163 (34.0) 1.77

2 192 (37.4) 750 (38.1) 1.56 185 (38.5) 181 (37.7) 1.72

3 118 (23.0) 755 (38.4) 33.89 116 (24.2) 115 (24.0) 0.49

Metro group, n (%)

Urban 450 (87.5) 1,719 (87.3) 0.61 421 (87.7) 423 (88.1) 1.28

Less urban/rural 64 (12.5) 249 (12.7) 0.61 59 (12.3) 57 (11.9) 1.28

Region, n (%)

Northeast 118 (23.0) 421 (21.4) 3.77 111 (23.1) 120 (25.0) 4.39

South 135 (26.3) 525 (26.7) 0.93 128 (26.7) 129 (26.9) 0.47

North Central 54 (10.5) 229 (11.6) 3.60 53 (11.0) 43 (9.0) 6.95

West 207 (40.3) 793 (40.3) 0.05 188 (39.2) 188 (39.2) 0.00

Median household income, n (%)

Q1 113 (22.0) 377 (19.2) 7.00 100 (20.8) 96 (20.0) 2.07

Q2 113 (22.0) 449 (22.8) 1.99 108 (22.5) 107 (22.3) 0.50

Q3 129 (25.1) 485 (24.6) 1.05 123 (25.6) 125 (26.0) 0.95

Q4 159 (30.9) 657 (33.4) 5.25 149 (31.0) 152 (31.7) 1.35

Below poverty line, n (%)

<5% 119 (23.2) 552 (28.0) 11.24 116 (24.2) 120 (25.0) 1.94

5%e9.99% 165 (32.1) 539 (27.4) 10.32 149 (31.0) 157 (32.7) 3.58

10.0%e19.9% 130 (25.3) 548 (27.8) 5.78 125 (26.0) 117 (24.4) 3.84

�20% 100 (19.5) 329 (16.7) 7.12 90 (18.8) 86 (17.9) 2.15

Non-high school graduate, n (%)

0%e10% 151 (29.4) 636 (32.3) 6.37 143 (29.8) 154 (32.1) 4.96

(Continued)
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eTable 1. Continued

Characteristic

Before matching After matching

Chemoradiation-
only

Conventional
treatment ASD

Chemoradiation-
only

Conventional
treatment ASD

10.01%e25.0% 225 (43.8) 861 (43.8) 0.05 215 (44.8) 198 (41.3) 7.16

25.01%e50.0% 120 (23.3) 415 (21.1) 5.44 106 (22.1) 112 (23.3) 2.98

>50.0% 18 (3.5) 56 (2.8) 3.75 16 (3.3) 16 (3.3) 0.00

Diagnosis year, n (%)

2004 33 (6.4) 196 (10.0) 12.93 32 (6.7) 30 (6.3) 1.70

2005 58 (11.3) 236 (12.0) 2.21 57 (11.9) 62 (12.9) 3.16

2006 52 (10.1) 237 (12.0) 6.14 50 (10.4) 45 (9.4) 3.49

2007 70 (13.6) 238 (12.1) 4.56 63 (13.1) 50 (10.4) 8.41

2008 47 (9.1) 238 (12.1) 9.58 46 (9.6) 51 (10.6) 3.46

2009 68 (13.2) 229 (11.6) 4.83 64 (13.3) 57 (11.9) 4.40

2010 70 (13.6) 241 (12.2) 4.09 62 (12.9) 71 (14.8) 5.43

2011 81 (15.8) 232 (11.8) 11.54 73 (15.2) 79 (16.5) 3.42

2012 35 (6.8) 121 (6.1) 2.69 33 (6.9) 35 (7.3) 1.62

Disability score, mean (SD) 0.06 (0.23) 0.05 (0.22) 1.84 0.06 (0.23) 0.05 (0.22) 1.84

Propensity score calculation: The propensity score was estimated using a logistic regression model that predicted the probability of receiving chemoradiation-
only vs conventional treatment, conditional on measured baseline characteristics. Baseline characteristics included in the propensity score model included
variables noted previously. Using a greedy matching algorithm with a caliper equal to 20) of the standard deviation of the propensity score, patients who
received conventional treatment were matched 1-to-1 to patients who received chemoradiation only. After matching, baseline characteristics of the matched
treatment groups were compared to assess balance, with an absolute standardized difference < 10 indicating adequate balance. The matched cohort consisted
of 480 (93%) of 514 chemoradiation-only patients and 480 (24%) of 1,968 patients who received conventional treatment.
AJCC, American Joint Committee on Cancer; ASD, absolute standardized difference (ASD > 10 indicates significant imbalance between groups).
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