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Abstract
Background—There are no clear recommendations to guide post-treatment surveillance in
patients with pancreatic cancer. Our goal was to describe the post-treatment surveillance patterns
in patients undergoing curative-intent resection for pancreatic cancer.

Methods—We used SEER-Medicare linked data (1992-2005) to identify CT scans and physician
visits in patients with pancreatic cancer who underwent curative resection (n= 2,393). Surveillance
began 90 days after surgery and patients were followed for 2 years in 6-month periods. Patients
were censored if they died, recurred, or entered hospice. Chi-square tests were two-sided.

Results—2,045 patients survived uncensored to the beginning of the surveillance period. CT
scan use decreased from 20.9% of patients in month 4 to 6.4% in month 27. There was no
temporal pattern in CT use to suggest regular surveillance. 23% of patients did not receive a CT
scan in the year after surgery, increasing to 42% the second year. Patients who underwent adjuvant
therapy and patients diagnosed in later years had higher CT scan use over the surveillance periods.
Most patients visited both a primary care physician and a cancer specialist in each 6-month
surveillance period. Patients who visited cancer specialists were more likely to have any CT scan
and to be scanned more frequently.

Conclusions—Current surveillance patterns after resection for pancreatic cancer reflect the lack
of established guidelines, implying a need for evaluation and standardization of surveillance
protocols. The lack of a temporal pattern in CT testing suggests that most were obtained to
evaluate symptoms rather than for routine surveillance.
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer deaths in the U.S., with 43,140 new
cases and 36,800 deaths in 2010.1 Surgical resection is the only potentially curative
treatment.2 However, over 80% of patients experience recurrence within 2 years of
surgery.3, 4 Distant recurrences occur in about 75% of cases, with the liver as the most
common site of metastatic recurrence.5, 6 Local recurrences occur in nearly one-third of
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cases.5, 7, 8 Median survival following recurrence is 7 months for local and 3 months for
metastatic recurrence.9

The primary goal of surveillance following curative treatment for any cancer is to detect
local or distant recurrence when available interventions can prolong survival.10 Secondary
goals include patient and physician reassurance, introduction of noncurative chemotherapy
and/or radiation to slow disease progression, and early hospice referral when further therapy
is not indicated. For pancreatic cancer, there is little evidence that early identification of
metastatic disease in asymptomatic patients improves long-term survival. Current
gemcitabine-based chemotherapy provides only modest survival benefit11 and local
recurrences are usually not amenable to surgery.3, 5, 12

Surveillance methods used to monitor for recurrence include routine physical exam, imaging
studies, and tumor marker CA 19-9 levels.9, 13 The American Society of Clinical Oncology
(ASCO) does not make formal recommendations regarding post-treatment surveillance in
pancreatic cancer. The National Comprehensive Cancer Network (NCCN) recommends
history and physical examination for symptom assessment every 3-6 months for 2 years after
curative treatment based on lower-level evidence with uniform NCCN consensus. The
NCCN guidelines suggest the use of CA 19-9 determinations and follow-up CT scans every
3-6 months for 2 years after surgical resection based on lower-level evidence with non-
uniform NCCN consensus.14

Little is known about current surveillance patterns after curative resection for pancreatic
cancer. The purpose of this study is to describe the current population-based patterns of
surveillance in patients diagnosed with locoregional pancreatic cancer and treated with
curative intent. Using Surveillance, Epidemiology, and End Results (SEER) and linked
Medicare claims data, we describe the use of abdominal CT scans and physician visits over
a 2-year follow-up period.

METHODS
This study was approved by the Institutional Review Board at the University of Texas
Medical Branch.

Data Source
SEER-Medicare data come from the linkage of two large population-based data sources, the
SEER tumor registry and Medicare claims data collected by the Center for Medicare and
Medicaid Services for covered health care services for Medicare beneficiaries. The SEER
tumor registry, sponsored by the National Cancer Institute, is derived from specific
geographic areas currently representing 28% of the U.S. population. Approximately 93% of
all SEER patients older than 65 are matched with Medicare enrollment files. SEER data
include information on patient demographics, clinical characteristics, and cause of death.
Medicare data include information on inpatient hospital stays, physician services, hospital
outpatient services, and hospice use.

Cohort Selection
We selected patients aged ≥ 66 with a first diagnosis of pancreatic adenocarcinoma
(neuroendocrine and acinar cell cancers excluded) from 1992-2005 based on International
Classification of Diseases for Oncology histology codes, who were enrolled in Medicare
Part A and B fee-for-service coverage for 12 months before and 27 months after diagnosis.
We restricted the cohort to patients with localized or regional pancreatic cancer (based on
SEER historic stage) who underwent curative resection. Curative resection was identified by
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ICD-9-CM codes for total pancreatectomy, pancreaticoduodenectomy, distal
pancreatectomy, or other pancreatic resection (Appendix).

Surveillance Testing
The surveillance period began 90 days post-surgery and patients were followed for 2 years
or until last follow-up in the claims data. The 90-day lag was used to exclude tests and visits
related to postoperative complications. Of the 2,393 patients who met inclusion criteria,
2,045 survived 90 days to the beginning of the surveillance period.

We defined four six-month surveillance periods: months 4-9, 10-15, 16-21, and 22-27 after
the date of surgery. Patients who died, showed evidence of possible recurrence (defined
below), or were referred to hospice were censored at the event date, in an attempt to identify
disease-free cohorts for examination of surveillance testing. Nevertheless, we examined the
overall use of CT rather than CT specifically for surveillance purposes, which cannot be
determined from claims data.

For inclusion in analyses of a surveillance period, patients had to remain alive and
uncensored to the end of the period. Table 1 shows the cohort size for each surveillance
period and reasons for censoring. The most common reason for censoring was receipt of a
new course of chemotherapy or radiation therapy. The median time to any censoring
mechanism (death, hospice, or treatment for recurrence) was 9.2 months. By the end of
surveillance period 4, 26.4% of patients were cumulatively censored for death, 30.4% for
recurrent disease, and 24.4% for hospice enrollment; in total, 81.2% of patients were
censored by the end of surveillance. Although only 26% of patients were censored for death,
by the end of month 27 about 70% of patients had died. Median survival for the cohort was
14.6 months.

Abdominal/Pelvis CT Scans—Medicare claims in inpatient, outpatient, and carrier files
were searched for ICD-9 and Current Procedural Terminology codes for abdominal/pelvis
CT scans (Appendix). We identified CT scans done for any reason in each month of follow-
up during the surveillance periods.

Physician Visits
We identified all outpatient physician visits over the surveillance period. We obtained
physicians’ specialties from Medicare Health Care Financing Administration specialty
claims codes. We categorized specialty as primary care physician (PCP; general practitioner,
family practice, internal medicine, geriatrician), medical oncologist (medical oncology,
hematology/oncology), radiation oncologist, gastroenterologist, and surgeon (general
surgeon, surgical oncologist). Many patients visited multiple types of providers during a
surveillance period. Therefore, we categorized patients into four exclusive categories
according to the types of providers seen during each surveillance period, consistent with
previous cancer surveillance research:15 PCP but no cancer specialist(medical oncologist,
radiation oncologist, surgeon), cancer specialist but no PCP, cancer specialist and PCP, and
neither cancer specialist nor PCP.

Adjuvant Therapy and Disease Recurrence
Adjuvant therapy was defined as a cycle of chemotherapy or radiation beginning within 6
months of surgery. ICD-9 and CPT codes were used to identify chemotherapy16 and
radiation (see Appendix).

For the purposes of censoring patients at recurrence, “noncurative” therapy was defined as
chemotherapy and/or radiation initiated > 6 months after the date of surgery, or initiated
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after the last date of adjuvant therapy for patients whose initial treatment cycle lasted > 6
months. Patients were censored at the first date of noncurative therapy.

Hospice enrollment was recorded from the Medicare Hospice file as the date of first hospice
claim. We censored patients at the date of hospice enrollment, as they were no longer
candidates for post-treatment surveillance.

Covariates
Sociodemographic characteristics included age, sex, race/ethnicity, marital status, income,
and population of the Metropolitan Statistical Area. Zip-code level median income was
obtained from the 2000 U.S. Census. Patient lymph node involvement was obtained from
SEER data, and tumor location was categorized as head, body/tail, or not stated. Charlson
comorbidity index was used as a measure of patient comorbidity.

Analysis
We calculated the proportion of patients receiving CT scans for each month of the
surveillance period and generated bar graphs. Chi-square tests were used to examine
bivariate associations between surveillance testing and demographic, tumor, and treatment
characteristics. We calculated the proportion of patients with physician visits and the
number of visits during each follow-up period. We examined bivariate associations between
physician visits and surveillance testing during that period using chi-square tests. All P
values were from two-sided tests. All statistical analysis was performed using SAS software,
version 9.2 (Cary, N.C.).

RESULTS
A total of 2,045 patients survived 90 days uncensored to the beginning of the surveillance
period. The mean age was 73.6 ± 5.2 years, 54.9% were women, and 84.1% were white.
Cancer was located in the head of the pancreas for 74.6% of patients, in the body/tail for
14.4%, and was unspecified for 11.1%. Approximately 51.2% had node positive disease,
and 58.5% underwent adjuvant therapy. More than 63% of patients had no comorbid
conditions.

CT scanning
Figure 1A shows the proportion of patients who underwent a CT scan during each month of
follow-up. The denominator is the number of uncensored patients at the end of each month.
There is no evidence of periodicity in CT scans (i.e. spikes every 6 months) suggesting
regular surveillance. The percentage of patients undergoing CT scans decreased over the
surveillance period, from 20.9% in month 4 to 6.4% in month 27. Figure 1B shows CT scan
use by receipt of adjuvant therapy. Patients who received adjuvant therapy were more likely
to undergo CT scans over the follow-up period. Again, there was no pattern suggesting
regular surveillance for either group. Figure 1C shows the pattern of CT scans by length of
survival. For patients who died <12 months after surgery, CT scanning increased from 27%
in month 4 to 38% in month 11. For patients who died 12 or more months after surgery, CT
scanning rates were lower and gradually declined over follow-up, from 18% in month 4 to
6% in month 27.

Table 2 shows CT utilization for each 6-month surveillance period and for the first 2 years
of follow-up. In each period, a substantial proportion of patients (32% in months 4-9 to 62%
in months 22-27) did not have a CT. Other patients appeared to receive CT scans every 3-6
months. In the 4-9 months following surgery, 60% of patients received 1-2 CT scans, while
8% received 3 or more. The percent of patients who received 1-2 CT scans in a 6-month
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follow-up period declined from 60% in months 4-9 to 37% in months 22-27. In the first year
following surgery, 52% of patients received CT scans every 3-6 months (≥ 2 scans in 12
months), while 27% received CT scans every 3-6 months in the second year of follow-up.
The average number of scans decreased somewhat over the surveillance periods, from 1.63
in months 4-9 to 1.22 in months 22-27.

Table 3 shows the percent of patients who underwent at least one CT scan by patient
characteristics for each surveillance period. Younger and white patients were more likely to
receive CT scans, while those living in low income areas were less likely. Patients with node
positive disease and those who underwent adjuvant therapy were more likely to receive CT
scans in each surveillance period. Patients diagnosed in 2000-2005 were more likely to
receive CT scans compared to those diagnosed in 1992-1999.

Physician Visits
In the first 6-month surveillance period, 52% of patients visited both PCPs and cancer
specialists, 17% visited PCPs only, 23% visited cancer specialists only, and 6% did not visit
a physician (Table 4). Over subsequent periods, the percentage of patients who visited both
PCPs and cancer specialists decreased to 29% in months 22-27, and the percentage of
patients who visited cancer specialists only decreased to 15%. Correspondingly, the
percentage of patients who visited a PCP only increased from 17% in months 4-9 to 31% in
months 22-27, and the percentage of patients who had no physician visits increased from 6%
to 23%. The average number of visits to cancer specialists decreased between the first and
second surveillance periods. In each surveillance period, patients who visited cancer
specialists were more likely to receive a CT scan compared to patients who visited PCPs
only or who had no physician visits. There were also differences in CT use across cancer
specialists, irrespective of PCP involvement (not shown). In each surveillance period,
patients who visited multiple oncologists were most likely to have undergone a CT scan
(e.g., 82.3% in months 4-9), followed by patients who visited a medical oncologist only
(78.3% in months 4-9), patients who visited a surgical oncologist only (61.5% in months
4-9) and patients who had no oncologist visits (47.8% in months 4-9).

DISCUSSION
This study is the first to describe post-treatment surveillance in a large cohort of Medicare
beneficiaries with locoregional pancreatic cancer. The surveillance patterns observed in this
study reflect the lack of established guidelines for surveillance of pancreatic cancer patients.
There was no discernible periodicity in CT scans suggestive of surveillance testing at regular
intervals. In contrast, surveillance studies in breast or colon cancer patients have shown
temporal patterns consistent with consensus recommendations.17, 18 CT scans and physician
visits decreased over the surveillance period for all patients. Our data demonstrate a wide
range of CT utilization, with 42% of long-term survivors receiving no CT scans in the
second year of surveillance and 27% receiving multiple scans.

In each monthly interval during the first year of follow-up, CT scans were performed in 20%
of patients. CT use was lower in patients who survived more than 12 months after surgery.
In these “long-term survivors,” CT scans more likely represent surveillance, rather than
diagnostic imaging. Patients who survived less than 12 months likely exhibited symptoms
that would prompt CT scans from care providers. We did not examine the indication for CT
scans in this study. We were more interested in utilization and temporal patterns. The
accuracy of primary indication for CT scans ordered for surveillance is unclear, as
physicians must specify a billable diagnosis for reimbursement. For any given patient, the
indication for a CT scan may have been development of symptoms, indications unrelated to
pancreatic cancer, or routine protocol/surveillance. Cooper19 examined procedures
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performed after curative-intent treatment in patients with cancer and found that office visits
and guideline-recommended tests for local recurrence were most frequently performed for
routine surveillance, while tests not recommended in guidelines were ordered to detect
metastatic recurrence.

Our results showed little evidence of testing at regular surveillance intervals. Heterogeneity
of patient events may have contributed to these results. Pancreatic cancer is an aggressive
disease with high rates of recurrence. In many cases, physicians may have begun
postoperative surveillance with the intent of testing at regular intervals, only to have this
schedule disrupted by the onset of unplanned events (e.g., clinical manifestations of disease
recurrence). In a supplementary analysis we identified the most common time intervals
between imaging studies, using Kaplan-Meier curves (not shown) to estimate median time
from surgery to first CT scan (5.67 months), from first CT scan to second CT scan (3.80
months), and from second CT scan to third CT scan (3.97 months). These results suggest
that 3-4 month intervals may have been used for some patients.

The majority of patients visited a PCP and a cancer specialist in each surveillance period,
though the percentage decreased over time. The percentage of patients who saw only a PCP
increased to 31% by months 22-27. These results may reflect transition of care from the
cancer specialist to the PCP following treatment. Our data suggest that this transition is not
ideal and many patients are lost to follow-up. While the percentage of patients seeing a PCP
only increased, the number of patients without physician visits quadrupled. According to an
Institute of Medicine report, cancer patients are often lost to follow-up within the health care
system following completion of curative-intent treatment.20 Patients who visited cancer
specialists were more likely to receive CT scans. Studies have shown that surveillance
procedures occur more frequently for breast and colorectal cancer patients followed by
oncology specialists.21, 22

Currently, there is no clear survival benefit in the early detection of local or metastatic
recurrences in pancreatic cancer. Most recurrences involve metastatic disease, and local
recurrences are usually not amenable to curative resection.3, 5, 12 Treatment of local
recurrences with additional resection or chemoradiotherapy does not significantly improve
survival.11, 23 This study does not attempt to evaluate the effectiveness of regular
surveillance since we cannot determine the reasons for CT use and would be unable to
control for the obvious selection bias. Prospective clinical data are required to evaluate the
comparative effectiveness of post-treatment surveillance strategies. Ideally, several
methodologic approaches, including prospective clinical trials, patient registries, and
medical record data collection, would be combined.

CT scanning is the standard modality for detecting pancreatic cancer recurrences following
resection. The use and costs of imaging are increasing among Medicare beneficiaries. From
1999-2006, the cost of diagnostic imaging in Medicare beneficiaries with cancer grew
5.1-10.3% per year, outpacing the increase in total costs in these patients.24 It may be
difficult to avoid performing CT scans in pancreatic cancer patients because they frequently
experience symptoms that would prompt diagnostic imaging. Use of imaging in these
patients may accomplish secondary goals of post-treatment surveillance. In the absence of
evidence-based guidelines, we recommend that physicians follow the NCCN suggestion of
CT scans every 3-6 months for 2 years after surgical resection. However, physicians may
need to approach surveillance on a case-by-case basis according to estimated recurrence risk
and likelihood for therapy benefit should recurrent disease be identified.

This study has several limitations. First, we did not attempt to distinguish surveillance
imaging from diagnostic imaging because the accuracy of indications for CT scans is
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uncertain in administrative data. Second, the accuracy of procedure coding and physician
visits in the Medicare population has not been formally examined. However, Cooper and
colleagues25 demonstrated good-to-excellent concordance between medical records and
administrative claims data for most procedures and examinations in cancer patients
following treatment. Third, we did not examine CA 19-9 utilization because Medicare did
not cover this test before 2003. Fourth, the SEER database does not contain data on cancer
recurrence. We used claims for chemotherapy/radiation and hospice enrollment as indirect
markers of recurrence. The high proportion of patients censored for these events suggests
that our algorithm is sensitive. Fifth, the cohort was limited to Medicare beneficiaries older
than 65. Finally, due to potential selection biases in administrative data, this study was
unable to evaluate surveillance strategies and determine their impact on survival. However,
study results showed population-based utilization patterns that were previously unknown.
These data may be useful for the purposes of hypothesis generation. Potential research
questions include: what is the impact of surveillance on care decisions, and what is the
impact of early detection of recurrence on hospice utilization?

This was the first study to describe surveillance practice patterns in a population-based
cohort of patients with pancreatic cancer. Our data show a wide range of CT utilization and
demonstrate a need to evaluate current practice and standardize post-treatment surveillance.
More research is necessary to determine the potential benefits and harms of post-treatment
surveillance in these patients in order to improve care and limit unnecessary imaging.
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Appendix
Surgical resection: ICD-9 procedure codes 52.6, 52.7, 52.51, 52.52, 52.53, 52.59

Abdominal/pelvis CT scan: CPT codes 74150, 74160, 74170, 74175; ICD-9 procedure
codes 88.01, 88.02

Chemotherapy: ICD-9 diagnosis codes V58.1, V66.2, V67.2; ICD-9 procedure code 99.25;
and Healthcare Common Procedure Coding System (HCPCS)/CPT codes Q0083-Q0085,
51720, J9000-9999, 964xx,, 965xx, J8510, J8520, J8530-J8999, G0355-G0363

Radiation: ICD-9 diagnosis codes V58.0, V66.1. V67.1; ICD-9 procedure codes:
92.21-92.29;revenue center codes: 0330, 0333; and HCPCS: 77401-77499, 77520, 77523,
77750-77799, G0256, G0261
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Figure 1A-C.
Percentage of patients who received CT scan per month of follow-up among pancreatic
cancer patients aged 66 years or older, Surveillance, Epidemiology, and End Results-
Medicare 1992-2005: A) for the overall cohort; B) by receipt of adjuvant therapy; and C) by
length of survival. Patients who died, entered hospice, or began noncurative therapy were
censored at the date of event. N represents the number of patients who survived uncensored
to the end of the month.
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Table 3
CT scan utilization by patient characteristics

a
 in patients surviving uncensored to end of

surveillance period

4-9 months
N= 1214

10-15 months
N= 741

16-21 months
N= 558

22-27 months
N= 452

n (%)
b

n (%)
b

n (%)
b

n (%)
b

Total 831 (68.5) 426 (57.5) 241 (43.2) 173 (38.3)

Age

 < 75 519 (74.1)
§

252 (63.0)
†

146 (48.3)
† 98 (40.5)

 ≥ 75 312 (60.7) 174 (51.0) 95 (37.1) 75 (35.7)

Race

 White 727 (69.4) 374 (58.4) 218 (45.0)* 152 (38.8)

 Nonwhite
Year of diagnosis 104 (62.6) 52 (51.5) 23 (31.1) 21 (35.0)

 1992-1999 232 (57.3) 
§

123 (46.8) 
§ 71 (36.6)* 51 (32.5)

 2000-2005 599 (74.0) 303 (63.4) 170 (46.7) 122 (41.4)

Income

 1st quartile 169 (63.8) 92 (55.4) 43 (36.1) 33 (34.9)

 2nd quartile 180 (68.7) 103 (60.2) 54 (42.5) 34 (32.7)

 3rd quartile 196 (70.5) 95 (58.6) 66 (52.8) 44 (44.9)

 4th quartile 248 (69.9) 116 (57.1) 63 (40.4) 55 (43.3)

Tumor site

 Head 610 (68.8)* 302 (57.9) 157 (42.0) 117 (39.7)

 Body/tail 134 (73.6) 68 (54.4) 50 (46.3) 31 (33.3)

 Not specified 87 (60.0) 56 (59.6) 34 (44.7) 25 (39.1)

Node

 Positive 397 (72.7)* 165 (59.1) 92 (47.4) 55 (37.4)

 Negative 357 (65.5) 212 (56.7) 118 (40.4) 96 (39.5)

Adjuvant therapy

 Any adjuvant 503 (81.3) 
§

216 (71.1) 
§

112 (56.0) 
§ 65 (43.6)

 Surgery only 328 (55.1) 210 (48.1) 129 (36.0) 108 (35.6)

Note: P values represent the statistical significance of differences between subcategories of patient characteristics within a particular surveillance
period (e.g., < 75 vs. ≥ 75 in the 4-9 month surveillance period)

*
P<0.05

†
P<0.01

§
P<0.0001

a
Other covariates showed no statistically significant differences, and are excluded from this table.

b
n(%) indicates the number and percent of patients within each subcategory of patient characteristics who had a CT scan during the surveillance

period indicated in the column heading. The number and percent of patients within each subcategory who did not have a CT scan are not presented
in the table, but may be estimated within each subcategory and surveillance period by subtracting the percentage from 100.
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