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CANCER SCREENING PROGRAMS

evaluate asymptomatic pa-
tients for the detection of early
forms of cancer and have con-

tributed substantially to the decline in
cancer mortality.1,2 The premise of these
programs is that detection of an early-
stage tumor can reduce a person’s risk
of dying from a screen-detectable dis-
ease.Utilizationof routinescreeningpro-
cedures such as mammography, Papa-
nicolaou test, prostate-specific antigen
(PSA) and colonoscopy, and flexible sig-
moidoscopy(lowergastrointestinal [GI]
endoscopy)hasbecomedeeply ingrained
in medical culture. Primary care prac-
tices have developed tracking and
reminder systems to ensure that patients
areadherent toscreeningguidelines.Pro-
grams to monitor and improve the qual-
ity of health care delivery, such as the
Centers for Medicare & Medicaid Ser-
vices Physician Quality Reporting Ini-
tiative,3 feature adherence to cancer
screening. In addition, during the past
decade a large body of literature has
focused on underutilization of cancer
screening and efforts to increase adher-
ence have been the subject of numer-
ous research grants and public aware-
ness campaigns.4-8

Although the benefits of cancer
screening are compelling for most
members of the population, its value is

less certain for patients with concur-
rent illnesses that severely limit life ex-
pectancy. In the extreme situation of pa-
tients with advanced cancer, screening
will lead to overdiagnosis (detection of
a cancer which, if not found by active
search, would not affect survival) in vir-
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Context Cancer screening has been integrated into routine primary care but does
not benefit patients with limited life expectancy.

Objective To evaluate the extent to which patients with advanced cancer continue
to be screened for new cancers.

Design, Setting, and Participants Utilization of cancer screening procedures (mam-
mography, Papanicolaou test, prostate-specific antigen [PSA], and lower gastrointes-
tinal [GI] endoscopy) was assessed in 87 736 fee-for-service Medicare enrollees aged
65 years or older diagnosed with advanced lung, colorectal, pancreatic, gastroesopha-
geal, or breast cancer between 1998 and 2005, and reported to one of the Surveil-
lance, Epidemiology, and End Results (SEER) tumor registries. Participants were fol-
lowed up until death or December 31, 2007, whichever came first. A group of 87 307
Medicare enrollees without cancer were individually matched by age, sex, race, and
SEER registry to patients with cancer and observed over the same period to evaluate
screening rates in context. Demographic and clinical characteristics associated with screen-
ing were also investigated.

Main Outcome Measure For each cancer screening test, utilization rates were de-
fined as the percentage of patients who were screened following the diagnosis of an
incurable cancer.

Results Among women following advanced cancer diagnosis compared with con-
trols, at least 1 screening mammogram was received by 8.9% (95% confidence
interval [CI], 8.6%-9.1%) vs 22.0% (95% CI, 21.7%-22.5%); Papanicolaou test screen-
ing was received by 5.8% (95% CI, 5.6%-6.1%) vs 12.5% (95% CI, 12.2%-
12.8%). Among men following advanced cancer diagnosis compared with controls,
PSA test was received by 15.0% (95% CI, 14.7%-15.3%) vs 27.2% (95% CI, 26.8%-
27.6%). For all patients following advanced diagnosis compared with controls, lower
GI endoscopy was received by 1.7% (95% CI, 1.6%-1.8%) vs 4.7% (95% CI, 4.6%-
4.9%). Screening was more frequent among patients with a recent history of screen-
ing (16.2% [95% CI, 15.4%-16.9%] of these patients had mammography, 14.7%
[95% CI, 13.7%-15.6%] had a Papanicolaou test, 23.3% [95% CI, 22.6%-24.0%]
had a PSA test, and 6.1% [95% CI, 5.2%-7.0%] had lower GI endoscopy).

Conclusion A sizeable proportion of patients with advanced cancer continue to un-
dergo cancer screening tests that do not have a meaningful likelihood of providing
benefit.
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tually all cases when a new malig-
nancy is found. In addition, patients
may be subject to unnecessary risk due
to subsequent testing, biopsies, and psy-
chological distress. Current guide-
lines9,10 acknowledge the potential for
overuse and the lack of well estab-
lished benefit for elderly patients for
whom natural life expectancy limits the
benefit of screening; however, they do
not directly address the appropriate-
ness of screening for individuals with
terminal illness.

We anticipated that a small propor-
tion of patients diagnosed with ad-
vanced cancer continue to be screened
for cancers other than their primary tu-
mor, despite the fact that they have es-
sentially no chance of benefiting from
these procedures. We determined the
extent to which patients are tested in
this very specific circumstance and
identified characteristics associated with
unnecessary screening. Our goal was to
identify a potential opportunity to si-
multaneously improve care and elimi-
nate wasteful spending in the Medi-
care program.11

METHODS
Data Source and Patient
Population

Data for our study was obtained from
the Surveillance, Epidemiology, and
End Results (SEER) cancer registry
linked with Medicare claims. SEER is
a consortium of 16 population-based
cancer registries that collect data on in-
cident cancer cases, with information
on the date of diagnosis, site and ex-
tent of disease, sociodemographic char-
acteristics (including race/ethnicity,
which was provided by the Enroll-
ment Database File maintained by the
Centers for Medicare & Medicaid Ser-
vices), and vital status.12,13 Medicare is
the primary health insurer for US in-
dividuals aged 65 years or older, its cov-
erage including but not limited to in-
patient hospital services (Part A),
physician services, and outpatient care
(Part B). SEER-Medicare linkage al-
lows for claims-based identification of
medical care received by patients with
cancer aged 65 years or older.

The institutional review board at Me-
morial Sloan-Kettering Cancer Center
reviewed and approved the research
team’s procedures for using SEER-
Medicare data. The National Cancer In-
stitute reviews all manuscripts that use
SEER-Medicare data to protect the con-
fidentiality of patients and profession-
als represented in these data. The manu-
script was approved on April 23, 2010.

We used SEER data to identify all pa-
tients diagnosed between 1998 and
2005 with the following cancers: stage
IIIB-IV lung, stage IV colorectal, breast,
and gastroesophageal, and advanced
stage pancreatic. Patients with lung, co-
lorectal, and breast cancers were clas-
sified according to the American Joint
Committee on Cancer Staging14; SEER
historic stage algorithm15 was used for
pancreatic and gastroesophageal can-
cers. We selected these tumors be-
cause they are common and have 5-year
overall survival rates of less than 20%,
which are associated with very low like-
lihood of benefiting from early
detection.

We restricted our cohorts to pa-
tients who were 65 years or older at the
time of diagnosis, had ante-mortem di-
agnosis, known diagnosis month, and
survived at least 2 months following di-
agnosis with advanced cancer. To en-
sure complete capture of claims, pa-
tients were continuously enrolled in
Medicare Parts A and B, but not in a
health maintenance organization be-
tween diagnosis and death or the cen-
soring date of December 31, 2007.

Cancer Screening Tests

We identified utilization of the follow-
ing screening tests: (1) mammogra-
phy among women in the lung, colo-
rectal, pancreatic, and gastroesophageal
cohorts; (2) Papanicolaou test among
women in all cohorts; (3) PSA testing
among men in all cohorts; (4) lower GI
endoscopy testing (colonoscopy and
flexible sigmoidoscopy) among men
and women in the lung, breast, pan-
creatic, and gastroesophageal cohorts;
and (5) cholesterol testing among men
and women in all cohorts. Screening
tests were identified using the Interna-

tional Classification of Disease, Ninth Re-
vision diagnosis and procedure codes16

and Healthcare Common Procedure
Coding System codes17 that health care
practitioners must submit to Medi-
care in order to obtain reimbursement.

Cancer screening procedures are as-
signed distinct codes for screening and
for diagnosis. We restricted our analy-
sis to codes that specifically identify
screening tests (eTable, available at http:
//www.jama.com). Furthermore, we
minimized the potential for mislabel-
ing procedures ordered as part of es-
tablishing a cancer diagnosis and stag-
ing workup by excluding claims billed
during the first 2 calendar months sub-
sequent to cancer diagnosis. Conse-
quently, screening rates for patients
with cancer reflect the tests per-
formed between the third calendar
month following cancer diagnosis (case
follow-up start date) and death or De-
cember 31, 2007, whichever came first
(case follow-up end date).

Cancer-Free Controls

To understand the rates of cancer
screening for patients with advanced
cancer in context, we compared them
with the rates observed in a matched
cohort of fee-for-service Medicare
enrollees without cancer, identified
from the random 5% sample of Medi-
care beneficiaries residing in the SEER
areas. Each case was individually
matched to a cancer-free control by
year of birth, sex, race, and SEER reg-
istry. Similar to the cancer cases, con-
trols were required to be alive and
continuously enrolled in Medicare
Part A and B, but not in a health main-
tenance organization between the date
of the corresponding case diagnosis
and case follow-up end date.

Each control was followed up dur-
ing the same calendar months as his or
her matched patient with cancer to
evaluate the utilization of cancer screen-
ing tests. Each control had exactly the
same amount of follow-up time as his
or her corresponding cancer case, al-
lowing for a meaningful comparison of
screening rates for patients with and
without advanced cancer.
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Statistical Analysis
For each test, the rate of cancer screen-
ing among both patients with cancer
and cancer-free controls was calcu-
lated as the percentage of patients who
had at least 1 screening procedure in
the interval between case follow-up start
date and case follow-up end date. Over-
all survival was calculated using Kaplan-
Meier method, with time origin at case
follow-up start date. Time from case fol-
low-up start date to the receipt of
screening was examined using the cu-
mulative incidence function.

To identify patient and disease char-
acteristics associated with continued
screening, we calculated screening rates
within subgroups categorized by can-
cer site, screening history (for pa-
tients with cancer only), age at cancer
diagnosis (65-69 years, 70-74 years,

75-79 years, and �80 years), race/
ethnicity (non-Hispanic white, black,
Hispanic, Asian, and other [North
American Native, other, and un-
known]), marital status (married, not
married—information available for can-
cer cases only), year of diagnosis (1998-
1999, 2000-2001, 2002-2003, and
2004-2005), and income (quartiles of
median household income at the zip
code level). Screening history was de-
fined as utilization of the screening test
during the 1-year interval between 24
and 12 months before advanced can-
cer diagnosis. Patients with cancer who
were younger than 65 years (therefore
not yet enrolled in Medicare) at the be-
ginning of this interval were excluded
from the evaluation of screening his-
tory. Race/ethnicity was assessed in light
of the extensive literature indicating the

presence of racial disparities in health
care delivery in general18,19 and in can-
cer screening in particular.20 For pa-
tients with cancer only, screening rates
across levels of these variables were for-
mally compared by fitting 5 multivari-
able competing risks models (for each
cancer screening test and for choles-
terol screening).

Statistical analysis was conducted
using SAS version 9.2 (SAS Institute Inc,
Cary, North Carolina) and the cmprsk
package in R (http://www.r-project
.org/). All significance tests were 2-sided
and used a 5% level of significance.

RESULTS
Participant Characteristics

Baseline characteristics of the 87 736 pa-
tients with advanced cancer included
in our analysis are shown in TABLE 1.

Table 1. Characteristics of Patients Diagnosed With Advanced Cancer Between 1998 and 2005 in One of the SEER Regionsa

Characteristics

All Cancer
Sites

(N = 87 736)

Stage IIIB-IV
Lung

(n = 53 300)

Stage IV
Colorectal
(n = 12 665)

Advanced
Stage

Pancreatic
(n = 12 605)

Stage IV
Gastroesophageal

(n = 5151)

Stage IV
Breast

(n = 4015)

Cancer-Free
Controls

(N = 87 307)

Sex
Male 44 558 (51) 29 063 (55) 6214 (49) 5797 (46) 3484 (68) 0 44 279 (51)

Female 43 178 (49) 24 237 (45) 6451 (51) 6808 (54) 1667 (32) 4015 (100) 43 028 (49)

Age at diagnosis, y 75 (70-80) 75 (70-80) 77 (71-82) 76 (71-81) 75 (70-80) 76 (71-82) 75 (70-80)

Race/ethnicityb

White 71 440 (81) 44 208 (83) 10 137 (80) 10 082 (80) 3756 (73) 3257 (81) 71 423 (82)

Black 8125 (9) 4699 (9) 1291 (10) 1141 (9) 545 (11) 449 (11) 8053 (9)

Hispanic 3667 (4) 1834 (3) 586 (5) 682 (5) 379 (7) 186 (5) 3459 (4)

Asian 2689 (3) 1560 (3) 386 (3) 406 (3) 283 (5) 54 (1) 2631 (3)

Other 1815 (2) 999 (2) 265 (2) 294 (2) 188 (4) 69 (2) 1741 (2)

Marital status
Married 45 942 (52) 28 155 (53) 6411 (51) 7023 (56) 3058 (59) 1295 (32) NA

Not married or
unknown

41 794 (48) 25 145 (47) 6254 (49) 5582 (44) 2093 (41) 2720 (68) NA

Year of diagnosis
1998-1999 11 376 (13) 6716 (13) 1854 (15) 1538 (12) 714 (14) 554 (14) 11 283 (13)

2000-2001 23 467 (27) 14 184 (27) 3447 (27) 3290 (26) 1387 (27) 1159 (29) 23 361 (27)

2002-2003 26 139 (30) 16 073 (30) 3715 (29) 3761 (30) 1501 (29) 1089 (27) 26 040 (30)

2004-2005 26 754 (30) 16 327 (31) 3649 (29) 4016 (32) 1549 (30) 1213 (30) 26 623 (30)

Screening historyc

Mammography 9461 (26) 5838 (26) 1250 (21) 1984 (32) 389 (25) NA NA

Papanicolaou test 5219 (13) 3026 (14) 627 (11) 1134 (18) 207 (13) 225 (6) NA

Prostate-specific
antigen

14 875 (37) 9513 (36) 1902 (34) 2263 (43) 1197 (39) NA NA

Lower GI endoscopy 2721 (4) 1899 (4) NA 573 (5) 169 (4) 80 (2) NA

Cholesterol 34 465 (43) 20 929 (43) 4529 (39) 5782 (50) 1993 (43) 1232 (34) NA
Abbreviations: GI, gastrointestinal; NA, not applicable; SEER, Surveillance, Epidemiology, and End Results.
aData are shown as No. (%), except for age at diagnosis, which is shown as median (interquartile range). Cancer-free controls were matched by sex, age at the time of case diagnosis,

race/ethnicity, and registry. Because of rounding, percentages may not total 100.
bRace/ethnicity was provided by SEER-Medicare. Other race included North American Native, other, and unknown.
cScreening history represents utilization of the screening test among evaluable patients during the 1-year interval between 24 and 12 months before advanced cancer diagnosis. Patients

with cancer who were not yet enrolled in Medicare at the beginning of this interval were excluded.
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Sixty-one percent of the patients had
stage IIIB-IV lung cancer, 14% had stage
IV colorectal cancer, 14% had ad-
vanced stage pancreatic cancer, and the
remaining patients were diagnosed with
advanced gastroesophageal cancer or
stage IV breast cancer. Median age at
diagnosis was 75 years (interquartile
range, 70-80 years) and did not vary re-
markably by cancer site; 81.4% (95%
confidence interval [CI], 81.1%-
81.7%) of the patients were white and
52.4% (95% CI, 52.0%-52.7%) were
married. By study design, demo-
graphic characteristics of the controls
mirrored those of the cancer cases.

Among patients evaluated for each
test, 26.4% (95% CI, 25.9%-26.9%)
had a history of mammography,
13.2% (95% CI, 12.9%-13.6%) had a
history of Papanicolaou testing,
37.1% (95% CI, 36.6%-37.5%) had a
history of PSA testing, and 4.0%
(95% CI, 3.9%-4.2%) had a history of
lower GI endoscopy testing.

Overall Survival

Median survival varied between 4.3
months (95% CI, 4.2-4.5 months) for
the pancreatic cancer cohort and 16.2
months (95% CI, 15.2-17.5 months) for
the breast cancer cohort. Overall sur-
vival at 5 years was 15.5% (95% CI,

14.3%-16.9%) for the breast cancer co-
hort and 5% or less for the remaining
cohorts (FIGURE 1). Between 80% and
85% of the matched cancer-free con-
trols were alive 5 years after the corre-
sponding case follow-up start date. Me-
dian survival was not reached in this
group during the follow-up period of
the study (Figure 1).

Utilization of the Screening Tests

Among women with advanced cancer,
8.9% (95% CI, 8.6%-9.1%) received at
least 1 screening mammography and
5.8% (95% CI, 5.6%-6.1%) received at
least 1 Papanicolaou test compared with
22.0% (95% CI, 21.7%-22.5%) and
12.5% (95% CI, 12.2%-12.8%) of con-
trols, respectively. Rates were higher in
the group of women who had a his-
tory of the same screening test (16.2%
[95% CI, 15.4%-16.9%] of these women
had mammography; 14.7% [95% CI,
13.7%-15.6%] had a Papanicolaou test)
and among women aged 65 to 69 years
(12.9% [95% CI, 12.2%-13.7%] had
mammography; 9.4% [95% CI, 8.9%-
10.0%] had a Papanicolaou test).

Among men with advanced cancer,
15.0% (95% CI, 14.7%-15.3%) re-
ceived PSA testing compared with 27.2%
(95% CI, 26.8%-27.6%) of controls.
Among men with a PSA screening his-

tory, 23.3% (95% CI, 22.6%-24.0%) were
also screened postdiagnosis.

Lower GI endoscopy was per-
formed in 1.7% (95% CI, 1.6%-1.8%)
of all patients with cancer and in 6.1%
(95% CI, 5.2%-7.0%) of patients with
a precancer screening history. In com-
parison, 4.7% (95% CI, 4.6%-4.9%) of
controls received lower GI endoscopy
screening. Cholesterol was tested in
19.5% (95% CI, 19.3%-19.8%) of pa-
tients with advanced cancer and in
37.4% (95% CI, 37.0%-37.7%) of con-
trols (TABLE 2).

Half of the patients who received
mammographies, Papanicolaou tests, or
PSA tests did so within 10 months of
the cancer diagnosis, and half of the pa-
tients with a lower GI endoscopy
screening received it within 18 months
of diagnosis. Most patients screened had
testing within 36 months of diagnosis
(FIGURE 2).

Factors Associated With Screening

Higher socioeconomic status and mar-
ried status were significantly associ-
ated with a higher probability of screen-
ing for each test evaluated (Table 2). For
example, 9.8% (95% CI, 9.2%-10.4%)
of women in the highest income quar-
tile received mammography com-
pared with 7.4% (95% CI, 6.9%-8.0%)

Figure 1. Survival Probability for Patients With Advanced Cancer and Matched Cancer-Free Controls by Cancer Site
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For patients with advanced cancer, the median overall survival following case follow-up start date for lung cancer was 5 months; for colorectal cancer, 8 months; for
pancreatic cancer, 4 months; for gastroesophageal cancer, 4 months; and for breast cancer, 16 months. The overall survival at 5 years for each cancer was 3%, 5%,
3%, 2%, and 16%, respectively. Each cancer-free control was matched to a case with the specific cancer diagnosis by age, sex, race/ethnicity, and Surveillance, Epi-
demiology, and End Results tumor registry. For the cancer-free controls, the median overall survival was not reached and the overall survival at 5 years was 82% for
lung cancer, 80% for colorectal cancer, 81% for pancreatic cancer, 81% for gastroesophageal cancer, and 85% for breast cancer.
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in the lowest quar t i le (P for
trend� .001), and 8.0% (95% CI, 7.6%-
8.4%) of married women received Pa-

panicolaou test screening compared
with 4.6% (95% CI, 4.4%-4.9%) of non-
married women (P� .001). Screening

rates for all tests except PSA showed an
inverse association with age; the rate of
PSA testing peaked in the 70- to 74-

Table 2. Screening Test Utilization by Patients Diagnosed With Advanced Cancer Between 1998 and 2005 in One of the SEER Regions and by
Cancer-Free Controls, Individually Matched to Cancer Casesa

% (95% Confidence Interval)

Women Men Women and Men

Mammography Papanicolaou test Prostate-Specific Antigen Lower GI Endoscopy Cholesterol

Cases
(n = 39 163)

Controls
(n = 39 029)

Cases
(n = 43 178)

Controls
(n = 43 028)

Cases
(n = 44 558)

Controls
(n = 44 279)

Cases
(n = 75 071)

Controls
(n = 74 735)

Cases
(n = 87 736)

Controls
(n = 87 307)

All cancer
sites

8.9 (8.6-9.1) 22.0 (21.7-22.5) 5.8 (5.6-6.1) 12.5 (12.2-12.8) 15.0 (14.7-15.3) 27.2 (26.8-27.6) 1.7 (1.6-1.8) 4.7 (4.6-4.9) 19.5 (19.3-19.8) 37.4 (37.0-37.7)

Cancer Site
Stage IIIB-IV

lung
9.3 (9.0-9.7) 22.9 (22.4-23.4) 5.3 (5.0-5.6) 12.3 (11.9-12.7) 14.0 (13.6-14.4) 26.1 (25.6-26.6) 1.6 (1.5-1.7) 4.6 (4.5-4.8) 18.2 (17.9-18.6) 36.1 (35.7-36.5)

Stage IV
colorectal

9.7 (8.9-10.4) 24.6 (23.6-25.7) 6.3 (5.7-6.8) 13.1 (12.3-13.9) 21.6 (20.6-22.7) 35.8 (34.6-37) NA NA 23.2 (22.4-23.9) 42.7 (41.9-43.6)

Advanced
stage
pancreatic

6.9 (6.3-7.5) 18.3 (17.4-19.2) 5.4 (4.9-5.9) 9.5 (8.8-10.2) 13.9 (13-14.8) 25.5 (24.4-26.7) 1.8 (1.5-2.0) 3.9 (3.5-4.2) 18.3 (17.6-18.9) 34.1 (33.2-34.9)

Stage IV
gastro-
esophageal

6.7 (5.5-7.9) 16.1 (14.4-17.9) 3.8 (2.9-4.7) 8.6 (7.3-10.0) 13.4 (12.3-14.5) 23.7 (22.3-25.1) 1.4 (1.0-1.7) 3.5 (3.0-4.0) 17.4 (16.3-18.4) 31.7 (30.4-33.0)

Stage IV breast NA NA 9.9 (9.0-10.8) 19.3 (18.1-20.5) NA NA 3.6 (3.0-4.2) 9.8 (8.9-10.7) 32.3 (30.8-33.7) 54.5 (53.0-56.1)

Sex
Male NA NA NA NA 15.0 (14.7-15.3) 27.2 (26.8-27.6) 1.3 (1.2-1.4) 3.8 (3.6-4.0) 18.6 (18.2-19.0) 35.0 (34.6-35.4)

Female 8.9 (8.6-9.1) 22.1 (21.7-22.5) 5.8 (5.6-6.1) 12.5 (12.2-12.8) NA NA 2.2 (2.0-2.3) 5.7 (5.4-5.9) 20.5 (20.1-20.9) 39.8 (39.3-40.3)

Age at Diagnosis, y
65-69 12.9

(12.2-13.7)
31.4

(30.4-32.3)
9.4 (8.9-10.0) 20.5 (19.6-21.3) 14.6 (14.0-15.3) 28.4 (27.5-29.2) 2.4 (2.1-2.6) 6.2 (5.9-6.6) 21.8 (21.2-22.4) 40.8 (40.1-41.5)

70-74 11.1
(10.5-11.7)

27.2
(26.4-28.1)

7.3 (6.8-7.8) 15.4 (14.7-16.1) 16.1 (15.4-16.7) 30.0 (29.2-30.9) 2.0 (1.8-2.2) 5.5 (5.2-5.9) 21.6 (21.1-22.2) 41.0 (40.4-41.7)

75-79 8.3 (7.8-8.8) 21.6 (20.8-22.4) 5.2 (4.7-5.6) 11.4 (10.8-12.0) 15.9 (15.2-16.5) 28.4 (27.5-29.2) 1.6 (1.4-1.8) 4.4 (4.1-4.7) 19.8 (19.2-20.3) 38.6 (38.0-39.3)

�80 4.4 (4.0-4.7) 11.0 (10.4-11.6) 2.5 (2.2-2.8) 5.0 (4.6-5.4) 13.2 (12.5-13.8) 21.2 (20.4-22.0) 1.0 (0.8-1.1) 2.6 (2.4-2.8) 15.2 (14.7-15.6) 29.2 (28.6-29.8)

Race/Ethnicity
White 9.2 (8.9-9.5) 23.0 (22.5-23.5) 6.0 (5.7-6.2) 13.2 (12.9-13.6) 15.1 (14.7-15.5) 27.9 (27.5-28.4) 1.8 (1.7-1.9) 5.1 (5.0-5.3) 19.4 (19.1-19.7) 37.9 (37.5-38.2)

Black 7.2 (6.4-8.1) 17.8 (16.6-19.1) 4.8 (4.1-5.4) 8.6 (7.7-9.5) 14.7 (13.7-15.8) 22.1 (20.8-23.4) 1.3 (1.0-1.5) 2.5 (2.2-2.9) 19.1 (18.3-20.0) 32.1 (31.1-33.2)

Hispanic 7.4 (6.0-8.7) 18.7 (16.7-20.7) 5.4 (4.3-6.4) 9.8 (8.4-11.3) 14.6 (13.0-16.1) 21.4 (19.5-23.2) 1.3 (0.9-1.7) 1.5 (1.1-2.0) 20.3 (19.0-21.6) 34.7 (33.1-36.3)

Asian 7.4 (5.8-8.9) 16.3 (14.1-18.5) 6.2 (4.8-7.6) 8.3 (6.7-9.9) 15.1 (13.3-16.9) 30.2 (27.9-32.5) 1.4 (0.9-1.8) 3.6 (2.8-4.3) 22.4 (20.8-24.0) 42.3 (40.4-44.2)

Other 7.2 (5.4-9.0) 18.2 (15.5-20.9) 5.3 (3.8-6.7) 10.7 (8.6-12.8) 13.4 (11.2-15.6) 27.3 (24.4-30.2) 1.7 (1.1-2.4) 4.9 (3.8-6.0) 20.5 (18.6-22.4) 38.4 (36.1-40.7)

Marital Status
Married 11.6

(11.1-12.2)
NA 8.0 (7.6-8.4) NA 16.3 (15.9-16.8) NA 1.9 (1.8-2.1) NA 21.5 (21.1-21.9) NA

Not married or
unknown

7.3 (7.0-7.6) NA 4.6 (4.4-4.9) NA 12.1 (11.6-12.7) NA 1.5 (1.4-1.6) NA 17.4 (17.0-17.7) NA

Median Income in the Zip Code of Residence
Lowest

quartile
7.4 (6.9-8.0) 19.5 (18.7-20.2) 4.5 (4.1-4.9) 9.7 (9.2-10.3) 12.7 (12.1-13.3) 23.8 (23.0-24.5) 1.3 (1.1-1.4) 3.6 (3.4-3.9) 16.3 (15.8-16.7) 33.7 (33.1-34.3)

Second
quartile

9.0 (8.5-9.5) 22.0 (21.2-22.8) 5.5 (5.0-5.9) 11.8 (11.2-12.4) 14.1 (13.5-14.7) 25.8 (25.0-26.6) 1.6 (1.5-1.8) 4.3 (4.0-4.6) 18.1 (17.6-18.5) 36.1 (35.5-36.7)

Third quartile 9.2 (8.6-9.8) 22.7 (21.9-23.6) 6.1 (5.6-6.5) 13.0 (12.4-13.6) 15.7 (15.0-16.4) 28.6 (27.7-29.4) 1.7 (1.6-1.9) 5.2 (4.9-5.5) 21.2 (20.7-21.8) 38.8 (38.1-39.5)

Highest
quartile

9.8 (9.2-10.4) 24.0 (23.2-24.9) 7.4 (6.9-7.9) 15.3 (14.6-16.0) 18.1 (17.3-18.8) 31.1 (30.2-32.0) 2.3 (2.1-2.5) 5.8 (5.4-6.1) 23.2 (22.6-23.8) 41.0 (40.4-41.7)

Year of Diagnosis
1998-1999 7.6 (6.9-8.4) 20.0 (18.9-21.1) 6.0 (5.4-6.6) 12.5 (11.6-13.4) 13.1 (12.3-14.0) 24.3 (23.2-25.4) 1.3 (1.1-1.5) 3.9 (3.5-4.3) 19.8 (19.1-20.6) 31.9 (31.1-32.8)

2000-2001 9.0 (8.5-9.6) 21.2 (20.4-22.0) 6.7 (6.2-7.2) 13.5 (12.9-14.1) 14.5 (13.9-15.2) 25.9 (25.1-26.7) 1.8 (1.6-1.9) 4.4 (4.1-4.6) 17.4 (16.9-17.9) 34.6 (34.0-35.2)

2002-2003 8.6 (8.1-9.1) 22.4 (21.7-23.2) 5.8 (5.4-6.2) 12.5 (12.0-13.1) 15.9 (15.2-16.5) 27.9 (27.1-28.7) 1.7 (1.6-1.9) 5.0 (4.7-5.3) 19.8 (19.3-20.3) 38.1 (37.5-38.7)

2004-2005 9.5 (9.0-10.0) 23.4 (22.7-24.2) 5.1 (4.7-5.5) 11.6 (11.1-12.1) 15.4 (14.8-16.0) 28.9 (28.1-29.7) 1.8 (1.7-2.0) 5.1 (4.8-5.3) 21.1 (20.6-21.5) 41.3 (40.7-41.9)

Screening Historyb

Yes 16.2
(15.4-16.9)

NA 14.7
(13.7-15.6)

NA 23.3 (22.6-24.0) NA 6.1 (5.2-7.0) NA 26.5 (26.0-26.9) NA

No 5.7 (5.4-5.9) NA 4.0 (3.8-4.2) NA 10.3 (9.9-10.7) NA 1.5 (1.4-1.6) NA 13.9 (13.5-14.2) NA

Abbreviations: GI, gastrointestinal; NA, not applicable; SEER, Surveillance, Epidemiology, and End Results.
aFor cancer-free controls, cancer site of the corresponding case, age at the time of the corresponding case diagnosis, and year of the corresponding case diagnosis. Race/ethnicity was

provided by SEER-Medicare. Other race included North American Native, other, and unknown.
bScreening history represents utilization of the screening test among evaluable patients during the 1-year interval between 24 and 12 months before advanced cancer diagnosis. Patients

with cancer who were not yet enrolled in Medicare at the beginning of this interval were excluded.
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year-old category. Lower GI endos-
copy and cholesterol tests, the only tests
applicable to both sexes, were more
likely to be performed in women (lower
GI endoscopy, 2.2%; 95% CI, 2.0%-
2.3%) vs in men (1.3%; 95% CI, 1.2%-
1.4%; P� .001). White patients tended
to have higher screening rates com-
pared with nonwhite patients; how-
ever, in multivariable models, these dif-
ferences reached statistical significance
only for mammography.

COMMENT
We evaluated the utilization of com-
mon cancer screening tests by fee-for-
service Medicare beneficiaries diag-
nosed with advanced cancers associated
with median survival of less than 2
years. Notwithstanding their limited life
expectancy, a meaningful proportion of

patients with advanced cancer con-
tinue to undergo routine cancer screen-
ing. Specifically, 9% of women with ad-
vanced cancer received screening
mammography and 6% received Papa-
nicolaou testing. Among men, 15% un-
derwent PSA testing. Lower GI endos-
copy screening was obtained by only 2%
of patients. It is especially striking that
these rates represented 35% to 55% of
the rates observed in matched cancer-
free controls followed up over the ex-
act same period. Consistent with
screening guidelines, screening rates de-
clined precipitously among persons
older than 75 years. Our analysis was
limited to the population aged 65 years
or older, and the rates we report
are likely to be higher among younger
patients who are commercially in-
sured.

The strongest predictor of screen-
ing in the setting of advanced cancer
was the receipt of a screening test be-
fore diagnosis. The most plausible in-
terpretation of our data is that efforts
to foster adherence to screening have
led to deeply ingrained habits. Pa-
tients and their health care practition-
ers accustomed to obtaining screen-
ing tests at regular intervals continue
to do so even when the benefits have
been rendered futile in the face of com-
peting risk from advanced cancer. Other
investigators have identified examples
of the culture of screening on “autopi-
lot.” The study by Sirovich and Welch21

identified continued utilization of
Papanicolaou tests among women
lacking a cervix due to prior hysterec-
tomy. Furthermore, we hypothesize
that neither primary care physicians nor

Figure 2. Cumulative Incidence Functions for Utilization of Screening Mammography, Papanicolaou test, PSA, and Lower GI Endoscopy
Screenings Following Advanced Cancer Diagnosis by Cancer Site
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oncologists routinely engage in the dif-
ficult discussions that require explana-
tion of why continuation of proce-
dures to which patients have become
accustomed to is no longer neces-
sary.22 There is substantial evidence that
even when physicians recognize that life
expectancy is limited, they do not con-
sistently communicate prognosis,23 and
patients may use denial as a coping
strategy to face impending loss.24 Our
findings represent one manifestation of
this communication deficit.

Our analysis should be considered
in the context of the limitations of our
data set. We cannot determine for any
individual whether a particular test
was inappropriate. Women with
advanced breast cancer may some-
times live a number of years, making it
somewhat more sensible for them to
undergo screening. To eliminate tests
that could have been obtained for
diagnosis, we limited our analyses to
codes designated for screening. Never-
theless, it is possible that some claims
for diagnostic tests in fact represent
screening. In addition, we excluded
screening claims billed within the first
2 calendar months following diagno-
sis. It is possible that a small propor-
tion of Medicare enrollees with addi-
tional private coverage had screening
tests that were not captured by Medi-
care claims. Overall, our results are
conservative estimates of screening
test use by patients with advanced
cancer. A key limitation of the avail-
able data is that we cannot determine
whether screening is driven by on-
cologists, primary care physicians,
health care settings, or patients them-
selves. An evaluation of the ordering
health care practitioners on specific
claims would not distinguish between
patient and physician driven test use.

Whichever the impetus, screening
utilization by patients with advanced
cancer adds to the mounting concern
about overdiagnosis. Other studies have
emphasized the potential harms asso-
ciated with such screening.25-28 Stud-
ies estimate that 1 in 3 breast and pros-
tate cancers detected in a population
offered organized screening are over-

diagnosed.29,30 The study by Walter and
Covinsky31 estimated that a woman
aged 70 years or older with limited life
expectancy due to comorbidities has
less than 2% risk of dying from breast
cancer, less than 1% risk of dying from
cervical cancer, and less than 0.1% risk
of dying from colorectal cancer. The au-
thors concluded that patients with life
expectancy of less than 5 years are un-
likely to derive any benefit from can-
cer screening. In an ideal health care
system, health care practitioners would
discontinue cancer screening for pa-
tients whose prognosis is too limited for
the benefits of early detection to be
realized.

It is conceivable that some of the
screening tests that we observed were
scheduled before cancer diagnosis,
therefore reflecting the inertia of a sys-
tem that does not have into place
mechanisms to recognize when an oth-
erwise routine test becomes unneces-
sary. An efficient health care system
should have the capacity for learning
and adaptation as indications for inter-
ventions evolve. Ideally, interoperable
electronic health records should be
able to flag patients with advanced can-
cer for reconsideration of the risk/
benefit ratio of interventions such as
screening.

Currently, in the United States, the
focus is on controlling the skyrocket-
ing costs of the health care system in
general and of Medicare in particular.
One strategy to limit costs in the Medi-
care program is to intensively investi-
gate fraud, a recent focus of the Obama
administration.32 An alternative strat-
egy is to systematically identify unnec-
essary care that does not provide mean-
ingful benefits. Identification of wasteful
care is challenging because each pa-
tient’s circumstances are unique, and
it is difficult to reliably define epi-
sodes of overuse. Moreover, efforts to
curb unnecessary care and thereby costs
of Medicare prompt physician con-
cerns about interference in the prac-
tice of medicine and patient fear about
“rationing.”33-36 We have identified
a very specific circumstance in which
the case for wasteful care is as clear

and compelling as the unnecessary use
of Papanicolaou tests described by
Sirovich and Welch.21

Our results have several policy im-
plications. First, greater awareness that
screening in the face of limited life ex-
pectancy from advanced cancer is of du-
bious benefit may in and of itself limit
use. Second, as electronic medical rec-
ords and reminder systems are devel-
oped to foster screening adherence, they
should also include program features
that flag when conditions suggest re-
evaluation or cessation of screening
based on competing comorbidities.
Electronic medical records increas-
ingly have the sophistication to track
cancer stage at diagnosis and disease
status and to link this to screening re-
minder systems. Alternatively, the
Medicare program might not provide
coverage for cancer screening proce-
dures for patients with life expectancy
of less than 2 years.

Although any attempt to place
restrictions on care that patients can
receive is routinely met with vocal
opposition by physicians and patients
alike, overuse of screening for patients
with advanced cancer is likely to be
relatively uncontroversial. Curbing
cancer screening for patients with
advanced cancer would have a small
impact on Medicare as a whole given
that it is performed for only a minority
of all Medicare patients with cancer.
However, iteration of this paradigm
across other diseases and conditions
could systematically improve the
value of each Medicare dollar spent.
Each medical specialty needs to
engage in thoughtful self-scrutiny to
identify episodes of unnecessary care.
We suggest that the road to a high-
performing, high-value health care
system will be paved with small stones
such as the example we have identi-
fied. Such a systematic approach to
identification of wasteful care need
not compromise the quality of care
patients receive. Indeed, identification
of episodes of unnecessary care and
strategies to curb them has the poten-
tial to be a win-win for patients, health
care practitioners, and the public.
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