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Abstract

Background: Prior research demonstrated statistically significant racial disparities related to lung cancer treatment and
outcomes. We examined differences in initial imaging and survival between blacks, Hispanics, and non-Hispanic whites.
Methods: The linked Surveillance, Epidemiology, and End Results-Medicare database between 2007 and 2015 was used to
compare initial imaging modality for patients with lung cancer. Participants included 28 881 non-Hispanic whites, 3123 black,
and 1907 Hispanics, patients age 66 years and older who were enrolled in Medicare fee-for-service and diagnosed with lung
cancer. The primary outcome was comparison of positron emission tomography (PET) imaging with computerized tomogra-
phy (CT) imaging use between groups. A secondary outcome was 12-month cancer-specific survival. Information on stage,
treatment, and treatment facility was included in the analysis. Chi-square test and logistic regression were used to evaluate
factors associated with imaging use. Kaplan-Meier method and Cox proportional hazards regression were used to calculate
adjusted hazard ratios and survival. All statistical tests were two-sided. Results: After adjusting for demographic,
community, and facility characteristics, blacks were less likely to undergo PET or CT imaging at diagnosis compared with
non-Hispanic whites odds ratio (OR) ¼ 0.54 (95% confidence interval [CI] ¼ 0.50 to 0.59; P< .001). Hispanics were also less likely
to receive PET with CT imaging (OR ¼ 0.72, 95% CI ¼ 0.65 to 0.81; P< .001). PET with CT was associated with improved survival
(HR¼0.61, 95% CI ¼ 0.57 to 0.65; P< .001). Conclusions: Blacks and Hispanics are less likely to undergo guideline-
recommended PET with CT imaging at diagnosis of lung cancer, which may partially explain differences in survival.
Awareness of this issue will allow for future interventions aimed at reducing this disparity.

In 2018, there were an estimated 234 030 new cases of lung can-
cer, with 158 770 estimated deaths (1). Despite improvement in
survival of patients with lung cancer, it remains the leading
cause of cancer death (1). Although the lung cancer survival rate
for all patients remains low (1), blacks have worse outcomes
with a 5-year all-stages survival rate of 15% compared with 18%
for non-Hispanic whites (1). Both blacks and Hispanics are often
advanced stage at diagnosis relative to non-Hispanic whites
(1,2). Numerous factors that contribute to lung cancer dispar-
ities, including early detection, smoking, biology, environmen-
tal, and societal factors, have been described (3). Recent medical
innovations provide new therapeutic options and are improving
outcomes, but the optimization of such treatments depends on
the patient’s stage. Appropriate imaging is imperative for im-
proving the accuracy of staging and optimizing the choice of
therapeutic interventions (4).

Current NCCN guidelines recommend a CT of the Chest and
upper abdomen with contrast for initial evaluation of non-small

cell lung cancer (NSCLC) (5). A 18F-fludeoxyglucose positron
emission tomography (PET) with computerized tomography
(CT) imaging is then recommended for stage I to stage IV NSCLC
patients. In addition, the European Society for Medical
Oncology, the Pan-Asian adapted Clinical Practice Guidelines,
and the American College of Radiology Appropriateness Criteria
all support a role for PET imaging in cases of newly diagnosed
NSCLC (4,6–8). The national and international level of support
for PET imaging is due to numerous prior studies demonstrating
both prognostic and management improvement in patients
who receive a PET exam. One recent study showed PET serves
as an independent prognostic factor for disease recurrence for
early-stage IA NSCLC (9). A prospective multicenter randomized
trial found combining PET with conventional workup reduced
futile thoracotomies by 51% (10). A second prospective multi-
center trial found PET imaging resulted in a change of manage-
ment in 72% of cases (11). Although the benefits PET offers in
staging and patient management have been reported (10,11),
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the inequity of its use for patients with newly diagnosed NSCLC
has not been evaluated in a national Medicare population.
Given the impact of PET on patient management and outcomes,
this study examines differences in imaging use of blacks,
Hispanics, and white patients with newly diagnosed lung can-
cer and the impact on patient survival.

Methods

Data

We conducted a retrospective cohort observational study using
patients from the Surveillance, Epidemiology, and End Results
(SEER)-Medicare linked database. SEER, a program of the
National Cancer Institute (NCI), encompasses person-level in-
formation on cancer survival and incidence from 18 population-
based tumor registries that cover approximately 28% of the
United States (1). Medicare claims and census information were
linked to the SEER tumor registry data, which have additional
information on patient demographic and tumor characteristics.
By linking SEER data to Medicare claims, dates of service, pay-
ments, procedures, and diagnosis codes are also captured.

Cohort Selection

We selected patients aged 66 years or older at diagnosis whose
first and only primary tumor was lung cancer (International
Classification of Diseases [ICD]-O-3 site codes: C34.0, C34.1,
C34.2, C34.3, C34.8, and C34.9) diagnosed between 2007 and
2015. We limited the study to patients with the following non-
small cell histology types: adenocarcinoma, squamous cell car-
cinoma, large cell carcinoma, and other non-small cell carci-
noma (n¼ 137 882). Patients who were diagnosed by autopsy,
had unknown diagnosis dates, or survived less than 2 months
were excluded, leaving 107 548 patients. We further limited the
sample to patients continuously enrolled in fee-for-service
Medicare Parts A and B for 12 months before through 12 months
after the month of diagnosis (or until death if it occurred within
12 months) to ensure complete claims history. Additionally, we
required that patients were enrolled in Medicare Part D pre-
scription drug plans from the month of diagnosis through the
following 12 months to capture oral chemotherapy treatment.
We further limited the sample to patients who underwent PET
with CT imaging during the diagnostic period (n¼ 36 469)
(Figure 1). We used ICD, 9th and 10th revision, Clinical
Modification codes, Current Procedural Terminology codes, and
Healthcare Common Procedure Coding System codes to identify
the diagnoses and procedures. The study was approved by the
University of Colorado Multiple Institutional Review Board.

Outcomes

The primary outcome was imaging modality at diagnosis, and
the secondary outcome was cancer-specific survival (CSS) dif-
ferences between imaging modality. We identified imaging mo-
dality using Healthcare Common Procedure Coding System and
Current Procedural Terminology procedure codes reported dur-
ing the diagnostic period, defined as 3 months before diagnosis
through the earlier of two potential dates: 2 months after the
month of diagnosis or 30 days after the initiation of therapy.
Patients were categorized as having 1) any PET imaging with or
without CT imaging, or 2) CT imaging alone. CSS and overall
survival (OS) were estimated 12 months after diagnosis. CSS

time was determined using SEER dates of death, which include
cause of death and are reported through December 2015. OS
time was determined using Medicare dates of death reported
through December 2016. Patients surviving longer than
12 months were censored at 12 months.

Statistical Analysis

Chi-square tests were performed to assess the univariate asso-
ciation of categorical variables and imaging modalities at diag-
nosis. Logistic regression was used to evaluate the adjusted
impact of demographic, socioeconomic, and facility characteris-
tics on choice of diagnostic imaging modality. A generalized es-
timating equation model was used to obtain standard errors
that accounted for clustering by the facility that provided initial
treatment.

Survival curves were generated using the Kaplan-Meier
method, and Cox proportional hazards regression was used to
estimate adjusted hazard ratios (HRs) for 12-month CSS and OS.
In multivariable survival analysis, we used a robust sandwich
covariance matrix estimate to account for clustering by facility
(12).

We examined a series of Cox proportional hazards models.
In the base model, we adjusted for year of diagnosis, patient sex
(male or female), age at diagnosis (66–69 years, 70–74 years, and
75 years or older), type of NSCLC (squamous or other), race or
ethnicity (white, black, Hispanic, other), marital status (married
or partnered, or single), SEER registry site, census tract Rural
Urban Commuting Area Codes (urban commuting area or not
an urban commuting area), census tract poverty level (less than
study sample median or greater than or equal to study sample
median level), census tract-level percentage high school educa-
tion or less (less than study sample median level or greater than
or equal to study sample median level), additional imaging
(Magnetic Resonance Imaging [MRI] brain yes or no), and
whether first cancer-directed therapy was provided by an NCI-
designated center, teaching hospital, or community hospital
(Supplementary Table 1, available online). We used Medicare
claims from the year before diagnosis to estimate the Charlson
Comorbidity Index according to the NCI’s adaptation of the al-
gorithm described by Klabunde et al. (13)

In subsequent Cox proportional hazards models, we added
the following variables in a stepwise fashion: imaging modality,
derived American Joint Committee on Cancer Stage Group 6th
edition, and initial treatment. Initial treatment was defined as
treatment initiated within 6 months of diagnosis, categorized as
no treatment, chemotherapy, radiation therapy, surgery, as well
as combinations of these treatments. We used Schoenfeld
residuals to validate the proportional hazard assumption in the
Cox model. All statistical analyses were performed with SAS 9.4
(SAS Institute, Cary, NC), were two-sided and were evaluated at
a statistical significance level of P less than .05.

Results

Descriptives

The 6-year study period identified 36 469 total patients who met
eligibility criteria, of which 28 881 (79.2%) were non-Hispanic
white, 3123 (8.6%) were black, and 1907 (5.2%) were Hispanic
(Table 1). Approximately 78% of non-Hispanic whites received a
PET at diagnosis compared with 63% of blacks and 70% of
Hispanics. Numerous other factors were associated with
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decreased PET use, including older age, unmarried, higher num-
ber of comorbidities, and nonteaching facility.

Imaging

Based on odds ratios adjusted for demographic, socioeconomic,
and facility characteristics, black patients with squamous cell
NSCLC were about one-half as likely to receive a PET (OR¼ 0.51,
95% CI ¼ 0.44 to 0.60; P< .001) and Hispanic patients were about
two-thirds as likely to receive a PET (OR¼ 0.67, 95% CI ¼ 0.54 to
0.83; P< .001) compared with non-Hispanic whites. In patients
with nonsquamous cell NSCLC, the likelihood of receiving a PET
was also lower for black (OR ¼ 0.57, 95% CI ¼ 0.51 to 0.64;
P< .001) and Hispanic patients (OR¼ 0.76, 95% CI ¼ 0.67 to 0.88;
P< .001). Differences in PET use were evident throughout all
stages for both squamous cell carcinoma patients (Figure 2A)
and all other histologies (Figure 2B). The PET imaging OR of all
histologies for black patients was 0.54 (95% CI ¼ 0.50 to 0.59;
P< .001) and 0.72 (95% CI ¼ 0.65 to 0.81; P< .001) for Hispanic
patients.

Treatment facility type also predicted PET use. Both NCI cen-
ters and teaching hospitals were more likely to use PET
(OR¼ 3.00, 95% CI ¼ 2.17 to 4.16, P< .001; and OR¼ 1.22, 95% CI ¼
1.07 to 1.4, P¼ .004, respectively). Less than 10% of patients re-
ceived care at an NCI center (7.9% of non-Hispanic whites, 7.4%
of blacks, and 8.4% of Hispanics). Teaching hospitals were the
most common site of treatment for non-Hispanic whites and
blacks, with 47.2% of non-Hispanic whites, 56.7% of blacks, and
41% of Hispanics receiving their treatment from a teaching hos-
pital. The remainder received their care at nonteaching, non-
NCI facilities (Figure 3). Additional factors associated with a
lower likelihood of PET use included higher census tract poverty
level, lower census tract education level, more comorbidity, and
whether additional MRI imaging of the brain was also obtained
(Table 1).

Survival

Table 2 reports hazard ratios for CSS. After controlling for demo-
graphics, socioeconomic factors, stage, initial imaging, and
treatment, black patients are less likely to die (HR¼ 0.84, 95% CI

Pa�ents age 66 and older at diagnosis, whose first and only primary tumor 
was NSCLC (C34.0, C34.1, C34.2, C34.3, C34.8, C34.9) diagnosed from 2007 

to 2015:
137 882 

Diagnosis source other than autopsy, with known diagnosis date:
137 282 

Excluded: 600

Excluded: 70 261

Con�nuously enrolled in Medicare fee-for-service Part A and Part B and Part 
D from 12 months before diagnosis through 12 months a�er diagnosis or 

death:
37 287 

At least one paid claim in the 12 months a�er diagnosis:
37 143 

Excluded: 144 

Survived at least 2 months:
107 548 

Excluded: 29 734

CT alone, PET with CT, PET without CT:
36 469 

CT alone
8 888 

PET with or without CT
27 581 

Excluded: 674

Figure 1. Sample derivation. Newly diagnosed non-small cell lung cancer (NSCLC) in patients 66 years and older who survived at least 2 months and continuously par-

ticipated in Medicare fee-for-service for 12 months before and following diagnosis. CT ¼ computerized tomography imaging; PET ¼ positron emission tomography

imaging.
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Table 1. Descriptive statistics, SEER-Medicare, 2007–2015

Characteristic
Overall CT alone PET with or without CT Patients with PET

P*No. (%) No. (%) No. (%) %

Total 36 469 8888 27 581 75.6 —
Year of diagnosis

2007 3768 (10.3) 1174 (13.2) 2594 (9.4) 68.8 <.001
2008 3764 (10.3) 1097 (12.3) 2667 (9.7) 70.9
2009 3769 (10.3) 1015 (11.4) 2754 (10) 73.1
2010 3772 (10.3) 942 (10.6) 2830 (10.3) 75
2011 3814 (10.5) 919 (10.3) 2895 (10.5) 75.9
2012 4159 (11.4) 1010 (11.4) 3149 (11.4) 75.7
2013 4625 (12.7) 976 (11) 3649 (13.2) 78.9
2014 4748 (13) 951 (10.7) 3797 (13.8) 80
2015 4050 (11.1) 804 (9.1) 3246 (11.8) 80.1

Age, y
66–69 7942 (21.8) 1710 (19.2) 6232 (22.6) 78.5 <.001
70–74 10 342 (28.4) 2282 (25.7) 8060 (29.2) 77.9
75 and older 18 185 (49.9) 4896 (55.1) 13 289 (48.2) 73.1

Sex
Female 19 972 (54.8) 4910 (55.2) 15 062 (54.6) 75.4 .30
Male 16 497 (45.2) 3978 (44.8) 12 519 (45.4) 75.9

Race or ethnicity
Non-Hispanic white 28 881 (79.2) 6387 (71.9) 22 494 (81.6) 77.9 <.001
Non-Hispanic black 3123 (8.6) 1145 (12.9) 1978 (7.2) 63.3
Hispanic 1907 (5.2) 581 (6.5) 1326 (4.8) 69.5
Other 2558 (7) 775 (8.7) 1783 (6.5) 69.7

Marital status
Not married 19 470 (53.4) 5446 (61.3) 14 024 (50.9) 72 <.001
Married or partnered 16 999 (46.6) 3442 (38.7) 13 557 (49.2) 89.8

Geographic region
East 7639 (21) 1803 (20.3) 5836 (21.2) 76.4 <.001
Midwest 4509 (12.4) 1059 (11.9) 3450 (12.5) 76.5
South 10 538 (28.9) 2461 (27.7) 8077 (29.3) 76.6
West 13 783 (37.8) 3565 (40.1) 10 218 (37.1) 74.1

Patient residence†

Urban 31 427 (86.3) 7702 (86.8) 23 725 (86.1) 75.5 .11
Rural 5002 (13.7) 1173 (13.2) 3829 (13.9) 76.5

Census tract poverty‡

Less than median level 18 255 (50.2) 4030 (45.5) 14 225 (51.7) 77.9 <.001
Greater than or equal to median level 18 126 (49.8) 4819 (54.5) 13 307 (48.3) 73.4
Census tract education
Less than median level 18 227 (50.1) 4088 (46.2) 14 139 (51.4) 77.6 <.001
Greater than or equal to median level 18 154 (49.9) 4761 (53.8) 13 393 (48.6) 73.8

Charlson Comorbidity Index
0 17 158 (47.1) 3848 (43.3) 13 310 (48.3) 77.6 <.001
1 8548 (23.4) 2030 (22.8) 6518 (23.6) 76.3
2 or more 10 763 (29.5) 3010 (33.9) 7753 (28.1) 72

Facility of first treatment
NCI center 3092 (8.5) 489 (5.5) 2603 (9.5) 84.2 <.001
Teaching hospital 17 250 (47.4) 4068 (46) 13 182 (47.9) 76.4
Other facility 16 043 (44.1) 4278 (48.4) 11 765 (42.7) 73.3

AJCC Stage Group 6th ed.
Stage I 9974 (27.4) 1657 (18.7) 8317 (30.2) 83.4 <.001
Stage II 1862 (5.1) 230 (2.6) 1632 (5.9) 87.6
Stage III 8971 (24.7) 1926 (21.8) 7045 (25.6) 78.5
Stage IV 13 237 (36.4) 4226 (47.7) 9011 (32.7) 68.1
Unknown stage 2351 (6.5) 817 (9.2) 1534 (5.6) 65.2

Type of treatment
No treatment 6011 (16.5) 3097 (34.8) 2914 (10.6) 48.5 <.001
Radiation 6391 (17.5) 1704 (19.2) 4687 (17) 73.3
Surgery 6545 (18) 1082 (12.2) 5463 (19.8) 83.5
Chemotherapy 4595 (12.6) 1141 (12.8) 3454 (12.5) 75.2

Surgery and radiation 473 (1.3) 59 (0.7) 414 (1.5) 87.5
Chemotherapy and radiation 9611 (26.4) 1541 (17.3) 8070 (29.3) 84

(continued)
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¼ 0.75 to 0.94; P¼ .002). Hispanic patients had a hazard ratio
similar to that of white patients and it was not statistically sig-
nificant. In patients with squamous cell carcinoma histology,
PET was associated with a lower probability of death (HR¼ 0.61,
95% CI ¼ 0.57 to 0.65; P< .001). Likewise, in patients with other
histologies, the CSS for patients who had PET was about twice
that of patients without a PET (HR¼ 0.62, 95% CI ¼ 0.60 to 0.65;
P< .001) after the first year. Combining all histologies, the prob-
ability of survival at 12 months was more than 20% higher in
patients imaged with PET than those imaged with CT alone
(Figure 4A).

In assessments of OS, 54.8% of all patients survived the first
12 months after diagnosis. In patients with squamous cell carci-
noma histology and who had PET imaging with or without CT
vs CT alone, those who had a PET had a lower probability of
death (HR¼ 0.63, 95% CI ¼ 0.59 to 0.67; P< .001) (Figure 4A).
Findings were similar for patients with other histologies who
also had a PET compared with similar patients who did not re-
ceive PET imaging (Figure 4B).

Discussion

One-fourth of patients with newly diagnosed NSCLC do not re-
ceive PET imaging. Within this sample, blacks and Hispanics
had a statistically significantly lower rate of PET imaging com-
pared with non-Hispanic whites for every stage. This discrep-
ancy was greatest for stage IV squamous cell carcinoma, where
75% of non-Hispanic whites received a PET compared with only
58% of blacks and 62% of Hispanics. The potential impact of our
findings on changing practice patterns and improving outcomes
is considerable.

Ensuring equity in the US health-care system is a top priority
for the National Academy of Medicine but remains a practical
challenge to implement (14). We identified PET imaging as a po-
tential contributing factor to racial differences in NSCLC sur-
vival. Improving the rate PET imaging is a targetable
intervention with considerable supporting evidence of its bene-
fit (4,10,15–17). For example, PET imaging improves staging, as
shown by a prior study where PET increased the stage of disease
in approximately 10% of patients (11). Blacks and Hispanics are
diagnosed at later stages compared with non-Hispanic whites,
which, given our results of PET use differences, suggests prior
reports may underestimate racial and ethnic differences in

stage at diagnosis (1,11,18). Our findings suggest that equitable
use of PET imaging may more accurately stage the disease, lead-
ing to more appropriate guideline-concordant care, and ulti-
mately reduce the NSCLC survival gap currently reported
between ethnic groups.

Prior studies identified an association between race and PET
usage in NSCLC (19). A Veterans Health Administration multi-
site, prospective, observational study (CanCORS) from 2003 to
2005 showed 13% less PET usage in non-whites and Hispanics.
Although this study drew from only four geographic regions
and Veteran Health Administration patients are more likely to
be from racial and ethnic minority groups, it does demonstrate
that the issue is found outside of the Medicare population (20).
In addition, these data were published nearly a decade ago, yet
the disparate trends in PET usage continue and are independent
of differences in income, education, insurance coverage, or
health-care setting. These data collectively suggest that factors
inherent to medical practice may explain why PET was used
less frequently in insured blacks and Hispanics.

Our data showed that patients receiving treatment at NCI-
designated centers were more likely to undergo PET imaging at
diagnosis at a rate almost 10% higher than teaching or commu-
nity hospitals. This supports previous research demonstrating
better adherence to practice guidelines for NCI centers vs other
hospitals (21). The commitment to treatment guidelines may
also contribute to the survival benefits previously reported for
patients receiving care at a NCI-designated center (22,23).
Although our study supports these prior reports, it is important
to note the three groups had a similar rate of use at NCI centers.
The differences in PET use and survival cannot be explained by
differences in treatment location.

Our findings are relevant to clinical practice, both in support
of current guidelines and in confronting the problem of consid-
erable racial and ethnic disparity. Health-care providers who
stage patients with newly diagnosed NSCLC should be aware
not only of the impact of PET imaging and its association with
improved CSS and OS but also of the racial and ethnic gap in
PET usage. Although the cause for the disparity in imaging use
for blacks and Hispanics is unknown, one factor that may con-
tribute to this difference is unconscious or institutional bias. A
prior systematic review found 35 studies demonstrating implicit
bias in health-care professionals, with 42 studies showing a sta-
tistically significant positive correlation between the level of

Table 1. (continued)

Characteristic
Overall CT alone PET with or without CT Patients with PET

P*No. (%) No. (%) No. (%) %

Chemotherapy and surgery 1738 (4.8) 185 (2.1) 1553 (5.6) 89.4
Chemotherapy, surgery, and radiation 1105 (3.0) 79 (0.9) 1026 (3.7) 92.9

MRI brain imaging
No MRI 21 503 (59) 6130 (69) 15 373 (55.7) 71.5 <.001
MRI 14 966 (41) 2758 (31) 12 208 (44.3) 81.6

Histology
Other NSCLC 25 155 (69) 6514 (73.3) 18 641 (67.6) 74.1 <.001
Squamous cell 11 314 (31) 2374 (26.7) 8940 (32.4) 79

*P value comparing PET with or without CT vs CT alone using a two-sided chi-square test. AJCC ¼ American Joint Committee on Cancer; CT ¼ computerized tomogra-

phy imaging; MRI ¼Magnetic Resonance Imaging; NCI ¼ National Cancer Institute; NSCLC ¼ non-small cell lung cancer; PET ¼ positron emission tomography imaging;

SEER ¼ Surveillance, Epidemiology, and End Results.

†Urban or rural classification is based on US Department of Agriculture’s Rural Urban Commuting Area Codes.

‡Area-level poverty defined at the census tract, and for those with few observations area level is at the zip code.
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B

Figure 2. Positron emission tomography imaging (PET) use by stage and race. A) Use of PET with or without computerized tomography imaging (CT) by stage and race

or ethnicity for squamous cell carcinoma. B) Use of PET with or without CT by stage and race or ethnicity for all other histologies of non-small cell lung cancer (NSCLC).

Stage based on American Joint Committee on Cancer Staging system. NH ¼ non-Hispanic.
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implicit bias and lower quality of care (24). The simple step of
being aware of potential unconscious bias can influence clini-
cians’ delivery of care to patients (25).

Recently, PET overuse has been a subject of controversy. A
2016 study using lung and esophageal SEER-Medicare datasets
reported no change in CSS when PET is used to evaluate tumor
recurrence (26). These data triggered a debate in the literature
questioning the overusage of PET imaging in these disease sub-
sites. Our data specific to NSCLC and the collective published
body of evidence, however, show that PET usage for diagnosis
and treatment management is associated with improved CSS
(10,11,15–17). It is important to note that the Centers for
Medicaid and Medicare Services continues to support PET usage
for staging and treatment management (27). Additionally, mul-
tiple international guidelines, including the NCCN, European
Society for Medical Oncology, Pan-Asian-adapted Clinical
Practice Guidelines, and the American College of Radiology
Appropriateness Criteria, support the usage of PET at diagnosis
of NSCLC (4,6–8). This level of support is due to numerous prior
studies demonstrating PET imaging often alters patient man-
agement or serves as a prognostic marker for future outcomes
(10,11,15–17). Our results show PET with or without CT imaging
is associated with statistically significant improvement in sur-
vival, for all stages, compared with patients imaged with CT
alone, supporting prior studies.

Our study has limitations. Our analyses were based on SEER
registry data in a Medicare fee-for-service population with re-
quired coverage 12 months before and following diagnosis, de-
creasing our sample and limiting generalizability to all
Medicare patients. Application to younger patients or patients
with other forms of insurance (or uninsured) requires further
study. By limiting the sample to patients who underwent PET
with CT imaging during the diagnostic period, we are biasing

toward the null. Improved disease detection by PET could lead
to stage migration and spurious improvement in survival rates.
SEER registries are reported to have greater economic disadvan-
tage and greater racial and ethnic diversity, which may limit the
results’ generalizability to the national population (28).
Although our multivariable analysis controlled for numerous
independent variables such as age, stage, sex, and facility, there
may be unobservable characteristics that also affect the dispa-
rate usage of PET (19).

Blacks and Hispanic patients with newly diagnosed NSCLC
are imaged with PET at a lower rate than their non-Hispanic
white counterparts. These findings may contribute to poorer
outcomes for racial and ethnic minorities but also suggest a
path forward to combat racial inequality in health care. Further
studies to identify underlying causes of this racial and ethnic
disparity in PET imaging are warranted.
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Figure 3. Utilization of positron emission tomography imaging (PET) with or without computerized tomography imaging (CT) by race or ethnicity and treatment facility.

NH ¼ non-Hispanic; NCI ¼ National Cancer Institute.
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Table 2. Multivariable analysis of CSS† for squamous cell carcinoma and all other types of NSCLC‡, SEER-Medicare, 2007–2015

Characteristics
Squamous cell carcinoma NSCLC (N¼ 11 257) All other NSCLC (N¼ 25 001)

Hazard ratio (95% CI) Hazard ratio 95% CI

Age
66–69 1.00 (Referent) 1.00 (Referent)
70–74 1.00 (0.92 to 1.08) 1.07 (1.01 to 1.14)
75 and older 1.06 (0.98 to 1.15) 1.13* (1.07 to 1.19)

Sex
Male 1.00 (Referent) 1.00 (Referent)
Female 0.85* (0.79 to 0.91) 0.76* (0.73 to 0.80)

Race or ethnicity
White non-Hispanic 1.00 (Referent) 1.00 (Referent)
Black non-Hispanic 0.84* (0.75 to 0.94) 0.89* (0.83 to 0.96)
Hispanic 0.95 (0.82 to 1.11) 0.91* (0.83 to 0.99)
Other 0.99 (0.86 to 1.14) 0.74* (0.68 to 0.81)

Marital status
Married or partnered 1.00 (Referent) 1.00 (Referent)
Not married 1.06 (0.99 to 1.13) 1.08* (1.03 to 1.13)

Patient residence§

Urban community 1.00 (Referent) 1.00 (Referent)
Nonurban community 1.10* (1.00 to 1.21) 1.01 (0.94 to 1.08)

Census tract povertyk

Less than median 1.00 (Referent) 1.00 (Referent)
Greater than or equal to median 1.00 (0.94 to 1.08) 1.02 (0.97 to 1.07)

Census tract education
Less than median 1.00 (Referent) 1.00 (Referent)
Greater than or equal to median 1.00 (0.93 to 1.07) 1.05 (1.00 to 1.10)

Charlson Comorbidity
0 1.00 (Referent) 1.00 (Referent)
1 0.96 (0.88 to 1.05) 1.09* (1.03 to 1.15)
2 or more 0.99 (0.91 to 1.07) 1.13* (1.07 to 1.19)

Type of facility
Nonteaching 1.00 (Referent) 1.00 (Referent)
NCI center 0.88 (0.74 to 1.04) 0.76* (0.69 to 0.83)
Teaching hospital 1.00 (0.93 to 1.07) 0.98 (0.94 to 1.03)

Initial imaging
CT alone 1.00 (Referent) 1.00 (Referent)
PET 0.61* (0.57 to 0.65) 0.62* (0.60 to 0.65)

MRI brain imaging
No MRI 1.00 (Referent) 1.00 (Referent)
MRI 1.24* (1.17 to 1.32) 1.19* (1.14 to 1.24)

AJCC Stage Group 6th ed.
Stage I þ 1.00 (Referent) 1.00 (Referent)
Stage II 1.91* (1.65 to 2.22) 2.58* (2.18 to 3.05)
Stage III 2.79* (2.49 to 3.13) 3.98* (3.57 to 4.45)
Stage IV 4.79* (4.25 to 5.39) 6.48* (5.81 to 7.22)

Treatment
No treatment 1.00 (Referent) 1.00 (Referent)
Chemotherapy 0.69* (0.61 to 0.77) 0.64* (0.60 to 0.69)
Chemotherapy, surgery, and radiation 0.33* (0.27 to 0.41) 0.34* (0.29 to 0.40)
Chemotherapy and radiation 0.57* (0.52 to 0.63) 0.60* (0.57 to 0.65)
Chemotherapy and surgery 0.16* (0.12 to 0.22) 0.23* (0.19 to 0.27)
Radiation 0.84* (0.76 to 0.93) 1.05 (0.99 to 1.13)
Surgery 0.29* (0.24 to 0.35) 0.28* (0.24 to 0.32)
Surgery and radiation 0.62* (0.46 to 0.84) 0.63* (0.50 to 0.79)

*P < .05. AJCC ¼ American Joint Committee on Cancer; CI ¼ confidence interval; CSS ¼ cancer-specific survival; CT ¼ computerized tomography imaging; MRI ¼
Magnetic Resonance Imaging; NCI ¼ National Cancer Institute; NSCLC ¼ non-small cell lung cancer; PET ¼ positron emission tomography imaging; SEER ¼
Surveillance, Epidemiology, and End Results.

†CSS was estimated using Cox proportional hazards model.

‡Year of diagnosis and registry site were included in the multivariable analysis.

§Urban or rural classification is based on US Department of Agriculture’s Rural Urban Commuting Area Codes.

kArea-level poverty defined at the census tract, and for those with few observations area level is at the zip code.
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A

B

Figure 4. Survival curves comparing computerized tomography imaging (CT)

and positron emission tomography imaging (PET) with or without CT. A)

Cancer-specific Kaplan-Meier survival curves comparing CT alone vs PET. P

value was generated using the two-sided log-rank test method. B) Overall

Kaplan-Meier survival curves comparing CT alone vs PET. P value was generated

using the two-sided log-rank test method.
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