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Abstract

Background—To examine temporal nationwide utilization patterns and predictors for use of 

positron emission tomography–computed tomography (PET/CT) in comparison to magnetic 
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resonance imaging (MRI) and computed tomography (CT) among patients diagnosed with bladder 

cancer.

Materials and Methods—A total of 36,855 patients aged 66 years or older diagnosed with 

clinical stage TI-IV, N0M0 bladder cancer from 2004 to 2011 were analyzed. We used 

multivariable logistic regression analyses to discern factors associated with receipt of imaging 

within 12 months from diagnosis. The Cochran-Armitage test for trend was used to determine 

changes in the proportion of patients receiving imaging after cancer diagnosis.

Results—Independent of clinical stage, there was marked increase in use of PET/CT throughout 

the study period (2011 v 2004: OR 17.55, 95% CI = 10.14–30.38, P<0.001). While use of CT 

imaging remained stable during the study period, there was significantly decreased utilization of 

MRI (OR 0.60, 95% CI 0.49–0.75, P<0.001) in 2011 vs. 2004. The mean incremental cost of 

PET/CT versus CT and MRI was $1,040 and $612 (in 2016 dollars), respectively. Extrapolating 

these findings to the bladder cancer patients in U.S. results in excess spending of $11.6 million for 

PET/CT imaging.

Conclusion—We identified rapid adoption of PET/CT imaging independent of clinical stage, 

resulting in excess national spending of $11.6 million for this imaging modality alone. Further 

value-based research discerning the clinical versus economic benefits of advanced imaging among 

bladder cancer patients are needed.
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Imaging; positron emission tomography–computed tomography; PET/CT; bladder cancer

INTRODUCTION

There were an estimated 76,960 new cases and 16,390 deaths from bladder cancer in the 

United States in 20161. Clinical staging for bladder cancer commonly includes transurethral 

resection of the bladder tumor and upper tract imaging2–4. Imaging techniques such as 

positron emission tomography–computed tomography (better known as PET-CT or PET/

CT), magnetic resonance imaging (MRI), and computed tomography (CT) can improve 

preoperative staging and follow-up surveillance.

Prior studies have explored the utility of PET/CT imaging in primary bladder cancer with 

limited evidence suggesting clinical superiority5–7. Moreover, meta-analyses have suggested 

PET/CT is ‘good’ in detecting metastatic disease but could not recommend this as the 

preferred imaging modality over other imaging due to limited studies and lack of 

comparative effectiveness research7. Taking the above into account, current guidelines 

recommend CT and/or MRI as the preferred abdominal imaging modality in staging bladder 

cancer patients2–4.

The American Board of Internal Medicine’s Choosing Wisely campaign and American 

Society of Clinical Oncology’s Value of Cancer Care Task Force have collaborated to 

encourage sustainable high-quality and high-value based cancer care8. Widespread adoption 

of costlier advanced imaging modalities such as PET/CT with lack of well-documented 

superiority over other imaging techniques can have a significant impact on the national 
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health care system. Indeed, the Institute of Medicine recently conveyed a workshop aimed at 

controlling use of expensive advanced cancer care and treatments in the absence of 

comparative effectiveness research documenting superiority over less costly alternatives9. 

Utilization patterns regarding advanced imaging in bladder cancer remain largely unknown. 

Given this void in understanding we used a large population-based cancer registry to analyze 

utilization trends and costs associated with advanced imaging in bladder cancer patients.

METHODS

Database

We used the Surveillance, Epidemiology, and End Results (SEER) Medicare-linked 

database. The SEER registry, supported by the National Cancer Institute, contains patients’ 

demographic and cancer diagnosis information for approximately 30% of the U.S. 

population from 18 geographic regions, including Alaska, Arizona, Cherokee Nation, 

Connecticut, Detroit, Georgia, San Francisco-Oakland, San Jose-Monterey, Greater 

California, Hawaii, Iowa, Kentucky, Los Angeles, Louisiana, New Jersey, New Mexico, 

Seattle-Puget Sound, and Utah. The Medicare program contains health care claims and 

payments for 97% of US citizens age 65 and over. The SEER registry data is linked with 

Medicare claims data using a unique encrypted patient identifier.

Patient-Selection Criteria

The study population consisted of patients aged 66 years and older with an incident of 

bladder cancer diagnosed with clinical stage I to IV, N0, M0 transitional cell or urothelial 

carcinoma (American Joint Committee on Cancer Modified third edition; ICD-O-3 codes 

8120 and 8130) from January 1, 2004 through December 31, 2011. We excluded the 

following patients: those with a bladder cancer diagnosis from a death certificate or autopsy, 

those without pathological confirmation, those without continuous Part A and Part B 

insurance coverage within 12 months of their cancer diagnosis, those without continuous 

Part A and Part B insurance coverage until death, and finally those that had health 

maintenance organization enrollment during the same period (Supplemental Material 1).

Identification of Imaging Modalities

The primary outcome of this study was receipt of imaging which included CT, MRI and/or 

PET/CT, for the purpose of diagnosis and surveillance. This was determined using Medicare 

claims data within one year after the date of bladder cancer diagnosis. We identified the 

three imaging modalities using the following HCPCS codes: PET/CT (78815 and 78816), 

MRI (74181–74183, 74185, 76498, and 72195–72197), and CT (codes 72191–72194, 

74150–74170, 74176–74178, and 76497).

Patient Characteristics

Patient demographic information included age at cancer diagnosis (66–69, 70–74, 75–79, 

and 80 years or older), year of cancer diagnosis, race/ethnicity (non-Hispanic white, non-

Hispanic black, Hispanic, and other), marital status (single, married, and unknown), US 

census region (West, Northeast, Midwest and South), and neighborhood median household 

income (categorized into quartiles). Tumor characteristics, as reported by SEER data, 
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included clinical stage, histologic grade and presence of hydronephrosis. We used the 

modification by Klabunde et al of the Charlson Comorbidity Index to quantify severity of 

preexisting comorbidities10, 11. Treatment within one year after bladder cancer diagnosis 

was determined from the Medicare claims using both ICD (ninth revision) procedure codes 

and level II Healthcare Common Procedure Coding System (HCPCS): Current Procedural 

Terminology (CPT) codes (Supplemental Material 2).

Cost Analysis

We measured the Medicare payments to these three imaging modalities within one year after 

bladder cancer diagnosis, and all reported costs were adjusted and normalized to 2016 U.S. 

dollars using the medical care component of the Consumer Price Index12. We also 

extrapolated the national excess medical spending on advanced imaging for bladder cancer 

care. Using the estimated nationwide new cases of bladder cancer in 2016 from the SEER 

registry and its stage distribution, we multiplied the number of patients in each stage group 

by the proportion expected to receive the imaging. Finally, the number of patients who 

received advanced imaging was multiplied by the mean differences of costs between 

advanced imaging (PET/CT) and the two imaging modalities (CT and MRI).

Statistical Analysis

We compared use of imaging modalities in bladder cancer patients stratified by demographic 

and clinical variables with Pearson χ2 tests. We performed a Cochran-Armitage test for 

trend to assess changes in the proportion of patients receiving imaging after cancer 

diagnosis, and also the various types of imaging modalities utilized from 2004 to 2011. 

Multivariable logistic regression models were used to determine adjusted odds ratios for use 

of the three imaging modalities. We assessed goodness-of-fit using the Hosmer and 

Lemeshow test. All statistical analyses were conducted using the SAS (version 9.4; SAS 

Institute, Cary, NC, USA) software suite. The criterion for statistical significance was a P 
value less than 0.05. Our study was exempted for approval by The University of Texas MD 

Anderson Cancer Center and The University of Texas Medical Branch Institutional Review 

Boards.

RESULTS

Patient demographics and clinical characteristics according to imaging modality are 

presented in Table 1. In total, 24,240 (65.8%) patients received one of these three imaging 

modalities within 12 months after bladder cancer diagnosis: 1,291 (3.5%) PET/CT, 1,495 

(4.1%) MRI, and 21,454 (58.2%) CT. We also observed a greater use of PET/CT among 

female patients, residents in West region, patients diagnosed with hydronephrosis or high 

grade tumor, and patients who underwent surgery, chemotherapy, or radiation therapy.

When assessing trends in receipt of imaging, the use of PET/CT significantly increased over 

the time period of study, from < 0.5% in 2004 to 4.4% in 2011 (P trend < 0.001). At the 

same time, the percentage of patients who received an MRI significantly decreased over the 

study period (P trend < 0.001) (Figure 1). We further assessed trends in receipt of imaging 

according to clinical stage (Figure 2). PET/CT increased from 2001 to 2011 across all 
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clinical stages: I, 0.1% to 1.2%; II, 1.0% to 13.6%; III, 0.0% to 11.9%; and IV, 1.4% to 

27.0% (All P trend < 0.001), respectively (Figure 2). In contrast, utilization decreased for 

MRI (P trend = 0.08) for clinical stage I, II and IV patients, while the use of CT imaging 

techniques remained essentially unchanged.

We used multivariable logistic regression models to evaluate factors associated with 

utilization of each the three imaging modalities for patients diagnosed with bladder cancer. 

We noted a marked increase in use of PET/CT during the study period (2011 v 2004: OR 

17.55, 95% CI = 10.14–30.38, P<0.001) (Table 2). Predictors associated with an increased 

likelihood of receiving PET/CT included female vs. male gender (OR 1.28, 95% CI 1.12–

1.46, p=0.001), White vs. non-White (non-Hispanic Black: OR 0.74, 95% CI 0.55–0.99, p= 

0.047; Hispanic: OR 0.54, 95% CI 0.36–0.81, p =0.003), married v single marital status (OR 

1.21, 95% CI 1.01–1.45, p=0.034), being diagnosed with high vs. low grade tumors (OR 

1.89, 95% CI 1.56–2.28, p<0.001), clinical stage higher than I (Stage I: OR 6.17, 95% CI 

5.25–7.24, p<0.001; Stage II: OR 5.86, 95% CI 4.67–7.35, p<0.001, and Stage III: OR 

11.20, 95% CI 9.39–13.35, p<0.001), and the presence of hydronephrosis (yes vs. no OR 

1.40, 95% CI 1.15–1.70, p<0.001).

In our multivariable analysis, there was significantly decreased utilization of MRI (OR 0.60, 

95% CI 0.49–0.75, P<0.001) in 2011 vs. 2004, respectively. Predictors associated with 

increased likelihood of receiving MRI included female vs male gender (OR 1.35, 95% CI 

1.21–1.50, p=0<.001), non-White (non-Hispanic black: OR 1.50, 95% CI 1.21–1.86, p<.

001; Hispanic: OR 1.49, 95% CI 1.15–1.95, p=0.003), Northwest vs. West region (OR 1.41, 

95% CI 1.24–1.60, p<0.001), being diagnosed with high vs. low grade tumors (OR 1.41, 

95% CI 1.23–1.61, p<0.001), clinical stage II, III, and IV vs. I (Stage II: OR 6.17, 95% CI 

5.25–7.24, p<0.001; Stage III: OR 5.86, 95% CI 4.67–7.35, p<0.001, and Stage IV: OR 

11.20, 95% CI 9.39–13.35, p<0.001), hydronephrosis yes vs. no (OR 1.57, 95% CI 1.31–

1.87, p<0.001), and comorbidity score 3 or more (OR 1.38, 95% CI 1.18–1.62, P<0.001).

Predictors associated with increased likelihood of receiving CT were younger age (70–74, 

OR 0.89, 95% CI 0.82–0.96, P=0.002; 75–79, OR 0.84, 95% CI 0.78–0.90, P<0.001; 80+, 

OR 0.72, 95% CI 0.67–0.78, P<0.001; versus patients age 66–69 years old), female vs male 

gender (OR 1.40, 95% CI 1.32–1.48, p<0.001), Hispanic vs. non-Hispanic White and non-

Hispanic Black race/ethnicity (Hispanic, OR 1.19, 95% CI 1.03–1.037, p=0.015), married 

vs. single marital status (OR 1.09, 95% CI 1.01–1.17, p=0.021), highest median household 

income quartile (OR 1.12, 95% CI 1.04–1.20, p=0.002), being diagnosed with high vs. low 

grade tumors (OR 1.61, 95% CI 1.52–1.69, p<0.001), clinical stage II, III, and IV vs. I 

(Stage II: OR 3.74, 95% CI 3.39–4.13, p<0.001; Stage III: OR 5.91, 95% CI 4.81–7.26, 

p<0.001, and Stage IV: OR 6.46, 95% CI 5.42–7.70, p<0.001), and hydronephrosis yes vs. 

no (OR 1.42, 95% CI 1.25–1.61, p<0.001),

The mean incremental cost of PET/CT vs. CT and MRI was $1,040 and $612 (in 2016 

dollars), respectively. The estimated national excess in health care costs for PET/CT imaging 

compared to less costlier CT and MRI techniques was $11.6 million (Supplemental Material 

3).
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DISCUSSION

Guidelines recommend use of CT and MRI as the principle imaging in the staging and 

management of bladder cancer2–4. While there is uncertainty regarding use in metastatic 

patients, there are no evidence to suggest its clinical value in the non-metastatic setting7. In 

the present study, we assessed trends in use of PET/CT, MRI, and CT among bladder cancer 

patients. Our study revealed a significant shift in the type of imaging modality performed 

during the study period. Specifically, we observed marked 16-fold increased use of PET/CT 

regardless of clinical stage. This rapid adoption of PET/CT translated into excess national 

spending of approximately $11 million.

PET/CT has become the standard of care for other malignancies due to improved sensitivity 

and specificity over CT or MRI.13–15 However, whether or not PET/CT improves the 

accuracy in bladder cancer staging is a matter of debate. When PET/CT was used in 

detecting the primary tumor, the reported sensitivity ranged from 54% to 86.7% with a 

specificity from 25% to 100%5, 18–20. Conversely, the sensitivity dropped for PET/CT in 

preoperative staging, ranging from 46% to 60%16, 19, 21. There have been only a few studies 

that have reported PET/CT to be more sensitive than CT for preoperative staging19, 22. 

Although PET/CT may offer the ability to detect additional lesions and more frequently 

upstage patients, the final clinical impact on actual treatment changes may be relatively low 

and not adequately quantified in these studies7, 23–25. Due to the limited number of 

comparative effectiveness studies available, as well as the relatively small number of patients 

included in these studies, current guidelines do not recommend the use of PET/CT imaging 

for bladder cancer staging2–4. One major challenge of using PET in bladder cancer patients 

is that the fluorodeoxyglucose (FDG) is excreted into the urinary system, some have refuted 

this benefit as an acceptable initial imaging modality for staging bladder cancer patients.
16, 17 The recent studies have found that use of other tracers than FDG, such as C11-

methionine and C11-choline, may improve the visualization of PET imaging in bladder 

cancer.26, 27 However, further research is needed to support the application of these new 

tracers into clinical practice.

In the present study, predictors for receipt of advanced imaging largely included clinical and 

pathologic determinants. Patients with high grade tumors, >T2 or greater clinical stage, and 

those with increased comorbidities were the most likely to receive advanced imaging. Our 

finding that patients who underwent chemotherapy were more likely to receive advanced 

imaging may reflect a higher index of suspicion for more advanced disease in this 

population. Moreover, we also observed geographic variation in receipt of advanced 

imaging. Patients residing in the western US regions were significantly more likely to 

receive advanced imaging. This variability in practice patterns may be a reflection of a larger 

number of PET/CT scanners in the western region compared to other SEER regions with 

inherent improved access to this imaging and/or market influences28. A prior study have 

associated increased use of advanced imaging with physician self-referral arrangements as a 

major driver of health care costs29. Interestingly, that study was derived from a large private 

insurer in California.
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The cost difference between PET/CT and other imaging were substantial at a national level. 

Our study estimated that the excess spending on advanced imaging will impose about $12 

million in cost-expenditures. This may be an underestimate as our analysis used Medicare 

reimbursement rates for imaging which are historically lower than private insurance payers. 

The substantial economic costs of adopting advanced technology from diagnosis to 

treatment is an important issue of current health care reform30, 31. The cost of PET was only 

1.5% of the Medicare spending on cancer care, however the contribution of PET to cancer 

care spending will continue to increase due to the higher growth rate of imaging cost than 

the cost of cancer care.32 Our data highlights the need for health policy measures to limit 

utilization and the associated costs of advanced imaging which are not guideline-

recommended over less costly imaging modalities9.

Our findings must be interpreted in the context of the study design. First, the SEER-

Medicare database provides a national representative sample of elderly patients which 

findings may not be generalizable to younger populations. Second, Medicare claims data do 

not collect information on glomerular filtration rate and urine creatinine clearance. Both of 

these are determinants are often used as surrogates regarding appropriateness of using CT or 

MRI in patients with poor renal function. Third, claims data do not contain information 

regarding patient and physician preference which are important determinants in the decision-

making process on imaging selection33, 34. Fourth, we did not require a corresponding 

diagnosis code for bladder cancer when an imaging was identified since we found in the 

sensitivity analysis that only 20% bladder cancer patients received imaging billed with this 

diagnosis code which would have largely underestimated utilization of imaging. Finally, 

with limited clinical information available from claims data to determine the intent of 

advanced imaging, our study merely focused on the national trends in advanced imaging 

adoption. We made no attempt to discern trends in the appropriateness of the various 

imaging modalities used in bladder cancer. The appropriateness of various imaging 

modalities remains to be determined given recent guideline panel recommendations on 

appropriateness of use of the varying imaging modalities in bladder cancer4, 35, 36.

CONCLUSIONS

We identified rapid adoption of PET/CT imaging without comparative effectiveness research 

documenting clinical superiority over less costlier guideline-recommended imaging. These 

findings have important implications regarding health policy decision-making and the need 

for improved value-based bladder cancer care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PRACTICE POINTS

• Current European and United States Guidelines on bladder cancer 

recommend CT and/or MRI as the preferred abdominal imaging modality 

over the PET/CT in preoperative staging and follow-up surveillance.

• The American Board of Internal Medicine’s Choosing Wisely campaign and 

American Society of Clinical Oncology’s Value of Cancer Care Task Force 

have collaborated to encourage sustainable high-quality and high-value based 

cancer care.

• Data from this large population-based cancer registry analysis of utilization 

patterns and economic impact regarding advanced imaging in bladder cancer 

showed a sharp increase in the use of advanced PET/CT imaging during the 

study period, accompanied with an excess national spending of approximately 

$11 million.

• These findings suggested that value-based bladder cancer care is needed in 

community practice. Researches on comparative effectiveness of PET/CT 

imaging over less costlier imaging techniques are lacking to support 

contemporary trend of PET/CT imaging.
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Figure 1. 
Percent of patients receiving any imaging, CT, MRI, and PET/CT, after bladder cancer 

diagnosis from 2004–2011 (Any imaging: Ptrend, <0.001; CT: Ptrend, P <0.001; MRI: 

Ptrend, P <0.001; PET/CT: Ptrend, <0.001).
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Figure 2. 
Percent of patients receiving PET/CT, MRI, or CT imaging after a bladder cancer diagnosis. 

A). PET/CT (Stage I: Cochrane Armitage test of trend, P < 0.001; Stage II: Cochrane 

Armitage test of trend, P = < 0.001; Stage III: Ptrend, < 0.001; Stage IV: Ptrend, P < 0.001) 

B). MRI (Stage I: Ptrend, P = 0.001; Stage II: Ptrend, P <0.001; Stage III: Ptrend, P = 0.083; 

Stage IV: Ptrend, P = 0.031). C). CT (Stage I: Ptrend, P <0.001; Stage II: Ptrend, P = 0.379; 

Stage III: Ptrend, P = 0.658; Stage IV: Ptrend, P = 0.480).
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