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eTable 1. Definitions of Prostate Biopsy, Physician Specialty, and Type of Primary Cancer-
Directed Therapy 

Variable Definition 

Prostate biopsy CPT/HCPCS code 55700, 55705, or 55706; or ICD-9 procedure code 

60.11 

Urologist AMA specialty code 1002; or Medicare claims physician specialty code 

34  

Radiation oncologist  AMA specialty code 1019; or Medicare claims provider specialty code 

92; or UPIN with CPT/HCPCS code 77261-3, 77280, 77285, 77290, 

77295, 77299-301, 77305, 77310, 77315, 77321, 77326-88, 77331-4, 

77338, 77366, 77370-3, 77399, 77417, 77418, 77421, 77427, 77431-2, 

77435, 77520, 77522-3, 77525, 77761, 77762-3, 77776-8, 77785-7, 

77790, 77401-409, or 77411-416 

Radical 

prostatectomya 

SEER site-specific surgery code 30, 50, 70, or 80; or Medicare claims 

ICD-9 procedure code 60.3, 60.4, or 60.5; or CPT/HCPCS code 55810, 

55812, 55815, 55840, 55842, 55845, or 55866 

Radiotherapya SEER radiotherapy classified as external beam radiotherapy or 

brachytherapy; or Medicare claims ICD-9 procedure code 92.21-92.27, 

92.3, or 92.30-92.39; or CPT/HCPCS code 55860, 55862, 55865, 55875, 

77373, 77401-77416, 77418, 77422, 77520, 77522-77525, 77761-77799, 

G0174, or 0182T 

Cryotherapy Medicare claims ICD-9 procedure code 60.62; or CPT/HCPCS code 

55873 

Androgen deprivation 

therapyb 

Medicare claims CPT/HCPCS code 54520, 54690, J0128, J1675, J1950, 

J9202, J9217, J9218, J9219, J9225, J9155, J3315, C9430, C9216, 

S0165, Q2020, S0133, or S9560; or ICD-9 code 62.4, 62.41, 62.42, or 

99.24 

Surveillance PSA Medicare claims CPT/HCPCS code 84152, 84153, 84154, or G0103 



 

 
 

testingc 

Abbreviations: AMA, American Medical Association; CPT, Current Procedural Terminology; 

HCPCS, Healthcare Procedural Coding System; ICD, International Classification of Diseases; 

PSA, prostate-specific antigen; SEER, Surveillance, Epidemiology, and End Results; UPIN, 

unique physician identification number. 

aIf patient received both prostatectomy and radiotherapy, primary treatment was classified as 

prostatectomy. 

bPrimary therapy classified as androgen deprivation therapy if patient received androgen 

deprivation therapy without local therapy (prostatectomy, radiotherapy, or cryotherapy). 

cPSA test performed 4-12 months after diagnosis in men whose disease was managed with 

observation. 

  



 

 
 

eTable 2. Management Strategy for Low-Risk Prostate Cancer by Agea 

     66-70 Years 71-75 Years 76-80 Years >80 Years 

    Primary Management n % n % n % n % 

        
Observation 697 13.8 740 17.9 647 30.0 319 44.9 

Prostatectomy 1349 26.6 453 11.0 >40b >2b <11b <1b 

Brachytherapy 1212 23.9 1068 25.9 427 19.8 67 9.4 

External beam radiotherapy (EBRT) 1263 24.9 1354 32.8 731 33.9 165 23.2 

EBRT and brachytherapy 353 7.0 276 6.7 >100b >4b <20b <3b 

Cryotherapy 120 2.4 132 3.2 64 3.0 24 3.4 
Primary androgen deprivation 
therapy 

74 1.5 108 2.6 132 6.1 120 16.9 

aP-value < 0.001. 
bExact percentage not reported to protect patient confidentiality because it would identify a group of 10 or fewer men. 

 

 



 

 
 

eTable 3. Multilevel Analyses Evaluating the Relative Contributions of the Diagnosing 

Urologist and Patient-Level Fixed Effects to the Variance in the Rate of Observation 

  

Model All Patients cT1 Patients 
Non-

prostatectomy 
Patients	

 Number of patients 11,927 8753 10,094 
 Number of urologists 2108 1921 1996 
 ICC-residuala 15.3 15.6 18.3 
Further variance partitionsb    
 Urologists 16.1 16.2 18.1 
 Patient fixed effectsc 7.9 6.5 5.7 
aThe interclass coefficient (ICC)-residual was calculated from multilevel logistic regression 

model with the fixed effect variables, assuming a urologist-level random effect. The covariance 

estimate for random intercept (τ2) was used to estimate the percentage of variance attributable to 

urologists with the formula τ2/(τ2+π2/3). 

bThe variance partitions in urologist and patient fixed effects were calculated from multilevel 

mixed effect logistic regression model, with only patient-level fixed effect variables included, 

assuming a urologist-level random effect. The variance of the linear predictor of fixed effect 

variables (σF
2) was considered variance for patient fixed effect variables. The variance 

attributable to urologists was calculated by τ2/(σF
2 + τ2+π2/3), and the variance attributable to 

patient-level fixed effects was calculated by σF
2/(σF

2 + τ2+π2/3). 

cPatient fixed effect covariates were age, race/ethnicity, comorbidity, Medicaid coverage, clinical 

tumor category, and prostate-specific antigen level. 

  



 

 
 

eTable 4. Characteristics of 870 Radiation Oncologists and 7554 Patients With Low-Risk 

Prostate Cancer 

Characteristic 
Number of 
Individuals

% 

Physician characteristics 
Sex 

Female 129 14.8 

Male 741 85.2 

Decade of graduation 
Prior to 1980 235 27.0 

1980-1989 309 35.5 

After 1989 326 37.5 

US training 
Yes 745 85.6 

No 125 14.4 

Degree 
MD 858 98.6 

DO 12 1.4 

Board certified 
Yes 841 96.7 

No 29 3.3 

Patient volume 
Lowest tertile 325 37.4 

Middle tertile 286 32.9 

Highest tertile 259 29.8 

Patient characteristics 
Age, years 

66-70 3090 40.9 

71-75 2812 37.2 

76-80 1342 17.8 

>80 310 4.1 

 Race/ethnicity   

  Non-Hispanic white 6136 81.2 

  Hispanic 390 5.2 

  Non-Hispanic black 652 8.6 

  Non-Hispanic other 376 5.0 

 Comorbidity score   

  0 5144 68.1 

  1 1677 22.2 

  2+ 733 9.7 

 Medicaid coverage   

  No 6995 92.6 

  Yes 559 7.4 



 

 
 

eTable 4 (continued). Characteristics of 870 Radiation Oncologists and 7554 Patients With 

Low-Risk Prostate Cancer 

Characteristic 
Number of 
Individuals

% 

Patient characteristics 
Clinical tumor (cT) category 

cT1 5804 76.8 
cT2 1750 23.2 

 PSA level, ng/mL   
  < 4 1226 16.2 
  4-10 6328 83.8 

Diagnosis year 
2006 2130 28.2 

2007 2116 28.0 

2008 1747 23.1 

2009 1561 20.7 

Registry 
Californiaa 1782 23.6 
Connecticut 420 5.6 
Detroit 226 3.0 
Georgiab 1280 16.9 
Hawaii 77 1.0 
Iowa 347 4.6 
Kentucky 482 6.4 
Louisiana 606 8.0 
New Jersey 1622 21.5 
New Mexico 113 1.5 
Seattle 422 5.6 
Utah 177 2.3 

 Primary management   
  Observation 642 8.5 

  Prostatectomy 341 4.5 

  Brachytherapy 2535 33.6 

  EBRT 3162 41.9 

  EBRT and brachytherapy 709 9.4 

  Cryotherapy 27 0.4 

  Primary androgen deprivation therapy 138 1.8 
Abbreviation: EBRT, external beam radiotherapy; PSA, prostate-specific antigen. 
aGreater California, Los Angeles, San Francisco-Oakland, and San-Jose Monterey. 
bAtlanta and Rural Georgia. 

  



 

 
 

eTable 5. Radiation Oncologist and Patient Characteristics Associated With Observationa  

Characteristic 
Number of 
Oncologists

Number 
of Patients 

% of Radiation 
Oncologists’ 
Patients with 

Disease Managed 
with Observation 

% of Patients with 
Disease Managed 
with Observation 

Adjusted Odds 
Ratio p Value 

Physician characteristics             

  Degree 
  Doctor of Medicine 858 --- 8.6 --- [reference] 

    
Doctor of Osteopathic 
Medicine 

12 --- 3.4 --- 0.22 (0.06-0.78) 0.019 

Patient Characteristics   
  Age, years  

  66-70 --- 3090 --- 6.8 [reference] 
  71-75 --- 2812 --- 8.1 1.23 (1.02-1.48) 0.033 
  76-80 --- 1342 --- 10.7 1.75 (1.38-2.22) <0.001 
  >80 --- 310 --- 19.7 3.77 (2.85-4.99) <0.001 
  Race/ethnicity   
  Non-Hispanic white --- 6136 --- 8.3 [reference] 
  Hispanic --- 390 --- 6.7 0.76 (0.52-1.12) 0.162 
  Non-Hispanic black --- 652 --- 8.0 1.06 (0.81-1.40) 0.661 
    Non-Hispanic other --- 376 --- 14.1 1.79 (1.22-2.62) 0.003 
  Comorbidity score   

  0 --- 5144 --- 8.2 [reference] 
  1 --- 1677 --- 8.7 1.05 (0.87-1.27) 0.603 
    2+ --- 733 --- 9.8 1.17 (0.91-1.52) 0.218 
 Clinical tumor (cT) category       
  cT1 --- 5804 --- 7.9 [reference]  
  cT2 --- 1750 --- 10.3 1.20 (1.00-1.45) 0.051 
 PSA level, ng/mL       
  <4 --- 1226 --- 10.5 [reference]  
  4-10 --- 6328 --- 8.1 0.81 (0.65-1.01) 0.059 



 

 
 

eTable 5 (continued). Radiation Oncologist and Patient Characteristics Associated With Observationa 

Characteristic 
Number of 
Oncologists

Number 
of Patients 

% of Radiation 
Oncologists’ 
Patients with 

Disease Managed 
with Observation 

% of Patients with 
Disease Managed 
with Observation 

Adjusted Odds 
Ratio p Value 

Patient characteristics   
  Diagnosis year    
    2006 --- 2130 --- 7.3 [reference]  
  2007 --- 2116 --- 7.7 1.06 (0.85-1.34) 0.588 
  2008 --- 1747 --- 8.2 1.30 (1.04-1.63) 0.022 
  2009 --- 1561 --- 11.6 1.95 (1.56-2.43) <0.001 
  Registry 
  Californiab --- 1782 --- 10.8 [reference] 
  Connecticut --- 420 --- 10.2 1.20 (0.75-1.92) 0.450 
  Detroit --- 226 --- 8.9 0.91 (0.48-1.71) 0.763 
  Georgiac --- 1280 --- 6.1 0.65 (0.44-0.96) 0.029 
  Hawaii --- 77 --- d 0.02 (0.00-0.05) <0.001 
  Iowa --- 347 --- 3.8 0.37 (0.20-0.71) 0.003 
  Kentucky --- 482 --- 4.6 0.45 (0.26-0.81) 0.007 
  Louisiana --- 606 --- 7.4 0.55 (0.30-1.00) 0.050 
  New Jersey --- 1622 --- 7.9 0.72 (0.50-1.02) 0.066 
  New Mexico --- 113 --- 15.9 1.73 (0.99-3.03) 0.055 
  Seattle --- 422 --- 14.0 1.63 (0.90-2.95) 0.107 
    Utah --- 177 --- 12.4 1.43 (0.84-2.44) 0.189 

Abbreviation: PSA, prostate-specific antigen. 
aHierarchical (patients nested within radiation oncologists) mixed effects multivariable model evaluating 870 radiation oncologists and 7554 of their patients. 

Patients and physicians with unknown covariates were excluded. Age, race/ethnicity, comorbidity, cT category, and PSA level were included on the basis of prior 

studies in the literature. Inclusion of additional patient characteristics (Medicaid coverage, registry) and radiation oncologist characteristics (decade of 

graduation, training location, degree, board certification, treatment volume) was considered using backward selection with p-value cutoff of 0.1.  
bGreater California, Los Angeles, San Francisco-Oakland, and San-Jose Monterey. 



 

 
 

cAtlanta and Rural Georgia. 
dExact percentage not reported to protect patient confidentiality because it would identify a group of 10 or fewer men. 



 

 
 

eTable 6. Multilevel Analyses Evaluating the Relative Contributions of the Radiation Oncologist 

and Patient-Level Fixed Effects to the Variance in the Rate of Observation 

  

Model All Patientsd cT1 Patients 
Non-

prostatectomy 
Patients	

 Number of patients 7554 5804 7213 

 
Number of radiation 
oncologists 

870 771 847 

 ICC-residuala 18.8 17.7 20.1 
Further variance partitionsb    
 Radiation oncologists 19.0 18.3 20.0 
 Patient fixed effectsc 3.2 2.4 2.9 
aThe interclass coefficient (ICC)-residual was calculated from multilevel logistic regression 

model with the fixed effect variables, assuming a radiation oncologist-level random effect. The 

covariance estimate for random intercept (τ2) was used to estimate the percentage of variance 

attributable to radiation oncologists with the formula τ2/(τ2+π2/3).  

bThe variance partitions in radiation oncologist and patient fixed effects were calculated from 

multilevel mixed effect logistic regression model, with only patient-level fixed effect variables 

included, assuming a radiation oncologist-level random effect. The variance of the linear 

predictor of fixed effect variables (σF
2) was considered variance for patient fixed effect variables. 

The variance attributable to radiation oncologists was calculated by τ2/(σF
2 + τ2+π2/3), and the 

variance attributable to patient-level fixed effects was calculated by σF
2/(σF

2 + τ2+π2/3). 

cPatient fixed effect covariates were age, race/ethnicity, comorbidity, Medicaid coverage, clinical 

tumor category, and prostate-specific antigen level. 

dIn sensitivity analysis that used an alternative definition of consulting radiation oncologist (first 

radiation oncologist seen by the patient), 17.8% of the variance in management choice was 

attributable to radiation oncologists, and 3.1% of the variance was attributable to patient fixed 

effects. 

  



 

 
 

eAppendix. Additional Discussion 

 It is not known how primary care providers select urologists for evaluation of their 

patients with an elevated prostate-specific antigen (PSA) level or how primary care providers 

select urologists and radiation oncologists for treatment of their patients with prostate cancer.  It 

is possible that primary care providers select different physicians for different patients.  We 

could not measure primary care provider preferences that may impact urologist and radiation 

oncologist variation in management of low-risk prostate cancer with observation. However, 

patient factors that may drive a primary care provider to select a specific physician, such as age, 

comorbidity, and PSA level, were taken into account in our analyses. 

 The public reporting of the proportion of eligible patients who have their disease 

managed with observation would empower primary care providers and their patients to seek out 

urologists and radiation oncologists who use observation to manage low-risk prostate cancer in 

suitable patients.  Although few providers in our study had case-adjusted rates of observation 

that were different from the mean case-adjusted rate of observation, our study demonstrated 

clinically meaningful provider variation in the proportion of patients with observation.  When 

selecting physicians, primary care providers and patients may wish to balance information on 

frequency of observation with other factors, such as treatment complication rates, follow-up of 

patients after treatment, and correspondence with primary care providers.  Selection of prostate 

cancer physicians by primary care providers and patients is likely a complex process.  Research 

is needed to understand this process in order to leverage this important decision point. 

Reporting of the proportion of eligible patients who have their disease managed with 

observation would allow physicians to benchmark themselves against national practice patterns 

and might positively influence physician treatment patterns.1  The proportion of eligible patients 

whose disease is managed with observation could be considered as a quality metric. However, 

the appropriate selection of men for observation is evolving, and up-front treatment is 

appropriate for some men with low-risk prostate cancer.  Therefore, a better quality metric may 

be discussion of observation as a treatment option.  The integration of patient decision aids into 

clinical practice may help facilitate the discussion.  Patient decision aids that neutrally present 

the benefits and harms of the full array of prostate cancer management options to men with low-

risk prostate cancer have the potential to increase utilization of observation in suitable patients.2 



 

 
 

 In our study, patients who saw both a radiation oncologist and a urologist were less likely 

to have their disease managed with observation than were patients who just saw a urologist.  We 

postulate that this is because for most patients, the decision for up-front treatment versus 

observation was made after discussion with their urologist.  Patients referred for radiation 

oncology consultation on the basis of this initial conversation are presumably preselected 

because of a perceived need for or interest in radiation treatment. However, we cannot rule out 

the alternative explanation that compared with urologists, radiation oncologists are less inclined 

to endorse observation and more likely to recommend up-front treatment. 

 Patient and tumor characteristics often used to select men for observation, such as age, 

comorbid medical conditions, tumor category, and PSA level, explained only a small proportion 

of the variation in use of observation as primary management for low-risk prostate cancer.  We 

believe that unmeasured influences, including patient anxiety, opinions of significant others and 

family members, and recommendations from primary care physicians, account for unexplained 

patient variation. 
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