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eMethods. Additional Information About the Study Sample and Instrumental Variable Analysis 

 
Sample Selection and Treatment Details 
 
 Details of the sample selection process are provided in eFigure 1. A list of the targeted therapies that were 
FDA-approved for advanced or metastatic renal cell carcinoma (mRCC) at the time of the study, and thus eligible 
for inclusion, is provided in eTable 1. 
  
Two-stage Residual Inclusion Estimation Framework for the Instrumental Variable Analysis 

 
We estimated the association between treatment choice (1 = receipt of targeted therapy; 0 = receipt of 

nontargeted therapy) and the instrumental variable (year of mRCC diagnosis), adjusting for covariates, in the first 
stage model. Residuals of the first stage model were calculated as the difference between the estimated probability 
of receiving targeted therapy and the actual treatment received. The residuals were included in the second-stage 
survival model. 

 
In the second-stage model, we used a Weibull survival model adjusted for covariates and first stage residuals 

to estimate the association between targeted therapy and survival (ie, both overall survival and RCC-specific 
survival).1-3 
 
Evaluating the Instrumental Variable 

 
eFigure 2 illustrates the percentage of all treated patients who received targeted therapy, by year of initial 

mRCC diagnosis. As expected, this percentage increased over time as targeted therapies were approved and 
incorporated into clinical care.  

 
To evaluate the validity of our choice of instrumental variable, we used first stage F-statistics to test the 

strength of the instrumental variable, with F ≥ 10 deemed a strong instrumental variable.4 Next, we used 
overidentification tests (chi-squared tests specified by Sargan5 and Basmann6) and multiple regressions to examine 
independent associations between the instrumental variable and our outcomes.  

 
As shown in eTable 2, logistic regression revealed that our choice of instrument (year of mRCC diagnosis) 

was strongly associated with patients’ type of first drug treatment (ie, nontargeted therapy vs. targeted therapy). The 
F-statistic was 18.55. As expected, patients diagnosed in later years were more likely to receive targeted therapy as 
their first treatment. 
 

Validity testing indicated that our model achieved its desired aims. In both the Cox model and Weibull 
models, shown in eTable3, we did not observe an independent association between the instrumental variable and 
overall survival or RCC-specific survival (P ≤ .05 for all models).  

 
To further test that we met the assumptions for valid instrumental variables, we checked the strength of the 

instrumental variable (based on first stage F-statistics) and the correlation between the instrumental variable and 
unmeasured confounders (based on an overidentification test) among the outcomes of 1-year, 2-year, and 3-year 
survival and follow-up time using two-stage least squares (see eTable 4). The first stage F-statistics were all larger 
than 500 and P values for Sargan or Basmann chi-squared tests were all larger than .30. Overall, the findings 
suggested that this instrumental variable was valid. 
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eFigure 1. Sample Selection Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abbreviation: ICD-0-3, International Classification of Diseases for Oncology, 3rd Edition; RCC, renal cell carcinoma. 
 
aThe Medicare Part D program began in 2006. Study patients were required to have fee-for-service Medicare coverage (prior to 
2006 before Medicare Part D was in effect) and/or fee-for-service Medicare and Medicare Part D prescription drug plan coverage 
(2006 and after) from the time of diagnosis to the time of their first treatment claim. 
  

RCC primary site (ICD-0-3 = 831X), 
First diagnosis date 2000-2011, Not 

an autopsy, stage IV (distant)  
(N = 10,499) 

Excluded: Non-clear cell 
(n = 629) 

Received drug treatment for RCC 
(n = 2,031) 

Excluded: Did not receive drug 
treatment during the study period 

(n = 7,795) 

Excluded: Did not have fee-for-
service Medicare coverage and/or 

Part D (prescription drug plan) 
coveragea 
(n = 1,016) Fee-for-service or fee-for-service and 

Part D prescription drug plan 
coverage from diagnosis through first 

treatment 
(n = 1,015) 

Excluded: Missing month of first 
diagnosis 
(n = 44) 

Month of first diagnosis not missing 
(n = 9,826) 

RCC clear cell (ICD-0-3 = 8310 or 
8312) 

(n = 9,870) 
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eFigure 2. Proportion of Treated Patients Receiving Targeted Therapy, by Year of 
Initial Metastatic Renal Cell Carcinoma Diagnosisa  
 

 
 
Abbreviation: mRCC, metastatic renal cell carcinoma. 
 
a Although targeted therapies were introduced at the end of 2005, some patients diagnosed in earlier years received them after they 
came on the market. N represents the number of patients in the study sample who were diagnosed in the given year(s). Years prior 
to 2004 were grouped together due to small sample size in some years, per the terms of the data use agreement. 
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eTable 1. FDA-Approved Targeted Therapies Available During the Study Period 
 

Generic Name FDA Approval Datea 

sorafenib December 2005 

sunitinib January 2006 

temsirolimus May 2007 

everolimus March 2009 

bevacizumab July 2009 

pazopanib October 2009 

axitinib January 2012 

 
a Indicates FDA approval date specifically for the treatment of advanced or metastatic renal cell carcinoma. 
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eTable 2. Logistic Regression: Year of Metastatic Renal Cell Carcinoma Diagnosis 
and Treatment Choice (Targeted Therapy vs Nontargeted Therapy)a 

 
Year of 

Diagnosis 
Coefficient 

(95% CI) 
Standard 

Error 
z-statistic P value 

2001 or before Reference    

2002 4.04 (-0.40 to 8.49) 2.27 1.78 .08 

2003 5.43 (0.59 to 10.27) 2.47 2.20 .03 

2004 8.34 (3.73 to 12.94) 2.35 3.55 <.001 

2005 10.40 (5.63 to 15.16) 2.43 4.28 <.001 

2006 or after 16.81 (11.52 to 22.09) 2.70 6.23 <.001 

Overall test on year of diagnosis 
X2

(4)=74.02, P <.001 
F=18.55, P <.001 

 
Abbreviations: CI, confidence interval; mRCC, metastatic renal cell carcinoma. 

aModel adjusted for patient sociodemographic characteristics (age, sex, race, marital status, census region, urban vs. rural 
residence), county-level characteristics (income, unemployment rate, number of physicians per 1,000 residents), clinical 
characteristics (RCC grade, selected metastatic sites [lung, liver, bone, brain], radiation status [yes or no], nephrectomy status [yes 
or no], NCI-Charlson comorbidity score, claims-based disability score, fatigue indicator), and time to first drug treatment. If the F-
statistic is ≥10, the instrumental variable is not considered a weak instrument.   
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eTable 3. Test of Independent Association Between Year of Diagnosis and 
Survival 

 

Weibull Cox  

Hazard Ratio  
(95% CI) 

z P > z 
Hazard Ratio  

(95% CI) 
z P > z 

Overall survival 
2001 or 
before 

Reference Reference 
  

2002 1.12 (0.84 to 1.49) 0.77 .44 1.09 (0.82 to 1.45) 0.58 .56 

2003 0.89 (0.66 to 1.21) -0.72 .47 0.91 (0.67 to 1.23) -0.63 .53 

2004 0.83 (0.61 to 1.12) -1.23 .22 0.84 (0.62 to 1.14) -1.13 .26 

2005 0.80 (0.54 to 1.19) -1.08 .28 0.80 (0.54 to 1.18) -1.11 .27 

2006 or after 0.69 (0.44 to 1.09) -1.60 .11 0.69 (0.44 to 1.08) -1.63 .10 

Overall Test        

 
X2

(4) 
P 

Value 
 X2

(4) P Value 
 

 

 4.8 .31  4.05 .40   

 
Hazard Ratio   

(95% CI) 
z P > z 

Hazard Ratio  
(95% CI) 

z P > z 

RCC-specific survival      
2001 or 
before 

Reference   Reference   

2002 1.10 (0.80 to 1.51) 0.57 .57 1.06 (0.77 to 1.46) 0.36 .72 

2003 0.82 (0.58 to 1.17) -1.08 .28 0.83 (0.59 to 1.19) -1.01 .31 

2004 0.76 (0.53 to 1.08) -1.52 .13 0.77 (0.53 to 1.10) -1.46 .14 

2005 0.63 (0.39 to 1.02) -1.90 .06 0.63 (0.39 to 1.01) -1.93 .05 

2006 or after 0.59 (0.35 to 1.02) -1.89 .06 0.60 (0.35 to 1.02) -1.90 .06 

Overall test         

 X2
(4) 

P 
Value  X2

(4) P Value   
 6.09 .19  5.26 .26  

 
Abbreviations: CI, confidence interval; RCC, renal cell carcinoma. 
 
a Other than the instrumental variable, models include the treatment variable (targeted therapy or not) and patient sociodemographic 
characteristics (age, sex, race, marital status, census region, urban vs. rural residence), county-level characteristics (income, 
unemployment rate, number of physicians per 1,000 residents), clinical characteristics (RCC grade, selected metastatic sites [lung, 
liver, bone, brain], radiation status [yes or no], nephrectomy status [yes or no], NCI-Charlson comorbidity score, claims-based 
disability score, fatigue indicator), and time to first drug treatment. 
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eTable 4. Strength of Instrumental Variable and Overidentification Test for 
Instrumental Variablea 
  

  
Strength of 

instrumental 
variableb 

Instrumental variable correlation with 
unmeasured confounders  
(overidentification test)c 

  
First Stage 
F-Statistic 

Sargan Test  
P Value 

Basmann Test 
P Value 

Overall survival estimates    

1-year 817.81 .67 .69 

2-year 804.72 .92 .93 

3-year 659.44 .92 .92 

Cause-specific survival estimates    

1-year 691.34 .53 .55 

2-year 639.91 .78 .79 

3-year 528.63 .85 .86 
 
a Based on two-stage least squares regression models. 
b If F-statistic is ≥10, the instrumental variable is not considered a weak instrument. 
c If P > .05, the instrumental variable does not correlate with unmeasured confounders. 
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