
eAppendix 

Additional Detail on Methods 

Identification of study populations in SEER 

 Non-squamous NSCLC Squamous NSCLC RCC 
Primary 
site 

● “lung or bronchus” or 
“trachea” 

● ICD-O-3 codes: C339, 
C340, C341, C342, 
C343, C348, C349 

● “lung or bronchus” or 
“trachea” 

● ICD-O-3 codes: C339, 
C340, C341, C342, 
C343, C348, and C349 

● “kidney,” “renal 
pelvis,” or “ureter” 

● ICD-O-3 codes 
C649, C659, C669, 
C680, C681, C688, 
C689  

Histology ● non-squamous 

● ICD-O-3 histology 
codes: 8010, 8012, 
8013, 8020, 8046, 8050-
8052, 8070–8078, 8140, 
8141, 8143, 8147, 
8250–8255, 8260, 8310, 
8430, 8480, 8481, 8490, 
8560, 8570–8575 

● squamous 

● ICD-O-3 histology 
codes: 8051, 8052, 
8070-8078, 8560, 8570 

● renal cell carcinoma 

● ICD-O-3 histology 
codes 8260, 8310, 
8316, 8317, 8318, 
8319, 8320, 8510, 
8959, 8312 

Stage ● AJCC stage IV 

● AJCC stage IIIB 
● AJCC stage III with no 

surgery 

● AJCC stage IV 

● AJCC stage IIIB 
● AJCC stage III with no 

surgery 

● “Distant” stage 
according to “SEER 
historic stage A” 

Notes: The “SEER historic stage A” variable was used to select metastatic RCC cases in SEER 

rather than the AJCC variable because it was better populated over the study time period. 

AJCC indicates American Joint Committee on Cancer; ICD-O-3, International Classification of 

Diseases for Oncology, Third Edition; NSCLC, non-small cell lung cancer; RCC, renal cell 

carcinoma. 

 

Implementation of the Lee-Carter method 

The Lee-Carter method assumes that the age-specific death rate mx,t pertaining to age x at 

time t can be modeled as 

 
where ax describes the time-invariant shape of the age-specific death rates, kt describes 

the improvement in all-cause mortality over time, bx describes the tendency of mortality at age x 

to respond to overall improvements in mortality at time t, and is an error term. 



The goal is to estimate the coefficients ax, bx, and kt to fit the historical data on the age-

specific death rates. Lee-Carter method reduces the time dimension of mortality to a single 

index, which can be modeled and forecasted using time series methods. In Lee-Carter’s 

application to US mortality, they discovered that, an autoregressive integrated moving average, 

specifically ARIMA(0,1,0), is the most appropriate model for 𝑘". We followed the same 

approach to model a simple random walk with drift, where  

𝑘" = 𝑘"$% + 𝑐 + 𝑒". 

Here c is the drift and et is the error. Empirically, the time trend kt has been highly linear 

in time. 

We followed this approach to forecast the mortality trends for squamous NSCLC, non-

squamous NSCLC, and RCC patients. 

 

Estimation of the size of the incident patient populations in the US 

In order to convert our per-patient option value estimates to national estimates, we 

needed to estimate the size of the incident population with each tumor type in the US.  

To do so, first we estimated the size of the incident NSCLC and kidney cancer populations. 

(Incidence rates were not available specifically for RCC.) Estimates of incident NSCLC and 

kidney cancer cases in 2010 were obtained based on age-adjusted incidence data (43.62 per 

100,000 population ages 19 and over for NSCLC and 14.92 per 100,000 for kidney cancer)45 

reported by the National Cancer Institute and the overall US population ages 19 and over from 

the Census (308,745,538).47  

Metastatic NSCLC was calculated based on the estimate that 60% of all diagnosed 

NSCLC is advanced stage.43 This produced an estimated population with incident metastatic 

NSCLC of 80,805. 

The NSCLC incidence estimates were further stratified into the non-squamous and 

squamous populations based on American Cancer Society estimates. Specifically, the American 

Cancer Society estimates that 85% to 90% of lung cancers are NSCLC, and 25% to 30% of lung 

cancers are squamous NSCLC.27 This implies that 28-35% of NSCLC is squamous, while 65-

72% is non-squamous. We took the midpoint and assumed 31.5% of NSCLC is squamous, while 

69.5% is non-squamous. This produced estimated incident metastatic populations of 25,454 for 

squamous and 55,351 for non-squamous. 



Incident metastatic RCC cases were calculated based on the estimates that 90% of all 

kidney cancers are RCC and at least 30% of all RCC is advanced stage.44,46 This produced an 

estimated population with incident metastatic RCC of 12,438. 

Results of the Sensitivity Analysis 
eAppendix Table 1. Sensitivity Analysis Results for RCC Population 

Alternative 
specification 

Conventional 
gains 

(months) 

Option 
value 

(months) 

Option value 
(% of 

conventional 
gains) 

Conventional 
gains (US$ 
millions) 

Option 
value 
(US$ 

millions) 
Base case 6.28 1.16 18.46% $775 $105 
Alternative parametric 
model (log logistic) 7.46 0.98 13.09% $886  $77  

Using parametric 
survival model 
exclusively rather than 
HMD after 20 years 

6.45 1.21 18.77% $779  $110  

Alternative nivolumab 
mortality hazard ratio       

HR=0.57 10.94 1.42 12.99% $1,345  $125  
HR=0.93 1.45 0.88 60.69% $180  $82  

Discount rate varied 
from 0-6%      

0% 6.28 1.16 18.46% $977  $180  
6% 6.28 1.16 18.46% $635  $67  

2nd line assumed to start 
in first year from 
diagnosis 

14.77 1.56 10.58% $1,895  $141  

Duration of nivolumab 
effect post-diagnosis       

2 years 2.58 0.93 35.89% $332  $86  
10 years 8.68 1.39 15.99% $1,026  $121  

Value of a life year      
$50,000  6.28 1.16 18.46% $258  $35  
$250,000  6.28 1.16 18.46% $1,291  $174  

Stage: AJCC IV 6.56 0.86 13.16% $806  $73  
 



eAppendix Table 2. Sensitivity Analysis Results for Non-Squamous NSCLC Population 

Alternative 
specification 

Conventiona
l gains 
(months) 

Option 
value 
(months) 

Option value 
(% of 
conventional 
gains) 

Conventional 
gains (US$ 
millions) 

Option 
value (US$ 
millions) 

Base case 4.50 0.46 10.14% $2,563 $203 
Alternative 
parametric model 
(log logistic) 

5.57 0.36 6.55% $3,026  $133  

Using parametric 
survival model 
exclusively rather 
than HMD after 20 
years 

4.53 0.54 12.00% $2,549  $243  

Alternative 
nivolumab mortality 
hazard ratio  

     

HR=0.57 7.51 0.56 7.48% $4,256  $244  
HR=0.93 1.65 0.35 21.52% $943  $162  

Discount rate varied 
from 0-6%      

0% 4.50 0.46 10.14% $3,116  $316  
6% 4.50 0.46 10.14% $2,159  $141  

2nd line assumed to 
start in first year from 
diagnosis 

12.25 0.67 5.51% $7,267  $300  

Duration of 
nivolumab effect 
post-diagnosis  

     

2 years 1.95 0.35 18.04% $1,157  $162  
10 years 5.95 0.56 9.36% $3,263  $240  

Value of a life year      
$50,000  4.50 0.46 10.14% $854  $68  
$250,000  4.50 0.46 10.14% $4,272  $339  

 
 
 



eAppendix Table 3. Sensitivity Analysis Results for Squamous NSCLC Population 

Alternative 
specification 

Conventiona
l gains 
(months) 

Option 
value 
(months) 

Option value 
(% of 
conventional 
gains) 

Conventional 
Gains (US$ 
Millions) 

Option 
value (US$ 
millions) 

Base case 7.45 0.37 4.96% $1,953 $73 
Alternative 
parametric model 
(log logistic) 

9.21 0.36 3.89% $2,304  $58  

Using parametric 
survival model 
exclusively rather 
than HMD after 20 
years 

7.47 0.45 6.05% $1,934  $92  

Alternative 
nivolumab mortality 
hazard ratio  

     

HR=0.57 11.26 0.46 4.07% $2,938  $89  
HR=0.93 3.34 0.27 8.12% $879  $56  

Discount rate varied 
from 0-6%      

0% 7.45 0.37 4.96% $2,372  $118  
6% 7.45 0.37 4.96% $1,645  $49  

2nd line assumed to 
start in first year 
from diagnosis 

20.98 0.63 3.01% $5,703  $126  

Duration of 
nivolumab effect 
post-diagnosis  

     

2 years 2.95 0.25 8.36% $808  $52  
10 years 10.53 0.51 4.89% $2,638  $97  

Value of a life year      
$50,000  7.45 0.37 4.96% $651  $24  
$250,000  7.45 0.37 4.96% $3,255  $122  

 
 
 

 

 

 

 

 


