
eAppendix 

Therapy-tumor pairs included in the study 
eAppendix Table 1. List of included therapies and tumor types 

Therapy Tumor Type 
Abiraterone Prostate 
Ado-trastuzumab emtansine Breast 
Afatinib NSCLC 
Bevacizumab Breast 
Bevacizumab Colorectal 
Bevacizumab NSCLC 
Cabazitaxel Prostate 
Ceritinib NSCLC 
Cetuximab Colorectal 
Crizotinib NSCLC 
Dabrafenib Melanoma 
Enzalutamide Prostate 
Erlotinib NSCLC 
Everolimus Breast 
Exemestane Breast 
Fulvestrant Breast 
Gefitinib NSCLC 
Ipilimumab Melanoma 
Lapatinib Breast 
Letrozole Breast 
Nivolumab Melanoma 
Nivolumab NSCLC 
Panitumumab Colorectal 
Pembrolizumab Melanoma 
Pertuzumab Breast 
Ramucirumab Colorectal 
Ramucirumab NSCLC 
Regorafenib Colorectal 
Rituximab Non-Hodgkin’s Lymphoma 
Toremiifene Breast 
Trastuzumab Breast 
Vemurafenib Melanoma 
Ziv-aflibercept Colorectal 

Note: NSCLC, non-small cell lung cancer 
 
 



Estimating number of patients and episode price of treatment from the IMS 
data 
 
To our knowledge, no dataset exists which contains estimates of the total number of patients in the 
United States using individual therapies for specific indications. Claims datasets such as Truven 
MarketScan have large samples (typically numbering in the tens or hundreds of millions of 
patients).  However, these samples are obtained on a convenience basis, typically being collected 
from participating plans and/or employers working with the claims data vendor, and there are no 
validated mechanisms for inflating these data to represent the US population as a whole. We 
elected to estimate the number of patients using individual therapies for individual tumor types 
using the IQVIA/IMS National Sales Perspective (NSP) dataset, which provides 100% coverage 
of the US pharmaceutical market. The NSP provides two inputs at the therapy/year level: Revenue 
(R) and Eunits (tablets/mL) (U) – essentially the total number of units of the therapy sold in a 
given period. As described below, we combine these inputs to estimate the number of patients 
using each therapy. This calculation requires imposing the assumption that real world patient 
dosing is consistent with what is described on the label, and this raises a concern of dosing 
measurement bias. Data are not disaggregated to individual indications, i.e. tumor types. Because 
NSP data does not include information on tumor type, for therapies with more than one indication, 
we assumed that utilization was distributed in proportion to the relative incidence of the co-
indicated tumor types. We dropped all cases where only partial year data (<12 months) were 
available. In addition, the NSP contained “restrictions” (incomplete data for either the total 
revenues or total units sold) for some therapies in some years. For the purposes of this study, these 
instances were coded as missing. 
Because therapies were typically indicated for more than 1 condition (including conditions not of 
interest to this study), it was necessary to estimate tumor-specific utilization and episode 
treatment cost. To do this, we took the approach described below. This example is for a therapy 
indicated for 2 conditions, but it is generalizable to T conditions. 
First, we identified the population incidence rates for tumor type 1 and tumor type 2, and denote 
these 𝐼" and 𝐼#. Next, we compute the relative incidence rate 𝑅𝐼𝑅" and 𝑅𝐼𝑅#: 
𝑅𝐼𝑅% =

𝐼%
(𝐼" + 𝐼#)

 (A1) 

 
Using FDA label information, we identify the total treatment dose (entire course) for a single 
user of a given drug for tumor 1 and tumor 2 and define these quantities as 𝑇𝑇𝐷" and 𝑇𝑇𝐷#.  
These quantities are weighted by gender-specific incidence rates if dosing varies by gender, 
BSA, or weight. 
Next, we assume the relative incidence rate for users of the drug is identical to the population 
relative incidence rate:    

𝑁"
(𝑁" + 𝑁#)

= 𝑅𝐼𝑅" =
𝐼"

(𝐼" + 𝐼#)
 (A2) 

 
We define “price per unit” as  
𝑅𝑒𝑣𝑒𝑛𝑢𝑒
𝑒𝑈𝑛𝑖𝑡𝑠 =

𝑅
𝑈 (A3) 

 
We define total Eunits as  
𝑈 = 𝑁" ∗ 𝑇𝑇𝐷" + 𝑁# ∗ 𝑇𝑇𝐷#  (A4) 



 
Given two equations (A4 and A2) in two unknowns (𝑁" and 𝑁#) we solve these quantities as: 
𝑁" =

𝑈
𝐼"
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∗ 𝑇𝑇𝐷" +

𝐼#
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 (A5) 

 
and 
 
𝑁# =

𝑈
𝐼#
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 (A6) 

 
The total episode cost of treatment is defined as 

Price for indication i (𝑃%)	= 𝑇𝑇𝐷% ∗ 8
9
:
; (A7) 

 
This framework is generalizable to therapies with >2 indications. In many instances, therapies 
were also approved for indications beyond our six tumor types of interest. (for example, 
Bevacizumab for age-related macular degeneration) that usage was estimated and then omitted 
from the analysis.  

Time series plots of average patient counts by launch period 
 

The following exhibits portray time-series plots of the number of patients using therapies by 
launch period. In eAppendix Figure 1, the patient counts for each of the 33 therapy-tumor pairs 
considered in our study are portrayed. 
 
  



eAppendix Figure 1. Time-series plots of patient counts by year and therapy-tumor pair 

 
Because of the large number of time series portrayed, individual data labels would render the 
chart difficult to interpret and are thus omitted. The general pattern of a decline over time is 
clearly evident – drugs which launched in the early period (1997-2002) appear to have generally 
higher patient counts than do drugs which launched in the late period (2010-2015). For reference, 
the large outlier which peaks at above 300,000 patients in 2010 is letrozole, for breast cancer. 
The steep subsequent decline for that drug is caused by loss of exclusivity in 2011.  
 
Below, eAppendix Figure 2 overlays on eAppendix Figure 1 plots of average patient counts for 
the early, middle, and late launch periods, respectively.  
 



eAppendix Figure 2. Time-series plots of patient counts by year and therapy-tumor pair, 
with launch period averages 

 
The key finding of the paper – the large decline in average patient counts over time – is evident 
here. The average patient count for drugs launched in the early period (black series with short 
dashes) is larger than the average count for drugs launched in the middle period (blue series with 
long dashes), which is in turn larger than the average count for drugs launched in the late period 
(red series). 
 
Letrozole is clearly an outlier and thus has disproportionate influence on the computed average 
patient count for drugs launched in the early period. eAppendix Figure 3 provides a robustness 
check for this influence by re-rendering the data presented in eAppendix Figure 2 after dropping 
letrozole. 
 
 
  



eAppendix Figure 3. Time-series plots of patient counts by year and therapy-tumor pair, 
with launch period averages (drop letrozole) 

 
 
eAppendix Figure 3 demonstrates that the finding of a decline in average patient counts over 
time is robust to the exclusion of letrozole. 
As noted above, when drugs are indicated for more than one condition, our base case analysis 
estimates indication-specific usage by assuming relative usage is proportional to relative disease 
prevalence. One concern with this approach is that to the extent drug usage is not proportional to 
relative disease prevalence, our results may underestimate the number of patients using drugs for 
specific conditions. eAppendix Figure 4 portrays a version of the plot of individual and average 
patient counts following a single change: All therapies with more than one indication which 
launched in the middle and late periods are dropped. By retaining multi-indication drugs in the 
early period, this approach is conservative, in the sense that average patient counts in the early 
period may be biased downward, while average patient counts in the middle and late periods are 
accurately estimated (for drugs with a single indication). 
 
  



eAppendix Figure 4. Time-series plots of patient counts by year and therapy-tumor pair, 
with launch period averages (drop letrozole and multi-indication drugs in the middle/late 
periods) 
 

 

Here, a comparison of the average patient count for drugs launched in the early period versus the 
late and middle periods still shows a substantial decline. By contrast, the estimated average 
patient counts in the middle and late periods appear to be substantially equivalent. 

Regression equations 
 
With 𝑌= denoting the three outcomes of interest (price, number of patients, and per-patient R&D 
cost), the regression results presented in this paper are of the forms: 
Model 1: 
𝑌= = 𝜃? + 𝜃" ∗ 𝑀𝑖𝑑𝑑𝑙𝑒%C + 𝜃# ∗ 𝐿𝑎𝑡𝑒%C+𝜀%CG 

Model 2:  
𝑌= = 𝜃? + 𝜃" ∗ 𝑀𝑖𝑑𝑑𝑙𝑒%C + 𝜃# ∗ 𝐿𝑎𝑡𝑒%C+𝜃H ∗ 𝑌𝑒𝑎𝑟%CG + 𝜀%CG 



Model 3 (sensitivity): 
𝑌= = 𝜃? + 𝜃" ∗ 𝑀𝑖𝑑𝑑𝑙𝑒%C + 𝜃# ∗ 𝐿𝑎𝑡𝑒%C+𝜃H ∗ 𝑌𝑒𝑎𝑟%CG + 𝜃J ∗ 𝐼𝑉% + 𝜃L ∗ 𝐵𝑖𝑜𝑙𝑜𝑔𝑖𝑐% + 𝜀%CG   

Model 4 (sensitivity):  
𝑌= = 𝛽? + 𝛽" ∗ 𝑙𝑎𝑢𝑛𝑐ℎ	𝑦𝑒𝑎𝑟%C + 𝛽# ∗ 𝑌𝑒𝑎𝑟%CG + 𝛽H ∗ 𝐼𝑉% + 𝛽J ∗ 𝐵𝑖𝑜𝑙𝑜𝑔𝑖𝑐% +	𝜀%CG 

 
Where 
"Middle" is an indicator for drugs launched between 2003 and 2009 
"Late" is an indicator for drugs launched between 2010 and 2015 
"Year" = time since launch year 
“IV” is an indicator for drugs that require intravenous administration 
“Biologic” is an indicator for biologic compounds 

Sensitivity analyses  
 

To determine the extent to which price growth is due to changing prevalence of intravenous and 
biologic compounds, we added two indicator variables to model 2: one that denotes drugs requiring 
intravenous administration and a second that identifies biologic compounds. We also present 
another model in which launch period enters linearly, rather than as a set of period indicators.  



Main model regression results, with sensitivity analyses 
 
eAppendix Table 2. Regression results: therapy price 

  (1) (2) (3) (4) 

 Dummy 
Dummy 

with time 
control 

Sensitivity: Dummy 
with time and indicator 

controls 

Sensitivity: Linear 
trend 

          
Launched 2003-2009 22,798 23,326* 16,575*   (14,751) (13,504) (9,665)  
Launched 2010-2015 41,957*** 42,860*** 36,268***   (13,036) (11,939) (10,812)  
Number of years after launch  131 80 158 
 

 (426) (353) (243) 
Intravenous drug   7,231 3,265 
 

  (5,852) (6,790) 
Biologic   24,697** 28,377*** 
 

  (9,667) (9,789) 
Current year    2,435*** 
 

   (840) 
Constant 18,585* 17,411* 5,756 -4.860e+06*** 
 (10,874) (8,987) (4,393) (1.680e+06) 
     
     
     

Observations 222 222 222 222 
R-squared 0.298 0.298 0.545 0.538 
Number of therapies 29 29 29 29 
Cluster-robust standard errors in parentheses    

*** p<0.01, ** p<0.05, * p<0.1    

  



eAppendix Table 3. Regression results: patient count 

  (1) (2) (3) (4) 

 Dummy 
Dummy 

with time 
control 

Sensitivity: Dummy 
with time and indicator 

controls 
Sensitivity: Linear trend 

          
Launched 2003-2009 -34,701* -28,408* -27,763**   (17,524) (15,587) (13,352)  
Launched 2010-2015 -43,739** -32,964** -34,343**   (17,096) (14,303) (12,830)  
Number of years after launch  1,570 1,507* 1,433* 
 

 (930) (876) (778) 
Intravenous drug   -18,586 -15,016 
 

  (15,201) (13,009) 
Biologic   4,449 52.28 
 

  (8,212) (5,062) 
Current year    -2,618** 
 

   (1,229) 
Constant 48,520*** 34,500** 42,427** 5.270e+06** 
 (17,054) (13,887) (17,587) (2.473e+06) 
          
     

Observations 222 222 222 222 
R-squared 0.142 0.156 0.179 0.173 
Number of therapies 29 29 29 29 
Cluster-robust standard errors in parentheses    

*** p<0.01, ** p<0.05, * p<0.1    

 
  



eAppendix Figure 5. Plot of launch period dummy coefficients: log revenue, without controls 
and controlling for time since launch 

 

 

  



 

eAppendix Table 4. Regression results: log revenue (000’s of dollars) 

  (1) (2) (3) (4) 
     
     

VARIABLES Dummy 
Dummy with 
time control 

Dummy with time and 
indicator controls 

Sensitivity: 
linear trend 

          
Launched 2003-2009 0.802 1.023 0.875  
 (0.977) (0.874) (0.647)  
Launched 2010-2015 0.351 0.728 0.538  
 (0.875) (0.699) (0.556)  
Number of years after launch  0.055 0.055* 0.0525** 
  (0.030) (0.027) (0.046) 
Intravenous drug   1.460*** 1.394*** 
   (0.450) (0.493) 
Biologic   0.910** 0.984** 
   (0.403) (0.404) 
Current year    0.0454 
    (0.0447) 
Constant 11.75*** 11.25*** 10.24*** -94.646 
 (0.831) (0.579) (0.534) (91.577) 
     
Observations 206 206 206 206 
R-squared 0.037 0.051 0.422 0.403 
Number of therapies 29 29 29 29 
Cluster-robust standard errors in parentheses. 
Log revenue computed as ln(n_patients*price_therapy/1,000) 
*** p<0.01, ** p<0.05, * p<0.1     

 

 
 


