




firms (e.g., Sanofi, Genentech, and many generic firms in the colon cancer example

above) rather than a single firm (e.g., Microsoft with Windows and Internet Explorer).

Third, in pharmaceutical markets it is usually the firm entering a market that bundles

its new product with an existing product through the design of a clinical trial, rather

than an incumbent firm that initiates bundling or tying. This is possible because the

entering firm can buy the other firm’s product in the market to perform its clinical

trials, however, the two drugs are sold separately. Fourth, bundled products in phar-

maceutical markets are differentiated from their constituent components. In fact, the

Food and Drug Administration will not approve a drug unless it demonstrates superior

efficacy and/or fewer side effects relative to existing drugs on the market. Finally, firms

are usually constrained to set a single price (e.g., per milligram of active ingredient)

for a drug rather than setting a different price for the drug in each regimen. This

constraint exists because physicians usually (e.g., in the case of oncology) purchase the

component drugs and then infuse the regimen into a patient.

In this paper we focus on the market for colon cancer chemotherapy drugs to study

the pricing decisions of firms in markets with inter-firm combinations, and the welfare

impact of this practice. Our demand system comes from the aggregation of individual

preferences at the regimen level since the attributes are reported at the regimen level,

and we observe each regimen’s market share. This demand system is then combined

with a Nash-Bertrand equilibrium assumption to generate equilibrium prices and quan-

tities. We explicitly model the game firms play and allow the price that each firm sets

to affect all the regimens the firm participates in.

We use our model to perform counterfactuals to better understand the implications

of inter-firm combinations. We find that firms benefit from participating in cocktails

as they achieve further product differentiation without investing in additional R&D,

and consumers in general benefit from the extra variety. We also find that when a firm

offers a second product, a less cooperative equilibrium arises, and consumer welfare

improves significantly from this “true” innovation.

The paper is organized as follows: Section 2 presents an overview of Colorectal
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Cancer, section 3 describes our data, section 4 presents our model, section 6 presents the





price (AWP) that is set by a manufacturer and often differs substantially from the true

transaction price.

The price we calculate does not include any discounts or rebates a customer may

receive from a manufacturer after purchasing the product from the wholesaler. Based

on interviews with a few oncologists, we do not believe that manufacturers offered

substantial rebates during this period. Although we have information on 10 different

types of customers, we focus on the prices paid by the two largest customers - hospitals

and physician offi



United States population.4 We calculate the proportion of colorectal cancer patients



Oxaliplatin (Eloxatin) was introduced in August of 2002, followed by cetuximab

(Erbitux) and bevacizumab (Avastin) in February of 2004. By the third quarter of

2005, two of the regimens created by these three new drugs (oxaliplatin + 5-FU/LV;

and bevacizumab + oxaliplatin + 5-FU/LV) surpassed the market share of 5-FU/LV,

whose share had fallen to about 14 percent.

The market shares of several regimens change sharply in the first quarter of 2002

when we use market share data from IntrinsiQ rather than SEER. One explanation

for these changes is that Medicare patients may be treated with different regimens

than non-Medicare patients. Another possible explanation is that the samples used

by IntrinsiQ and/or SEER may not be consistent.9 In order to homologate market

shares between the pre- and post-2002 periods, we take advantage of the fact that the

two data sets overlap for the 4 quarters of 2002. We apply a reg



















to progression has an unexpected and statistically significant negative sign in all three

specifications.

Among the side effect variables, only two of them are statistically significant and

only one of these two shows an expected negative sign. And two out of the three







for its solo drug and another for the drug used in cocktail regimens. By doing so we

suppress pricing effects that may arise from regimen attributes.

Allowing firms to set two separate prices introduces a strategic incentive that we

observe in other parts of the pharmaceutical market. A prominent example is the AIDS

drug market. In this market, a firm offered two drugs, one of them used in cocktails

to boost its competitors’ performance and the other one was a new launch. The firm’s

chosen strategy was to increase the price of the drug used in cocktails by 5 times while

pricing its new drug more competitively.

Table 6 shows the resulting prices from this counterfactual. As before we normalize

the baseline to 100. The column called Solo reports price for the solo regimen and the

numbers in bold typeface are prices for a drug used in all cocktail regimens. For exam-

ple, the second row represents a case where Pfizer sets different prices for Irinotecan

used in its solo regimen and Irinotecan used in three cocktail regimens. In this case

Pfizer lowers price for the solo regimen by more than 50 percent and increases price for

cocktail regimens by almost 30 percent.

The table shows that the drug price for cocktail regimens can go up dramatically

as shown in the 4th and 5th rows. Roche increases its drug price for cocktail regimens

by a factor of 5.5 and Sanofi does so by more than twice. The drug price for the

solo regimens goes down significantly without exceptions. It varies from a 25 percent

decrease for Roche to a 56.7 percent decrease for Pfizer.

Table 7 shows the profits associated to the new pricing scheme. The table shows

that the new pricing scheme decreases profits except for two cases. It is interesting

to see profit decreases with a more flexible pricing strategy. In principle firms can

duplicate the single pricing by setting the two prices equal to each other. However, it

seems that our numerical solver, i.e., Newton-Raphson method, does not automatically

consider the constrained pricing. This result implies that firms may need the single

pricing constraint as the commitment device to stay in a more cooperative equilibrium.

The two cases where firms’ profit becomes higher with the two separate pricing are

when Roche sets two prices for Capecitabine and when Imclone sets two prices for
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Figure 3

Numerical Example 2: Change Ratio
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Table 1: Attributes of the Drug Regimens 

 

               Efficacy Measures  Grade 3 or Grade 4 Side Effects (%) 

 

           Launch   Survival   Response    Time to      Abdominal   Vomi-    Neutro-   Dehy- 

 Regimen           Year     Months    Rate     Progression    Pain      Diarrhea    Nausea        ting         penia    dration 

First-line therapies 

5-FU + Leucovorin  1991 12.5 20.8 4.7 5.5 10.4 4.8 4.4 33.7 4.0 

            

Irinotecan (Camptosar) + 5-
FU/LV  1996 15.6 35.4 6.7 5.3 24.0 11.9 8.0 39.5 

 
11.0 

            

Capecitabine (Xeloda)  2001 13.1 21.0 4.4 9.5 15.0 4.0 4.5 3.0 2.5 

            

Irinotecan + capecitabine  2001 15.6 35.4 6.7 5.3

35.4



Notes: the brand name of a drug appears in parentheses in the first column.  All attribute information is based on the experiences of patients in 

Phase clinical 3 trials.  The median survival is measured in months.  Cetuximab was approved without demonstrating a longer survival, and 

therefore survival is coded as not available (N/A).  Response rate is the percentage of patients whose tumor shrunk.  Time to progression is the 

mean number of months for a tumor to advance to a more severe stage.  Second-line therapies are approved by the FDA to be used on patients who 

have been treated previously with a different therapy.  The final six columns measure the percentage of patients who experienced a grade 3 or 

grade 4 (on a 1-4 scale, where 4 is the most severe) side effect of a particular type.









Table 8: Counterfactual II: Consumer Welfare

CW

Current 100.0

Pfizer 1 (r8) 109.1

Pfizer 2 (r17) 102.3

Roche (r3) 97.2

Sanofi (r1) 103.2

Imclone (r14) 100.4
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Appendix: Composition and Dosages of the Chemotherapy Regimen 

 

Regimen 1
st
 Drug 2

nd
 Drug 3

rd
 Drug 4

th
 Drug 

5-FU + Leucovorin
20

 425 mg of 5-FU/m
2
/day for 

days 1-5, every 4 weeks 

20 mg of 

Leucovorin/m
2
/day for 

days 1-5, every 4 weeks 

  

Irinotecan 




