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Abstract
Background  A trade-off exists between affordability of pharmaceutical products today and incentives for firms to provide 
new and better drugs in the future; an activity that prior studies suggest correlates with profitability, which in turn depends 
on price regulation.
Objective  In this paper we re-examined the relationship between price regulation and pharmaceutical research and develop-
ment (R&D) intensity, and explored the role of profitability and cash flow in mediating this relation using the latest available 
data from 2000 to 2017 for the 10 most innovative pharmaceutical companies.
Methods  Following a framework similar to a previous study, we exploited stylized facts about sales volumes in Europe and 
USA, which give rise to variation in exposure to price regulation. Using ordinary least squares fixed effects models, we assess 
whether price regulation is related to R&D investment through cash flow effects and profitability.
Results  While exposure to price regulation (measured by relative market share in EU/USA) is related negatively to R&D 
intensity, and this result is driven by price regulation being negatively related to cash flow and profitability, the results were 
not significant when firm fixed effects were added to the regression models. Modeling firm dynamics showed that cash flow 
and profitability of European- and US-based firms responded differently to exposure to price regulation. Thus, firm specific 
effects play an important role in explaining the negative relationship between price regulation and R&D intensity. These 
results were robust to the inclusion of different time-varying firm level variables.
Conclusion  The findings suggest that investment decisions of firms are most likely driven by long-run inter-firm differences, 
and that firm effects strongly determine firm strategies in terms of R&D investment.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4025​8-020-00601​-9) contains 
supplementary material, which is available to authorized users.

 *	 Mujaheed Shaikh 
	 shaikh@hertie‑school.org

1	 Hertie School, Friedrichstraße 180, 10117 Berlin, Germany
2	 Vienna University of Economics and Business, 

Welthandelspl. 1, 1020 Vienna, Austria
3	 Centre D’économie Industrielle (CERNA), MINES 

ParisTech, PSL University, i3 UMR CNRS, 60 Bd St Michel, 
75006 Paris, France

4	 Office of Health Economics, 7th Floor, 105 Victoria St, 
Westminster, London SW1E 6QT, UK

1  Introduction

Countries have enforced several forms of pharmaceutical 
price regulation to control rising pharmaceutical expen-
ditures [1–3]. The main pricing mechanisms that are in 

Key Points for Decision Makers 

Price regulation is related negatively to R&D intensity, 
cash flow and profitability when firm effects are unac-
counted for.

Firm differences and strategies are important in explain-
ing the negative relationship between price regulation 
and R&D intensity.

Cash flow and profitability of European- and US-based 
firms respond differently to price regulation.
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place across Europe are based on reference pricing (exter-
nal and internal) and value-based pricing [4]. While exter-
nal reference pricing sets prices using the average price 
of a select basket of countries, which are used as refer-
ences, internal reference pricing sets the price according 
to the price of other similar products within the country 
[4]. Value-based pricing on the other hand considers the 
value or the benefits of the product. European countries 
either employ one of the above pricing mechanisms or a 
combination of these—external reference pricing remains 
the most extensively used strategy. Prices of pharmaceuti-
cals in the USA, in contrast, are not directly regulated, i.e. 
companies can freely set prices [5, 6]. However, the usage 
of formularies of preferred drugs by patients and physi-
cians has led to an increase in demand elasticity thereby 
allowing discounted prices for pharmacy-based manag-
ers and Medicaid [7]. In general, however, the US market 
remains largely unregulated.

The justification for regulating pharmaceutical prices 
is straight forward—it reduces drug prices and thereby 
curbs increasing pharmaceutical expenditure. While price 
regulation reduces prices and therefore controls expendi-
tures ceteris paribus, it can also reduce companies’ will-
ingness to innovate and invest in research and development 
(R&D) [8, 9]. Thus, a trade-off exists between affordabil-
ity of pharmaceutical products today and the necessity to 
incentivize pharmaceutical firms to provide new and better 
drugs in the future; an activity that plethora of studies sug-
gest to be highly correlated with their profitability levels 
[10–14]. If profitability determines future R&D intensity 
and innovation, then price regulation will affect R&D of 
pharmaceutical companies through profitability. In this 
paper, we examine this link between price regulation and 
R&D intensity and investigate the role of cash flow and 
profitability as intermediate mechanisms.

We assessed the relationship between pharmaceutical 
research intensity (measured as the ratio of R&D expendi-
ture to total sales) and price regulation, exploiting stylized 
facts about sales volumes in Europe and USA that give 
rise to variation in exposure to price regulation [15]. The 
earliest paper on this subject by Grabowski [10] concluded 
that R&D spending decisions are sensitive to government 
policies affecting financial incentives of firms. Precisely, 
price regulation reduced R&D through expected profit-
ability and flow of funds. While Grabowski [10] included 
three industries in the analysis, one of which was the drug 
industry, later studies focused exclusively on the pharma-
ceutical industry in different contexts exploiting specific 
institutional features. Grabowski and Vernon [12] used a 
pooled sample of 11 major US drug firms from 1994 to 
1997 and found that expected returns and cash flows are 
important for pharmaceutical R&D. Vernon [16] on the 
other hand, used data from 1987 to 1998 for 15 of Japan’s 

largest firms and found results similar to the unregulated 
US market for pharmaceuticals; expected returns were an 
important determinant of R&D expenditure in Japan. Ver-
non [15] exploited the fact that firms that sell more outside 
the USA are exposed to greater price regulation than those 
that sell more within the USA. He found that lagged cash 
flows and profit expectations are important determinants 
of R&D investment. Our measure of price regulation is 
similar to that used by Vernon.

Others directly assessed the relationship between price 
regulation and R&D expenditure. Golec and Vernon [17] 
used EU and US pharmaceutical real-price indexes as 
proxies for price regulation and found that if the USA had 
employed similar price regulations to that in the EU, com-
panies would have spent $US12.67 billion less in R&D. 
In another study, Golec et al. [18] exploited price controls 
due to the Clinton Administration’s Health Security Act 
(HSA) 1993 and reported that price controls led firms to 
cut R&D expenditure by as much as $1 billion. Similarly, 
simulation exercises in the USA and EU settings have 
shown that R&D investment is sensitive to prices and 
price regulation could lead to a significant reduction in 
research spending [9, 19]. The most recent study by Eger 
and Mahlich [20] that directly assessed the relationship 
between R&D expenditure and pharmaceutical price regu-
lation, concluded that pharmaceutical price regulation has 
a deteriorating effect on R&D investment by firms; spe-
cifically, sales beyond 33% generated from the European 
market lowered R&D investments.

We revisited the relationship between pharmaceuti-
cal price regulation and R&D intensity using a similar 
framework as in Vernon [15], yet our analysis differs from 
Vernon and contributes to the existing literature in sev-
eral ways. First, we used the latest available firm-level 
data (2000–2017) for the world’s top ten pharmaceuti-
cal firms; the last known estimates from Eger and Mahl-
ich [20] come from data that are at least a decade old 
(2000–2008). Given, that the pharmaceutical landscape 
is continuously evolving in terms of regulatory practices 
and drug development processes, using latest data and a 
longer time-series provides new insights. Moreover, the 
data we used include a period when regulatory pressures 
were at the peak and many countries started adopting price 
regulation methods. This generates substantial variation in 
our price regulation measure over time. Second, in most 
prior literature, either the link between price regulation 
and profitability or that between profitability and R&D 
investment is investigated.1 In this paper, we examined the 

1  Eger and Mahlich [20] investigate the link between regulation and 
R&D investment; however, they do not investigate the role of cash 
flow and profitability as intermediate mechanisms.
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link between price regulation (measured by relative market 
share in EU/USA) and R&D intensity, exploring the role 
of cash flow and expected profitability as possible mech-
anisms, thus providing a comprehensive picture. Third, 
we differentiated our paper in several analytical ways (a) 
by using a two-way fixed effects model that controls for 
firm-specific heterogeneity, which explains the relation-
ship between price regulation and R&D intensity; (b) by 
using a more flexible model that allows the slope of price 
regulation to vary across firms; and (c) by investigating 
the dynamics of price regulation by interacting it with year 
dummies.

2 � Methods

2.1 � Data

Panel data from 2000 to 2017 for the top ten pharmaceutical 
firms was compiled from different sources. Firms included 
in the analysis were Astra Zeneca PLC (UK), Bayer AG 
(DE), Eli Lilly & Co. (USA), GlaxoSmithKline PLC (UK), 
Johnson & Johnson (USA), Merck & Co. (USA), Novartis 
AG (CH), Pfizer Inc. (USA), Hoffmann-La Roche AG (CH), 
and Sanofi SA (FR).2 These ten companies are key players 
in terms of revenue and R&D activity. For the year 2017, 
the value of the R&D investments of these companies alone 
accounted for more than 50% of the total value of R&D 
investments on the top 50 pharmaceutical companies by rev-
enue and R&D spending [21].

Financial data were retrieved from the Fundamen-
tal Annual section of the Compustat database accessible 
through the Wharton Research Data Services (https​://

wrds-www.whart​on.upenn​.edu/demo/compu​stat/form/). 
These data were complemented with additional data on 
financials, sales volume in Europe and USA, and mergers 
collected from the annual financial statements and reports 
published by the companies and accessible through their 
websites. In some cases the data were partially expressed in 
different currencies other than US dollars (British Pound, 
Swiss Franc, Euro), these figures were all converted to US 
dollars by using the average yearly exchange rates provided 
by the Federal Reserve of the United States of America [22]. 
Variable description and sources are provided in detail in the 
supplementary material (Table A1).

2.1.1 � Outcome Variable

The outcome variable of interest is R&D intensity meas-
ured as the ratio of R&D expenditure to total sales. R&D 
expenditure was taken from Compustat and represents all 
costs incurred during the year that relate to the development 
of new products or services. Total sales refer to net sales 
that represent gross sales reduced by cash discounts, trade 
discounts, etc. We used the ratio of expenditure to total sales 
as suggested by Grabowski [10] since firms included in the 
analysis operate at different scales and scale effects invari-
ably dominate in such an analysis.

2.1.2 � Independent Variable

The degree of exposure to price regulation was captured 
using a similar strategy to that in Vernon [15]. Spe-
cifically, Vernon [15] argues that the USA is a largely 
unregulated market in terms of prices, as a result firms 
that sell proportionately more in the US market than in 
the non-US market are exposed to lower price regulation. 
In contrast, the European market is directly regulated in 
terms of pricing of drugs; different price regulations both 
on the supply and demand side have been introduced. 
Therefore, the share of sales of a firm in Europe relative 

Table 1   Pearson correlation 
coefficients between our 
variables of interests

EBIT earnings before interest and tax, R&D research and development

R&D intensity Profit margin (EBIT) Cash flow Share of 
sales in 
Europe

R&D intensity
p value –
Profit margin (EBIT) 0.2309 –
p value 0.09
Cash flow 0.2463 0.5818
p value 0.0017 0.0000 –
Share of sales in Europe − 0.3052 − 0.2877 − 0.3531 –
p value 0.0000 0.0001 0.0000

2  Headquarters of the firms are reported in parentheses—country 
ISO code: UK-United Kingdom; DE-Germany; USA-United States of 
America; CH-Switzerland; FR-France.

https://wrds-www.wharton.upenn.edu/demo/compustat/form/
https://wrds-www.wharton.upenn.edu/demo/compustat/form/
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to that in the USA is a plausible measure of exposure to 
price regulation. The data on the sales volume by region 
were collected from the financial and annual reports pub-
lished by the firms.

2.1.3 � Intermediate Variables

The intermediate variables, i.e. cash flow and profitabil-
ity, were taken from the Compustat database and pub-
lished annual reports of the firm. Cash flow was meas-
ured as the level of operating cash flow adjusted to the 
total revenue of the firm, while profitability was meas-
ured in terms of the profit margin, i.e. the level of earn-
ings before interests and taxes (EBIT) adjusted to the total 
revenue of the firm.

2.2 � Descriptive Statistics

For sake of exposition, we present the most pertinent 
descriptive findings here; however, complete summary 
statistics are presented in Table A2 in the supplementary 
material.

Figure 1 shows average R&D intensity of the top ten 
firms in our sample. Overall, firms seem to have increased 
R&D intensity from 2000 to 2017. However, at the same 
time profit margins have remained relatively stable during 
this period (Fig. 2). Cash flow adjusted to sales increased 

steadily from 2000 to 2008; however, it decreased from 2008 
to 2017. While the variation across years in cash flow and in 
profit margin seems minute, there is substantial variation in 
R&D intensity across years.

Figure 3 shows the share of sales in Europe relative to that 
in the USA. While the share of sales in Europe only slightly 
increased from 2000 to 2008, they fell sharply from 2008 
onwards until 2017. We also observe that European firms 
sell relatively more in Europe compared with US firms, a 
stylized fact reported in Vernon [15] and Eger and Mahlich 
[20].

Pearson correlations in Table 1 show a significant nega-
tive relation between share of sales in Europe and cash flow 
(ρ =  − 0.3531; p value = 0.000), share of sales in Europe 
and profit margin (ρ =  − 0.2877; p value = 0.0001), and 
share of sales in Europe and R&D intensity (ρ =  − 0.3052; 
p value = 0.000) suggesting that price regulation (measured 
by relative market share in EU/USA) might negatively relate 
to R&D intensity through cash flow and profitability. We 
also observe a weakly significant correlation between profit 
margin and R&D intensity (ρ = 0.2309; p value = 0.09), and 
a significant positive correlation of cash flow with R&D 
intensity (ρ = 0.2463; p value = 0.0017) suggestive of the 
importance of cash flow for R&D activity.

While the correlations provide a general idea about the 
associations, these should be treated as only suggestive. 
We explored these findings within a regression framework 
described next.

Fig. 1   Evolution of the sample mean R&D intensity (R&D spending as share of total revenue) from 2000 to 2017. Sources: own elaboration 
based on the WRDS Database and Companies Financial Statements. R&D research and development, WRDS Wharton Research Data Services
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Fig. 2   Evolution of the sample mean net cash flow and earnings before interests and taxes (EBIT) expressed as share of total revenue from 2000 
to 2017. Sources: own elaboration based on the WRDS Database and Companies Financial Statements. WRDS Wharton Research Data Services

Fig. 3   Evolution of the sample mean share of sales in Europe relative to the share of sales in the USA from 2000 to 2017. Sources: own elabora-
tion based on the WRDS Database and Companies Financial Statements. WRDS Wharton Research Data Services
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2.3 � Empirical Model

We are interested in examining the link between price 
regulation and R&D intensity focusing on the role of cash 
flow and profitability as intermediary mechanisms. We 
adopt a framework similar to Vernon [15] as depicted in 
Fig. 4 below,3 where we hypothesize that (i) price regula-
tion (measured by relative market share in EU/USA) relates 
negatively to cash flow and expected profitability; (ii) cash 
flow and profitability relate positively to R&D intensity; and 
(iii) owing to (i) and (ii) price regulation (measured by rela-
tive market share in EU/USA) relates negatively to R&D 
intensity.

Based on the framework in Fig. 4, we estimated the 
hypothesized relationships by means of ordinary least 
squares (OLS) regressions—specifically, we estimated three 
separate equations.

Equation 1 tests for the link between regulation at time 
t and the intermediary variables i.e. cash flow and profit-
ability at time t

where i indexes firm and t indexes year; IM
it
 refers to inter-

mediary variables namely cash flow or profitability of firm 
i in year t. PriceRegulation

it
 is a measure of price regulation 

that firm i faces in year t, as explained earlier; X
it
 is a vector 

of time varying firm level control variables namely merg-
ers, acquisitions, and size of the firm proxied by number 
of employees. Ω

i
 corresponds to firm fixed effects and �

t
 

corresponds to year fixed effects. �
it
 refers to the error term 

in the equation.
Equation 2 below tests the link between intermediary 

variables at time t − 1 above with R&D intensity at time 
t. Similar to Grabowski and Vernon [12] and Vernon [15], 
we used a 1-year lag of cash flow to explain R&D intensity. 
Similarly, we also use 1-year lagged pre-tax profit margins as 
a reasonable proxy for expected profitability in the next year.

(1)IM
it
= �0 + �1PriceRegulationit + �1Xit

+Ω
i
+ �

t
+ �

it
,

where R&D
it

Sales
it

 refers to the R&D intensity of firm i in year t and 
was measured as the ratio of R&D expenditure to sales. X

it
 

is a vector of time-varying firm level control variables simi-
lar to those used in Eq. (1), namely mergers, acquisitions, 
and size of the firm proxied by number of employees. �

i
 

corresponds to firm fixed effects and �
t
 corresponds to year 

fixed effects. �
it
 corresponds to the error term in the 

equation.
Finally, the relationship between pharmaceutical price 

regulation and R&D intensity was estimated in Eq. 3 as 
follows:

where R&D
it

Sales
it

 refers to the R&D intensity of firm i in year t and 
was measured as the ratio of R&D expenditure to sales. X

it
 

is a vector of time-varying firm level control variables simi-
lar to that used in Eq. (1) namely mergers, acquisitions and 
size of the firm proxied by number of employees. �

i
 corre-

sponds to firm fixed effects and �
t
 corresponds to year fixed 

effects. �
it
 is the usual error term.

While the above equations represent our final regression 
estimation strategy, to highlight the importance of firm fixed 
effects in R&D investment decisions of firms, we first pro-
vide results of regressions that include only year fixed effects 
and then show the full results including year and firm fixed 
effects. Additionally, we conducted several robustness tests 
and explored further dynamics in different ways. Note that 
R&D intensity, cash flow, and profitability are adjusted for 
total revenue of the firm. This is a common approach in the 
literature owing to the presence of heteroscedasticity when 
using absolute figures. Furthermore, scale effects tend to 
dominate in regression estimations when variables are cor-
related with size [10].

3 � Results

3.1 � Main Results

Table 2 shows results of Eqs. 1–3. The results displayed in 
this table include only year fixed effects and a set of control 
variables, namely mergers, acquisitions, and firm size.

Columns 1 and 2 show the relation between exposure 
to pharmaceutical price regulation (as measured by relative 
market shares EU/USA) and our intermediate variables, i.e. 
cash flow and expected profitability. As expected, higher 
exposure to pharmaceutical price regulation is negatively 

(2)
R&D

it

Sales
it

= �0 + �2IMit−1 + �2Xit
+ �

i
+ �

t
+ �

it

(3)

R&D
it

Sales
it

= �0 + �3PriceRegulationit−1 + �3Xit
+ �

i
+ �

t
+ �

it

Price 

Regulation 

Cash-Flow 

Profitability 

R&D intensity 

- 

- +

+

-

Fig. 4   Analytical framework—pharmaceutical price regulation and 
R&D intensity

3  Note that the framework in Fig. 4 is shown purely for sake of expo-
sition; we did not adopt a structural modeling approach in the analy-
sis.
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associated with both current period cash flow and expected 
profitability, where the relationship on both is statistically 
significant at the 1% level. Columns 3 and 4 show the rela-
tionship between the intermediate variables and R&D inten-
sity. Both 1-year lagged cash flow and profitability are posi-
tively related to R&D intensity and statistically significant at 
the 1% level. As hypothesized in the methodical framework 
in Fig. 4, since price regulation reduces cash flow and profit-
ability, and both lagged cash flow and profitability increase 
R&D intensity, we would expect lagged price regulation 
to therefore negatively relate to R&D intensity. Column 5 
shows this expected result where the coefficient on price 
regulation is statistically significant at the 1% level and nega-
tively related to R&D intensity. The results are qualitatively 
similar to those in Vernon [15] in terms of the sign of the 
coefficient.

Overall, the above OLS estimates suggest that while phar-
maceutical price regulation (measured by relative market 
share in EU/USA) does affect R&D intensity of firms, this 
effect operates through both cash flow and profitability.

While previous research could not effectively exploit 
within variation in the sample due to limited temporal data 
[15, 20], our 18-year long panel allows for within-firm esti-
mations. Table 3 shows the results of estimations where both 
firm and year fixed effects are included. Including firm fixed 

effects in the analysis significantly raises the adjusted R2 
compared to Table 2 without firm fixed effects.

We continue to find a negative relationship between 
exposure to pharmaceutical price regulation (measured by 
relative market share in EU/USA) and both cash flow and 
expected profitability, significant at the 1% level (columns 
1 and 2 of Table 3). While without firm fixed effects, in 
column 3 of Table 2, the relationship between cash flow 
and R&D intensity was significant, in column 3 of Table 3 
we do not find a significant relationship. Neither is expected 
profitability significantly related to R&D intensity (column 
4 of Table 3). Expectedly, we also do not find a significant 
association between exposure to price regulation and R&D 
intensity itself as shown in column 5 of Table 3. Although 
the point estimate itself remains unchanged (compare with 
column 5 of Table 1), the standard error increases rendering 
the statistical association insignificant. Table 3 also shows 
firm effects relative to the lowest revenue firm in our sam-
ple. All firm dummies are positive and highly significant for 
cash flow and profitability, while they are negative, and in 
general, highly significant for R&D intensity.

Overall, the results suggest that the statistical relation-
ship between profitability, cash flow, exposure to price 
regulation (measured by relative market share in EU/US) 
and R&D intensity depends on the inclusion of firm fixed 
effects. This is not surprising given that prior research in 

Table 2   Results of OLS 
regressions with year fixed 
effects

Robust standard errors in parentheses. EU Europe, FE fixed effects, OLS ordinary least squares, R&D 
research and development, USA United States of America
*** p < 0.01, **p < 0.05, *p < 0.1

Variables (1) (2) (3) (4) (5)
Cash flowt Profitabilityt (R&D/sales)t (R&D/sales)t (R&D/sales)t

Exposure to price 
regulationt (as measured 
by relative market shares 
EU/US.)

− 0.267*** − 0.274*** – – –

(0.0548) (0.0809)
Cash flow(t−1) – – 0.171*** – –

(0.0408)
Profitability(t-1) – – – 0.104*** –

(0.0351)
Exposure to price 

regulation(t-1) (as meas-
ured by relative market 
shares EU/USA)

– – – –  − 0.0796***

(0.0212)
Controls Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Constant 0.318* 0.509* 0.948*** 0.959*** 0.979***

(0.170) (0.259) (0.0735) (0.0769) (0.0673)
Observations 174 174 164 164 164
R2 0.249 0.201 0.602 0.574 0.570
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this area concludes similarly. Cockburn and Henderson 
[23] conclude that their results on pharmaceutical firms’ 
productivity are not robust to the inclusion of firm fixed 
effects and that looking within the firm is important to 
understand the nuances of R&D investment and success. 
Specifically, unobserved and difficult to measure firm 
specific distinctive competence and factors such as sci-
entific expertise collected in-house and tacit knowledge 

about products, processes and markets that endow firms 
with competitive advantage could be important deter-
minants of R&D investment. While our results indeed 
endorse this view, we were unable to explore the role of 
such characteristics owing partly to limited data availabil-
ity, but also due to the inherent difficulty in measuring 
such characteristics.

Table 3   Results of OLS 
regressions with year and firm 
fixed effects relative to the 
lowest revenue firm

Robust standard errors in parentheses. CH Switzerland, DE Germany, EU Europe, FE fixed effects, FR 
France, OLS ordinary least squares, R&D research and development, UK United Kingdom, USA United 
States of America
*** p < 0.01, **p < 0.05, *p < 0.1

Variables (1) (2) (3) (4) (5)
Cash flowt Profitabilityt (R&D/sales)t (R&D/sales)t (R&D/sales)t

Exposure to price regulationt (as 
measured by relative market 
shares EU/USA)

− 0.346*** − 0.418*** – – –

(0.0965) (0.148)
Cash flow(t-1) – – 0.0138 – –

(0.0407)
Profitability(t-1) – – – 0.0129 –

(0.0314)
Exposure to price regulation(t-1) 

(as measured by relative mar-
ket shares EU/USA)

– – – – 0.0766

(0.0495)
Relative to lowest revenue firm
AstraZeneca (UK) 0.0678** 0.155*** − 0.0201**  − 0.0208*  − 0.0328**

(0.0264) (0.0428) (0.01000) (0.0108) (0.0135)
Bayer (DE) 0.0399 0.125 − 0.115***  − 0.116***  − 0.153***

(0.0508) (0.0821) (0.0128) (0.0103) (0.0270)
GlaxoSmithKline (UK) 0.100*** 0.237***  − 0.0571***  − 0.0582***  − 0.0771***

(0.0364) (0.0592) (0.0109) (0.0120) (0.0171)
Johnson & Johnson (USA) 0.0571* 0.175***  − 0.0798***  − 0.0810***  − 0.0952***

(0.0328) (0.0548) (0.0122) (0.0127) (0.0152)
Merck & Co (USA) 0.0744** 0.135***  − 0.0203**  − 0.0207**  − 0.0297**

(0.0287) (0.0438) (0.00967) (0.00986) (0.0117)
Novartis (CH) 0.142*** 0.230***  − 0.0299***  − 0.0302***  − 0.0568***

(0.0439) (0.0688) (0.0111) (0.0112) (0.0214)
Pfizer (USA) 0.119*** 0.133***  − 0.0564***  − 0.0561***  − 0.0705***

(0.0302) (0.0465) (0.0108) (0.0110) (0.0141)
Roche (CH) 0.115*** 0.230***  − 0.0249***  − 0.0257***  − 0.0474***

(0.0354) (0.0573) (0.00896) (0.00954) (0.0179)
Sanofi (FR) 0.132*** 0.212***  − 0.0456***  − 0.0458***  − 0.0738***

(0.0426) (0.0667) (0.0102) (0.0101) (0.0197)
Controls Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Constant 0.754*** 1.535*** 0.305*** 0.298** 0.161

(0.274) (0.475) (0.112) (0.117) (0.143)
Observations 174 174 164 164 164
R2 0.492 0.479 0.785 0.785 0.790
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3.2 � Additional Tests

In this section we conducted additional analyses, in which 
we assessed the robustness of our results, and explored firm 
dynamics.

3.2.1 � Robustness Tests

Vernon [15] and Grabowski [10] have empirically shown 
the effect of a one period lag of cash flow and profitabil-
ity on R&D intensity. We followed a similar approach in 

our analysis and lag cash flow and profitability by 1 year. 
However, it seems plausible to assess further delays in the 
relationship between cash flow, profitability, and R&D 
intensity. Finkelstein [24] argues that it is not optimal to 
make current R&D decisions based on current policy due to 
long R&D pipelines and uncertainty of future health policy. 
Therefore, it seems plausible that price regulation policies 
might also affect R&D with a longer delay. Given our sample 
size, we tested for 2-year lags of cash flow, profitability and 
price regulation and found similar results as before. Table 4 
shows these results. Since the relationship between price 

Table 4   Robustness of OLS 
regressions with firm and year 
fixed effects with time lags

Robust standard errors in parentheses. CH Switzerland, DE Germany, EU Europe, FE fixed effects, FR 
France, OLS ordinary least squares, R&D research and development, UK United Kingdom, USA United 
States of America
*** p < 0.01, **p < 0.05, *p < 0.1

(1) (2) (3)
Variables (R&D/sales)t (R&D/sales)t (R&D/sales)t

Cash flow(t-2) 0.0291 – –
(0.0316)

Profitability(t-2) – 0.0298 –
(0.0287)

Exposure to price regulation(t-2) (as measured 
by relative market shares EU/USA)

– – 0.0537

(0.0506)
Relative to lowest revenue firm
AstraZeneca (UK)  − 0.0186*  − 0.0203*  − 0.0290**

(0.0105) (0.0114) (0.0141)
Bayer (DE)  − 0.109***  − 0.110***  − 0.144***

(0.0122) (0.0108) (0.0264)
GlaxoSmithKline (UK)  − 0.0535***  − 0.0563***  − 0.0716***

(0.0107) (0.0116) (0.0169)
Johnson & Johnson (USA)  − 0.0750***  − 0.0775***  − 0.0918***

(0.0121) (0.0123) (0.0157)
Merck & Co (USA)  − 0.0181*  − 0.0197**  − 0.0235**

(0.00949) (0.00975) (0.0113)
Novartis (CH)  − 0.0247**  − 0.0255**  − 0.0479**

(0.0111) (0.0114) (0.0210)
Pfizer (USA)  − 0.0529***  − 0.0523***  − 0.0681***

(0.0108) (0.0108) (0.0144)
Roche (CH)  − 0.0206**  − 0.0224**  − 0.0397**

(0.00876) (0.00922) (0.0176)
Sanofi (FR)  − 0.0421***  − 0.0430***  − 0.0674***

(0.00990) (0.00984) (0.0201)
Controls Yes Yes Yes
Year FE Yes Yes Yes
Constant 0.354*** 0.338*** 0.203

(0.108) (0.110) (0.148)
Observations 157 157 154
R2 0.784 0.785 0.793
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regulation and both cash flow and profitability was tested 
contemporaneously in our model the results are similar to 
those in columns 1 and 2 of Table 3. In Table 4 we directly 
show the results of the relationship between a two-period lag 
of cash flow, profitability, and exposure to price regulation 
with R&D intensity. Columns 1, 2 and 3 show these results. 
The results are similar to those in Table 4, our main model, 
where we do not find a statistically significant association 
between any of these variables.

3.2.2 � Exploring Regulation‑Firm Dynamics

Factors such as firm size, technological know-how, scientific 
knowledge and process expertise accumulated in-house over 
time may provide firms with a distinct competitive advan-
tage. Within the pharmaceutical industry, technological, 
marketing and regulatory competencies are particularly 
valuable [25, 26]. Firms that have a higher level of such 
core competencies may be able to leverage unique skills 
when faced with regulatory hurdles and perform better than 
those firms with lower competencies. Thus, the effect of 
price regulation on cash flow and profitability and ultimately 
on R&D intensity may vary across firms. We examined this 
by allowing for different coefficients of exposure to price 
regulation across firms by interacting firm dummies with our 
price regulation measure. The results of which are presented 
in supplementary material A3.

While overall, we find similar results as in Table 3, where 
exposure to price regulation (measured by relative market 
share in EU/USA) is negatively related to cash flow, profit-
ability and R&D intensity, we do find differences in the coef-
ficient magnitudes across firms. Compared to the baseline 
estimates in Table 3 (column 1), coefficients of the relation 
between exposure to price regulation and cash flow are at 
least 2 to 3 times higher in magnitude where significant (col-
umn 1 of Table A3). Similarly, column 2 of Table A3 shows 
the coefficients of the relation between exposure to price 
regulation and profitability to be at least 3–4 times higher 
in magnitude across firms. Lagged cash flow and profitabil-
ity are in general not significantly related to R&D intensity 
with some exceptions. Similarly, overall, for most firms, 
exposure to price regulation is mostly non-significant and 
negatively related to R&D intensity (column 5 of Table A3) 
with the exception of some. Allowing the slope of exposure 
to price regulation to vary across firms also provides addi-
tional insights. Specifically, we can observe that all firms 
with headquarters in the USA show a negative relationship 
between exposure to price regulation and profitability (also 
for cash flow except for Pfizer). This pattern is less robust 
for firms with headquarters in Europe. We discuss this find-
ing later.

3.2.3 � Exploring Regulation‑Year Dynamics

It is also likely that price regulation increases (decreases) 
with time with countries adopting more (less) regulatory 
measures over time. Countries in Europe adopted different 
price regulation measures at different times, thereby increas-
ing (decreasing) the intensity of exposure to regulation, 
which is naturally reflected in our measure of price regula-
tion (see Fig. 3). As a result of changing regulation, firms’ 
business strategies and strategic choices may also evolve 
over time. We assessed this by interacting our exposure to 
price regulation measure with year dummies to allow the 
slope of price regulation to vary across years. The results are 
presented in Table A4 in the supplementary material. Expo-
sure to price regulation shows a negative relationship with 
cash flow and profitability across all years (in some years, 
however, the coefficient is not statistically significant). Simi-
larly, the relationship between cash flow and R&D intensity, 
and profitability and R&D intensity is positive but mostly 
non-significant. Overall, the results are similar to our main 
results in Table 3, i.e. we do not find a strong statistically 
significant relationship between exposure to price regulation 
(measured by relative market share in EU/USA) and R&D 
intensity across years.

4 � Discussion

The trade-off between affordability of drugs today and the 
necessity to incentivize pharmaceutical firms to engage in 
future R&D to produce new and better drugs is well known. 
This paper revisited the relationship between pharmaceutical 
price regulation and R&D intensity by firms. We measured 
exposure to price regulation byexploiting the stylized fact 
that firms that sell more in Europe are exposed to greater 
price regulation than those that sell more in the USA, i.e. the 
share of sales of a firm in Europe relative to that in the USA 
is a plausible measure of price regulation. Adopting a similar 
framework as in Vernon [15], we estimated the relationship 
between this measure and R&D intensity and explored the 
role of cash flow and profitability as intermediate mecha-
nisms.4 To this end, we use the latest available data from 
2000 to 2017 for the top 10 pharmaceutical companies and 
exploited variation between and within firms to assess how 
exposure to price regulation (measured by relative market 
share in EU/USA) relates to R&D investment.

4  While Vernon [15] used random effects models as his preferred 
specification, we did not use them since we believe that the firm spe-
cific effects correlate strongly with our other independent variables in 
the model. Random effects assumption could thus be violated.
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We find that firm fixed effects play a key role in explain-
ing the negative association between exposure to price regu-
lation and R&D found in prior studies. In OLS regression 
models without firm fixed effects, exposure to price regu-
lation relates negatively to cash flow and profitability, and 
these latter variables relate negatively to R&D. Expectedly, 
exposure to price regulation relates negatively to R&D indi-
cating that cash flow and profitability are plausible chan-
nels for this finding. However, once firm fixed effects are 
included, while price regulation continues to relate nega-
tively to cash flow and profitability, there is no significant 
relationship of price regulation with R&D intensity. This 
might suggest that big firms may not use their sales for 
financing their current or new R&D pipeline, but instead, 
they may use them to recoup investments in existing prod-
ucts. More importantly, this result draws attention to the 
relevance of including firm specific effects in such an analy-
sis. We include as controls, other important determinants of 
R&D such as mergers and acquisitions, size of the firm, year 
fixed effects to account for common exogenous shocks, and 
region. Despite the inclusion of these variables, the coef-
ficients lose significance only when firm fixed effects are 
included. This is unsurprising on two accounts. First, prior 
research in this area concludes similarly—Cockburn and 
Henderson [23] conclude that their results on pharmaceuti-
cal firms’ productivity are not robust to the inclusion of firm 
fixed effects and that looking within the firm is important 
to understand the nuances of R&D investment and success. 
Second, in an industry that limits imitation due to patents, 
resources, processes, and accumulated knowledge that are 
unique to the firm grant long-term competitive advantage 
[27]. To the extent that these correlate with firm specific 
effects, our findings are in line with the literature.

Our results are also consistent with the resource-based 
view within the strategic management and organizational 
science literature that has shown that firm effects strongly 
influence firm strategies and performance outcomes [28]. 
The role of unique firm resources and processes that endow 
competitive advantage is enhanced when firms are pro-
tected from imitation [27], which is particularly relevant 
in the pharmaceutical industry due to the existence of pat-
ent protection. The core resources within a pharmaceutical 
firm such as tacit knowledge and scientific expertise in drug 
development thus shape its strategic long-term irreversible 
decisions [29]. Henderson and Cockburn show that drug 
discovery is related to the expertise and competence of the 
firm in specific disciplines and disease areas. In addition, 
they find that the ability to maintain the flow of information 
in the firm’s boundaries is another important determinant 
of productivity. Cockburn and Henderson in another study 
report that there is an important relationship between the 
diversity of the pharmaceutical firm’s drug development tri-
als and the success of each of the projects [23].

Additionally, we also explored firm and price regulation 
dynamics by allowing for different slopes of exposure to 
price regulation across firms and across the years in our 
sample. While the magnitude of the coefficients is differ-
ent across firms and years, one interesting pattern emerges. 
Firms that are based in the USA (i.e. headquarters in the 
USA) show a negative relationship between price regulation 
and R&D intensity. This finding does not hold robustly for 
European firms. Firms’ locations are known to determine 
launch decisions and to influence prices. Therefore, loca-
tion may play an important role in determining profitability 
and R&D intensity. Kyle [30] explains, pharmaceutical firms 
have a home advantage in that governments may not apply 
price regulations in a similar manner across firms. Domestic 
firms could be favored and even compensated more than 
foreign firms by governments. In fact, firms may engage 
in R&D relevant to and profitable in their domestic market 
[30, 31]. In addition, domestic firms may receive significant 
tax benefits, approval application priorities and subsidies for 
engaging in domestically relevant research. The same may 
not apply for US-based firms that enter the European market 
and have a higher share of sales in Europe.

While we do not claim a causal relationship between price 
regulation and cash flow and profitability, and price regula-
tion and R&D, we are confident our results are driven by 
systematic variation between these variables. We controlled 
for the most important factors that have been consistently 
shown to influence firms’ R&D investment decisions. Time 
variant confounders such as firm size, mergers, acquisitions, 
cash and asset equivalents, and time invariant confounders 
and common exogenous shocks to firms are all controlled 
for in our regression models. In separate regressions (not 
shown but available upon request) similar to those reported 
in Table 3, we directly controlled for region (Europe or 
USA) to which results remain robust. This allowed us to also 
control for other potential sources of heterogeneity between 
European and US markets, such as market access, regulatory 
approval, reimbursements, taxation and subsidy benefits, and 
even basic principles of health coverage at the system level.

Despite these, our study presents certain limitations. First, 
while we do control for different firm level variables and the 
region to show robustness, firms may still be exposed to 
different country level mandates with regard to industrial 
policies, regulations and reimbursement guidelines, which 
we were unable to test for due to unavailability of data at the 
firm-country level. Additionally, the characteristics of man-
agers and CEOs that drive innovation may play an important 
role in R&D decisions. Specifically, the extent to which firm 
fixed effects correlate with CEO or manager fixed effects 
could be examined. Future research can explore the impact 
of such variables with more granular data. Second, the 
variable of R&D expenditures captures the total amount 
of firm-sponsored R&D, i.e. includes all R&D expenditure 
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and not only investment for drug development. For exam-
ple, it also captures additional expenses on software [21]. 
As a result, we may be overestimating R&D expenditure. 
However, since all firms in the data we use report R&D in a 
similar manner, we can reasonably assume that it does not 
correlate with the independent variables and hence, despite 
the measurement error in our dependent variable, our OLS 
estimations have good properties [32]. Third, we explored 
lagged relationships by only up to 2 years; it is plausible 
that price regulation has a delayed effect, longer than the 
period we envisage and test in the paper. This remains an 
open avenue for further work with data on a larger number 
of firms. We were also unable to further explore the role of 
location in this paper due to the small number of firms we 
have. Data on more firms and more variation in headquarter 
locations could add additional insights on the role of firms’ 
domestic versus foreign location in R&D decisions. Finally, 
we did not examine welfare implications of our results, in 
that we made no attempt to assess how the gains by reduc-
ing pharmaceutical expenditures through price regulation 
offset the losses incurred by decreasing innovation and per-
haps quality of medicines produced. Such an analysis will 
require extensive data on disease burden, drug consumption, 
pharmaceutical and other medical expenditures, and prices 
among other variables.

5 � Conclusions

In this paper, we re-examined the relationship between phar-
maceutical price regulation and R&D intensity using the 
latest (2000–2017) firm level data and explored the role of 
cash flow and profitability in mediating this relation. We 
find that exposure to price regulation as measured by relative 
market share in EU/USA is negatively associated with R&D 
intensity, and this relationship is driven by the negative asso-
ciation of price regulation with cash flow and profitability. 
However, after the inclusion of firm fixed effects, while the 
negative association between price regulation, cash flow and 
profitability remain, that between price regulation and R&D 
intensity is no longer significant. We also find firm-level 
heterogeneity in these results, which may be partly associ-
ated with differences arising due to location of the firms. Our 
results provide new insights using recent firm level data and 
contribute to the sparse literature on this topic.
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