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Introduction

The pharmaceutical industry has long argued that high drug prices reflect the high cost of innovation
and that reducing drug prices would necessarily slow the pipeline of new drugs. These arguments have
been bolstered by studies of large pharmaceutical companies showing statistical associations between
the projected market size or revenue for pharmaceutical products and research & development (R&D)
activity. Our analysis recognizes the increasingly important role of small biopharmaceuticals in drug
development, companies that typically have little revenue and negative earnings, but are now

responsible for more than 40% of new drug approvals.

We examine the relationship between changes in revenue and R&D for companies of different size
from 2000-2018. While changes in R&D expense correlate with changes in revenue for the largest
biopharmaceutical companies (>$7B market cap), no such relationship is found for smaller companies.
Modeling the impact of differential cost reductions on the pipeline of new products, we find that any
negative impact of drug price reductions may be mitigated through strategic allocation of cost

reductions by large companies to different stages of clinical development.



Background

A flurry of legislative activity in the 117th Congress is aimed at reducing drug prices to ensure that
essential medicines for preventing and treating disease are affordable to all Americans.! One of the
major concerns about such legislation is that reducing drug prices would necessarily lead to reduced
investment in industry spending on research and development (R&D) and slow the pipeline of

innovative, new treatments for currently intractable diseases.

This concern was bolstered by an April 2021 report from the Congressional Budget Office (CBO) titled

Research and Development in the Pharmaceutical Industry, which considered the impact of legislation
introduced in the 116th Congress that would have authorized the Secretary of Health and Human
Services to negotiate drug prices paid by Medicare or Medicaid.?2 The CBO concluded that “The
prospect of such lower revenues would make investments in R&D less attractive to pharmaceutical
companies...” and that “...approximately 8 fewer drugs would be introduced to the U.S. market over the

2020-2029 period and about 30 fewer drugs over the subsequent 10 years.”

The CBO'’s findings are not unprecedented. A series of papers by Vernon and colleagues examined the
finances of the pharmaceutical industry from 1993-1994, years that the Clinton Health Plan was being
debated in Congress. These studies showed that pharmaceutical R&D spending decreased during the
years that the Clinton plan was being debated, then experienced a (slow) rebound after the Clinton
proposals were rejected.? A complementary dynamic has been observed in response to exogenous
factors that increase the market for pharmaceutical products such as demographic changes in the US
population® and passage of Medicare Part D.> Both factors have been shown to be associated with
increased R&D spending and clinical trial activity specifically in therapeutic areas most impacted by

anticipated changes in market size.

These observations are consistent with a financialized view of the biopharmaceutical industry, which
posits that the allocation of resources to R&D is driven by the projected revenue from product sales
and return on investment.® In this context, product pricing and the size of the available market are
considered to be the primary determinants of R&D spending. A corollary to this view of the industry is
that, faced with declining revenue or lower projections of future revenue, companies would choose to
reduce investments in R&D and prioritize their profitability, rather than develop new products with

lower profit margins or returns on investment.



Is reducing R&D an inevitable response to lowering drug
prices?

Other analyses, however, have questioned the assumption that pharmaceutical companies would
choose to reduce R&D spending to ensure profitability. A 2019 white paper from the West Health
Policy Center and Johns Hopkins Bloomberg School of Public Health examined the profitability of a set
of 23 large pharmaceutical companies, measured by return on invested capital (ROIC), from 2011-2019
compared to companies in other industrial sectors. The analysis concluded that large pharmaceutical
companies had significantly higher ROIC than companies and other sectors, and that “...large
pharmaceutical manufacturers could endure significant revenue reductions, including the reductions
considered in recent legislative proposals, while maintaining current research investments and still
achieve the highest returns of any market sector.”” They concluded that capital investments by large
pharmaceutical companies would remain more attractive than alternative investments despite
substantial reductions in drug prices and the associated revenue. They concluded that “While we
recognize that any reduction in revenues will change a company’s operational strategy, we find that

large pharmaceutical companies would still maintain industry-leading returns on capital.”

Analogous results were described in a 2020 study from the Center for Integration of Science and
Industry at Bentley University. This study demonstrated that the profits of 35 large pharmaceutical
companies, measured by net income (earnings), were significantly larger than those of other
companies in the S&P500 from 2000-2018,8 though the difference was partly accounted for by
controlling for company size, year, and involvement in R&D. This study also highlighted the scale of
pharmaceutical revenue, profit, and spending, showing that from 2010-2018, these companies
reported cumulative revenue of $11.5 trillion and net income of $1.9 trillion, while expensing $1.8 trillion
for R&D and distributing $1.8 trillion to shareholders in the form of dividends or stock buybacks. This
study showed that large pharmaceutical companies have the capacity to absorb substantial reductions
in revenue without compromising the resources necessary to sustain R&D and earnings comparable to

other leading industrial sectors.



The growing impact of small biopharmaceutical companies

The present analysis recognizes the increasingly important role of small biopharmaceuticals in drug
development. A 2020 report from IQVIA noted that, while large pharmaceutical companies
traditionally played the dominant role in late-stage development and marketing of pharmaceutical
products, this dynamic has changed over the past decade.? The report showed that from 2016-2020,
approximately 40% of new products were both originated and launched by emerging
biopharmaceutical companies, defined by IQVIA as revenue <$500 million and R&D spending <$200
million. Another 20% of new products arose from development programs initiated by emerging
companies, but were launched after licensing or acquisition by established firms. This is notably
different than the situation from 2011-2015, when less than 20% of new products were launched by

emerging biopharmaceutical companies.

The finances of small biotechnology companies are dramatically different from those of established
firms. A recent study examined the financial performance and late-stage product development
pipelines of the 319 biotechnology companies that had Initial Public Offerings (IPOs) on NASDAQ from
1997-2016.1° This cohort of emerging, public biotechnology companies reported sustained R&D
spending throughout the study period and contributed to the late-stage development of 144 new
products, including 78 New Molecular Entities (NMEs) and 34 first-in-class drugs, despite also
reporting little revenue and consistently negative earnings. Nevertheless, these companies achieved
growth of market capitalization and shareholder value similar to that of a matched set of

non-biotechnology companies with concurrent IPO dates.

The strategic role of R&D spending in small biotechnology companies is often different than in larger
companies. Many early and emerging biopharmaceutical companies have a science-based business
model, where the return on investment is predicated on increasing the value of its intellectual property
and a variety of potential applications, rather than the projected returns from a specific product with a
delimited market.!! Moreover, many companies are founded explicitly to advance a specific technology
or cure for a particular disease entity, and allocate their R&D spending to maximize these
opportunities. Thus, the relationship between revenue and R&D spending may not be the same in

emerging, small public biotechnology companies as in large, established pharmaceutical companies.



Relationship between revenue and R&D for companies of
different size

This analysis considered the relationship between revenue and R&D expense for all publicly traded
biopharmaceutical companies for the years 2000-2018.12 The dataset comprises 1379 companies and
10,035 fiscal years of reported financial data (see Attachments). When considering the entire dataset,

there was a strong association between annual revenue and R&D expense (Figure 1).

Examining the relationship between revenue and R&D in more detail, we considered the relationship
between revenue and R&D separately for large pharmaceutical companies, defined as having a market
capitalization >$7 billion, and small biopharmaceutical companies, defined as having a market
capitalization <$7 billion. For large companies, the fraction of revenue expensed as R&D, often referred
to as “R&D intensity,” was found to be relatively constant (Figure 2), with a median value of 16.6% (IQR
12.9%-21.6%).13 Further segmenting large companies into quartiles by their market capitalization, the
fraction of revenue expensed as R&D is most consistent for the largest companies (2nd, 3rd, 4th
quartiles) (Figure 2). In contrast, the fraction of revenue expensed as R&D varies widely for smaller

companies with a market capitalization <$7 billion.

Figure 1:
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Relationship between annual revenue and R&D expense for 1,379 public biopharmaceutical companies 2010-2018. Company size is
indicated for companies with market capitalization <$7 billion (“small companies”) and companies with market capitalization >$7 billion
(“large companies”) separated by quartile from larger (4th quartile) to smaller (1st quartile.) Each point represents one fiscal year of data for

one company.
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Company Size

10,000 Company Size
* Large (MkiCap > $7B) Small (MktCap < $7B)

E Small (MktCap < $7B)
g Large (1st Quartile)
_g 100 Ao o oo * Large (2nd Quartile)
oDZS ® Large (3rd Quartile)
< Large (4th Quartile)
S 1
C
(O]
>
o
3
% .01

0 100 200 300 400

Market capitalization ($, billions)

Relationship between market capitalization and the fraction of revenue expensed as R&D (R&D intensity) for 1,379 public biopharmaceutical
companies 2010-2018. Each point represents one fiscal year of data for one company. INSERT shows the distinctly different pattern for large
companies (market capitalization >$7 billion) and small companies (market capitalization <$7 billion). The larger figure separates large

companies by quartile with the largest companies represented in quartile 4.

The relationship between year-to-year changes in revenue and changes in R&D for large
pharmaceutical companies is shown in Figure 3. There was significant positive association between
changes in revenue and changes in R&D for large companies (Figure 2, INSERT). This association was
significant for companies in the three largest quartiles (2nd, 3rd, 4th quartiles), but not for companies
in the lowest quartile (1st quartile) (Figure 2). The slope of the trendlines reflects the change in R&D
expense associated with change in revenue for large companies in the 2nd, 3rd, or 4th quartiles.
Specifically, for these companies, reductions of revenue up to 10% were associated with reduction in

R&D spending up to 8%.

There was also no significant association between changes in revenue and changes in R&D for smaller
companies with market capitalization <$7 billion (not shown). No change in R&D would be expected for

reductions in revenue of up to 10% in small companies with market capitalization <$7 billion.

This analysis is consistent with previous studies that described an association between revenue and
R&D spending in large pharmaceutical companies. Extending this analysis to all publicly traded
biopharmaceutical companies however, further demonstrated that there is no evidence for an

association between revenue and R&D spending for companies with market capitalization <$7 billion.
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Relationship between year-to-year changes in revenue and year to year changes in R&D for companies with market capitalization >$7

billion 2010-2018. Each point represents one fiscal year of data for one company.

Unlike large pharmaceutical companies, which are responsible for marketing the large majority of
pharmaceutical products and therefore generate the majority of pharmaceutical revenue, smaller
biopharmaceutical companies are largely dependent on equity investments by public and private

investors!4 as well as partnerships with large pharmaceutical companies, for operating capital.

To assess the relationship between R&D spending and the capital available to small companies in a
given fiscal year, we examined the relationship between R&D expense and the sum of cash and
short-term investments at the beginning of the fiscal year, revenue, and sale of common and preferred
stock.l®> When considering only companies with market capitalization <$7 billion, we observed no
significant association between R&D expense and this estimate of available capital. While additional
studies of the relationship between the availability of capital and R&D spending in smaller companies
is warranted, this analysis does not support the assumption that R&D spending in these companies

would be decreased in response to a reduction in drug prices.



Contributions of large and small companies to development

To assess the differential contribution of large and small biopharmaceutical companies to the drug
development pipeline, we examined clinical trials listed in ClinicalTrials.gov.1® We identified phase 1,
phase 2, and phase 3 clinical trials initiated from 2010-2019 with at least one corporate sponsor.
Clinical trials sponsored by companies with market capitalization >$7 billion at any time during the
study period were considered to have been sponsored by “large companies” and were categorized by

the highest quartile achieved by that company.

Figure 4:
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Fraction of clinical trials sponsored by companies with market capitalization <$7 billion (small companies) or companies

with market capitalization >$7 billion (large companies) separated by quartile. Data from ClinicalTrial.gov.

Other corporate clinical trials were categorized as small companies. Small companies include public
companies with market capitalization <$7 billion throughout the study period as well as companies not
identified by GICS codes or included in Compustat. For clinical trials with multiple sponsors, trials were

categorized by the category of the largest sponsor. The results are illustrated in Figure 4.

Companies with market capitalization <$7 billion sponsor the
majority (~60%) of phase 1, phase 2, and phase 3 clinical trials
of new pharmaceuticals.

This analysis suggests that approximately 60% of phase 1, phase 2, and phase 3 clinical trials from
2010-2019 were sponsored by small biopharmaceutical companies with market capitalizations <$7
billion. These data are consistent with the observation by IQVIA that small companies, defined as

having revenue <$500M, account for 70% of products in phase 3 trials.}’
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Modeling the impact of revenue reductions on new drug
approvals

Assuming revenue-related reduction in R&D spending will impact investment in phased clinical trials,
the progression of candidate therapeutics is modeled through the development pipeline. The model
assumes that companies of different size will reduce R&D spending by different amounts and that cost
reduction are achieved by selective allocation of resources to the three phases of clinical development.
The model incorporates published data regarding the per drug costs of each clinical phase as well as
the phase transition success rate.l® The model incorporates changes in R&D spending proportional to
reduction in revenue for companies of different size and the fraction of clinical trials performed by
small companies as shown:

C . ch in R&D 19 Percentage of trials by small companies
ompany size angein ,

Phase 1 Phase 2 Phase 3
SmallP n/ad 59.8% 60.1 56.7
Large®
Q1 0.3% 1.2% 1.5% 1.7%
Q2 0.86% 2.1% 3.0% 3.2%
Q3 1.06% 14.2% 12.0% 12.7%
Q4 0.95% 22.7% 23.4% 25.7%

a9 change in R&D for each 1% reduction in revenue; P Small companies have market capitalization <$7 billion; ¢ Large companies have market
capitalization >$7 billion and are separated by quartile; 4 No change in R&D expense is anticipated for companies with market capitalization <$7 billion.

A schematic of the model is shown in Figure 5. The model estimates the steady state level of drug
approvals for a hypothetical number of candidate products entering clinical development. The model
enables consideration of scenarios that embody different levels of revenue reduction and differential

allocation of cost savings between phase 1, phase 2, and phase 3 clinical trials.

Several aspects of this model should be emphasized. First, the model assumes that all companies are
subject to a 10% decrease in revenue, regardless of size. Second, the model assumes no change in the
number of new products proceeding through clinical trials sponsored by small companies. Third,
reported transitional success rates between phases commonly conflatetechnical failures related to
safety or efficacy, with “commercial failures” that result in discontinuation of a candidate product due
to economic considerations, corporate strategy, product prioritization, or inadequate funding. The
commercial failure rate for products in development is estimated to be as high as 20-30%.2° The
model assumes that the cost savings required to reduce R&D spending will be realized by reducing the
number of drugs transitioning to the next phase of clinical development, effectively increasing the
commercial failure rate from that phase. Cost reductions may also decrease the commercial failure

rate (and increase the success rate in a specific phase) by reducing the number of products available to
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Schematic of pharmaceutical pipeline model.
Three scenarios are shown, each of which are predicated on a 10% decrease in revenue from the

baseline.

+ Proportional Cut: This scenario assumes the number of products entering phase 1, phase 2, and
phase 3 are each reduced in proportion to the reduction in R&D expense for companies of different

size. This results in a reduction in approvals from 47 to 45 (4.3% reduction).

+ Cost reduction in late phase trials: This scenario assumes that the number of products entering
phase 1 or phase 2 is unchanged, but the number entering phase 3 was reduced to achieve the full
reduction of R&D expense for companies of different size. This results in a worst-case scenario with

43 drug approvals (8.6% reduction).

+ Cost reduction in early phase trials: This scenario assumes that 90% of the cost reductionis
achieved through a proportional reduction in phase 1 or phase 2 trials. While the number of products
entering phase 3 decreases, the retained spending for phase 3 is sufficient to reduce the commercial

failure rate, and the number of approved products is unchanged from the baseline case (no reduction).



Figure 6:

Modeling the pharmaceutical pipeline with revenue reductions of 10%
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Three scenarios for reducing R&D expense in response to a 10% decrease in pharmaceutical revenue. The model assumes different levels of
cost reduction by companies of different size and that cost reductions will be achieved by reduction of spending on phased clinical trials. The

three scenarios posit differential allocation of cost reductions between phase 1, phase 2, or phase 3 trials.

These three scenarios demonstrate the ability of large pharmaceutical companies to mitigate any
impact of drug price reductions on their product development pipelines through strategic allocation of
cost reductions to different phases of clinical development. The three scenarios shown achieve
equivalent reductions in R&D spending, but result in reductions in the number of new drug approvals
by 4.3%, 8.6%, and 0% respectively. It should be emphasized that this model does not posit any
changes in the process of pharmaceutical development or regulatory review, but simply agile resource

and asset management.




Conclusions

This analysis suggests that any negative impact of drug price reductions on the pipeline of
pharmaceutical innovation may be mitigated through strategic allocation of spending reductions in
large pharmaceutical companies. Policy makers do not need to make a false choice between reducing
prices to ensure the affordability of pharmaceutical products currently on the market and the

innovation required to bring new products to market in the future.

This analysis differs substantively from previous analyses of the potential effects of reducing drug

prices on the pipeline of pharmaceutical innovation.

+ First, this analysis considers all public biotechnology and pharmaceutical companies identified by
GICS codes listed in Compustat. Previous studies have focused primarily on limited sets of large
pharmaceutical companies and have often failed to address the contributions of the much larger

number of small, early-stage or emerging biopharmaceutical companies.

+ Second, while a small number of large, fully integrated pharmaceutical companies are responsible for
the manufacture and marketing of the great majority of products on the market, small companies
conduct the majority of all clinical trials and are increasingly responsible for launching new products.
This analysis shows that approximately 60% of all corporate-sponsored clinical trials are sponsored by
“small” companies with a market capitalization <$7 billion. This observation is consistent with the data
from IQVIA showing that that up to 70% of phase 3 trials and 40% of all product launches over the

past five years involved small biopharmaceutical companies (<$500M revenue and <$200 R&D).23

+ Third, this analysis recognizes that the finances of large pharmaceutical companies with robust
revenue and earnings are very different than those of smaller biopharmaceutical companies, which
consistently report limited revenue and negative earnings. This analysis suggests these two sets of
companies are likely to have different strategic responses to decreasing revenue. While there is a
consistent historical association between revenue and R&D for the largest pharmaceutical companies,

no such association was evident for smaller companies.



These observations are not unexpected. The valuation of large, financialized pharmaceutical
companies is critically dependent on metrics such as earnings per share (EPS). Decreasing R&D
expense in response to reductions in revenue is an efficient strategy for sustaining the level of
earnings and limiting negative impacts on corporate valuations. Moreover, large companies are
increasingly focused on the manufacture and marketing of products acquired through licensing,
merger, or acquisition, rather than those developed through internal R&D.2* McKinsey has estimated
that from 2001 to 2016, the fraction of large pharma revenue coming from acquisitions, rather than
internal R&D, grew from 25 to 50 percent, and a recent analysis of 14 large pharmaceutical companies
showed that only 40% of their new drug launches originated from internal R&D. Given this increasing
focus on product acquisition, analysts expectations for future revenue may not be significantly

impacted by decreasing R&D in response to reductions in drug prices and revenue.

In contrast, smaller pharmaceutical companies often have science-based business models that focus
on advancing and validating platform technologies or innovative therapeutics, which are later acquired
by larger companies through licensing agreements or corporate acquisition. Since these companies
typically have little revenue and negative earnings, current earnings are largely irrelevant to company
valuations, which are based largely on analysts’ expectations for future revenue and earnings. Thus,
small companies are likely to prioritize R&D spending in response to decreases in revenue. While small
companies are often dependent on the availability of capital investments, we are not aware of
empirical evidence that reductions in drug prices would adversely impact investments in early-stage or
emerging biotechnology companies.}* In fact, the increasing reliance of large pharmaceutical
companies on early and emerging biotechnology companies for innovation is already a major driver of
innovation and valuation in the biotechnology sector. These forces may become even more
pronounced if large pharmaceutical companies reduce their R&D spending and turn increasingly to

merger and acquisition.?®

+ Finally, previous analyses have failed to consider the ability of the pharmaceutical industry to
strategically respond to reduction in R&D spending to preserve the pipeline of pharmaceutical
innovation. Decades of management reform in the pharmaceutical industry has focused on
implementing “agile” management systems that provide companies with substantial flexibility to
respond to changing circumstances and opportunities, mitigating risks, and optimizing asset
utilization.2® Agile management practices are evident in the longstanding trend towards outsourcing
clinical development and the progressive elimination of operational constraints embodied in traditional
facilities, governance, communications, supply chains, and employment practices. The strategic
reallocation of resources to different phases of clinical development would be a classic application of

agile management practice.



This analysis shows that price reductions anticipated from the proposed legislation, if properly
managed, could have minimal impact on pharmaceutical innovation and the emergence of new
products for prevention, treatment, and regeneration. We would emphasize that this conclusion is
based squarely on current best practices in the biopharmaceutical industry, the observed relationship
between revenue and R&D spending over the past two decades, and the contributions currently being

made to pharmaceutical innovation by companies of different size.

This model is not aspirational; it does not presume changes in the process, financing, or regulation of
pharmaceutical innovation, it does not postulate that advances in information technology or research
practices will improve R&D efficiency, and it does not require changes to the business models of
pharmaceutical companies or a reprioritization of patients and social responsibility over shareholders
and profit. Rather, this analysis suggests that best practices of biopharmaceutical finance and
management are sufficiently robust to provide patients with relief from drug prices that make
essential medicines unaffordable without inhibiting development of innovative new products for

prevention, treatment, and regeneration.
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Attachments

Attachment 1. Financial totals for large and small pharmaceutical companies

2000-2018
ALL Large Companies?® Small Companies®

# fiscal years (N) 10,035 618¢ 9,4174

# companies (N) 1,379 78¢ 1,301

($, billions 2000 - 2018)

Revenue $12 066 $11,385 $681

Sale of Common and Preferred Stock $503 $212 $290
Costs of Goods Sold  $3140 $2,703 $436

R&D $2,019 $1,737 $281

Gross Profit $8 926 $8,681 $244

EBITDA (Loss) $3,577 $3,672 -$94

Net Income (Loss) $1,596 $1,858 -$262

Income Taxes $549 $540 $8.87

Dividends  ¢979 $964 $14.5

Purchase of Common and Preferred $793 $773 $19.3

Stock

a Large companies are defined as having a market capitalization >$7 billion in a fiscal year; ® Small companies are defined as

having a market capitalization <$7 billion in a fiscal year; Number of fiscal years with market capitalization >$ 7 billion; d

Number of fiscal years with market capitalization <$7 billion; ¢ Number of companies with at least one fiscal year with market

capitalization >$7 billion. Totals are shown for the years 2000-2018. All data are from Compustat and are inflation adjusted to

2018.



Attachment 2. Median and Interquartile range of financial metrics for large and

small biopharmaceutical companies.

Small Companies? Large Companies?
Median (IQR) ($ millions) Median (IQR) ($ millions)
market capitalization® 111.2 (27.7 t0 390.7) 40,399 (13,669 to 101,033)
revenue 3.1(0.0 t0 27.5) 9,550 (2,913 to 28,578)
sale of common and
preferred stock 5.4 (0.3 t029.8) 106.2 (25.2 to 347.5)
R&D¢ 12.5 (2.5 to 34.7) 1513.4 (447.6 to 4,521.8)
gross profit 0 (-16.6 to 4.3) 7,233.6 (1,888 t0 22,454)
EDITDA 12.1(-32.5t0 2.1) 3,023 (796.5 t0 9,117)
netincome 14.4 (-37.8 t0-2.8) 1,150 (258.2 to 4,713)
research intensity® 2.8 (0.4 t0121.3) 0.17 (0.13 t0 0.22)
net income margin’ -51(-562.2 t0-0.5) 0.15 (0.06 to 0.21)

a Small companies are defined as having a market capitalization <$7 billion in a fiscal year; ® Large companies are defined as
having a market capitalization >$7 billion in a fiscal year; ¢ Calculated from stock price and common shares outstanding; d
Calculated without in-process R&D; € Calculated as R&D/revenue; f Calculated as net income/revenue. All data are from

Compustat and are inflation adjusted to 2018.
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was limited to the impact of revenue reductions up to 10%, reflecting the boundary of the data used to
generate the model. There is no empirical data on which to base estimates of the relationship between

R&D expense and reductions of revenue >10%.
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