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When less I1s more

Bruce L Booth

nvestors are pouring cash into biotech com-
panies today at a pace near historic highs.
Young biotech companies eager to grow and
to fund their pipelines are aggressively raising
larger amounts of capital from an increasingly
diverse set of investors. However, in contrast to
biotech’s traditional ‘raise as much as you can’
thinking, larger financings are not necessarily
the best path to superlative returns. In fact, great
returns are most commonly linked to superior
capital efficiency: progressing high-potential
drug programs or platforms through value
inflection points (e.g., from preclinical candi-
date through clinical proof-of-concept) while
burning less capital than their competitors.
In the presence of so much capital, and given
the ease with which less value-added uses can
be found, biotech investors and entrepreneurs
should vigilantly manage their company’s cash
needs and proactively focus on exploiting their

la.l startup’s intrinsic capital-efficiency advantages.
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Amid an abundance of capital, the path to great
=" returns is using less of it.

Never had it so good?

The fund-raising environment for biotech com-
panies has rarely been so good. According to the
biotech industry research firm and publisher
BioCentury, in the first quarter of 2007, public
and private biotech fund-raising exceeded $7.7
billion in new capital. This continues an upward
trend following the 2002 nadir in the biotech
market (Fig. 1).
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An analysis of recent returns from venture-backed biotech firms reveals that companies receiving the most financing
do not necessarily deliver the best returns.

Table 1 Comparison of the relative contribution from different sources of capital®

1994-1996 2004-2006

Capital raised Capital raised
Source of capital ($ billions) Share ($ billions) Share Change CAGR
Follow-on (secondary 5.1 35% 13.7 19% 2.7x 10%
public offerings)
IPOs 3.4 23% 1.4 9% 1.9% 7%
Venture financings 2.0 14% 16.3 22% 8.0x 23%
PIPEs 1.5 10% 10.2 14% 7.0x 21%
Debt (traditional and 1.3 9% 25.7 35% 19.3x 34%
venture debt)
Other 1.1 8% 1.0 1% 0.9x -1%
Total 14.5 100% 73.2 100% 5.1x 18%

2The sources of financing for the biotech sector have changed considerably in the past decade. Three-year averages from
1994-1996 and 2004-2006 are compared, looking at both absolute dollars and share of the vintage’s total financings.
Debt, venture capital and PIPEs have all increased considerably; IPO fund-raising has decreased as a share of total financ-

ings. CAGR, compound annual growth rate.

It is not just the amount of capital available
that makes today’s fund-raising environment a
rich one for biotech firms, but also the emerg-
ing diversity in the investors supplying it. The
biotech capital markets have changed consider-
ably in the past ten years. Today, in addition to
traditional venture funds, we have hedge funds
and crossover investors participating in ‘venture’
rounds, loan providers helping to finance loss-
making private biotechs through ‘venture debt),
private investments in public equity (PIPEs)
and huge amounts of commercial paper (e.g.,
convertible loans) providing liquid sources of
cash to more mature biotech firms. In fact, in the
20042006 period, total biotech debt issuance
in dollar value is up 19-fold over 1994-1996,
venture rounds are up eightfold and PIPEs are
up sevenfold (Table 1). This contrasts with the
relatively pallid increase in initial public offering
(IPO) dollars raised, which grew at only a 7%
annual growth rate. These data strongly suggest
that the biotech capital markets are deeper and
more mature than ever before.

Capital is abundant especially for private,
venture-backed biotech firms. The first quarter
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0f 2007 reflected a substantial increase in equity
financing by private biotechs, hitting an all-time
peak of nearly $1.8 billion (Fig. 1b). The bulk
of this came from venture capital firms, but a
considerable and increasing proportion today is
committed by hedge and crossover funds seek-
ing opportunities to put more money to work.
Of the ~80 companies that raised financing
rounds of >$40 million since January 2005, 37%
included more traditional public equity inves-
tors like hedge funds as major participants in
the investor syndicate. This is up from virtually
zero ten years ago.

The big driver of the increase in fund-rais-
ing for venture-backed companies has not been
an explosion in the number of financings, but
rather an increase in the median amount raised
per round, from an average of $10 million per
quarter in 2005 to $20 million in the first quarter
of 2007 (Fig. 2a). The actual number of biotech
companies receiving funding each quarer has
grown only modestly, from an average of 68
in 2005 to 80 in the first quarter of 2007. But
the number of biotech companies with single-
round financings >$40 million has tripled from
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Figure 1 Biotech financing trends. (a) The biotech industry, including both public and private biopharmaceutical companies, has raised an increasing
amount of capital since 2002, reaching nearly $30 billion. This includes all forms of equity financing (venture capital and other private equity, IPOs, PIPEs
and secondary public offerings) and debt capital (corporate bonds, convertible debt and venture debt). (b) Private biotech equity financings in particular have
been rising, hitting a historic high of nearly $1.8 billion in the first quarter of 2007. This includes any equity financing from venture capital, other private
equity, hedge funds, corporations or individuals into private biotech firms. Source: BioCentury; Ernst & Young/Venture One Venture Capital Report.

only 15in 2001 to an annualized rate of 49 based
on the first quarter of 2007 (Fig. 2b). This dra-
matic increase in fund-raising per company is
not entirely surprising, and probably has both
supply and demand drivers.

On the demand side, the biotech sector’s
appetite for more capital has increased, pur-
portedly to fund the higher capital-intensity
of development-stage projects. High-qual-
ity phase 2 and 3 programs definitely require
greater amounts of capital. Even so, the numbers
of phase 2 and 3 programs have increased only
modestly across the industry: from 2005 to 2007
science and business intelligence provider PJB
PharmaProjects reported only a 10% and 8%
annual growth rate in the numbers of phase 2
and 3 programs, respectively. This suggests that
the progression of the clinical-stage pipeline is

la.l unlikely to be the major driver of this recent
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growth in fund-raising. Instead, it is more likely
= asupply-side issue, spurred on by the growth of
large venture funds eager to put upwards of $40
million or more into each investment, as dis-
cussed previously!. These funds have dramati-
cally increased the supply of capital, and either
directly or indirectly promoted larger financing
rounds through their desire to lead competitive

a
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o
)

Amount invested ($ millions)

M 1st Quarter M 2nd Quarter

deals, take larger ownership positions and to put
more capital to work. These funds are certainly a
major contributor to the higher aggregate level
of biotech fund-raising witnessed over the past
few quarters, and will likely continue to support
these levels.

Although continued fund-raising growth is
likely, what remains less certain is whether this
increase in the sources and uses of capital will
translate into good returns to investors and other
shareholders. Whether the incremental capital is
creating value or simply reducing returns has
not been thoughtfully explored. Yet understand-
ing this relationship is critical for companies and
their boards today as they consider how much
they should raise from new investors. An old
adage in the startup community is to ‘raise as
much money as you can’ during a financing. The
metaphor of a cocktail reception is often used:
‘take as many hors d’oeuvres as you can, because
you don’t know when the tray will come back
this way again’ This approach to fund-raising
is easy to adopt in rich financing environments
and can be rationalized as providing ample ‘run-
way’ for a company and flexibility in addressing
future drug development problems. However,
history suggests that this is not the path to supe-

b

Number of firms raising
>$40 million in a single round

M 4th Quarter
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rior returns, both for investors and company
founders.

Winners are lean

As Gary Pisano has recently pointed out?, and
as has been highlighted each year in Nature
Biotechnology’s annual survey of public bio-
tech firms?, aggregate biotech returns have his-
torically been strikingly mediocre: the 25-year
returns of a basket of biotech stocks would have
yielded only about 10% per annum, a rate not
much different than that of a risk-free Treasury
note. Furthermore, there are large numbers of
biotech ‘walking dead’—companies that survive
without tangible returns to investors, having
raised and spent vastly more capital than their
valuation today. Against this backdrop, it might
seem puzzling that the capital markets continue
to fund the biotech sector. The reason they do is
that investors are not seeking the typical biotech
investment; instead, they seek the outperform-
ing tail of the performance distribution and find
the next Amgen (Thousand Oaks, CA, USA) or
Genentech (S. San Francisco, CA, USA). These
few ‘spectacular winners’ overwhelmingly skew
the overall sector returns more favorably, and
these are the returns that attract investor inter-

Year

Figure 2 Biotech financing round sizes have increased. (a) The median amount invested per private biotech equity financing has been increasing, nearly
doubling in the past two years to the first quarter of 2007. (b) The number of private biotech companies raising >$40 million in a single financing round has
more than tripled from 2001 to 2007. Source: Ernst & Young/Venture One Venture Capital Report.
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Figure 3 Superior returns tend to correlate with capital efficiency. (a) Data were collected on 89 successful exits from January 2005 until May 2007;

only deals where publicly available data were available were considered. Exits were defined as either |POs of at least $50 million in post-money valuation

(65 companies) or trade sales of at least $50 million in upfront payments (24 companies). Total private equity financing (e.g., venture capital, corporate,
individual or hedge/crossover fund) before the exit was calculated and compared to the exit value to compute an estimate of average private investor
returns for each company. Changes in the share price and common stock ownership were ignored for simplicity. A comparison of total private capital
invested (x-axis) and estimated returns on investment (y-axis) reveals a strong inverse relationship. (b) The 89 companies in a were assigned to cohorts of

similar return profiles and their equity financing ranges compared (maximum/minimum, 25th/75th, medians). Bar shows 25t-75t percentile, line shows

minimum-maximum. Companies with greater than fivefold returns had a median of $26 million; those with returns less than onefold had a median financing
of $126 million. (c) Performance after IPO does not change the conclusion. Comparing the absolute change in return multiple to private investors in their
performance after IPO until May 1, 2007, assuming they have not sold their shareholdings. The biggest changes in return multiples occurred in companies
with less capital invested. (d) Earn outs for M&A deals do not change overall deal values, or the returns, considerably. Median deal values are shown with or
without the earn-out milestones described; box is the median deal value and the line ranges from the 25th to 75th percentile. Source: Capital 1Q; Ernst &

Young/VentureOne Venture Capital Report.

est. For an early-stage biotech, understanding
the attributes of spectacular winners is therefore
important for directing company strategy.

To evaluate how fund-raising and capital
intensity relate to these spectacular winners, a
review of the recent ‘successful exits’ in biotech
was conducted. The resulting data strongly
suggest that winners do not burn much private
capital. The analysis examines 89 successful
exits in biotech since January 2005, defined for
simplicity as IPOs with a valuation of at least
$50 million (65 companies) or trade sales of
at least $50 million in upfront payments (24
companies). It demonstrates a strong inverse
relationship between private capital raised and
returns (Fig. 3a and Supplementary Material
online). Using the simplifying proxy of total
capital invested to evaluate returns, the analy-
sis reveals no returns greater than sixfold for
companies that raised >$75 million in private
capital. The vast majority of investments with

over fivefold returns raised <$50 million of
equity capital (79% or 11 out of 14 companies).
Interestingly, of the 14 spectacular winners in
this analysis returning five times the original
investment, a median of $26 million was raised,
whereas the 36 companies with less than twofold
returns raised a median of $84 million (Fig. 3b
and Supplementary Material online).

This rather intuitive observation is under-
standable: getting to a similar exit on less capital
makes for better returns. Even so, the implica-
tions go well beyond the simple arithmetic.
Despite their increased cash burn, higher-capi-
tal-intensity companies were unable to break
through the putative ceiling in exit valuations for
private biotech companies. With incrementally
larger amounts of capital, the marginal invested
dollar has delivered less attractive returns,
whereas those burning less capital appear to ben-
efit their investors in a nonlinear manner. Lastly,
greater capital-intensity often disproportionately
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dampens potential returns for the early, more
risk-bearing investors (and company founders)
through equity dilution and less than favorable
equity appreciation. These implications raise
the importance of capital efficiency in driving
returns for early-stage biotech investors.

This analysis has several caveats. First, by using
invested capital rather than true share-capital-
ization, the impact of common shareholdings
and changes in the price of the shares over time
are ignored. The study, therefore, reflects average
investor returns; in reality, the returns of early-
versus later-round investors are almost certainly
different. Furthermore, by ignoring noninvestor
common shareholdings, these averages overesti-
mate returns in many cases.

Second, the analysis uses a simplified defini-
tion of an exit for investors, as it fails to account
for the equity appreciation for public companies
after an IPO and earn outs for M&A deals. We
tried to address these concerns with a review of
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the change in the absolute return to the private
investors after IPO. The review reveals a similar
inverse relationship; that is, the biggest positive
change in the return-on-investment multiple
after an IPO occurred in companies with less
invested capital (Fig. 3¢c). Looking at perfor-
mance more directly, of the 19 companies whose
stock prices have risen >50% since their IPO,
58% consumed >$50 million in private capital;
however, 70% of the 23 companies that have had
negative returns after IPO consumed more than
$50 million before their offering, suggesting at
the very least that strong performance after
an IPO is not determined by pre-IPO financ-
ing. These data suggest that performance after
an IPO, at least in this cohort with an average
history after IPO of 13 months, does not fun-
damentally change the findings. With regard
to M&A, only 29% of the acquisitions involved
payment of milestone earn outs in addition to
the upfront cash payments; when these were
taken in account, the median deal values did
not change considerably (Fig. 3d) and therefore
neither did the investment multiples.

A third concern is that a conscious selec-
tion bias is introduced by analyzing only the
pool of successful exits. Although high-capital-
intensity companies have historically been less
likely to offer spectacular returns, they may also
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M Preclinical development
M Phase 1 and phase 2 trials
Phase 3 and regulatory stage

be less likely to lose all their investors’ money.
Historically, nearly 30% of venture capital invest-
ments never return any capital and an additional
10% return less than their invested capital®. It’s
worth considering that companies that raise
greater amounts of capital are less likely to fall
into the former category. This is certainly the
thesis of later-stage, growth-equity investing:
building a lower risk, reduced volatility port-
folio by accepting lower return expectations.
However, in the early-stage venture-capital busi-
ness, aiming for outsized returns (over fivefold)
is essential for balancing the high-risk nature of
the investments in the portfolio.

Caveats aside, these findings reinforce the
rather axiomatic theme that spectacular win-
ners in private biotech are frequently defined by
greater capital efficiency. In fact, above-average
returns to biotech venture capitalists have been
overwhelmingly driven by those lean companies
with lower capital-intensity.

Efficient portfolios

In light of the link between supranormal returns
and capital efficiency, will returns get compressed
across the industry as capital floods in? It is a seri-
ous threat, given the abundant supply of capital
and ease at which less productive uses for it can be
found. However, depressed returns are unlikely
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Figure 4 Capital efficiency of a venture capital portfolio compared to mid-sized biopharma. (a) Pipeline
information was collected on ten mid-sized drug companies (Abbott (Deerfield, IL, USA), Amgen
(Thousand Oaks, CA, USA), Biogen-Idec (Cambridge, MA, USA), Bristol-Myers Squibb (Princeton, NJ,
USA), Eli Lilly (Indianapolis, IN, USA), Genentech (S. San Francisco, CA, USA), Genzyme (Framingham,
MA, USA), Gilead Sciences (Foster City, CA, USA), Schering-Plough (Kenilworth, NJ, USA) and Wyeth
(Madison, NJ, USA)). The median number of projects per stage was then compared to the integrated
pipeline of the 20 private biotech firms in Atlas Venture’s Life Sciences portfolio (as of Dec 2006; public
and medtech companies excluded). These pipeline distributions display a similar contour, suggesting the
underlying companies are working on similar distributions of early- and later-stage projects.

(b) Overall 2006 R&D spending of the group of drug companies. These R&D figures for the mid-sized
drug companies reflect a 20% discount to overall R&D spending to account for life-cycle management
studies (versus new projects). The overall 2006 spending, a majority of which is in R&D, of the 20 private

biotechs in the Atlas portfolio was compiled and compared (overall spending represents the total operating

costs for these companies). These numbers reveal a striking eightfold difference in overall spending. The
number of R&D personnel in the mid-sized pharmaceutical companies is also compared and a nearly
tenfold difference exists. These very rough comparisons suggest an order-of-magnitude improvement in

efficiency. Source: PJB PharmaProjects; Capital IQ.
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to occur across the board. Smart investors will be
aggressively focused on finding ever more effi-
cient ways to deploy capital (versus simply more
ways to deploy capital). Indeed, for a number of
early-stage venture capital funds this ongoing
focus is already being reflected in their portfolios’
higher aggregate level of capital efficiency than
elsewhere in the biopharma sector.

For example, the aggregate life sciences port-
folio of my own firm, Atlas Venture (Waltham,
MA, USA), certainly reflects this emphasis on
higher capital-efficiency. A comparison of the
integrated development pipeline of 20 private
biotech firms in our portfolio at the end of
2006 to 10 mid-sized biopharma companies
reveals a similar pipeline distribution (Fig. 4a).
However, despite similar numbers and stages of
projects, the venture portfolio exhibits an order
of magnitude advantage in terms of both people
employed and R&D spending (Fig. 4b).

Of course, many caveats exist here too: larger
companies may target more expensive disease
areas, like those in primary care, requiring more
extensive clinical studies, or failure rates could be
different, although both of these are unlikely to
be driving a substantial difference here. In addi-
tion, the simplifying assumptions (described in
legend for Fig.4) underlying the analysis may be
exaggerating the difference.

Nevertheless, the general observation is com-
pelling and the portfolio effect of integrating a
number of capital-efficient biotech models is
quite significant. The Atlas portfolio should be
representative of those of other like-minded
venture capital funds that favor capital effi-
ciency.

Capital (in)efficiencies

Both of these findings reinforce the message to
investors and entrepreneurs alike that efficient
use of capital is essential for driving spectacular
returns in early-stage biotech. Although there
is no specific rule of thumb for how much a
company should raise or spend, it is crucial to
understand the drivers of capital efficiency and
their link to governance.

Companies with lower capital-intensity typi-
cally have fewer shareholders (each with a larger
ownership percentage) and simpler governance
in the board room. There is also less room for
tolerating management issues (e.g., mismanage-
ment of resources or staff) and usually more
collaborative and intimate board and investor
involvement. This translates into a focus on fis-
cal accountability, a continual dialog on man-
agement talent and a proactive focus on strategic
opportunities facing the company. In particu-
lar, this often results in configuring company
financings to encourage good governance by
holding teams accountable for tangible progress
before additional funding. This accountability is
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frequently achieved through highly structured,
multistep funding rounds, with several cash
infusions linked to delivery of specific mile-
stones over time. This not only promotes good
fiscal discipline, but it also enables investors to
ensure incremental ‘derisking’ before taking on
greater capital exposure.

Active governance helps early-stage biotech
companies exploit the many intrinsic, capital-
efficiency advantages they possess relative to
larger biopharmaceutical companies. Capturing
these advantages gives startups an immediate
capital efficiency edge over larger established
firms, and failure to capture these invariably
leads to higher spending and reduced efficiency.
Three major advantages are worth highlighting:
lack of costly legacy infrastructure, greater R&D
program flexibility and tight alignment of indi-
vidual performance incentives.

First, the lack of ‘legacy infrastructure’ allows
entrepreneurs and their venture capital partners
to design a capital-efficient organization from
inception, tailored to the new company’s needs.
Efficient use of resources requires these new
companies to outsource many functions, par-
ticularly those that are not core to a small firm’s
expertise. By not relying on a full-time in-house
organization, startups can rent talent on an as-
needed basis rather than buying it and therefore
access top-tier capabilities at discounted cost.

Conversely, management teams with abun-
dant resources may be tempted to overbuild
infrastructure. Common mistakes include
hiring an extensive suite of full-time internal
capabilities, especially in corporate or business
functions, acquiring or leasing expensive space
in high-rent districts, building out a facility

iors run counter to the zero-base advantage of
having no legacy infrastructure and will often
lead to suboptimal returns.

Second, small startup companies with fewer
decision-makers have the potential to be far
more nimble and flexible in their R&D pro-
cesses. In short, small startups are not bound by
the stage-gate culture of bigger organizations,
where every program needs to have every box
checked at each stage of R&D to progress to the
next key milestone. It is obviously important
to articulate clear go/no-go criteria, but get-
ting a program to its key value inflection point
with less capital should be the aim. For novel
drug targets, this means managing the key risk
(e.g., an unprecedented biologic mechanism of
action) rather than all the risks (e.g., whether
the phamacokinetics support oral daily dosing).
The latter is important in many diseases, but
getting proof of concept on a novel mechanism
is far more important. The management team
and board in capital-efficient biotechs are both
actively involved in approving the important

l, .I more extensively than necessary. These behav-

study designs and program-funding decisions,
so all are held accountable.

Third, startup ventures that are capital effi-
cient succeed in aligning the performance
incentives of their employees with the com-
pany’s mission. In this respect, it is important
to design compensation packages for person-
nel that deemphasize base salary and cash
bonuses, and focus more on company equity.
A comparison of compensation among clinical
research vice presidents at big pharma and chief
medical officers at venture-backed biotech firms
reveals the striking difference in equity align-
ment: whereas base salaries and bonuses are
potentially 10% lower at venture-backed bio-
techs, the equity incentive is close to 10 times
greater (Russell Reyonds, unpublished data,
courtesy of Thomas Carey). Even adjusting for
increased risk, that is a considerable imbalance
of incentives. This creates a huge motivation for
hard work, long days and a desire to help shape
the company outcome, all of which contribute
favorably to the enhanced efficiency of well-run,
early-stage biotechs.

Thus, when biotech companies recruit manag-
ers on the basis of high salary and bonus com-
pensation packages, rather than asking them to
belt-tighten in exchange for more equity, the effi-
ciency advantage they would otherwise naturally
enjoy disappears. This may also result in the hir-
ing of managers who are less collaborative or keen
on working closely with their boards and inves-
tors. What’s more, if management knows their
equity positions will be ‘reloaded’ with options
in the next financing, they also will become less
focused on capital efficiency. Both of these prob-
lems can weaken the alignment between inves-
tor and manager, and often create a difference of
opinion on the optimal use of capital.

To bias an early-stage biotech toward the
favorable end of the capital-intensity spectrum,
management and investors must work closely
together to exploit these three intrinsic advan-
tages and avoid the risks.

Getting it right

In funding early-stage biotechs, investors and
their entrepreneurs must walk a fine line. Too
little financing and a company will starve and
almost certainly fail. Too much financing and
the surplus cash (and dilution) will depress
returns. This ‘Goldilocks’-like problem is dif-
ficult to solve and, unsurprisingly, there is no
algorithmic answer. The optimal amount for
an early-stage company to raise depends on the
details of its business model and product can-
didates, and on how much nondilutive funding
can be raised through partnerships or grants.
Platform companies require more capital than
‘project-based’ companies, yet both should still
aspire to be capital efficient within their busi-
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ness model. A virtual preclinical-stage company
requires very little, whereas a development-
stage company with many high-burn clinical
programs may need 10-30 times more capital.
There are ways of achieving great returns, at least
theoretically, with either of these models.

The optimal amount would enable a com-
pany to hit the top of the ‘capital-response curve),
to paraphrase a pharmacology metaphor. In this
dose-response curve, there is a situation-depen-
dent level of capital below which it is impossible
to create value, and conversely an upper limit
beyond which there is little or no further value
creation. A company focused on capital effi-
ciency should aim its fund-raising to hit, rather
than overshoot, the peak response.

Conceptually, venture capital returns in biotech
are often about the arbitrage between moving a
program up a value inflection from point A to
point B (e.g., from lead optimization to phase 2a)
and the risk-adjusted cost of accomplishing it.
Big pharma and the public markets will reward
early-stage companies with a return on equity
proportional to the scale of that arbitrage (that
is, the relative difference in value and cost).
Because the relative risk of failure for most pro-
grams is likely to be similar across biotech and
big pharma (as it is often defined by the intrinsic
biology of the drug target), managing the rela-
tive costs is one of the primary drivers of gener-
ating great venture capital returns.

This theme is reinforced by the two analyti-
cal findings presented here: great returns from
early-stage private biotech companies have been
inversely correlated with capital intensity, and
actively governed early-stage portfolios can
exhibit striking levels of capital efficiency when
properly managed.

These findings help make the case that, in
today’s environment, delivering the real prom-
ise of early-stage biotech will require that com-
panies resist the temptation to ‘take as many
hors d’oeuvres as you can’ during fund-raising,
and focus on the paths that enable them to put
equity capital to work most efficiently.

Note: Supplementary information is available on the
Nature Biotechnology website.
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