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e have attempted to encapsu-

late the biotechnology of 1993

inanswerstoquestionsthathave

puzzled scholars for years [well,
only months, actually, since we first posed them in the
June issue of Bio/Technology (11:740)]. What fol-
lows, therefore, is an idiosyncratic, but, we hope,
memorable, compendium for the discerning
biotechnophile.

Healthcare

Q. Human growth hormone(rhGH) was the sec-
ond recombinant protein product (after insu-
lin) to receive regulatory approval. How many
miles taller is the human race today as a result
of this product?

A. Thirteen kilometers or 8.25 miles taller than it
would have been without any growth hormone.
We obtained this answer by multiplying patient-
years of thGH by the average growth increase per
patient year. According to Howard Firth at Ares-
Serono (Geneva, Switzerland), approximately
400,000 patient-years of treatment with recombi-
nant growth hormone have been administered
since Genentech’s (S. San Francisco, CA)
Protropinreceived FDA (Bethesda, MD) approv-
al in October 1985. Untreated, growth-hormone-
deficient patients grow ataround 4-5 cm per year;
with Ares’ rhGH, Saizen, patient growth in
creases 10 cm over a three-year period, roughly
3.3 cm per year, which tallies with figures from
Genentech’s Barbara Ross. This global growth
spurt is equvalent to an additional 2.3 microme-
ters per member of the human race—the length of
two E. coli bacteria laid end to end.

Q. Which nation’s regulatory bodies have ap-
proved the greatest number of recombinant
protein or monoclonal antibody-based drugs?

A. Germany.
According to Brigitta Bienz-Tadmor, Becton
Dickinson Labware, (Bedford, MA), by mid-
1992 German authorities had approved 22 re-
combinant DNA proteins, monoclonal thera-
peutics, or recombinant vaccines; Japan was
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next with 21; then France (18), Spain and Italy
(17), and the U.S. (15).

. What is the approximate value of the world

wide sales of recombinant protein and mono-
clonal antibody-based drugs from the launch
of human insulin to the present day?

. This is a tricky one, which requires multiple

sourcing and careful definition of scope. Year
by year, sales were: in 1992—$5.9 billion,
according to Ernst & Young’s Biotech 93;
1991—%$4.1 billion (Datamonitor, World Bio-
technology Drugs); 1990—3$2.75 billion
(Datamonitor, World Biotechnology Drugs).

. Name ten companies that have been or are still

involved in the development of sepsis thera-
pies.

. Choose your own ten favorites from the follow

ing list: Centocor (Malvern, PA)—Centoxin
(HA-1A anti-endotoxin); Xoma (Berkeley,
CA)—ES, BPI; Synergen (Boulder, CO)—
Antril (IL-1ra); Chiron (Emeryville, CA)—
murine anti-TNF; Bayer/Miles (Leverkusen,
Germany/Elkhart, IN)—murine anti-TNF;
Ribi-Immunochem Research (Hamilton,
MT)—endotoxin fragment (as a vaccine); Brit-
ish Biotechnology (Oxford, U.K.)—BB882 (a
platelet activating factor inhibitor);
Genentech—BPI; Celltech/Bayer (Slough,
U.K.)—humanized anti-TNF; Immunex (Se-
attle, WA)—soluble TNF receptor, soluble IL-
1 inhibitor; Cortech (Denver, CO)—bradyki-
nin antagonist; Incyte Pharmaceuticals (Palo
Alto, CA)—BPI.

Name ten companies developing AIDS or HIV
vaccines.

. Bristol Myers Squibb (Syracuse, NY); British

Bio-technology; Cellular Products (Buffalo,
NY); Connaught (Swiftwater, PA); Hoescht
(Frankfurt-am-Main, Germany); IDEC (Moun-
tain View, CA); Merck & Co (Rahway, NJ);
Immunotech (Boston, MA); Immune Response
(Carlsbad, CA); MicroGeneSys (West Haven,
CT); Genentech ; Chiron; Repligen (Cambridge,
MA); Medlmmune (Gaithersburg, MD); Viral
Techologies (Washington, DC).
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Q. How much
do major
corporations
currently have
invested in the
equity of
biotechnology
companies?

Sources: Biolndex, Technological Communi-
cations (Lafayette, CA) and Bio/Technology
(1992) 10:24.

. How much human genome data (in bases)

has been deposited?

. 27,350,000 bases.

This is the number of bases of human sequence
in the public version of the database, which is a
collaborative collection between the European
Molecular Biology Laboratory (EMBL, Hei-
delberg, Germany), the National Center for
Biotechnology Information (NCBI/GenBank)
(Bethesda, MD), and DNA Data Base of Japan
(DDBJ) (Shizouka, Japan). According to
Catherine Rice at the EMBL Data Library, this
figure may be overestimated by as much as 40
percent as a result of duplication, largely stem
ming from the accession of both genomic se-
quence and its corresponding cDNA sequence.
That would give a figure of aslittle as 16,410,000
bases or just over 0.5 percent of the human
genome.

Fnance

In 1980, Genentech’s stockwas floated. Includ-
ing the $38.5 million raised in that flotation,
how much money have biotechnology compa-
nies worldwide raised on public markets since
then?

$20 billion.

This estimate comes from Ernst & Young in its
annual report of the status of biotechnology,
Biotech 93. Ernst & Young goes on to estimate
that—as a measure of the task facing biotech-
nology—a further $40 billion would be re-
quired for each of the public biotechnology
companies in the U.S. to bring one product to
market.

. If you had invested $100 in Amgen stock at

its flotation in 1983, how much would that
investment be worth today?

$1,300.

Lynne Connell at Amgen (Thousand Oaks,

CA) used the stock price on July 27, 1993 ($36
per share) to calculate this figure. Amgen’s
initial public offering stock price was $18 per
share: the stock split two for one in 1990 and
three for one in 1991. The 1983-1993 rise
represents an average annual compound in-
crease of 29.2 percent.

B usiness

Q. How many biotechnology companies are there

(a) worldwide (b) outside the U.S.?

A. (a) There are 1050-1100 specialist biotechnol-

ogy companies worldwide and a further 625-
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725 corporations with an interest in biotechnol-
ogy. Mark Dibner at the Institute for Biotech-
nology Information, North Carolina Biotech-
nology Institute (Research Triangle Park, NC)
provided the data and used the following defi-
nition of biotechnology companies: those em-
ploying the ‘‘new’’ technologies of genetic
engineering, hybridomas, protein engineering
and related areas in their research, product
development, or manufacturing activities.

(b) Only 200-250 of the North Carolina Bio-
technology Institute’s biotechnology compa-
nies, but 450-600 of the corporations, are out-
side the U.S. There is only one biotechnology
company in Japan, according to its definition
and data.

. How many biotechnology companies have reg-

istered (a) at least one year with an operating
profit,(b) more than one year’ s operating prof-
its, and (c) overall profitability?

(a) There are 12 companies with one

year’s profit: Dianon Systems (Stratford, CT)—
1992; Immucor (Norcross, GA)—1992;
Osteotech—1992; Quidel (San Diego, CA)—
1992; Vestar—1992; Chiron—1990; Diagnos-
tic Products (Los Angeles, CA)—1990; Somatix
Therapy (Alameda, CA)—1990; Genzyme
(Cambridge, MA)—1991; MedImmune—
1991; Immunex—1991; Agouron Pharmaceu-
ticals (La Jolla, CA)—1991.

(b) There are five companies with more than
one year’s profits: Amgen—1990/93; Biogen
(Cambridge, MA)—1990-93; Elan (Westmeath,
Ireland)—1991-92; Genentech—1991-92;
Idexx Labs (Westbrook, ME)—1991-92.

(c) There are two companies—Amgen and Idexx
Labs—with overall profitability. We feel that it
may be worth inserting at this point a major
disclaimer directed atlitigious souls--more than
just these companies may be profitable; we
have only surveyed those companies that have
been featured in Bio/Technology’s annual com-
pany surveys.

. How much do major corporations currently

have invested in the equity of biotechnology
companies?

The Institute for Biotechnology Information
has recorded 95 equity purchases by large cor-
porations in smaller biotechnology firms in the
five-year period between July 1988 and July
1993. Median purchase was about $5 million
and the median amount of equity purchased
was 16 percent (this excluded major acquisi-
tions such as Hoffmann-La Roche’s (Basel,
Switzerland) $2.1 billion purchase of 60 per-
cent of Genentech). With the Roche invest-
ment, Sandoz’s $392 million investment in
Systemix/Sandoz and American Home Prod-
ucts’ purchase of 60 percent of Genetics Insti-
tute for $666 million, we come to a total invest-
ment in biotechnology by major companies of
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around $3.6 billion. The current value of those
purchases is unknown but could be viewed in
the context of the paper valuation of the entire
biotechnology sector.

. In 1983, when Bio/Technology was launched,
it was certainly the case that the combined
sales incompanies that suppliedresearch equip-
ment and reagents to the biotechnology com-
munity exceeded the combined product sales of
the biotechnology companies themselves. Is
this still the case?

. No.

According to data provided by Frost and
Sullivan (London, U.K. and Silicon Valley,
CA), 1992/1993 world sales of biotechnology
equipment and consumables is around $2.0-2.5
billion. This estimate encompasses actual sales
figures and estimates for sales research
biochemicals, cell culture consumables and
hardware, and “biotechnology instrumentation”
such as sequencers, fermentation equipment,
high-tech separations apparatus, thermal cy-
clers, gene transfer hardware, and software.
World sales of biotechnology pharmaceuticals,
on the other hand, have been estimated by Ernst
& Young to be $5.9 billion (for 1992) and by
Datamonitor to be $4.1 billion (for 1991).

. Are any single companies equivalent to the
combined commercial biotechnology sector in
terms of (a) sales volume, (b) employees, (c)
research and development expenditure, or (d)
paper valuation?

(a) Total biotechnology sales volume in 1992
($5.9 billion according to Emst & Young) was
roughly equivalent to that of Takeda (Osaka,
Japan; $5.5 billion in 1991), Intel (Hillsboro,
OR; $5.8 billion in 1991), or one-tenth of that
of AT&T (New York, NY; $60 billion in 1991).
(b) The biotechnology sector employs 70-
80,000 people, a similar number to Lockheed
(San Diego, CA), Canon (Tokyo, Japan), or
Rhéne-Poulenc (Paris, France).

(c) Biotechnology R&D expenditure ($4.9 bil-
lion in 1992, according to Ernst & Young) is
only just exceeded by the combined total R&D
spending in 1991 of the top-spending chemical
giants, Bayer (Leverkusen, Germany), Hoechst
(Frankfurt, Germany), and CIBA (Basel Swit
zerland) at $5.3 billion. In the electronics field,
Seimens (Erlangen, Germany; $5.12 billion in
1991), and IBM (Armonk, NY; $5.0 billion in
1991) are close to the biotechnology figure.
(d) We estimate the biotechnology sector to
have a paper valuation of $20-30 billion, about
that of Glaxo (London, U.K.; approximately
$25 billion) but only about a third that of AT&T
(New York, NY; approximately $85 billion).
Sources: figures on the R&D spending, sales,
and employees of nonbiotechnology compa-
nies were taken from The 1993 R&D
Scoreboard, published by Company Reporting

(Edinburgh, U.K.); company valuations were
taken from The Financial Times (August S,
1993).

How much benefit do lawyers gain from the
average biotechnology patent dispute?

No one is saying, but the answer is probably
somewhere between “Much less than Amgen”
and “Much more than Genetics Institute.”

Agriculture and environment

Q.

Approved field trials of recombinant plants
started in autumn 1986 with the planting of
tobacco inthe U.S. and Belgium. Since then, 94
percent of approved trials have been conducted
in just five countries. Which?

Canada, 35.7 percent; U.S., 37.4 percent;
France, 9.1 percent; Belgium, 7.3 percent; U.K.,
5.3 percent.

Source: OECD Report to the Group of National
Experts on Safety in Biotechnology: Evalua-
tion of Bio-safety Information Gathered Dur-
ing Field Releases of GMOs, December 1992.
Survey covers 1986-92 period.

On which five crops have the greatest number
of field trials been conducted?

Rapeseed, 289, potato, 122; tomato, 71; to
bacco, 72; corn, 65; flax, 49.

Source: OECD Reportto the Group of National
Experts on Safety in Biotechnology: Evalua-
tion of Bio-safety Information Gathered Dur-
ing Field Releases of GMOs, December 1992.
Survey covers 1986-92 period.

What is the current sales value of products of
biotechnology in the agriculture market?

$184.5 million, apparently.
Source: Standard and Poors cited in Bio/Tech-
nology 11:554, May.

How long has bovine growth hormone (bovine
somatotropin, or BST) been waiting for regula-
tory approval as a milk yield-increasing agent?

The FDA authorized the sale of meat and milk
from BST-supplemented cows as safe for hu-
man consumption in 1985. This means that
BST has been awaiting regulatory approval for
eight years.

Most of the major crops species can now be
stably transformed with—and express—heter-
ologous DNA. But in what chronological order
were the breakthroughs achieved?

Transformed tobacco, 1983 (Plant Cell
Reports 5:81); tomato, 1986 (Plant Cell Re-
ports 5:81); sunflower, 1987 (Bio/Technology
5:1201); rape, 1987 (Plant Cell Reports 6:321);

Q. How much
benefit do
lawyers gain

from the

average
biotechnology
patent
dispute?
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potato, 1987 (Theoret. Appl. Genet. 13:744);
rice, 1989 (Bio/Technology 6:1072); maize,
1990 (Plant Mol. Biol. 7:43); wheat, 1992
(BiolTechnology10:667); and barley, 1993 (un-
published as yet).

I eople

Q. How many people are involved in biotechnol-
ogy research worldwide?

A. Pick a number, any number. The one we
have chosen is derived by dividing the Ernst &
Young’s industrial biotechnology R&D spend-
ing ($4.9 billion in 1992) by the cost of an
average researcher which we estimate from our
_ : own salary and research budget surveys to be
; . Mo around $240,000. This dubious approach yields
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