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Abstract

Since Ms. Hillary Clinton, who was a presidential candidate, criticized the drug
price increases of some drug companies on September 21%, 2015, Nasdaq
Biotechnology Index (NBI) has been sluggish. While it is inevitable to discuss the
appropriate price of pharmaceuticals in the aging and deficit national finance, the
restrained price is not always a desirable situation especially for biotech start-ups to
overcome the "Valley of Death." Compared to large market-oriented big
pharmaceutical companies, biotech start-ups are superior in terms of cost, speed, and
flexibility in integrating breakthrough technology and niche markets. However, the
majority of biotech start-ups are in the red ink and endure the survival strategy of
high birth and high death rates, due to strict restrictions on the long drug-
development period, huge investment money, and rare success possibility. What is the
difference in R & D investment decisions at the severe time between those companies
that were in the red ink and are currently successful and the other companies? A
biotech start-up is defined as a portfolio consisting of real options as decision-making
opportunities, with the idea of commercializing life sciences as the underlying asset.
The data are available NBI components between 2015 and 2019 from US SEC EDGAR
dataset and the methodologies applied are the real options and the Bayesian Markov
chain Monte Carlo. The purpose of this paper is to elucidate the stance on R & D
investment decisions of those biotech companies that could succeed even under
difficult conditions. Main findings are that the R&D productivity of negative profits
“Star” biotech Start-ups was highest, that of positive profits “Star” biotech Start-ups
was lowest, and thus path bridging is necessary in start-up portfolio for following R&D
path stages as target exploration, R&D focus, and manufacturing.
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2015 Negative Profits Companies's R&D and their 2019 Total Stcockholders' Equity
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2015 Negative Profits Groups' 2015 Net Loss, R&D Investment, and Cash
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2015 Negative Profits-2019 Star Groups' 2015 R&D Investment, Net Loss, and Cash
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29 LT MMilEFE - IR IR TOMHERERE L TONY F ¥ =GB O F
7 a UAMME Z FM - 0BT & SRR TS EE L 2D,

5. X4 V7 ¥ MeMC 43 bt

HENGERZHS2ICTA 70V 27 MIIXEEERMELET 21U RS 7%
Vo 7Y 2y A LIRS TR D BARITHIE O L LWIERERIZE -
TEHB SN & W) FIED D HH, T, BERPLBAKERIIT Y v I8
REBWOND Z LI D, 29 LTy N FXRYF v — OB SRR KT T fE
WEZEIANVA =TI 7 FNE LTREL, BHFTHEENTWLDT, Hi#l
TATTOENIG A=A L E LTHREET 5. #I2. FRICHRARAHDONA F X
F ¥ =TI, YA IWVA =2 TOY 7 FUDIROT M & L COfliE % EHE T
Z &I b,

VIF) YT ERMEIDENERE L TONL AN T v — 2T B IERIEROK
T EO—2 L LTS V7~ McMC (Bayesian Markov chain Monte Carlo) 7%
Hbo T HEUGEGHTIC, LARSEE L CldiEiss . ThE s LCTiEA Sy —-
FERY DTN =TG5 TR A V7 2 McMC 203 5729120 7 b

2015 Positive Profits Companies's R&D and their 2019 Total Stcockholders' Equity

2019 Total Stockholder's Equity
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2015 Positive Profits Companies' 2019 Total Stcok Holders' Equity Order

Total Steokholoders’ Equity (SM) (Top 5 bar graphes show 2019 'Star' group)
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2015 Positive Profits -2019 Equity Groups' 2015 Net Income, R&D Investment, and Cash
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2015 Positive Profits-2019 Equity Groups' 2015 R&D Investment and 2019 Total Stockholoders' Equity

2019 Total Stcokholoders' Equity
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2015 Positive Profits Groups' Cash and R&D Investment
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2015 Positive Ptofits-2019 Coomon Group's R&D Investment, Net Income, and Cash

2019 Total Stcokholoders' Equity Order
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ANtaverage [8]~INOTMALG 1101 average » T o) g=1,---,G
Dtaverage [81~INOYMAl(D 1,141 grerage » T 1) g=1,---,G
a[k]~Normal(@yyserag [SCZNIR]), 7 ) k=1,---,K
O[k]~Normal(byyayerese [SC2NIE]], 0 55 ) k=1, K

v {Yl: 2019 Total Stcokholders' Equity
i

Y,:2015 R and D Expenditures
{Xl: 2015 R and D Expenditures

X,:2015 Cash and Equivalents

i
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BT 5 2019FD A — - JEA Y — DR, ng &k=%I0E, Ki=12
i€ 7 )V @ fit summary Tld, £ TOZEHDO RNy MEZ1LIUTTHY, ¥ 32
L—2a YOVCEPHERESNS (F£1-£2),
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% 1. MUEH 2015 % RAD & - HELH 2019 BHEMBEET L (H1EFN) O
T4y b HTY—

3 chains, each with iter=11000; warmup=2000; thin=3;
post-warmup draws per chain=3000, total post-warmup draws=9000.

2.5%
-7.555353e+09
-6.099187e+09
-4.810510e+03
-5.902580e+03
-2.020000e+00
-1.680000e+00

8.425600e+02
-6.983000e+01
-1.138500e+02
-1.197000e+01
1.000000e-01
1.200000e-01
3.500000e-01
4.000000e-02
2.168384e+05
4.714120e+03
3.075800e+02
1.000000e-01
1.027700e+02

mean se_mean sd
ad -2.696930e+08 5.922324e+08 2.991897e+09
b0 -2.120386e+08 2.179202¢+08 2.169744e+09
al[1l] 3.521500e+02 3.077600e+02 7.268600e+03
al[2] -2.147800e+02 1.632200e+02 5.308210e+03
b1[1] 1.300000e-01 3.000000e-02 1.550000e+00
b1l[2] 3.600000e-01 3.000000e-02 1.930000e+00
a[1l] 9.816300e+02 1.880000e+00 7.112000e+01
a[2] -2.290000e+00 8.800000e-01 3.436000e+01
a[3] 7.620000e+00 1.090000e+00 6.023000e+01
al4] 1.914000e+01 9.000000e-01 1.718000e+01
b[1] 1.100000e-01 0.000000e+00 0.000000e+00
b[2] 2.400000e-01 0.000000e+00 7.000000e-02
b[3] 5.400000e-01 0.000000e+00 1.000000e-01
b[4] 1.900000e-01 1.000000e-02 8.000000e-02
s_ag 2.780105e+10 1.785643e+10 1.650849%e+12
s_bg 5.106963e+09 1.347255e+09 3.781911e+10
s_a 3.079780e+03 5.482400e+02 1.175217e+04
s_b 1.030000e+00 7.000000e-02 2.760000e+00
s Y 1.153900e+02 1.400000e-01 7.090000e+00
lp__ -8.090100e+02 1.810000e+00 7.270000e+00 -8.241100e+02
75% 97.5% n_eff Rhat
a0 157054700.57 2.931027e+09 26 1.09
b0 5487246.13 3.667407e+09 99 1.04
all1] 927.49 6.125760e+03 558 1.01
al[2] 495.15 4.767420e+03 1058 1.00
b1[1] 0.36 2.040000e+00 2408 1.00
b1[2] 0.54 2.250000e+00 5455 1.00
a[1] 1029.61 1.122980e+03 1435 1.00
a[2] 22.40 6.405000e+01 1514 1.00
a[3] 45.68 1.261100e+02 3045 1.00
a[4] 31.06 5.246000e+01 364 1.01
b[1] 0.11 1.200000e-01 1236 1.00
b[2] 0.29 3.800000e-01 865 1.00
b[3] 0.61 7.400000e-01 1006 1.00
b[4] 0.25 3.500000e-01 256 1.01
s_ag 1930667664.46 4.961970e+10 8547 1.00
s_bg 1001615878.68 3.310439%+10 788 1.01
s_a 2000.38 1.781163e+04 460 1.00
s_b 0.82 6.380000e+00 1388 1.00
s Y 119.96 1.305700e+02 2407 1.00
p—— -803.93 -7.956200e+02 16 1.09

25%
-9136294.54
-25585817.61
11.72
-444.10
-0.02

0.17
933.80
-25.76
-32.10
7.55

0.10

0.20

.47

0.14
4380144 .64
1695307.86
608.79
0.24
110.49
-813.83

Samples were drawn using NUTS(diag_e) at Tue Sep 22 16:16:14 2020.
For each parameter, n_eff is a crude measure of effective sample size,
and Rhat is the potential scale reduction factor on split chains (at

convergence, Rhat=1).
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19. 1 ETIVOYF a - EE b OEARE (KUVVHR : 0.8, #ILVER : 0.95)

6. hGa

2015 4£® Ms. Hillary Clinton @ 7 A — b P&, NBIIZRAE L TBH ., /N A X
YF X =BT ANL —EWRT X AU REMEZ KD, BEEO IEH OFI DM % T
D 2019 SEDOBHEEERIZEL S TAY — - JERF =D TN —T\25F, BFE, B -
eI ZFER T X A %D 4 4£5112H - 72 R&D $EHIE % 7047 L 72,

Jed . BRIV E L CHEBOMISEEZ T Th CHMBOMETH EI T 1
MEE%235 4 R&D HEEZWINSELEEP RSN, SERBEHLRIPFIEEZ
bitb,

MIEEETIE, RF —12BWT 2015 EDFMIED BN L > T R&D & % H#N
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®2. WMUTH 2015 FRESMEE - RBLRAEHABRBET L BE2E7L) O
ANV

3 chains, each with iter=6000; warmup=2000; thin=3;
post-warmup draws per chain=1334, total post-warmup draws=4002.

a0
b0
all1]
al[2]
bi[1]
bi[2]
a[1]
a[2]
a[3]
a[4]
b[1]
b[2]
b[3]
b[4]
s_ag
s_bg
s_a
s_b
s_Y
lp__

ad
b0
al[1]
all2]
bi[1]
b1[2]
a[1]
al2]
a[3]
al4]
b[1]
b[2]
b[3]
b[4]
s_ag
s_bg
s.a
s_b
s_Y
lp—

6170906984 .49
6446708013.21 2.208897e+09

mean se_mean

-117.63 6.732500e+02
-273.78 3.083000e+02
.14 5.000000e-02
.37 4.000000e-02

2
7
1
5
0.000000e+00
0
0
0
1

.478961e+09

3518.63 1.046980e+03
1.14 1.200000e-01

-809.55

75%
90447719.35
2300919.68
918.43
539.81

0.36

0.55
1030.89
21.11

46.73

31.97

0.11

0.29

0.61

0.24
1404000718.45
1468112877.25
2106.12
0.95

120.17
-804.56

sd

-16641489.56 2.298156e+08 1.517057e+09
-695495666.04 4.057477e+08 2.883269e+09

9.147260e103
5.893050e+03
1.560000e+00
2.170000e+00
7.118000e+01
3.428000e+01
6.067000e+01
1.694000e+01
0.000000e+00
7.000000e-02
1.000000e-01
8.000000e-02
6.505335e+10
4.238456e+10
1.498650e+04
3.020000e+00

115.59 1.400000e-01 7.020000e+00
1.500000e+00 7.170000e+00
97.5% n_eff Rhat
3.366526e+09 44 1.04
3.006370e+09 50 1.04
4.954910e+03 185 1.01
5.026650e+03 365 1.01
2.540000e+00 1162 1.00
2.660000e+00 2942 1.00
1.123310e+03 596 1.00
6.289000e+01 2400 1.00
1.255300e+02 1754 1.00
5.324000e+01 1099 1.00
1.200000e-01 796 1.00
3.700000e-01 1499 1.00
7.500000e-01 1649 1.00
3.500000e-01 787 1.00
3.067740e+10 1935 1.00
5.001461e+10 368 1.01
1.799013e+04 205 1.01
7.630000e+00 586 1.01
1.306900e+02 2576 1.00
-7.961800e+02 23 1.10

2.5%

-4.602872e+09 -12784004.49
-7.799411e+09 -50666899.08

-6.301190e+03
-5.538490e+03
-2.340000e+00
~-1.890000e+00
8.440700e+02
-6.982000e+01
-1.156900e+02
-1.177000e+01
1.000000e-01
1.200000e-01
3.600000e-01
4.000000e-02
2.037143e+05
9.126420e+03
3.111000e+02
1.000000e-01
1.031500e+02
-8.241000e+02

25% 50%
85561.84

-544774.42

-35.84 450.64
-475.16 52.57
-0.03 0.17
0.17 0.36
934.65 981.23
-26.63 -2.29
-32.80 9.69
8.53 20.43
0.10 0.11
0.20 0.25
0.47 0.54
0.13 0.19
3758645.11 91916500.60
3918320.05 50412204.76
625.44 1032.93
0.23 0.41
110.91 114.96
-814.38 -809.25

Samples were drawn using NUTS(diag._e) at Tue Sep 22 14:10:32 2020.
For each parameter, n_eff is a crude measure of effective sample size,
and Rhat is the potential scale reduction factor on split chains (at
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