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Risks in new drug development: Approval

success rates for investigational drugs

Joseph A. DiMasi, PhD Boston, Mass

The drug development process is known to be com-

plex, costly, and time-consuming.1'3 The process is also

risky in that most compounds that undergo clinical test-

ing are abandoned without obtaining marketing

approval. The rate at which pharmaceutical firms mar-

ket new therapies in the United States is an important

measure of the viability of the drug development

process.4 The cost of new drug development is also crit-

ically dependent on the proportion of drugs that fail in

clinical testing.5'7 Estimates of industry success rates

can be used in benchmarking exercises for project plan-

ning purposes. Given the length and cost of the drug

development process, careful consideration of all fac-

tors that have a significant impact on the process is

needed to appropriately allocate research and develop-
ment resources.

In a series of studies of new drug development in the

United States, the Tufts Center for the Study of Drug

Development (CSDD) and others have provided

descriptive data on how cumulative success rates for

new chemical entities (NCEs) vary with time from

investigational new drug application (IND) filing.1~3'14
Several studies have also examined clinical success

rates for biotechnology-derived drugs.15'17 Statistical

modeling can be helpful in analyzing success rates for

recent periods because many of the compounds will still

be in active testing at the time of the analysis. Tufts
CSDD has also conducted a number of studies that use

this approach to predict final success rates for groups
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of compounds for which the ultimate fate of some of

the compounds in the data set is not known.4'7»13'20

This study provides updated success rate analyses for
NCEs. Success rate trends and variations in success

rates by therapeutic class are presented. The hypothe-

sis that pharmaceutical firms have been moving com-

pounds through the process to either marketing

approval or research abandonment more quickly is also

examined. In addition, attrition rates for compounds

entering clinical development phases are obtained.

Finally, statistics on the reasons compounds fail in

development are given.

METHODS

Data used for this study were obtained primarily
from a Tufts CSDD database that contains information

from ongoing surveys of pharmaceutical firms. The

data provided for the most recent survey come from

firms that have declined in number over the study

period, as mergers have resulted in the combination of

some of them. The data used for this study were
obtained from the units and subsidiaries of what are

now 24 parent firms. These firms provided data on

NCEs first investigated in humans anywhere in the

world or NCEs for which they were the first to file a

US IND since 1963. The data gathered include IND fil-

ing dates, the dates on which IND research was aban-
doned, reasons for termination of research, the latest

phase compounds were in when research was aban-

doned, and the date of new drug application approval.

A description of additional information included in this
database is available elsewhere} Data were also

obtained from public sources.”-22 Current success rates
for these NCEs were examined (as of December 31,

1999), and statistical analysis was applied to data on

past rates of research abandonment and approval to pre-

dict future success rates. Analyses were conducted for

NCEs with INDs first filed in 3- and 6-year periods
from 1981 to 1992. Data on more recent INDs were

available but, given the length of the NCE development
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process, they are too recent to use for a comprehensive

statistical analysis of success rates.

Inclusion criteria. For purposes of this study, an

NCE is defined as a new molecular compound not pre-

viously tested in humans. Excluded are new salts and

esters of existing compounds, surgical and diagnostic

materials, vaccines and other biologic agents, certain

externally used compounds (such as disinfectants,

antiperspirants, and sunscreens), and nutritional com-

pounds (such as natural forms of vitamins and sweet-

ening agents). Our definition of an NCE differs from

the FDA’s definition of a new molecular entity. The
most notable difference is that the FDA’s definition

includes diagnostics, whereas our definition of an NCE
does not.

Statistical analysis of success rates. For the statisti-

cal analyses, residence time (the length of time from

IND filing to either abandonment of research without

marketing approval or to new drug application

approval) was calculated for NCEs with INDs first filed

in successive 3-year intervals from 1981 to 1992.

Approval dates were available through December 31,

1999, and were used in determining observed success
rates. Residence times were also calculated as of the

end of 1999. Observed and predicted cumulative

approval success rates were calculated at each year

from IND filing.

NCEs were stratified according to source (self-

originated versus licensed-in or otherwise acquired) and

therapeutic class. An NCE is defined as self-originated if

it was developed entirely under the auspices of the

responding firm. We define acquired NCEs to be com-

pounds that were obtained by the developing firm through

licensing, purchase, barter, or other means. To determine

whether trends in success rates exist, we analyzed the data

by the period during which the IND was filed.

Predicted success rates for IND filing periods were

determined from a 2-stage model of the approval

process. NCEs with research still active as of Decem-

ber 31, 1999, constitute right-censored observations for

our data set. Survival analysis can make use of infor-

mation provided by censored data.23 NCEs were
assumed to survive until either research was terminated

without approval or marketing approval was achieved.

Details of the selected models and the computational

approach used to estimate final success rates are pro-

vided in the Appendix.

The survey data also provided information on the lat-

est development or regulatory phase that abandoned
NCEs were in at the time of termination. These data

allow us to determine the distribution of research ter-

minations by phase. In combination with predicted
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approval rates for IND filing intervals, they also permit

us to estimate the probability of approval once a com-

pound enters a given clinical phase and phase attrition

rates (the percentage of compounds that enter a phase

that are abandoned before the next phase is initiated).

RESULTS

Included in the CSDD database of investigational

compounds are the development histories of 671 NCEs

for which survey firms had filed a first IND from 1981

to 1992. Of these, 508 were identified as self-originated

and 163 were identified as acquired. Of the 508 self-

originated NCEs, 350 were initially investigated in

humans in the United States. By the end of 1999, 20.9%
of the NCEs with INDs filed from 1981 to 1992 had

been approved for marketing in the United States. For

this period, the current US approval success rates for

NCEs that were acquired, self-originated, and self-orig-
inated and first tested in humans in the United States

are 33.1%, 16.9%, and 8.6%, respectively. These results

illustrate the significance of previous testing on mea-

sured US success rates; success rates on IND filings are

higher for compounds that were licensed-in or first
tested abroad.

Time to research termination. Even though some of

the drugs in our database are still active, survival analy-
sis can be used to establish the rates at which the NCEs

with INDs filed during a given period will be dropped

from active testing. The mean and median times to

research termination for self-originated NCEs that were

abandoned with INDs first filed during the periods from
1981 to 1983, 1984 to 1986, 1987 to 1989, and 1990 to

1992 are shown in Fig 1. Because NCEs in the later
intervals had less time for research to be terminated,

the averages for the later periods may be somewhat

understated relative to the earlier periods. However,

previous research and our current data suggest that the

likelihood of approval, as opposed to abandonment,

increases with time from IND filing. If we could add

termination times for NCEs that will eventually be ter-

minated, the impact should be much less on the median
than on the mean.

Even with these qualifications, the results at least

suggest that, over time, pharmaceutical firms have

made quicker decisions on research failures. Mean res-

idence time decreased 30% (1.5 years) from the

1981-1983 to the 1990-1992 IND filing intervals.
Median time to research abandonment decreased 20%

(0.8 years) for INDs filed in the early 1990s relative to

the early 1980s.

Further evidence that the ultimate fate of investiga-

tional NCEs has tended to be resolved more rapidly
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Fig 1. Mean and median time to research abandonment for self-originated new chemical entities

(NCEs) with a first investigational new drug application (IND) filed during a given period.
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Fig 2. Estimated survival curves for self-originated NCEs with a first IND filed during a given

period. The curves show the percentage of NCEs that had not been abandoned or approved for mar-

keting in the United States (ie, still active) a given number of years from the date of IND filing.
The data were fitted to Weibull distributions.

over time is shown in Fig 2. The curves in the figure
are estimated survival curves for the 1981-1983 to

1990-1992 IND filing intervals. A point on the curve

represents the probability that an investigational NCE

will still be active a given number of years from IND

filing. An NCE is inactive at a given point in time if

either research has been abandoned without marketing

approval or the compound has received FDA approval

for marketing. It should be noted that the estimated sur-
vival curves account for censored data; that is, infor-

mation regarding still active NCEs is used to estimate
final survival rates.

Median survival time decreased from 4.9 years to 4.3

years (12%) for the 1981-1983 to 1990-1992 filing

intervals, respectively. Faster action is also evident in

the figure for different amounts of time from IND fil-

ing. The percentages of NCEs for the 1990-1992 filing

period that are still active are 6 to 7 percentage points

lower than those for the 1981-1983 filing period at 4

to 10 years from IND filing.
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Fig 3. Current clinical approval success rates for NCEs by origin and period during which a first
IND was filed.

Success rate trends. To estimate final success rates,

results from the survival analyses must be combined

with those from qualitative choice models of the con-

ditional probability of approval at given residence

times. The parameter estimates for both stages of the

model are highly statistically significant, and good-

ness-of-fit measures indicate strong agreement with

the data. The parameter estimates used to determine

the predicted final success rates reported here and the

accompanying statistical results are available upon

request.

Current success rates (as of December 31, 1999) for

self-originated, acquired, and all NCEs by IND filing

interval are shown in Fig 3. Licensed compounds gen-

erally have undergone some testing before licensing

and have been shown to be promising candidates for

marketing approval. The results support the hypothesis

of such a screening effect for acquired NCEs; current

success rates for acquired NCEs are notably higher than

those for self-originated NCEs.

A screening effect also appears to apply to self-

originated compounds that have undergone some clini-

cal testing abroad before an IND has been filed in the

United States. The success rates for self-originated
NCEs that were first tested in humans in the United

States are much lower than the success rates for all self-

originated NCEs. Current success rates by IND filing

interval for self-originated NCEs first tested in the
United States are 33% to 65% lower than for self-

originated NCEs as a whole.

Censoring has an impact on the results for all IND

filing intervals, but the effect is much greater for the

more recent intervals. The proportions of NCEs that are

currently active are substantially higher for these later

periods. Thus the lower current success rates for self-

originated NCEs in the 1987-1989 and 1990-1992

intervals may simply reflect the shorter amount of time
available for the ultimate fate of those NCEs to have

occurred. Trend analysis for these later periods must be

aided by the application of statistical techniques to fore-

cast approval rates for the active NCEs.

Current success rates, maximum possible success

rates (assuming all active NCEs are approved), and

predicted final success rates for self-originated NCEs

by IND filing interval are shown in Fig 4. The pre-
dicted final success rates fall between current and max-

imum possible success rates for all filing intervals.

Although both predicted and maximum possible suc-
cess rates are lower for the 1987-1989 interval rela-

tive to the intervals in the earlier 1980s, the predicted

success rate for the 1990-1992 interval is 16% higher

than for the interval with the next highest predicted
success rate.

Comparison of predicted and actual success rates for

the early time periods can validate the performance of
the statistical model. For NCEs with INDs first filed

from 1981 to 1983, the model predicts a cumulative

success rate of 19.5% at 16 years from IND filing (the

maximum amount of time available for all compounds

in the group); the actual success rate for this group at

16 years from IND filing is 19.8%. Similarly, NCEs

with INDs first filed from 1984 to 1986 have a pre-

dicted success rate of 18.8% at 13 years from IND fil-

ing and an actual success rate of 19.4%.

Therapeutic classes. Previous research has indicated

that success rates for NCEs vary by therapeutic
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Fig 4. Current (as of December 31, 1999), maximum possible, and predicted final clinical approval

success rates for self-originated NCEs by period during which a first IND was filed. Maximum pos-

sible success rates were determined under the assumption that all active compounds are eventually

approved for marketing. Predicted success rates were constructed with use of estimates for a sur-

vival analysis of residence time (time from IND filing to abandonment or US marketing approval)

with a Weibull distribution specification and estimates for the conditional probability of approval

for a given residence time with a probit specification.

Table I. Current and maximum possible success rates by therapeutic class for self-originated NCEs with INDs first
filed from 1981 to 1992*

Therapeutic class NCEs Approved NCEs

Analgesic/anesthetic 49 10
Anti-infective 57 16

Antineoplastic 38 6
Cardiovascular 120 21

Central nervous system 110 16
Endocrine 33 6
Gastrointestinal 15 3

Immunologic 13 2
Respiratory 25 3
Miscellaneous 43 3

NCE, New chemical entity.
*Therapeutic class information is missing for five compounds.
TAS of December 31, 1999.
iAssumes that all open NCEs will eventually be approved.

c1ass.5~20 The current and maximum possible success

rates by IND filing interval for self-originated NCEs in

9 specific therapeutic categories are shown in Table I.

Because the number of compounds available for analy-

sis is greatly reduced when the data are stratified into

therapeutic categories, the entire study period

(1981-1992) is used. For the immunologic and respi-

ratory categories the fate of all of the NCEs is known
so that current, maximum, and final success rates are
the same.

Current Maximum

Open NCEs7‘ success rate?‘ success ratei

4 20.4% 28.6%
3 28.1% 33.3%
6 15.8% 31.6%
6 17.5% 22.5%

14 14.5% 27.3%
4 18.2% 30.3%
2 20.0% 33.3%
0 15.4% 15.4%
0 12.0% 12.0%
4 7.0% 16.3%

For many of these therapeutic classes, the number of

compounds with IND filings in an interval is too small
for accurate statistical estimation. However, we had

enough data and the fits with the statistical model

described above were sufficiently good for us to estimate

predicted final success rates for the analgesic/anesthetic,

anti-infective, cardiovascular, and central nervous sys-

tem categories. The current, maximum possible, and

predicted final success rates for these 4 classes are

shown in Fig 5. Relative success rate results for these
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Fig 5. Current (as of December 31, 1999), maximum possible, and predicted final clinical approval

success rates by therapeutic class for self-originated NCEs with a first ]ND filed from 1981 to 1992.

Maximum possible success rates were determined under the assumption that all active compounds

are eventually approved for marketing. Predicted success rates were constructed with use of esti-

mates for a survival analysis of residence time (time from IND filing to abandonment or US mar-

keting approval) with a Weibull distribution specification and estimates for the conditional proba-

bility of approval for a given residence time with a probit specification.
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Fig 6. Distribution of research terminations for self-originated NCEs by clinical phase and period

during which a first ]ND was filed.

classes are likely unaffected by time trends inasmuch

as the number of filings for the last half of the study

period as a percentage of total filings for the whole

period for each of these 4 classes varied only from 47%

to 55%. The predicted success rates range from approx-

imately l in 5 for cardiovascular NCEs to 1 in 3 for
anti—infectives.

Clinical phase attrition rates. Clinical approval suc-

cess rates yield patterns of success for the clinical

development process as a whole, but they do not inform

us of success and failure patterns during the clinical

development process. Our data on the latest phase that
an abandoned NCE was in at the time of termination

give us a distribution of research terminations by phase.

The distribution for self-originated NCEs is shown in

Fig 6. Approximately half of clinical research failures

occur in phase II. This is the case for both the first and

second halves of the study period. For the later IND fil-
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Fig 7. Approval success rates for self-originated NCEs entering a given clinical phase.
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Fig 8. Phase attrition rates (percentage of compounds entering a phase that fail in the phase) for

self-originated NCEs by period during which a first ]ND was filed.

ing period, however, proportionately more research fail-

ures occurred in phase I and proportionately fewer

occurred in phase H1 or regulatory review.

Statistical analysis yields predicted final success

rates for self-originated NCEs for the 1981-1986 and

1987-1992 filing intervals of 24.2% and 22.6%, respec-

tively. Current approval and termination rates for these

periods, along with the assumption that currently active

NCEs that are predicted to eventually fail will do so in

phase III or regulatory review, allow us to predict

approval rates for NCEs that enter a clinical phase (Fig

7). Although approval rates are similar for the early

clinical phases in both periods, the likelihood of

approval increased by 5.6 percentage points for phase

III. This is consistent with the results displayed in Fig

6, which showed relatively more terminations in phase

I and relatively fewer in phase III or later.

The data on research terminations by phase and pre-

dicted success rates also allow us to determine phase

attrition rates. Fig 8 shows that attrition rates are great-

est in phase II in which more than half of the investigated

compounds fail. During the study period, failure rates

increased for phases I and II but declined for phase HI.

Reasons for research abandonment. The database
contained information on the reasons research was

abandoned for NCEs that had research terminated with-

out marketing approval. We grouped the responses into

3 major categories: safety (eg, “human toxicity” or “ani-
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Fig 9. Percentage of research terminations for all NCEs by period of first IND filing and by pri-

maiy reason for abandonment.

mal toxicity”), efficacy (eg, “activity too weak” or “lack

of efficacy”), and economics (eg, “commercial market

too limited” or “insufficient return on investment”). A

relatively small number of the compounds that had been
abandoned had reasons for termination that were not

specific enough to be placed in 1 of these 3 categories.
The shares of all reasons for abandonment for each of

these categories by IND filing interval are shown in

Fig 9.

For the last half of the study period, economic and

efficacy issues became relatively more prevalent, while

safety issues became relatively less prevalent, as rea-
sons for research termination. Because the time avail-

able for the fate of the compounds to have been deter-
mined is limited, the abandonment results for the inter-
val from 1987 to 1992 are biased toward causes that

tend to be revealed relatively soon after filing. This

censoring effect also applies to the earlier interval but

with much less impact. The economic share increased,

even though research on NCEs terminated for eco-

nomic reasons tends to occur later in the development

process than is the case for safety and efficacy (eg, for

filings from 1981 to 1986, 45% of the economic ter-

minations occurred at least 6 years from filing com-

pared with 35% of efficacy and 17% of safety termi-

nations).

The censoring effect also applies when the data are

analyzed by the phase that a compound was in when it
was abandoned. This bias will tend to be lower if ear-

lier periods are examined. Considering the first half of

the study period (NCEs that had an IND first filed from

1981 to 1986), compounds that had failed for economic

or efficacy reasons were terminated much more fre-

  
Safety Other

quently in late clinical testing phases. The percentage

of failed compounds that were abandoned in phase III

or during the regulatory review period was 26.6% for

economic failures, 24.0% for efficacy failures, and

8.3% for safety failures.
Table H shows mean and median abandonment times

for all NCEs by IND filing period and by the primary

reason for termination. Average times to abandonment

are lower for the later filing period, but this can result

in part from the shorter period during which abandon-

ments can occur for this interval. For either period,
however, both the mean and median time to research

abandonment is longer for NCEs that were terminated

primarily for economic than for other reasons. The data
also show that economic considerations were the most

frequent determinants underlying decisions to termi-

nate late-stage clinical research. During the entire study

period, 39% of the terminations that occurred at least

4 years from filing were for economic reasons, 32%

were related to efficacy issues, and only 16% were for

safety problems (13% were for other reasons).

DISCUSSION

A statistical model of the rate at which new drugs

proceed through clinical testing to marketing approval

was estimated for three 4-year and two 6-year IND fil-

ing intervals. Estimated approval success rates for self-

originated NCEs varied from 19% to 30% during the

study period. The highest predicted success rate was

for the most recent filing period (1990-1992). The

results suggest that approval rates have not declined

over time and, quite possibly, have increased. A gen-

eral improvement in success rates can result from bet-
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Table H. Time to research abandonment (in years) for NCEs by IND filing period

1981 -I986

Reason n Mean (y)

Economics 64 4.4

Efficacy 7 1 3.6
Safety 46 2.6
Other 34 3.5

IND, Investigational new drug application.

ter preclinical screening. The implications for the devel-

opment process are significant because the clinical
costs for some research failures will not be borne if suc-

cess rates increase. However, these savings would have

to be balanced against any additional costs associated

with a better preclinical screening process.

Success rates for self-originated NCEs differed sig-

nificantly by therapeutic class. Predicted or actual final

success rates varied from 12% for respiratory drugs to
33% for anti-infectives. Cardiovascular and central ner-

vous system drugs also had predicted success rates that

were substantially below that for anti-infectives. Some

of the differences in success rates by therapeutic class

might be explained generally by differences in the uncer-

tainty with which regulatory standards would be satis-

fied. For example, efficacy end points for anti-infectives

are usually clearly defined and relatively easy to assess.

In contrast, the difficulties in establishing efficacy for

psychotropic compounds have been well described.24~25

The length of time that an NCE spent in clinical test-

ing or regulatory review before the fate of the drug

(abandonment or approval) was determined decreased

during the study period. Estimated median survival

times for self-originated NCEs decreased 0.6 years for

IND filings in the early 1990s compared with those a
decade earlier. These results are consistent with data on

shorter US clinical development times for late 1990s

approvals.2»3 In addition, our data on the time to research

termination for compounds that have been abandoned

suggest that pharmaceutical firms have been abandon-

ing unsuccessful compounds more quickly. Faster fail-

ures and shorter development times for drugs that do get

approved imply, other things being equal, lower research

and development costs per approved new drug. How-

ever, these gains can easily be offset if the out-of-pocket

costs of conducting clinical trials have increased.

Our data on clinical phase attrition rates not only sup-

port the hypothesis that pharmaceutical firms have

acted more quickly in terminating development on

unsuccessful compounds but also allow us to better pin-

point when in the process these gains were made.

Development costs are reduced more if a compound

DiMasi 305

1987-1992

Median (y) n Mean (y) Median (y)

4.0 45 3.7 3.2
2.3 50 2.7 2.6
2.5 26 2.1 1.2
2.3 12 2.7 2.2

that ultimately fails is abandoned sooner. Our results
indicate that firms have indeed tended to abandon their

failed compounds earlier in the process. Reductions in

failure rates for phase III and regulatory review appear

to be associated with corresponding increases in fail-

ure rates for phase I. It should be noted, however, that

quicker decisions to abandon projects may also increase

the likelihood of making a type II error (accepting the

hypothesis that an investigational drug will not meet

efficacy and safety standards and earn a reasonable

return when in fact it would have done so if pursued).

Furthermore, failure rates for phase II testing remained

essentially constant. Some expensive phase III trials

may be avoided if phase II testing can be made more

informative so as to weed out more of those compounds

that will fail to achieve regulatory approval.
Our results indicate that commercial factors became

relatively more important over time as the primary rea-

son for abandoning development of investigational

NCEs. Censoring may affect the results for the more

recent time periods. NCEs that failed for economic rea-

sons, however, tended to last longer in testing than

NCEs that failed for efficacy or safety reasons. Thus

the censoring in the data suggests that the final results

will show that the trend for economics is even steeper

than currently observed. Given that economic factors

increased in importance as a reason for research termi-
nation and that these commercial considerations have

tended to be a deciding factor relatively late in the

development process, the improvement in attrition rates

that we have observed is all the more impressive.

Clinical success rates and phase attrition rates for

new drugs are important indicators of how effectively

pharmaceutical firms are using the resources that they

devote to research and development. The proficiency

with which this is done is a consequence of a complex

set of regulatory, economic, and firm-specific factors.

Reliable success rate and phase attrition rate estimates

are an important tool for evaluation of the efficiency

with which industry conducts clinical drug develop-

ment. Our results on the risks in drug development

should aid in this process.
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APPENDIX

Success rates are predicted by combining 2 separate

statistical estimation procedures. Specifically, the

cumulative probability of approval at t years from IND

filing is given by the following:

S(t) = Ltf(u) - P(u) - du (1)
in which f(u) is the probability density function for the

survival-time data, P(u) is the probability of approval

given a residence time of u.

The density function, f(u), can be estimated by a

parametric survival analysis. Various theoretical dis-

tributions (ie, exponential, Weibull, log-normal, and

log-logistic) were fitted to the survival-time data. Esti-
mated survival and hazard rate curves derived from

nonparametric techniques, such as life-table analysis

or the Kaplan-Meier technique, can be used as a first

step in determining whether the data are consistent

with these parametric forms. Likelihood ratio tests

based on the log-likelihood values obtained from fit-

ting particular parametric forms to the data can also
be used to test whether one distribution fits the data

better than another. The estimated survival and haz-

ard rate curves from life-table analyses and the likeli-

hood ratio tests suggested that Weibull distributions
best fit the data.

Specification of the Weibull distribution (a general-

ization of the exponential distribution) requires esti-



11

CLINICAL PHARMACOLOGY 8: THERAPEUTICS
VOLUME 69, NUMBER 5

mates of two parameters. In particular, the probability

density function for the Weibull distribution is given as
follows:

f(u) = Y . (X . uyul . ewc -uY (2)

u20 0L,'Y>0,

where u is residence time. For this distribution, statis-

tical software gives estimates of it and 6 where 7 = 1/6
and 0: = e'l1/0. The values obtained are maximum like-

lihood estimates in which a Newton-Raphson algorithm
is used to solve the first-order conditions.

NCEs with a given residence time have terminated

with either research abandonment or marketing

approval. Because the possible responses are qualita-

tive and binary, qualitative choice modeling is an

appropriate and feasible method for estimating P(u).

Parametric forms that have proved useful in many

applications of this type are the probit and logit spec-

ifications. We examined both of these specifications.

The parameters were estimated by a maximum likeli-

hood technique in which a modified Newton-Raphson

algorithm was used to solve the first-order conditions.

Log-likelihood values for the estimations can be used

to discriminate among the models. The log-likelihood

values suggested the probit form for P(u). In general,
however, the results were not sensitive to the choice
of model.

In the context of this application, the probit model

posits that the cumulative probability of approval varies

with residence time according to the cumulative stan-
dard normal distribution evaluated at a linear function

of residence time. In particular, we estimated the param-

eters, or and [3, of the following function:
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Pm + [3 . u) = LB (1/\/2.1:) .e—z2/2. dz, (3)

where u is residence time. This specification has the

property that the conditional probability of approval

increases (in a sigmoidal fashion) with the time from

IND filing.

Once parameter estimates are obtained, equations 2

and 3 can be substituted into equation 1 to determine a

success rate at a given number of years from IND filing.

We are also interested, though, in final success rates for

NCEs with INDs filed during a given interval. Both the

Weibull density function and the conditional probability

of approval determined from the probit specification vary

with time and, in theory, no ceiling can be placed on the

time from IND filing. Thus the two-stage model predicts

as a final success rate (SF) the following limit:

SF — l1£r%Sx(:t) (4)

assuming that the limit exists. Unfortunately, we do not

have a closed-form solution for equation 1. However, if

the limit does exist, we can then use numerical techniques

to adequately approximate SF with S(T) for large enough
T. In choosing T, we adopted two criteria. First, T must

be large enough so that the probability density function

(2) integrated up to T is within one-half of 1% of one.

Second, the estimated cumulative probability of success

[S(t)] must have stopped increasing out to 3 places after

the decimal point. Thus our approximation of SF should

be accurate to within one-tenth of 1%. For all of the pre-

dicted success rate estimates given here, T = 30 years eas-

ily meets the two criteria. Therefore all of the survival

and predicted cumulative success rate curves presented

here are shown out to 30 years from IND filing.
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