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Risks in Finding Doses for a New Drug
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Abstract
The biggest risk in new drug development is either unaware of, or under-estimate the potential risks in designing clinical

trials. Among all challenges in drug development, the most critical one is about finding the appropriate dose(s) for the
study drug in treating patients. Designing dose finding clinical trials involves in many potential risks. In practice, most of
the expensive failures in drug development originated not from “We did not know”, rather, the mistake is “We thought we
knew”. In other words, greatest risks came from lack of awareness of underlying assumptions. This manuscript attempts
to discuss some of these risks and make recommendations to reduce risks in the design of dose finding clinical trials. This
is not a complete list of risks, but it is only starting the discussion.

1. BACKGROUND
New drug research and development starts with a

molecule discovered by laboratory scientists. If the drug
company (the sponsor) develops this molecule believes that
it can potentially be a successful drug in treating certain
type of chronic conditions or diseases, then the sponsor iden-
tifies this molecule as a drug candidate, and invest resources
and capitals to develop this candidate into a new drug. The
drug development process includes both pre-clinical devel-
opment and clinical development. In pre-clinical develop-
ment, this drug candidate goes through pharmacology, tox-
icology, and animal pharmacokinetics/pharmacodynamics
(PK/PD) tests. The drug substance needs to be formulated
into drug products for animal, and eventually for human
testing. Only after the candidate successfully passed these
pre-clinical tests, it can then be progressed into clinical de-
velopment.

The major difference between clinical trials and non-
clinical experiments is that clinical trials are scientific tests
applied to live human bodies. Pre-clinical development in-
cludes in vitro, in vivo experiments, chemical development,
as well as other tests, all are outside of live human body. In
clinical development of new drugs, the drug candidate goes
through Phases I, II, and III clinical testing. If successful,
then all of the study results obtained from non-clinical and
clinical testing are documented into a submission package
known as a new drug application (NDA), or a biologic license
application (BLA). This NDA or BLA is then submitted to
the regulatory agency (e.g., Food and Drug Administration
– FDA, in the U.S.) for approval. If a new drug is approved
by FDA, then Phase IV clinical studies are initiated to as-
sess long term and additional real world experiences of the
drug’s impact on human beings [2].

If a molecule can eventually be efficacious to treat dis-
eases, that means this molecule has to change the human

physiological system. If it does not change the human sys-
tem, it would simply be a placebo. If it changes the human
biology, then the molecule could be toxic. Hence it is thought
that “all drugs are toxic”. If this is the case, how come there
are so many drugs approved by FDA and available in the
retail pharmacy stores? The answer is that for every ap-
proved drug, there is a non-toxic dose. In other words, for
each drug, if the dose is too high, it would be toxic, if the
dose is too low, the drug does not work. From this point of
view, every step of the new drug development process can
be thought of as studying the dose range of the drug candi-
date. From a clinical development point of view, the upper
limit of a dose range is known as the maximally tolerable
dose (MTD). The lower limit is considered as the minimally
efficacious dose (MinED). For every drug, only the doses
between MinED and MTD can be considered as efficacious
and safe.

Given this understanding, the four phases of clinical de-
velopment in new drugs can be realized as a process about
finding the appropriate dose or doses for this drug candi-
date. In Phase I, it is the first time for the candidate is
exposed to live human being. The development team has to
be very cautious to ensure that human subjects participat-
ing in Phase I clinical trials are not exposed to high toxic
risks. It is natural that the starting dose of first Phase I trial
should be low. Typical Phase I trials are dose escalation tri-
als. That means, trial participants are exposed to very low
doses first. If there is no observed adverse events (AE), then
a next group of participants are recruited to test at a higher
dose. If no AE, then another group of participants is tested
at an even higher dose. This process would continue until
the MTD is identified.

Another important objective of Phase I clinical devel-
opment is to study the PK/PD characteristics of the drug
candidate in human subjects. Pharmacokinetics (PK) is to
learn about what does the body do to the drug, and phar-
macodynamics (PD) is about what does the drug do to the
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body. In PK, the scientists study the human absorption, dis-
tribution, metabolism, and elimination (ADME) of the drug
candidate. In order to have a better understanding of these
PK properties, participants recruited in Phase I clinical tri-
als tend to be healthy normal volunteers, instead of patients.
The main reason is that the PK properties observed in pa-
tients could have been compromised by their disease(s). An-
other important reason is that patients usually take other
medications to treat their condition, or disease. These other
medications may interact with the drug candidate under
study, and hence the PK data obtained from patients may
not reflect the true ADME in human.

Therefore, in traditional drug development for the treat-
ment of chronic diseases, Phase I clinical data are mostly
obtained from healthy normal volunteers. Clinical efficacy
may not be observed from Phase I clinical trial participants
because they do not have the disease under study. Accord-
ingly, Phase II trials are designed to recruit patients with
the target disease the drug candidate is developed to treat.
In other words, before Phase II, all of the pre-clinical exper-
iments and the Phase I clinical data cannot be evaluated for
clinical efficacy from patients with the disease under study.
Thus the first Phase II study tends to be a proof of con-
cept (PoC) clinical trial. If the concept is proven (test drug
is efficacious in treating the disease), then the sponsor in-
vest more resources to further develop it. If not, stop further
development.

A typical first Phase II PoC study randomizes patients
into two treatment groups – test drug and placebo [6]. These
participants are with the disease or condition the study drug
is indicated to treat. The PoC trial is designed with a sta-
tistical hypothesis test. Sample size is calculated using the
Type I and Type II error rates, together with the assumed
treatment difference, and within group variance. The sam-
ple size reflects the risks and assumptions associated with
this primary statistical hypothesis. This study is known as
PoC because if the candidate fails to demonstrate clinical
efficacy, then further development of this candidate will be
stopped. Results of the PoC study will guide the sponsor to
make a “Go/NoGo” decision on this molecule. In this design,
the test drug dose is usually selected as the MTD obtained
from Phase I. The reason is that if the highest allowable
dose of the drug candidate cannot demonstrate clinical ef-
ficacy when compared against placebo, then the concept is
not proven and a “NoGo” decision can easily be made. There
will be no further development of this test drug.

After this study, if the PoC results are good and the de-
cision is “Go”. Then the next Phase II clinical trial would
be a dose ranging trial which include multiple test doses
against a placebo control. A typical dose ranging trial in-
cludes four treatment groups – placebo, low dose, medium
dose, and high dose of the drug candidate. It is hoped that
this dose ranging trial will help find the MinED for the in-
dication this molecule was developed to treat. The objective
of Phase II clinical development is first to check PoC – if the

candidate does not deliver clinical efficacy, then stop devel-
opment; and the second objective is that if the decision is
“Go”, then Phase II results should guide the Phase III dose
selection. One or a few of the doses will be tested in long-
term, large-scale Phase III trials in order to establish drug
efficacy and safety. Based on the Phase III results, for each
tested dose, if it is efficacious and relatively safe, then that
dose can be considered “Approvable” by regulatory agencies.

Therefore, in a few sentences to describe the entire clinical
development process can be that –new drug development is
about finding the appropriate dose or doses for this molecule
under development. If the dose is too high, the drug will be
toxic. If the dose is too low, it does not work. In Phase I clin-
ical trials, doses are tested from low to high. The Phase I
deliverables are PK/PD and MTD. Then in Phase II, the
two objectives are PoC and dose ranging – with a hope to
lower test doses from MTD to MinED. If both Phases I
and II are successful, then a dose range for the drug candi-
date can be framed between MinED and MTD. Given this
knowledge, one or a few doses are selected for Phase III long-
term, large-scale trials to confirm. Suppose Phase III results
demonstrate the tested doses are efficacious and safe, then
it should be approvable from the regulatory point of view.

Drug development is an expensive, high risk business.
Throughout the entire new drug development process, the
most important question is about finding the right range
of doses to treat patients. This manuscript points out the
risks associated with designing clinical trials for dose find-
ing purposes. Section 2 introduces the unpredictability of
human behavior, Section 3 lays out that sample sizes are
always limited in any clinical trial, especially in Phase II.
Section 4 attempts to clarify the two types of clinical ques-
tions – confirmatory vs exploratory. Section 5 points out
that statistical concepts are difficult to communicate with
team members without statistical training. Section 6 states
that project team members do not pay sufficient attention
to the risk of inconclusiveness. Section 7 clarifies that in
designing clinical trials, one of the highest risks is applying
models without fully understanding the assumptions behind
each model. Given these risks, Section 8 discusses what to
consider in designing clinical trials with a hope to reduce
some of these risks. Finally Section 9 delivers some conclud-
ing remarks.

2. HUMAN BEHAVIOR
Randomized, controlled, double-blind clinical trials are

one of the most important scientific breakthroughs in 20th
century to make the new drug development and drug ap-
proval possible. In a clinical trial, live human subjects are
randomized into treatment groups. For the typical placebo-
controlled trials, responses from patients receiving the test
drug treatment are compared against responses from pa-
tients receiving placebo treatment using a statistical hy-
pothesis testing procedure. If the resulted p-value is less
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than the pre-specified Type I error rate (alpha, α), then the
drug developer claims statistical significance, and submit
these findings to regulatory agencies (e.g., FDA, in U.S.)
for approval. Under this framework, FDA does not approve
the drug by saying that the test drug is efficacious, but the
drug is approved because “the probability that this test drug
is not efficacious is controlled under alpha”. Of course, for
drug approval, in addition to statistical significance, FDA
also requires clinically meaningful treatment benefit.

A clinical trial can also be thought of as a type of scientific
experiment. One way to view a scientific experiment could
be “taking observations under controlled conditions”. For ex-
ample, in physics, the double-slit experiment is performed
to demonstrate that light and matter satisfy both wave form
and particle form. These observations are taken under very
well controlled conditions. However, clinical trials are differ-
ent from these scientific experiments in at least two ways –
first, the experiment unit is live human being; and second,
there is only a very limited control condition that can be
applied to a clinical trial – randomization. Other than ran-
domization, a clinical trial is very similar to a prospective
observational study in epidemiology. In most of these stud-
ies, epidemiologists observe exposure and diseases with an
attempt to assess the association between them.

In a clinical trial, the experiment unit is live human be-
ing. Every living person has her/his own free will. A clinical
protocol is designed to collect data from live human beings,
by live human beings. Given the fact that every individual
has their own free will, how can the study team reasonably
assume every person conducts the clinical trial, and every
person participates in the trial will follow the protocol reli-
giously? In our experience of running clinical trials, we have
never seen a protocol being completed without any issue –
patients did not meet inclusion/exclusion criteria; individu-
als are randomized to a wrong block; patients took wrong
medication; the same subject entered the same clinical trial
for more than once; patients took prohibited rescue drugs,
etc. The fact that clinical trial team members, investigators,
staff within the clinics, as well as trial participants are all
human beings itself can be thought of as a potential risk
factor – because human errors are unavoidable.

When designing a clinical trial, it is very important to
keep this fact in mind – a clinical trial is to collect data
from live human beings by live human beings – anything
might go wrong could eventually go wrong. With this un-
derstanding, the study team should design robust clinical
trials. In other words, even if many people (either trial par-
ticipants, or people engaged in the conduct of the trial) may
not follow the protocol, most of the collected clinical data
can still be good enough to help the team making correct
decisions. On this basis, the most robust trial design should
be the simplest design.

In fact, the assumption that every person will follow the
protocol is not realistic. The problems are not only that
every person has her/his free will. Even everyone tries to

follow the protocol as close as possible, there can still be
misunderstanding, miscommunication, or mistakes. Hence
the key principles in designing clinical trials should be sim-
ple and robust. Simple designs allow flexibility of trial team
members and trial participants. Sometimes they may have
different priorities, simple and robust design can still help
reach the primary conclusion (most likely, the Go/NoGo de-
cision), even with missing visits, data errors, and protocol
violations.

3. SAMPLE SIZE IS LIMITED
Statistical hypothesis testing is based on a sample taken

from an underlying population. The size of this sample is as-
sociated with probabilities of making wrong decisions (Type
I error implies the decision to continue develop a placebo,
Type II error means the sponsor gives up a potentially very
good drug). This decision, from a regulatory point of view,
it is about whether to approve a drug. From the sponsor
point of view, it is about whether to continue develop this
candidate. In Phase II, it is the “Go/NoGo” decision. Note
that for every drug candidate at every stage of development,
this “Go/NoGo” decision has to be made. In other words,
after completing each experiment, or each clinical trial, the
sponsor needs to ask “Should the company spend more in-
vestment to develop this candidate?” In reality, there should
be an unknown truth that either this drug is truly effica-
cious, or it does not work. If the truth is the drug does not
work, and the null hypothesis is accepted, then the decision
is correct. If the truth is the drug works, and the null hy-
pothesis is rejected, it is also a correct decision. However,
if the truth is the drug does not work and the null is re-
jected, then the sponsor or the regulatory agency is making
a wrong decision. Statistical hypothesis testing attempts to
control the probability of making a wrong “Go” decision, or
a wrong approval of a new drug to be under alpha (α).

In the design of a clinical trial, sample size calculation
is based on alpha, power, and assumptions about the treat-
ment effect as well as variability. In order to reduce alpha,
and/or to increase power, the study team needs to increase
sample size (n). That means, when n is increased, the risk of
making a wrong decision can be reduced. However, at early
Phase II, the sponsor is not sure whether the drug is effica-
cious or not, it would be neither ethical, nor cost effective,
to recruit a large number of patients for this clinical trial.

In dose ranging trials, many test doses are compared
against the placebo control. The objective is to find out test
dose or doses that can deliver the anticipated drug efficacy.
The idea of “MinED” can be thought of as the study dose
such that “among those doses demonstrated drug efficacy,
the lowest one”. Or it can be “doses lower than MinED do
not deliver drug efficacy”. Note that neither of the above
statement can be easily established in a Phase II clinical
trial. The reason is that sample sizes in Phase II trials are
limited. With small sample sizes, it is not easy to detect
statistical significance.
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A high level summary of Phase I and II clinical trials can
be that – Phase I trials escalate doses from low to high,
and Phase II studies lower doses from high to low. The
development of any drug is about finding the appropriate
dose range. The upper limit of this dose range is MTD, and
the lower limit is MinED. In order to find MTD, the key
consideration is drug safety, and the key factor for finding
MinED is clinical efficacy. In the development of drugs treat-
ing chronic diseases, this understanding is well established –
when escalating doses, the focus is drug safety – hence there
is no need to recruit patients with the target disease. Be-
cause clinical efficacy is not the deciding factor in escalating
test doses. Similarly, in Phase II, the focus is about efficacy.
If the drug candidate does not work, there is no need to fur-
ther develop this molecule. After the concept is proven, the
main interest is to lower doses down to MinED. At this time,
the focus would be clinical efficacy associated with the drug
candidate. Safety is a secondary consideration in Phase II
– without efficacy, further development will be stopped and
there is no need to worry about safety. Only after the clinical
efficacy is established, next to consider whether the safety
profile can be acceptable under the given efficacy.

However, at early Phase II and before PoC results, there
is not strong evidence that the test drug can deliver clini-
cal efficacy. Hence it may not be ethical to recruit a large
number of trial participants. Also, from the sponsor point of
view, it would not be appropriate to invest a huge amount
of resources on this drug candidate. Therefore, sample sizes
in Phase II clinical studies are limited. When sample size is
small, the study results tend to be lack of precision – it is not
easy to differentiate the signal from the noise. Accordingly,
a clear decision is not easy to make. Typical Phase II studies
tend to be designed with limited sample size, which leads to
a higher risk of making a wrong decision about whether to
continue develop this drug candidate.

Dose ranging trials usually include many test doses, com-
paring against a placebo control. Traditionally, statisticians
use multiple comparison procedures to control the Type I
error rate alpha (α), when this is the case, sample sizes
can be largely increased. Even with newer methodology like
MCP_Mod [4], or OLCT [8], the required sample sizes can
still be high. Attempting to make decisions, or to make dose
recommendations for Phase III, relatively larger sample sizes
can still be preferred. One problem with small sample size
is the lack of precision. When the total number of patients
for a given clinical trial is limited, often the signal is hiding
behind the noise, which makes the drug developer unclear
regarding the next steps of clinical development. Limited
sample size is a real risk in designing, and conducting clin-
ical trials, as well as analyzing or interpreting data from
clinical trial results. Small sample size makes the picture
ambiguous, and a “Go/NoGo” decision to be difficult.

4. UNDERSTANDING THE QUESTION – IS
IT CONFIRMATORY OR

EXPLORATORY?
From drug approval point of view, if a new drug at a

particular dose or doses is efficacious and safe, then this
dose or these doses of the study drug could be approvable.
Therefore, from drug development point of view, it is about
finding the appropriate range of doses such that with these
doses, the test drug is efficacious and safe. At each step in
drug development, the question should be about whether
the drug candidate demonstrate the expected efficacy, and
that it is relatively safe. Because most drug candidates failed
to meet both criteria (efficacy and safety), they are “weeded
out” during the development process. However, drug efficacy
is a confirmatory question and needs to be answered first,
especially in Phase II stage. If there is no efficacy, no matter
how safe this drug is, there is no need to engage in further
development. After all, a placebo is the most safe drug.

Clinical trial designs and clinical development programs
are mostly based on statistical thinking and concepts. One
example is the statistical hypothesis testing—the null hy-
pothesis is that there is no difference between the drug
candidate and the placebo control. However, unless there is
strong enough evidence to demonstrate that the test prod-
uct is significantly different from placebo, scientists would
not reject the null hypothesis (that the test treatment is
not different from the control treatment). When a decision
is made that the test product is efficacious, then it is consid-
ered that the probability the drug candidate does not work
is controlled under alpha. This statistical thinking process
establishes the foundation of designing an individual clinical
trial. Furthermore, statistical thinking can also help guide
the planning of an entire clinical development program con-
sists of many clinical trials.

In clinical trials, the only confirmatory question is about
this “Go/NoGo” decision based on the primary efficacy end-
point. Any questions other than the primary efficacy ques-
tion are exploratory in nature. For example, drug safety,
subgroup analysis, exploratory analyses, dose-response re-
lationship, . . . etc. At the study design stage, sample size
calculation is based on the primary hypothesis test of the
primary efficacy variable. Alpha protection only applies to
this statistical comparison. In some complicated designs,
multiple comparison procedures (MCP) are applied to test
multiple hypotheses. When this is the case, only those pre-
specified comparisons are associated with this experiment-
wise error. Any other analysis is not alpha protected. Hence
they are considered as exploratory.

In Phase II clinical development, the two most important
questions are PoC and dose ranging. In this Phase, the PoC
question is a confirmatory question – to Go, or Not to Go.
The PoC question is about whether to continue invest and
develop this drug candidate. On the other hand, questions
for dose ranging trials are exploratory in nature. The ob-
jective is to explore the efficacy dose-response relationship
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across doses being studied in this trial. This is the point that
confused many trial design team members. When the team
designs a Phase II dose ranging trial, they are used to ask
“which dose or doses deliver the desired treatment efficacy?”
From this framework of thinking process, people tend to con-
sider this is a confirmatory question – for a dose to work,
that dose should deliver clinical efficacy, if it does not, then
consider this is an ineffective dose. But in reality, Phase II
dose ranging is exploratory – use Phase II results to recom-
mend dose or doses for Phase III confirmation. Phase II PoC
is about “Go/NoGo” (confirmatory), Phase II dose ranging
is exploratory, and Phase III is confirmatory.

Recommendation of doses for Phase III clinical trial de-
sign should not only be based on drug efficacy. At this point,
drug safety is also an important concern. However, when
designing Phase II dose ranging trials, the consideration is
mostly about drug efficacy. At the design stage, dose ranging
is exploratory for Phase II clinical trials. After dose rang-
ing trial results are ready, the team evaluates the efficacy
and safety profile of each studied dose, and then make rec-
ommendations for Phase III studies. The dose or doses em-
ployed in Phase III clinical trial is for confirmatory purposes
– if a dose, or a range of doses included in Phase III demon-
strate both efficacy and safety, then this dose, or this range
of doses are considered approvable by regulatory agencies.
In US, typically before engage in Phase III study design,
sponsors have an opportunity to meet with FDA and dis-
cuss Phase II results, as well as Phase III study designs. This
is known as the “End of Phase II Meeting” between sponsor
and FDA.

The fact that clinical trial design team does not under-
stand that the nature of clinical questions (confirmatory,
or exploratory) is a commonly observed risk. Often times
when the team members engage in clinical trial design are
not clear about the priority of clinical questions at hand.
They can be easily distracted by the complexity of a clin-
ical trial and lost in the details. In fact, when discussing
a “Go/NoGo” decision, people can easily be side-tracked
by less relevant or less important objectives. In the evalu-
ation of drug efficacy and safety, there can be many mea-
surements, and for each measurement, there can be a vari-
ety of factors affect it. This complexity in human body and
medical practice leads clinical trial team members to lose
focus on the critical confirmatory questions. It is only after
the “Go/NoGo” question can be clearly understood by the
team, then every other question can simply be thought of as
exploratory. In most of clinical trials, many of the questions
are sequential – the “Go/NoGo” question needs to be first
addressed, before contemplating any other questions. Also,
these other questions can also be prioritized in a sequential
way to answer.

5. COMMUNICATIONS
Most of the biostatistical applications can be thought of

as support for public health. The term “public health” im-

plies that the two most important sciences/professions in-
volved in public health are statistics and medicine. “Public”
means the consideration covers a population point of view,
not necessarily just individual health. This is the subject
that statisticians are trained to address. The profession to
study “Health” is, of course, medicine. Therefore, in order
to engage in public health activities, statistics and medicine
professionals need to communicate, and to work together.
However, in reality, this communication can be difficult. In
other words, many physicians had difficulties understanding
the thinking process from statistical professionals, and some
statisticians may misunderstand the nature of the problems,
or questions under public health studies.

In drug development and drug regulations, there are at
least three sets of very important communications – 1. The
communications between sponsor statisticians, and sponsor
non-statisticians; 2. The communications between regula-
tory agency statisticians and agency non-statisticians; and
3. The communications between sponsor and agency. None
of these communications is easy. One of the communication
gaps came from the training of statisticians and the train-
ing of physicians. A Ph.D. in statistics or in biostatistics
went through years or decades of rigorous training in the
understanding of the mathematical and statistical theories
underpin statistical thinking and statistical philosophy. One
important part of this training is an abstract way of think-
ing process – abstract from the real world phenomena into
a mathematical model, and this model building process has
to be logically rigorous.

One possible cause of this communication gap may have
a deep root. Many good statisticians tend to have an intro-
vert personality. They are logic, deep thinkers. They think
carefully before they voice their opinion. This fact could lead
them to lose opportunities to speak up in meetings. A lot
of good statisticians are math majors in their undergradu-
ate training, and they study statistics in graduate school.
For their education, the typical classes are that the teacher
or the professor lectures, students taking notes. Homework
problems are mostly to derive equations or to prove theo-
rems. All of these experiences can be achieved by individual
learning, without working with other students.

On the other hand, students with business majors engage
in a lot of group discussions, case studies, and team projects.
These learning experiences help business students to com-
municate with other students on a regular basis. After grad-
uation, students with business major (or social science ma-
jor) are fluent with oral/written communications and group
discussions. Students with science majors including physics,
chemistry, biology or other physical sciences have to take lab
courses. In a lab, students work together to achieve an exper-
iment. This environment provides opportunities for students
to communicate with each other in order to make progress.
Therefore, scientists with their laboratory experiences are
still better communicators than statisticians. Accordingly,
many good statisticians tend to be introvert in nature, and
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their education does not provide an environment for them to
learn to communicate, or to collaborate with others. After
receiving a Ph.D. degree in statistics or biostatistics, they
join the pharmaceutical industry. In this industry, close com-
munications among team members is critical in progressing
any project. These statisticians are in a disadvantageous po-
sition because they are lack of training in communicating
with non-statisticians.

On the other hand, physicians received medical education
for many years, and they usually have practiced in clinics
or hospitals, before joining the pharmaceutical industry, or
the regulatory agency. In medical school, the objective of
training is about patient care. That is, for a patient in front
of a physician, medical training is to prepare this physi-
cian to make the best diagnosis, and to prescribe the best
treatment, in order to help this patient. In other words, the
emphasis is about patient care – more appropriately, it is
about individual patient care. In public health, the consid-
eration is about health or medical conditions of a group of
individuals or a population. This is different from individ-
ual care because variabilities across human beings can be
huge. Hence the medical training of individual care may not
be sufficient to solve public health related problems without
the help from statisticians.

Statisticians are trained to make inferences about a pop-
ulation, based on samples collected from this population.
In the scientific/professional area of public health, statis-
ticians and physicians need to work together. Clear com-
munications between these two scientific fields become the
key to the success. Therefore, an efficient statistician should
be able to articulate statistical concepts to non-statisticians
unambiguously. This collaboration becomes a mutual educa-
tion process – the physicians educate the statisticians about
the medical conditions, and the statisticians explain the sta-
tistical concepts and methods to the physicians. The close
collaborations between medicine and statistics are critical
across all applications of public health – including drug de-
velopment, clinical trials, drug regulation, . . . , in addition
to epidemiology and observational studies.

To non-statisticians, statistics are abstract, dull, and dif-
ficult to understand. Therefore, in communicating statistical
ideas with non-statisticians, the statistician has to be clear,
precise, and patient. This is why a good statistician/bio-
statistician in the pharmaceutical industry or in regulatory
agencies has to learn and grow on a continuous fashion.
This is also why experience becomes an important merit
in this profession. Good communication skills are impor-
tant for a statistician not only when they communicate with
physicians. It is also critical when the statistician explains
things to the scientists, engineers, team members, and upper
management. The learning of communication skills never
stops. However, without experiences or training in com-
munications, statistical concepts can be confusing to non-
statisticians, and the collaboration becomes less than ideal.
Sometimes the non-statisticians can be confused.

6. INCONCLUSIVENESS
In practice, most drugs failed during the development

process. In the drug discovery group, scientists innovate
many new molecules as drug candidates each year. These
candidates are progressed into the pre-clinical development,
including pharmacology, toxicology, animal pharmacokinet-
ics/pharmacodynamics (PK/PD), chemical development,
and formulation. Only the best candidates can pass these
stringent testing and enter the clinical development. In other
words, many of the molecules discovered may not be able
to pass the pre-clinical selection process. Then, during the
clinical Phase I and II stages, more drug candidates failed
and stopped for further development. Finally, out of tens,
hundreds, or upto thousands of molecules innovated from
the discovery group, maybe one to two of them get to be
progressed into Phase III clinical development.

As mentioned earlier, the entire drug development pro-
cess (both pre-clinical and clinical) can be viewed as a
“weeding out” process – for every drug candidate, at every
step of development, a “Go/NoGo” decision is made as to
whether this candidate can be progressed into the next step
of further development. Typically, the decision is based on
the scientific evidence about drug efficacy and drug safety of
this candidate. Throughout the entire process, if a drug can-
didate has any problems in formulation, toxicity, PK/PD,
efficacy, or safety, then this molecule is weeded out from fur-
ther development. Only the best candidates with good po-
tential to become a successful drug can be progressed into
the late phase clinical development.

During the clinical development of a new drug, there are
lots of milestones and decision points. Many of these key
decisions could have long-term impact and involve a large
amount of resources and investment. As indicated earlier,
the Go/NoGo decision after a PoC study is one of such
examples. A NoGo decision means that all of the invest-
ments and efforts in developing this candidate up to early
Phase II have not paid off. The high hopes of so many scien-
tists and other project team members will not be realized.
On the other hand, a “Go” decision implies a significant
amount of additional investments and resources, as well as
more man power will be committed in further development
of this candidate. Important activities such as purchasing
large amount of raw materials for preparing Phase III clin-
ical trial supplies, as well as long-term toxicology studies,
will be initiated.

However, such a Go/NoGo decision is not an easy deci-
sion. Usually it takes time to make a clear decision after the
PoC study final data read out. When this is the case, the
time between PoC results and a final decision is considered
as a period of “inconclusiveness.” In addition to such major
decisions, other Phase II considerations can be difficult as
well. For example, how to choose doses for the upcoming
clinical trial design? Which observed doses can be thought
of as “efficacious”? What type of dose-response relationship
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can be considered in moving forward to the next step of de-
velopment? In Ting [5] the inconclusiveness regarding PoC
decision will be discussed in further detail.

One popular confusion of evaluating a clinical project
team’s success is the use of the candidate product’s suc-
cess. In other words, some people tend to say a team is suc-
cessful because the product is successful. Accordingly, if a
product fails, the impression is that the team failed. This is,
in fact, a misunderstanding. In clinical development of new
drugs, the criterion to evaluate the success of a team could
have nothing to do with the success of the product. An ef-
ficient project team should allow the good product to reach
patients as soon as possible and should stop developing a
potentially unsuccessful drug as early as possible.

On this basis, the criterion to evaluate the success of a
team should be “re-work”. In certain cases after a PoC trial
is un-blinded, the team cannot make a decisive “Go/NoGo”
call. When this happens, the team may have to design a
second PoC – change doses, change patient inclusion/exclu-
sion criteria, change sample size, . . . or other changes – in
order to answer this “Go/NoGo” question. This is an ex-
ample of re-work. In clinical development, re-work does not
only cause delay in decision making but can also be very
costly. The patent life of a product is 20 years. The time
to develop a product can run at least 7 or 8 years and, in
many cases, this time could be much longer. A re-work of
one Phase II clinical trial can easily erode the patent life
by at least one year. The amount of potential revenue of
a successful product could run up to billions of dollars or
more each year. Hence the delay caused by re-work can be
very expensive. Major re-work because of unable to make
a “Go/NoGo” decision could be considered as a failure of
the project team, regardless on whether the product being
developed will eventually be successful or not.

In designing clinical trials and sample size calculations,
statisticians tend to pay attention to risks of developing a
placebo (Type I error), risks of giving up a potentially good
drug (Type II error), without paying attention to risks of in-
conclusiveness. From a new drug development point of view,
risks about inconclusiveness should be considered before de-
signing any clinical trials. During Phase II, when sample size
is limited, it is very important for study design team mem-
bers to notify upper management that when n is small, it
is not only increasing the risk of making a wrong decision
(Type I and Type II errors), but also the risk of inconclu-
siveness can be increases. However, even with large sample
size, if the team is not clear about the confirmatory or ex-
ploratory questions, there can still be a rather high risk of
inconclusiveness.

7. MODELS AND ASSUMPTIONS
Dose-response models are frequently used in the design

and analysis of dose-finding clinical trials. In real world clin-
ical development process, the introduction of dose-response

model actually increases the risks of new drug development.
These increased risks can be thought of in a few various
aspects. The highest risk is about model assumptions. The
danger is that for those who proposed models, they them-
selves believed in their models. In the real world experiences
of dose finding for new drugs, disasters after disasters hap-
pened because the model they believed is wrong. As pointed
out by the renowned statistician George Box – “All models
are wrong, some are useful”. In dose finding clinical trials,
all models are useless and misleading, in addition to being
wrong.

In Phase II/III clinical trials for drugs treating chronic
diseases, most of clinic visits are outpatient visits; i.e., a
patient went to the physician’s office for evaluation, and
after medical services, the patient left the clinic. Under this
setting, study medications need to be pre-formulated (likely
to be tablets or capsules) with the protocol specified dose or
doses. For example, if a dose ranging trial is designed with
placebo, 25 mg, 50 mg and 100 mg – there are four treatment
groups. Each patient is randomized to a given dosing group
and stays with that same dose for the entire study period.
The patient is instructed to take the randomized medication
according to the time and frequency (once a day, twice a day,
or other dosing frequency) specified in the clinical protocol.
Test drugs of these dose strengths (0, 25, 50, or 100) have
to be pre-formulated and packaged into blinded dispensable
kits so that patients can carry these kits home, and take
them according to the schedule.

For the following discussion, the focus is on the primary
efficacy endpoint. At end of the study, after blind is broken,
there are four groups of data – primary efficacy measures
observed from patients receiving placebo, 25 mg, 50 mg, or
100 mg of study medication treatment. A summary statis-
tics (mean, median, proportion, hazard, . . . ) can be calcu-
lated for each one of these four groups. Note that these four
summary data points are all that have observed from these
patients. Once a statistician sees these four points, she/he
has a tendency to “model” these points into a smooth, con-
tinuous curve. This tendency leads to one of the highest
risks in designing and analyzing dose ranging clinical trials.
The actual problem is not only the model itself, it is also
about the unknowable assumptions behind such a model.
The danger is that the statistician that came up with this
model believes in this model without checking assumptions
behind the model.

Note these four point estimates are discretely observed
summaries, they are not from a continuous underlying
model. One important realization is that there is no way
to formulate every possible dose strength. When the drug
is approved and marketed, patients are likely taking one or
very few approved dose strengths. The thinking of a continu-
ous dose-response model is not realistic, not necessary, and
can be misleading. In dose finding clinical trials, the only
available dose strengths are those pre-formulated discrete
doses. A continuous dose-response curve (or model) never
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existed in reality. Suppose the pre-formulated dose strength
is 5 mg. Then the study team can consider testing 5, 10, 15,
or any multiples of 5 mg dose strength. But there is no way
to test 3 mg or 7 mg doses.

When making recommendations for doses of Phase III de-
sign, descriptive statistics are more reliable and trustworthy
than doses recommended by models. When making dose rec-
ommendations for Phase III designs, statisticians can either
simply use the descriptive statistics, or use confusing dose-
response models. In most cases, the recommended Phase III
dose(s) are the same by both methods. If this is the case,
the effort to go through modeling is an entire waste of time,
labor, effort, and talent. However, in some other cases, the
recommended Phase III doses are different. In this situa-
tion, it is almost certain that the model is wrong. In practice,
most of non-statistical team members only see these discrete
data points, and they are not used to imagine a continu-
ous dose-response curve. When working with non-statistical
team members, it is important that the trial statistician does
not confuse them. The thinking of models and assumptions
from statistical training is actually a disadvantage for statis-
ticians to communicate with non-statisticians.

Another risk of using dose-response models is the diffi-
culties in communications with non-statisticians. As men-
tioned above, most physicians are not used to think of ab-
stract objects. At study design stage, the statistician needs
to convince physicians and other team members that this
model is reasonable. By the time the study completes, clin-
ical data do not necessarily fit the model well. How can
the statistician earn their trust? On the other hand, if the
statistician gives up the belief of any model in designing
the dose ranging trial, it actually helps to build the trust
from non-statisticians. Only after statisticians forget about
model, they then can learn to respect data – dose recom-
mendation for Phase III trials should be data driven, not
model driven.

A different huge risk associate with dose-response models
is the concept of “optimal” dose. In Phase II dose ranging
clinical trials, if the statistician thinks about an optimal
dose, the designed dose range could be too narrow. This is
because the belief that for a given study drug, there should
be a single dose that is optimal. With such a belief, the
dose range tends to be narrow at the study design stage.
One common situation happens in failure of Phase II dose
ranging trials is the designed dose range being too narrow.
Therefore, many tragedies in drug development originates
from statisticians blindly believe there is an underlying dose-
response model.

Suppose after data analysis, a model suggests the “op-
timal dose” is 17.6 mg. The existing formulation is tablets
with 10 mg strength. For Phase III study design, the prac-
tical recommendation would be either 10 mg, or 20 mg (two
tablets). It is important to note that an “optimal dose”
learned from a dose ranging trial only reflects the optimality
from a population point of view. However, in medical prac-
tice, the new drug is developed to treat individual patient.

It is well known that variabilities among human beings are
huge. This “optimal dose” for a patient population can be far
from the “optimal dose” for any given patient. Therefore, at
the prescription time, the physician either prescribes 10 mg,
or 20 mg for the patient to use. The idea of “optimal dose”
is useless, and can be confusing. In drug development, it
causes more un-necessary difficulties.

This is why models, and the thinking of optimality can
be very harmful in the design and analysis of dose ranging
clinical trials. In practice, we see failures in drug develop-
ment can cost millions to billions of dollars in pharmaceu-
tical industry, and the root cause could be these models.
In most of cases when there is a major disaster in drug de-
velopment, after the “lessons learned” discussion, the key
mistake is not because “we did not know”, rather, it is be-
cause “we thought we knew”. That means, one of the root
causes of major disasters is “assumption”. In the business
of new drug development, most of drug candidates failed.
Hence people in this business learned to be optimistic, to
keep the hope up. But in reality, this optimism leads people
to formulate unrealistic assumptions. When applied statis-
ticians check their assumptions carefully in designing dose
ranging trials, they will learn that dose-response models can
be very harmful.

If statisticians designing dose ranging trials can be more
humble in making assumptions, can develop the respect to
data, and give up their belief of dose-response models, the
entire pharmaceutical industry may save huge amount of
wasted investments.

8. DESIGN CONSIDERATIONS
In order to simplify considerations in designing a clini-

cal trial, the first point is to understand that the most im-
portant objective of almost every clinical trial should be to
make a “Go/NoGo” decision. It is about whether the drug
manufacturer, or the sponsor, should make further invest-
ments to continue develop this drug candidate. In practice,
complications usually happen when this objective is not well
understood, and not well thought through. This manuscript
attempts to clarify why and how most of trial design ques-
tions should be linked to this basic question – should the
sponsor continue to develop this drug candidate?

In the experiment design courses offered by most statis-
tics or biostatistics departments, students learned that by
focusing on a single, well-defined question for a given design,
the results are more likely to be informative and meaningful.
It is known as “one design answers one question” [7]. This
principle can be studied from many prominent statisticians
including RA Fisher [3] and J Neyman. The similar principle
echoes by [1] that “the design of every clinical trial starts
with a primary clinical research question”. In every clini-
cal trial for new drug development, this primary question
should be a “Go/NoGo” decision.

In fact, the most important deliverable of every clinical
trial should be a “Go/NoGo” decision regarding whether
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to make more investment to further develop this drug can-
didate. Drug developers need to distinguish two types of
failures – 1. The drug candidate can fail because of lack of
efficacy, or toxicity; 2. The study can fail because a clear
“Go/NoGo” decision cannot be made. These decisions are
especially important in Phase II clinical development. In
practice, there are many risks that lead to the failure of a
clinical trial. Among all risks, the worst one is unrealistic
assumptions. This manuscript only lists some of these com-
mon risks. It is not easy to cover all possible risks. Here
is a brief list of high risks team members frequently have
to face in designing clinical trials – human behavior, small
sample size, members understanding of question, communi-
cations, inconclusiveness, models and assumptions. In prac-
tice, many more potential risks can also be associated with
clinical trial designs.

Given so many challenges and risks of designing a clinical
trial, sponsors are still willing to invest in tens or hundreds of
millions of dollars for the clinical development of new drugs.
The important question is how the study team should think
when designing a trial? Of course the trial needs to address
the primary objective – even with all the risks that could
potentially lead to an inconclusive outcome. Therefore, the
key principle of any clinical trial design should be simple and
robust. That is, with human behavior, limited sample size,
problems in communications and assumptions, after clinical
data read out, the team can still make a clear “Go/NoGo”
decision. If the design is simple and robust, the risk of in-
conclusiveness can be reduced.

Again, the greatest risk among all possible risks is about
unrealistic assumptions. The mathematical and statistical
training of statisticians enable them to think abstractly.
However, this abstract thinking process requires assump-
tions. It is very easy for a statistician to imagine a dose-
response model without critically evaluate the assumption
behind the model. Because “all models are wrong”, it is
very risky to employ models in dose ranging trials. After
all, the design and analysis of dose ranging trials should be
a non-parametric practice. Any unjustified assumption can
only increase risks of making wrong decisions, or risks of in-
conclusiveness. As a clinical statistician, we should be hum-
ble and not making unnecessary assumptions. More impor-
tantly, we need to suppress our urge of using dose-response
models. After all, it is the observed data from clinical tri-
als to drive our decisions for the next step – it is NOT the
model.

Team members, especially the trial statistician, need to
have a clear understanding of the trial objective. The study
objective can be expressed in a single question with a well-
defined primary efficacy endpoint, or in a sequence of ques-
tions with multiple endpoints, multiple doses, or subpop-
ulations. No matter how complicate the real situation is,
the most important question should always be about a
“Go/NoGo” decision. At this point, the trial statistician
is expected to organize the clinical questions into a logic

sequence with clear priorities. Next to write out a statisti-
cal hypothesis corresponds to each clinical question or end-
point. Then assign alpha to this sequence of questions. It is
critical that all these questions have to be logically consis-
tent, and without any ambiguity. During this process, people
can easily be distracted by unimportant details. Hence it is
always critical for the statistician to bring herself/himself
back to the fundamental question – “Go/NoGo” decision.
Should the sponsor invest more resources to develop this
drug candidate after results read out from this study under
design?

Confusion usually happens when multiple questions, end-
points, doses, or subpopulations are associated with this
trial. This is the time to prioritize these questions – what is
the key “NoGo” criterion? If the clinical results fail to re-
ject this null hypothesis, then it is a clear “NoGo” decision.
Consequently the question or endpoint associated with this
statistical hypothesis becomes the primary question or end-
point. After this hypothesis is rejected, what would be the
next question associated with the “NoGo” criterion? Order
these questions step by step, then the priority of design ques-
tions become easy, clear, and explicit. At every step, criti-
cally examine the assumptions behind each hypothesis – can
they be verified? are they realistic? how many of them? did
we think of these assumptions when we write this hypothe-
sis? what have we missed? At every step, keep in mind that
most of disasters happen not because “we did not know”,
but because “we though we knew”. This is an easy trap ev-
eryone can fall in.

9. CONCLUSION
The guiding principles of designing any clinical trial

should be SIMPLE and ROBUST. A successful pharma-
ceutical statistician should “ask more, think more, and do
less” when designing a study. Many of the fancy models and
complex designs can actually do more harm to a trial design,
than they can help. The main issue is that statisticians are
trained to focus on risks of Type I error and Type II error,
without considering the risk of inconclusiveness. After learn-
ing the importance of controlling risks of inconclusiveness,
pharmaceutical statisticians will see the key design princi-
ples should be simplicity and robustness.

From a statistical methodology point of view, in the de-
sign of a PoC combined with dose ranging Phase II clin-
ical trial, the general recommended method would be the
OLCT approach [8]. OLCT is ordinal linear contrast test.
For a combined PoC and dose ranging trial, multiple doses
and placebo are included in a first Phase II trial to achieve
both “Go/NoGo” decision and dose recommendation objec-
tives. OLCT is a single degree of freedom t-test, there is
no need for alpha adjustment. Using OLCT which combines
all test doses and placebo to make a “Go/NoGo” PoC deci-
sion avoided multiple comparison adjustments. It simplified
the multiple dose groups into a single decision framework.
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OLCT can easily be understood by non-statisticians. After
PoC, if the decision is “Go”, then use point estimates of each
observed dose to make further dose selection recommenda-
tions. There are only two assumptions required to use OLCT
– assume MTD guessed correctly, and monotonic dose re-
sponse. The only caveat of applying OLCT is that in the
central nervous system (CNS) or anti-psychotic drug devel-
opment, monotonic dose response cannot be assumed, and
OLCT may not be appropriate. Other than CNS, OLCT is
widely applicable to most of therapeutic areas.

In fact, the best statistics for any given clinical trial
should be that the statistical thinking covers the entire study
– from study design, study conduct, to study completion
and report writing. But other than the statistician, no team
member feels any “statistical burden”. This means that team
members do not have to consider statisticians as “necessary
evil”; they do not have to do much in order to “satisfy the
statistical needs”. In case report forms, only required data
are collected, no more, and no less. In statistical analysis
plan, only minimal number of tables are proposed, lean and
mean, no fat. A good statistician design simple and robust
clinical trials.
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