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Most current benefit/risk analyses of drugs in 
clinical trials are qualitative and subjective. 
This study details the development of scientific 
and objective equations to numerically esti-
mate the benefit/risk (B/R) ratio. The meth-
odology in this study is to consider different 
severity levels of adverse events and improve-
ment of symptoms by assigning different 
weights to them. 

The set of equations to calculate the B/R ra-
tio take into consideration the clinical data’s 
inherent uncertainties due to sample size, ad-
verse event reporting, and many other factors. 
Furthermore, the uncertainties of clinical trial 
data are taken into account by treating the 

benefit and risk as random variables, utilizing 
the reliability index, and performing the first-
order analysis to evaluate the benefit and risk 
of the treatment. The methodology discussed 
can be used on quantitative assessments of not 
only drugs in clinical trials but also drug treat-
ments of patients. To test the B/R ratio calcu-
lation, we applied the method to two large clin-
ical trials obtained from published literature. 
This experimental approach could assist clini-
cal investigators and regulatory oversight 
groups in comparing and determining the suit-
ability of various clinical trials and drug treat-
ments by providing a quantitative analysis be-
yond the existing subjective methods. 

Benefit/Risk Estimates in Clinical Trials

c l i n i c a l  t r i a l s 669

i n t r O D U c t i O n
Part of the moral duty of a society is to reduce 
pain and suffering, and prolong life by the de-
velopment of new medical products. Conduct-
ing clinical trials on human subjects is a cru-
cial final step in this endeavor. However, 
medical products not only provide great bene-
fits to the public but also can cause harm. The 
safety of a medical product does not mean that 
there are no risks associated with the product. 
Instead, a safe medical product is one having 
reasonable risks with certain expected bene-
fits. To improve the efficacy of drug or other 
medical treatments, the balance between the 
benefits and risks of products and procedures 
must be determined. All parts of the health-
care delivery chain must strive to maintain the 
benefit/risk balance in a way that maximizes 
benefit and minimizes risk (1). The benefit/
risk analysis of drugs has been widely per-
formed; however, the assessments are limited 
to qualitative approaches rather than quanti-
tative practice. Moreover, qualitative methods 
do not provide a proper treatment of the in-
herent uncertainties in benefits and risks of 
the data. In addition, subjective methods do 
not lend themselves to the evolution of the sci-
entific assessment of benefit/risk. For example, 
Holden (2) introduced a new and better at-

tempt at assessing and managing drug risks 
during treatment. In 2000 and 2006, the Insti-
tute of Medicine issued two reports (3,4) on 
medical errors. The 2006 report addressed the 
issue of inadequate reporting of adverse events 
during clinical trials and, more specifically, in 
the postmarketing stage. There is a clear indi-
cation that the current reporting requirements 
and methods of reporting, with one exception 
for vaccines, may require improvement.

A national survey of outpatient emergency 
department visits (5) indicates that adverse 
drug events (ADEs) are sources of significant 
morbidity, especially for patients aged 65 years 
or older. The data showed that over 700,000 
patients were treated in emergency depart-
ments for ADEs annually between 2004 and 
2005. These ADEs were for the most common 
drugs, such as insulin, ibuprofen, and naproxen. 
An article from industry authors (6) called on 
industry to take up the serious challenge of 
ADEs and their underreporting.

r e s e a r c h  w i t h  h U m a n  s U b j e c t s
Research with human subjects is vast and en-
compasses a wide range of research with several 
different regulatory systems (7,8). There are two 
large components of research with human sub-
jects. One type of research is regulated by the 
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FDA and the other is regulated by the Office for 
Human Research Protections (OHRP). Most 
clinical investigators are familiar with research 
with human subjects to collect data for submis-
sion to the FDA for a license to market a drug in 
the United States. The FDA-regulated research 
is conducted with chemicals and drugs that 
have gone through rigorous testing in animals 
and some in humans. Moreover, once the drug 
is approved for use, postmarketing surveillance 
attempts to gather data on ADEs through the 
FDA AERs database or MedWatch. The OHRP-
regulated research is funded by the federal gov-
ernment and is conducted on chemicals and 
drugs. The number of human subjects in re-
search (oversight by both OHRP and FDA) ex-
ceeds 20 million (7,9,10).

Assessment of benefit/risk
During a clinical trial, a portion of human sub-
ject volunteers will experience adverse events. 
These adverse events will vary from the very se-
rious though rare, such as death, to the benign, 
such as a headache. The reporting of adverse 
events is therefore important. Loke and Derry 
(11) in their literature review of drug treatment 
confirmed that there are many deficiencies in 
reporting adverse events. In reviewing 185 tri-
als, they found that 14% made no mention of 
adverse events and 32% could not be fully eval-
uated because of missing information. Ioanni-
dis and Lau (8) found that only 39% of 192 ran-
domized controlled clinical trials were adequate 
in reporting adverse events. 

What is also important is how we manage and 
analyze the reported adverse events. This is im-
portant not just ethically, to show respect for 
subjects, but also for the safety of human sub-
jects during clinical trials. Moreover, it is im-
portant for the safety of millions of patients 
once the drug is approved for marketing. The 
number of adverse events reported to OHRP be-
tween 1990 and 2000 was minimal. However, 
the FDA data indicate that for all newly ap-
proved drugs, about 18,000 adverse events with 
few deaths are reported annually. The issue of 
reporting adverse events is so important that 

the National Bioethics Advisory Commission 
(12) recommended that “government should 
create a uniform system for reporting and eval-
uating adverse events.” Our proposal goes to 
the heart of evaluating the reported adverse 
events to encourage the development of a more 
uniform method of reporting to be used as a vi-
tal component of the B/R ratio. The National 
Cancer Institute has developed common termi-
nology criteria for adverse events reporting 
(13).

A quAntitAtive Assessment  
of benefit And risk
The seminal work of Chuang-Stein and Moh-
berg (14) used data from clinical trials to pro-
pose categorizing the relationship of side ef-
fects and efficacy of treatments of interest, with 
such distinctions as the following:
Category 1: Efficacy without serious side effects

Category 2: Efficacy with serious side effects

Category 3: No efficacy and no serious side effects

Category 4: No efficacy but serious side effects

Category 5: Unacceptable serious side effects leading 

to withdrawal

Risks and benefits are evaluated by weighting 
each category and multiplying by correspond-
ing probabilities. The weight for each parame-
ter can be estimated using formal expert opin-
ion elicitation. The probability of each category 
can be obtained from clinical data, such as 
those shown in Table 1. In describing the work 
of Chuang-Stein (15) and Holden (2), we use 
their terminology, although we do not think 
these are the best terms. While describing a 
clinical trial, they use the word “drug,” when 
they could be referring to a chemical not yet 
approved or simply a “test article,” or they use 
the term “patient” when they really mean “hu-
man subject.” Only the term “test article” is de-
fined under sections 351 or 354–360F of the 
Public Health Service Act.

In addition, a benefit-less-risk measure is per-
formed by Chuang-Stein (15–17) to compare 
two different drugs. The assessment took place 
with 10 classes of events and four safety grades 
from 0 to 3. The classes of events represented 
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different side effects or adverse reactions to 
drugs, while the safety grades indicated the rel-
ative seriousness. Safety grade 0 represents no 
safety concern, while grade 3 represents the 
highest safety concern. Last, the safety score of 
each class and each individual in the treatment 
group were summarized to compare the safety 
of different drugs.

Besides those measures mentioned above, 
Holden (2) proposed two techniques to quanti-
tatively synthesize a drug’s benefits and risks. 
These two techniques are the relative-value- 
adjusted number needed to treat (RV-NNT) and 
its extension, minimum clinical efficacy (MCE) 
analysis. Evaluations of these techniques rely 
upon efficacy, or effectiveness data, adverse 
event data, and utility data from patients de-

scribing their preferences for an outcome  
given potential risks (2). In an RV-NNT analysis, 
if the number needed to treat is less than the 
relative-value-adjusted number needed to harm, 
the patients are willing to take a treatment with 
a certain benefit knowing that they may be at 
risk of potential adverse events. In an MCE anal-
ysis, the worth of a new treatment in relation to 
an old treatment is evaluated by giving not only 
the benefits that might be obtained and risks of 
potential adverse events, but also by consider-
ing the risk of disease with taking no treatment. 
Nevertheless, the primary shortcomings of 
these techniques are the lack of definitions of 
what is being quantified and the lack of treat-
ment of inherent uncertainties. A clear defini-
tion of the quantified outcomes is not demon-

t a b l e  1
No. (%) of Patients

Trial A Trial B

Tolvaptan  
(n = 1,015)

Placebo  
(n = 1,027)

Tolvaptan  
(n = 1,048)

Placebo  
(n = 1,028)

Adverse Events No. % No. % P Value 　 No. % No. % P Value

Dry mouth 43 4.2 7 0.7 <0.001 63 6.0 7 0.7 <0.001

thirst 79 7.8 5 0.5 <0.001 118 11.3 10 1.0 <0.001

Pollakiuria 13 1.3 3 0.3 0.01 10 1.0 4 0.4 0.18

Polyuria 6 0.6 2 0.2 0.18 35 3.3 5 0.5 <0.001

hypernatremia 14 1.4 0 0.0 <0.001 5 0.5 0 0.0 0.06

Ventricular extrasystoles 5 0.5 5 0.5 >0.99 11 1.0 2 0.2 0.02

constipation 35 3.4 20 1.9 0.04 38 3.6 49 4.8 0.23

atrial fibrillation 3 0.3 5 0.5 0.75 15 1.4 11 1.1 0.56

Ventricular tachycardia 21 2.1 16 1.6 0.41 18 1.7 19 1.9 0.87

cardiac failure 10 1.0 22 2.1 0.04 17 1.6 16 1.6 0.90 

hypotension 44 4.3 30 2.9 0.10 30 2.9 34 3.3 0.61 

hyponatremia 4 0.4 5 0.5 >0.99 4 0.4 5 0.5 0.75

hypokalemia 23 2.3 28 2.7 0.57 25 2.4 37 3.6 0.12

hypomagnesemia 3 0.3 2 0.2 0.69 5 0.5 10 1.0 0.20 

renal failure 21 2.1 20 1.9 0.72 　 29 2.8 25 2.4 0.63

source: Gheorghiade et al. (21).

Adverse Events Occurring in Tolvaptan and Placebo Groups
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strated, such as the number of fatalities, the 
probability of nonperformance, and the losses 
represented in dollars. In addition, the inherent 
uncertainties of clinical data are not considered 
in these approaches. Uncertainties, such as 
sample sizes, the estimation of patients’ re-
sponses to adverse events and improvements 
from different medical personnel, the environ-
mental effects on patients’ responses and on 
medical personnel’s treatment and estimation, 
and so on, influence the outcomes of the treat-
ment and cause variability that must be ac-
counted for in any analytical quantitative frame-
work.

Current benefit/risk analyses of drugs in clin-
ical trials and treatment are qualitative and 
subjective. To reduce the subjectivity and lead 
to objective decisions, an advanced assessment, 
such as the methodology developed in this ar-
ticle, is needed. Moreover, the methodology in-
troduced here can be utilized through web-
based software at a very small cost. 

The framework of the methodology developed 
here provides several significant characteristics, 
including being analytic, transparent, defensi-
ble, quantitative, probabilistic, and consistent. 
First, it is an analytic methodology that offers a 
systematic approach for assessing benefits and 
risks by decomposing them into their respec-
tive basic elements. Second, as an analytic 
methodology, it requires an analyst to lay bare 
underlying assumptions and data sources at 
each step of the process. All assumptions and 
analytical steps in the analysis are clearly de-
fined; therefore, the methodology is transpar-
ent. Third, the framework of this methodology 
is defensible, since values for each parameter 
are supported by available data, including 
knowledge from previous studies or credible 
judgment using expert opinion elicitation. 
Moreover, the methodology assesses benefits 
and risks in meaningful and consistent units 
(eg, weights for each different adverse event 
similar to dollars and fatalities in other fields) 
that facilitate comparisons across drugs, usage, 
and so on, and it provides a basis for perform-
ing trade-offs and benefit-cost analysis. It also 

leverages the mathematics of probability theory 
for capturing uncertainty in all model parame-
ters and assessing the likelihoods. In addition, 
the methodology examines this ratio as a time-
dependent variable and the final outcome as a 
time-invariant quantity. The uncertainties in 
this ratio are also studied by characterizing 
their probability distribution. Therefore, the 
methodology developed in this study is quanti-
tative and probabilistic. Last, it is consistent 
with the established and accepted practices of 
probabilistic risk assessment used in many oth-
er fields; hence it provides a characteristic of 
consistency. 

e t h i c a l  c O n s i D e r a t i O n s
The informed consent documents and proce-
dures communicate the qualitative information 
available for the drug or study—specific risks 
and benefits to human subjects. Honigman  
et al. (18), in assessing electronic medical re-
cords in ambulatory settings, illustrated that 
the current system of reporting ADEs is not ad-
equate when they found that a more thorough 
computer search for ADEs in medical records 
dramatically enhanced the detection of the re-
ported adverse events. The authors speculated 
that many more ADEs go unreported. The cru-
cial importance of thorough and accurate re-
porting was highlighted by a commentary by 
Mucklow (19), when he stated, “at the time a 
new drug is launched, clinical trial data provide 
the only opportunity for clinicians to assess the 
frequency and severity of its adverse effects, and 
the only basis for relating benefit to risk.” The 
approach in this article will contribute to im-
proving and quantifying adverse event report-
ing (10,20). Such advances, if reliably confirmed 
widely, could increase safety of drugs and lessen 
the subjectivity of the informed consent docu-
ment. These advances in drug development will 
enhance the ethics as well as the perceptions of 
clinical trials. Furthermore, the communication 
of improved and objective information regard-
ing adverse events will enhance participation in 
clinical trials and increase public confidence in 
the system. Finally, the quantitative assessment 
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of benefit/risk could aid physicians and their 
patients in selecting a more appropriate treat-
ment therapy.

c l i n i c a l  a n D  h e a lt h 
s i G n i f i c a n c e 
Quantitative approaches of performing bene-
fit/risk analyses of chemicals or drugs are nec-
essary not only to reduce subjectivity but also 
to provide a clear and transparent definition of 
potential hazards and benefits. Some tech-
niques proposed by Chuang-Stein and Moh-
berg (14), Chuang-Stein (15), and Holden (2) 
are partly quantitative approaches to benefit/
risk analysis of chemicals or drugs. However, 
clinical data have inherent uncertainties, such 
as data sample size, medical personnel’s estima-
tion of patients’ responses to adverse events 
and improvements, the environmental effects 
on patients’ responses, the environmental ef-
fects on medical personnel’s treatment and es-
timation, and so on.

The methodology in this article considers dif-
ferent severity levels of adverse events and im-
provement of symptoms by assigning different 
weights. The weight assignment can be made by 
eliciting a formal expert opinion or, ideally, an 
expert panel. The degree of severity is then con-
sistent between adverse events and improve-
ments. The performance margin of the chemi-
cal or drug of interest will be estimated using 
the B/R ratio concept. Furthermore, the uncer-
tainties of clinical trial data are taken into ac-
count by treating the benefits and the risks as 
random variables, utilizing the reliability index 
(β), and performing first-order analysis to evalu-
ate the benefits and risks of the treatment. 

c a l c U l a t i O n  O f  b / r  r a t i O  f O r 
P U b l i s h e D  c l i n i c a l  t r i a l  D a t a
Generally, the safety of a chemical or drug is 
evaluated by comparing the reported adverse 
events by the human subjects in the control 
and treatment groups. The efficacy of a study is 
evaluated by comparing the improvements or 
relief of symptoms obtained by the subjects in 
the control and experimental groups. These 

evaluations are usually conducted by counting 
the number of subjects who experienced ad-
verse events and sickness relief, and then divid-
ing by the total number of subjects in the con-
trol and experimental groups. The safety and 
efficacy of the chemical or drug are evaluated 
by comparing the responses of subjects in the 
control and treatment groups. The method de-
veloped here can be used in all research with 
human subjects, such as clinical trials, as well as 
in the drug treatment stage.

Furthermore, P values are used to evaluate the 
difference of the performance of the control 
and the experimental groups. P value is the 
probability of recording a difference between 
two group means as large as or larger than the 
difference that was observed. The smaller the P 
value, the stronger the evidence against the 
null hypothesis. If comparing the treatment and 
the control group, for instance, the smaller P 
value indicates the larger effects of the treat-
ment. In practice, a P value less than 0.001 is 
interpreted as having strong evidence against 
the null hypothesis, which means that the treat-
ment has significant effect.

An example of the presentation of clinical tri-
als is shown in Tables 1 and 2. The two examples 
were chosen to illustrate B/R ratio calculations 
in clinical trials with numerous adverse events. 
Two trials, A and B, were conducted by Gheor-
ghiade et al. (21) to evaluate the short-term clin-
ical effects of tolvaptan on patient/subjects 
(these subjects started as patients) hospitalized 
for heart failure. There are two groups of sub-
jects receiving tolvaptan and placebo, respec-
tively, in each trial. The safety, or risk, of tolvap-
tan is shown in Table 1 by comparing the 
adverse events occurring in the study group 
(those taking tolvaptan) and the control group 
(those taking placebo) in each trial. Some ad-
verse events of interest, such as dry mouth, pol-
lakiuria, hypotension, renal failure, cardiac fail-
ure, and so on, were observed. The efficacy, or 
benefit, assessed by comparing the improve-
ments obtained in the control group and the 
study group is shown in Table 2. Some symp-
toms of interest, such as dyspnea, orthopnea, 
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fatigue, and so on, are compared to estimate the 
efficacy.

Further, some clinical trial data show more 
detailed responses to side effects, such as those 
shown in Table 3. These data are from a ran-
domized clinical trial conducted by Treanor  
et al. (22). The objective of this study was to de-
termine the dose-related safety, immunogenici-
ty, and protective efficacy of an experimental 

trivalent influenza virus hemagglutinin vaccine. 
The trial was conducted with three groups of 
patients, the control group receiving placebo 
and the treatment groups receiving 75 μg and 
135 μg vaccines. The risk is represented as the 
side effects experienced in each group, and the 
efficacy is assessed as the antibody response to 
vaccination in each group. Observations of side 
effects of this trial not only recorded the num-

t a b l e  2
Tolvaptan Placebo

Condition Day No. % No. % P Value

Dyspnea 1 933 51.6 853 47.1 0.006

2 1,244 68.2 1,160 63.7 0.001

3 1,374 75.2 1,330 73.0 0.02

4 1,456 79.7 1,431 78.5 0.04

Orthopnea 1 668 63.1 631 59.2 0.01

2 840 78.5 793 74.1 0.006

3 893 83.4 863 80.4 0.03

4 913 85.3 915 85.0 0.06

fatigue 1 673 40.7 644 38.8 0.19

2 923 55.3 886 53.1 0.07

3 1,074 64.3 1,007 60.2 0.02

4 1,147 68.6 1,107 66.1 0.03

jugular venous distention 1 698 48.6 631 43.8 0.03

2 923 63.7 855 59.1 0.01

3 1,030 71.0 953 65.6 0.002

4 1,077 74.3 1,014 69.8 0.06

rales 1 744 45.8 711 43.7 0.03

2 1,067 65.3 1,041 63.6 0.07

3 1,201 73.4 1,166 71.1 0.006

4 1,274 77.9 1,259 76.7 0.02

edema 1 913 57.6 832 52.6 <0.001

2 1,229 76.9 1,169 73.5 0.002

3 1,340 83.8 1,296 81.4 <0.001

4 1,381 88.4 1,371 86.0 0.004

source: Gheorghiade et al. (21).

The Efficacy Obtained in Tolvaptan and Placebo Groups
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ber and percentage of patients who suffered the 
side effects but also described the level of re-
sponse, such as mild, moderate, and severe, as 
shown in Table 3.

D e V e l O P m e n t  O f  P r O b a b i l i s t i c 
m e t h O D O l O G y  f O r  a s s e s s i n G 
P e r f O r m a n c e  m a r G i n  f O r  
b / r  a n a ly s i s
In general, decision-making situations involve 
various potential scenarios leading to an ad-
verse event. The risk can be quantified as the 
probability distribution of the loss and can be 
illustratively estimated in terms of its expected 
value as the summation of the product of pairs 
of probabilities and the corresponding conse-
quences (23–26). When the risk is not accept-
able, actions are considered. Based upon the 
concept of benefit/risk analysis, the costs are 
these mitigation actions, and the benefits can 
be represented as the difference between the 
risk before and after an action, or as a function 
of the unmitigated risk minus the mitigated 
risk, as follows:

Benefit = Unmitigated risk − Mitigated risk.

The benefit/cost ratio can be expressed as:

Benefit/cost ratio ( / )

Benefit

Cost
Unmitigated risk Miti

B C

=

=
− ggated risk

Cost of mitigation action

where cost is based on the valuation of the side 
effects, injuries, and death. Ratios greater than 
1 are desirable. Generally, the larger the ratio, 
the better the mitigation action (26).

Similarly, the performance margin of a chem-
ical or drug can also be described based on 
the benefit/cost ratio concept. Instead of cost, 
risk expresses its equivalent, since the cost of 
having a treatment is the risk of experiencing 
potential adverse events. The quantitative 
measure of the performance margin of a treat-
ment can be expressed as a performance mar-
gin function:

Margin of performance = Benefit − Risk.

A direct comparison between benefit and risk is 
only possible when they are measured on the 
same scale. Since they are not, valuation analy-
sis must be used to convert them to the same 
units on the same scales so that simple arithme-

t a b l e  3
Placebo (n = 154) 75 μg Vaccine (n = 151)

Mild Moderate Severe Mild Moderate Severe

Symptoms No. % No. % No. % No. % No. % No. %

arthralgias 7 5 1 1 0 0 7 5 2 1 0 0 

chills 3 2 0 0 0 0 2 1 2 1 0 0 

fatigue 21 14 7 5 0 0 21 14 7 5 0 0 

headache 48 31 15 10 0 0 48 32 4 3 0 0 

myalgias 16 10 3 2 0 0 24 16 2 1 0 0 

nausea 9 6 1 1 0 0 5 3 2 1 0 0 

Pain 24 16 1 1 0 0 67 44 0 0 0 0 

sweats 6 4 1 1 0 0 6 4 1 1 0 0 

tenderness 3 2 0 0 0 0 12 8 0 0 0 0 

source: Kirkwood and sterne (25).

The Side Effects Observed in Placebo and Vaccine Groups
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tic makes sense. The performance margin func-
tion can also be defined as a ratio:

Margin of performance = Benefit/Risk

or

Z = B − R

Z = B/R

where B represents the benefit and R represents 
the risk. The nonperformance probability can 
be defined as the probability of Z = B − R < 0. 
The inherent uncertainties of data can be con-
sidered by treating the benefit and risk as ran-
dom variables. If both benefit and risk are treat-
ed as random variables, the performance of a 
drug can be measured using a reliability index 
(β) as follows:

β
σ σ

=
µ −µ

+
B R

B R
2 2

where μB = mean value of benefit (B), μR = mean 
value of the risk (R), σB = standard deviation of 
benefit (B), σR = standard deviation of the risk 
(R). The nonperformance probability (Pn) with 
normal distributed benefit and risk variables 
has the following relationship with the reliabili-
ty index (β) :

Pn = 1 − Φ(β)

where Φ(.) = cumulative probability distribu-
tion function of standard normal distribution. 
The relationship of the nonperformance prob-
ability (Pn) and the reliability index (β) men-
tioned above assumes that all the random 
variables in the performance margin function 
have normal probability distribution and the 
performance margin function is linear.

Chuang-Stein and Mohberg (14) provide a re-
view of measures for evaluating benefits and 
risks using categorical data from clinical trials, 
including the use of a statistic to test the null 
hypothesis of equal benefit/risk measures (by 
comparing with a normal distribution to test 
for significance under the null hypothesis). 
Two approaches are explored in this study: (a) a 
time-dependent B/R ratio, and (b) a final- 
outcome B/R ratio, as described in subsequent 
sections.

D e V e l O P m e n t  O f  t i m e - D e P e n D e n t 
b / r  r a t i O
We present here the metrics given in terms of 
percentiles of time to event distributions, where 
an event can be interpreted as death or recur-
rence of disease. The life of a subject with a dis-
ease who is not taking a treatment (Tb) for 
months can be expressed by the following sum-
mation:

 

T iq ib
i

m

=
=
∑ ( )

1

 (1)

where m = number of months of observation, 
and q(i) = life quality modifier during month i. 
The life quality modifier should possess the fol-
lowing attributes:

0 ≤ q(i) ≤ 1

where q(i) = 1 means life quality in line with 
age, that is, complete recovery; and q(i) = 0 
means death.

Similarly, the life of a subject with a disease 
who is taking a treatment (Ta) for months can 
be expressed by the following summation:

 

T iq i s ia
i

m

=
=
∑ ( ) ( )

1

 (2)

where s(i) = side effect modifier to life quality 
during month i. The side effect modifier should 
possess the following attributes:

0 ≤ s(i) ≤ 1

where s(i) = 1 means no side effect, and s(i) = 0 
means death.

The benefit/cost ratio can be defined in this 
case as follows:

 

Benefit
Risk

= − = −T T

T

T

T
.a b

b

a

b

1
 
 (3)

Most probably, we are going to apply the medi-
an as the percentile (ie, P = 50%), but in some 
studies, lower percentages like 5% and 10% 
might be appropriate as well. Confidence inter-
vals will be drawn on these percentiles to ac-
count for sample sizes. 

According to Chuang-Stein et al. (17), it is 
very desirable that benefit/risk evaluation 
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should take into account the time dependence 
because both benefit and risk could be func-
tions of time. It is clear that the suggested met-
rics are time dependent, and varying the per-
centage makes them very self-expressing as 
such.

The approach proposed herein will be com-
pared with the work of Gail and Pfeiffer (27) on 
absolute risk (π), defined as the probability that 
an individual who is free of a given disease at an 
initial age, a, will develop that disease in the 
subsequent interval (a, t] as provided by:

π = − +{ }










∫∫h u h v h v dv du

a

u

a

t

1 1 2( )exp ( ) ( ) .

The function π is the probability that a subject 
who is free of the disease of interest at age a will 
be diagnosed with that disease in a subsequent 
age interval (a, t]; h1(u) is the cause-specific haz-
ard at age u for the disease of interest; and h2(u) 
is the hazard of mortality from other causes.

f i n a l  O U t c O m e  b / r  r a t i O
The benefit of a treatment can be computed as 
the inverse of the number needed to treat 
(NNT) as follows:

Benefit
1

1 2= = −
NNT

p p

where p1 = the proportion, or occurrence prob-
ability, of the disease of interest in the control 
group, and p2 = the proportion, or occurrence 
probability, of the disease of interest in the 
treatment group (2). In other words, the benefit 
function shown above describes the absolute 
risk reduction and shows the probability of pre-
venting the disease of interest through treat-
ment. The benefit can also be expressed as the 
improvements obtained from the treatment, in 
which p1 = the proportion, or occurrence prob-
ability, of an improvement of interest in the 
treatment group, and p2 = the proportion, or 
occurrence probability, of an improvement of 
interest in the control group. The latter expres-
sion is used in the example section.

The risk of a treatment can be computed as 
the inverse of the number needed to harm 
(NNH) as follows:

Risk
1

1 2= = −
NNH

q q

where q1 = the proportion, or occurrence prob-
ability, of an adverse event of interest in the 
control group, and q2 = the proportion, or oc-
currence probability, of an adverse event of in-
terest in the treatment group. The risk shows 
the probability of having additional adverse 
events of interest due to the treatment.

To take into account the different severities 
of different adverse events and improvements, 
different weights (wi) are assigned to each ad-
verse event in which there is the number of ad-
verse events or side effects and improvement 
symptoms. In addition, for those data with 
more descriptions of the improvement and ad-
verse event levels, such as mild, moderate, and 
severe, as shown in Table 3, different weights 
(lj) are also needed, such as 1 for mild, 2 for 
moderate, and 3 for severe, where j is the num-
ber of each level. These weights can differ from 
protocol to protocol. The current choice is ar-
bitrary for the sake of illustration. The weight 
assigned to each datum can be expressed as 
wilj. For keeping consistency between severities 
of adverse events and improvements, each 
weight assigned is divided by the total weight 
as follows:

f
w l

w l
ij

i j

i
i

j

=
⋅ ( )∑ max

in which fij is the adjusted weight for each da-
tum. It should be noted that fij is a value be-
tween 0 and 1, and the summation of fij for each 
datum is 1.

Σfij = 1.

Therefore, the adjusted benefit can be comput-
ed using the benefit function mentioned above, 
with adjusted p1 and p2, which are computed by 
multiplying the occurrence probabilities of 
each improvement of interest by the corre-
sponding weights fij. Similarly, the adjusted risk 
can be computed by multiplying the occur-
rence probabilities of each adverse event or 
side effect of interest by the corresponding 
weights fij as adjusted q1 and q2.
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The methodology described above is to evalu-
ate the performance of the tested chemicals or 
drugs in a clinical trial based upon the B/R ra-
tio concept. Overall, the risk will be quantified 
in terms of the probability distribution of ad-
verse events valued in monetary terms and can 
be illustratively estimated as the summation of 

the product of the probabilities of experiencing 
potential adverse events of interest obtained 
from the collected data and the corresponding 
severities fij. The difference of the risk in the 
treatment group and the control group de-
scribes the risk due to the treatment. On the 
other hand, the benefit is expressed as the dif-
ference of the risk before and after the treat-
ment, or as the improvement due to the treat-
ment. Similarly, the benefit can be quantified in 
terms of the probability distribution of reduc-
tion in adverse events valued in monetary terms 
and can be illustratively quantified as the sum-
mation of the product of the probabilities of 
having improvements of interest obtained from 
the collected data and the corresponding se-
verities fij. Furthermore, the higher the B/R ra-
tio, the better the performance of the tested 
chemicals or drugs in a clinical trial. When the 
performance margin function is expressed as 
benefit less risk, the higher the outcome and 
the better the treatment. In addition, the non-
performance probability of the risk outweigh-
ing the benefit is evaluated using a reliability 
index (β) (28,29).

e x a m P l e  U s i n G  
t h e  n e w  a P P r O a c h
This example demonstrates only the computa-
tion of the B/R ratio as a final outcome. 

The clinical trial data collected by Gheorghi-
ade et al. (21) are used in this study as an exam-
ple to illustrate the methodology mentioned 
above. The safety/risk data are shown in Table 1 
by comparing the adverse events occurring in 
the treatment group (taking tolvaptan) and the 
control group (taking placebo) in each trial. Ad-
verse events of interest, such as dry mouth, pol-
lakiuria, hypotension, renal failure, cardiac fail-
ure, and so on, were observed to evaluate the 
safety of the treatment. The efficacy or benefit 
is assessed by comparing the improvements ob-
tained in the control group with those obtained 
in the treatment group, as shown in Table 2. 
Symptoms, such as dyspnea, orthopnea, fatigue, 
and so on, are compared to estimate the effica-
cy, and the data of the fourth day of improve-
ments are used in this example. As mentioned 

t a b l e  4

i

Severity
[1, 4]

wi fi

improvement

1 Dyspnea 4 0.077 

2 Orthopnea 3 0.058 

3 fatigue 1 0.019 

4 jugular venous distention 3 0.058

5 rales 2 0.038

6 edema 2 0.038 

subtotal 15 0.288 

adverse events

7 Dry mouth 1 0.019 

8 thirst 1 0.019 

9 Pollakiuria 1 0.019 

10 Polyuria 1 0.019 

11 hypernatremia 3 0.058 

12 Ventricular extrasystoles 3 0.058 

13 constipation 1 0.019 

14 atrial fibrillation 3 0.058 

15 Ventricular tachycardia 3 0.058 

16 cardiac failure 4 0.077 

17 hypotension 3 0.058 

18 hyponatremia 3 0.058 

19 hypokalemia 3 0.058 

20 hypomagnesemia 3 0.058 

21 renal failure 4 0.077 

subtotal 37 0.712 

total 52 1.000

Weighting of Improvement of Symptoms  
and Adverse Events
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above, weights are needed to show the severities 
of different adverse events and improvements. A 
measure from 1 to 4 is used on each adverse 
event and improvement, as shown in Table 4. 
Since the levels of adverse events and improve-
ments are not available from the clinical data 
shown in Tables 1 and 2, lj is not needed in 
this case or may be assigned as a constant value, 
say 1. The weights of each symptom shown in 
Table 4 demonstrate the consistency of the se-
verities between adverse events and improve-
ments. As we mentioned earlier, the weights 
used here are arbitrary. However, in an actual 
protocol the investigators involved should 
choose these numbers prior to the commence-
ment of the study. For example, assuming that 
patients are willing to have dry mouth to obtain 
the improvement in fatigue, the weights of fa-
tigue (w3) and dry mouth (w7) are assigned the 
same value as 1 to represent that the severities 

of fatigue and dry mouth are considered as the 
same level. By dividing the weight, 1, by the to-
tal weight of adverse events and improvements, 
52, both fatigue and dry mouth symptoms have 
weights as follows:

f3 = f7 = 1/52 = 0.019.

In addition, the summation of each weight is 
computed as

fi
i=
∑ =

1

21

1.

Risk is estimated in Table 5, in which qT is de-
noted as the occurrence probabilities of ad-
verse events of interest in the treatment group; 
qC is denoted as the occurrence probabilities of 
adverse events of interest in the control group; 
RT and RC are the risk experienced in the treat-
ment and control groups, respectively; and 

t a b l e  5
Tolvaptan Placebo

Adverse Events fi n No. qT RT = fi qT n No. qC RC = fi qC RT − RC

Dry mouth 0.019 2063 106 0.0514 0.0010 2055 14 0.0068 0.0001 0.0009 

thirst 0.019 2063 197 0.0955 0.0018 2055 15 0.0073 0.0001 0.0017 

Pollakiuria 0.019 2063 23 0.0111 0.0002 2055 7 0.0034 0.0001 0.0001 

Polyuria 0.019 2063 41 0.0199 0.0004 2055 7 0.0034 0.0001 0.0003 

hypernatremia 0.058 2063 19 0.0092 0.0005 2055 0 0.0000 0.0000 0.0005 

Ventricular extrasystoles 0.058 2063 16 0.0078 0.0004 2055 7 0.0034 0.0002 0.0003 

constipation 0.019 2063 73 0.0354 0.0007 2055 69 0.0336 0.0006 0.0000 

atrial fibrillation 0.058 2063 18 0.0087 0.0005 2055 16 0.0078 0.0004 0.0001 

Ventricular tachycardia 0.058 2063 39 0.0189 0.0011 2055 35 0.0170 0.0010 0.0001 

cardiac failure 0.077 2063 27 0.0131 0.0010 2055 38 0.0185 0.0014 −0.0004 

hypotension 0.058 2063 74 0.0359 0.0021 2055 64 0.0311 0.0018 0.0003 

hyponatremia 0.058 2063 8 0.0039 0.0002 2055 10 0.0049 0.0003 −0.0001 

hypokalemia 0.058 2063 48 0.0233 0.0013 2055 65 0.0316 0.0018 −0.0005 

hypomagnesemia 0.058 2063 8 0.0039 0.0002 2055 12 0.0058 0.0003 −0.0001 

renal failure 0.077 2063 50 0.0242 0.0019 2055 45 0.0219 0.0017 0.0002 

total 0.712 0.0134 0.0100 0.0034 

mean, 0.00023; standard deviation, 0.00053.

Risk Estimation of Tolvaptan
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RT − RC is the risk difference between the treat-
ment and control groups. In other words, if 17 
per 10,000 patients experience renal failure, 
for example, in the control group, there might 
be 19 per 10,000 patients experiencing renal 
failure in the treatment group. The mean value 
of RT − RC indicates the risk of taking the treat-
ment for each adverse event on average. Simi-
larly, the benefit can be computed and is shown 
in Table 6, where pT is the occurrence probabil-
ity of improvements of interest in the treatment 
group; pC is the occurrence probability of im-
provements of interest in the control group; BT 
and BC are the improvements experienced in 
the treatment and control groups, respectively; 
and BT − BC is the benefit difference between 
the treatment and control groups of improve-
ment symptoms of interest.

The performance of tolvaptan can be quanti-
tatively described based on the benefit/cost ra-
tio concept utilizing the estimates in Tables 5 
and 6. Instead of cost, risk is used to express the 
treatment performance, since the risk of experi-
encing potential adverse events is the cost of 
having a treatment. The quantitative assess-
ment of performance can be expressed as a per-
formance-margin function as follows:

Margin of performance (Z) = Benefit (B) − Risk (R)

 Z = B − R

	 = μB − μR

	 = 0.00078 − 0.00023

	 = 0.00055

where μB is the average of the benefit (B) and μR 
is the average of the risk (R). The margin of per-
formance (Z) as computed is larger than 0, 
which indicates that the benefit of taking 
tolvaptan is larger than the possible risk experi-
enced. The estimation also implies that if there 
are 10,000 patients in the trial, there would be 
approximately 8 people obtaining benefit and 2 
people experiencing risk resulting from the 
treatment.

The margin of performance function can also 
be presented as the following form:

Margin of performance (Z) = Benefit (B)/Risk (R)

 Z = B/R

	 = μB/μR 

 = 0.00078 / 0.00023

 = 3.4.

The margin of performance (Z) as computed is 
larger than 1, which is desirable, indicating that 
the benefit of taking tolvaptan is larger than the 
possible risk experienced.

The evaluation of benefit and risk, however, 
does not consider the statistical uncertainties 
associated with the clinical data. The clinical 
data uncertainties are those that can lead to 
various results in the evaluation of the same 
drug. Possible uncertainties are the sample 

t a b l e  6
Tolvaptan Placebo

Improvements fi n No. pT BT = fi pT n No. pC BC = fi pC BT− BC

Dyspnea 0.077 1826 1456 0.7974 0.0613 1822 1431 0.7854 0.0604 0.0009 

Orthopnea 0.058 1070 913 0.8533 0.0492 1075 915 0.8512 0.0491 0.0001 

fatigue 0.019 1670 1147 0.6868 0.0132 1673 1107 0.6617 0.0127 0.0005 

jugular venous distention 0.058 1450 1077 0.7428 0.0429 1452 1014 0.6983 0.0403 0.0026 

rales 0.038 1635 1274 0.7792 0.0300 1640 1259 0.7677 0.0295 0.0004 

edema 0.038 1598 1381 0.8642 0.0332 1594 1371 0.8601 0.0331 0.0002 

total 0.288 0.2298 0.2251 0.0047 

mean, 0.00078; standard deviation, 0.00092.

Benefit Estimation of Tolvaptan
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size, different benefits and risks of different 
symptoms, estimations from medical person-
nel, the environmental effects, and so on. 
Moreover, the human subjects at a given trial 
may not have received education and training 
on what to report as adverse events. A larger 
sample size can lead to relatively more reliable 
outcomes of the benefit and risk estimation, 
although a large sample size may be somehow 
unavailable. Moreover, the estimation of the 
improvements and side effects may be differ-
ent from different medical personnel. For in-
stance, one medical staff member may rate a 
symptom as an improvement, while the other 
may not. Furthermore, the hospital environ-
ment may affect the behavior of medical per-
sonnel and patients. The inherent uncertain-
ties of clinical data influence the objectivity of 
evaluation outcomes.

To take into account the data uncertainties, 
benefit and risk are treated as random variables. 
Since both benefit and risk are treated as ran-
dom variables, the performance of a drug can 
be measured using a reliability index (β) as fol-
lows:

β µ µ

σ σ
= −

+
B R

B R
2 2

where μB = mean value of benefit B, μR = mean 
value of the risk R, σB = standard deviation of 
benefit B, and σR = standard deviation of the 
risk R. The nonperformance probability (Pn) 
with normally distributed benefit and risk vari-
ables has the following relationship with the re-
liability index (β):

Pn = 1 − Φ(β)

where Φ(.) = cumulative probability distribu-
tion function of standard normal distribution. 
The relationship between the nonperformance 
probability and the reliability index mentioned 
above assumes that all the random variables in 
the performance margin function have normal 
probability distributions and the performance 
margin function is linear. According to the esti-
mation of the benefits and risks of tolvaptan, as 
shown in Tables 5 and 6, μB, the mean value of 

the benefit (B), is computed as 0.00078; μR, the 
mean value of the risk (R), is 0.00023; σB, the 
standard deviation of the benefit (B), is 
0.00092; and σR, the standard deviation of the 
risk (R), is 0.00053. The reliability index (β) can 
be computed as:

β
µ µ

σ σ
=

−

+
=

−

+
=B R

B R
2 2 2 2

0.00078 0.00023

0.00092 0.00053
0.5256.

And the nonperformance probability (Pn) can 
be computed as:

Pn = 1 − Φ(β) = 0.2996.

The outcome obtained above indicates that 
there is a nonperformance probability of 
0.2996 for taking tolvaptan. In other words, 
there is an almost 30% chance of nonperfor-
mance when taking tolvaptan. This evaluation 
not only shows that the benefit is higher than 
the risk of taking tolvaptan, but also indicates 
that the probability of nonperformance takes 
into account the uncertainties of clinical trial 
data.

Including death as an adverse event, the as-
sessment is redone as follows. The weight of 
death in this case is assigned as 6 (of course, it 
can be a much higher number), and the revised 
weighting of improvement symptoms and ad-
verse events is shown in Table 7. The risk is rees-
timated to include death as an adverse event, as 
shown in Table 8. When performing the project 
tasks, the concept of valuation based on willing-
ness to pay (28) will be used instead of weight 
factors. We will evaluate the sensitivity of the 
conclusion to the choice of the weights since 
the choice of the weights has a subjective com-
ponent.

The performance of tolvaptan including 
death as an adverse event is evaluated using a 
B/R ratio as follows:

Margin of performance (Z) = Benefit (B)/Risk (R)

 Z = B/R

	 =	μB/μR

	 =	0.00078/0.00019

	 =	4.1
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where μB is the average of the benefit (B), and μR 
is the average of the risk (R). The margin of per-
formance (Z) as computed is larger than 1, 
which indicates that the benefit of taking 
tolvaptan is larger than the possible risk.

The margin of performance of the treatment 
can also be evaluated as follows:

Margin of performance (Z) = Benefit (B) − Risk (R)

 Z = B − R

	 = μB − μR

	 = 0.00078 − 0.00019

	 = 0.00059.

The margin of performance (Z) as computed is 
larger than 0, which indicates that the benefit 
of taking tolvaptan outweighs the possible risk 
experienced. 

The nonperformance probability can be esti-
mated using a reliability index calculated as fol-
lows:

β
µ µ

σ σ
=

−

+
=

−

+
=B R

B R
2 2 2 2

0.00078 0.00019

0.00092 0.00046
0.5791.

The nonperformance probability (Pn) then is 
computed as:

Pn = 1 − Φ(β) = 0.2812.

The results obtained previously excluding 
death as an adverse event indicate that the 
nonperformance probability of tolvaptan is 
0.2996, and the B/R ratio is 3.466. Comparing 
the results of the assessments excluding and in-
cluding death as an adverse event, the assess-
ment outcome including death as an adverse 
event gives a lower nonperformance probabili-
ty, 0.2812, and a higher B/R ratio, 4.166. This is 
because the numbers of deaths in treatment 
and control groups are both 17, which gives a 
credit to the treatment.

In this illustrative example, the risk of the 
treatment is evaluated as the summation of the 
product of the probabilities of the adverse 
events of interest obtained from the collected 
data and the corresponding severities. The 
benefit of the treatment is analyzed as the sum-
mation of the product of the probabilities of 
the improvements of interest obtained from the 
collected data and the corresponding severi-
ties. The severity of each adverse event and im-
provement (wi) is measured as a score from 1 to 
6, in which 1 represents the lightest severity 
and 6 represents the worst severity. To be con-

t a b l e  7

i

Severity
[1, 6]

wi fi

improvement

1 Dyspnea 4 0.069 

2 Orthopnea 3 0.052 

3 fatigue 1 0.017 

4 jugular venous distention 3 0.052 

5 rales 2 0.034 

6 edema 2 0.034 

subtotal 15 0.259 

adverse events

7 Dry mouth 1 0.017 

8 thirst 1 0.017 

9 Pollakiuria 1 0.017 

10 Polyuria 1 0.017 

11 hypernatremia 3 0.052 

12 Ventricular extrasystoles 3 0.052 

13 constipation 1 0.017 

14 atrial fibrillation 3 0.052 

15 Ventricular tachycardia 3 0.052 

16 cardiac failure 4 0.069 

17 hypotension 3 0.052 

18 hyponatremia 3 0.052 

19 hypokalemia 3 0.052 

20 hypomagnesemia 3 0.052 

21 renal failure 4 0.069 

22 Death 6 0.103 

subtotal 43 0.741 

total 58 1.000 

Weighting of Improvement of Symptoms and 
Adverse Events Including Death as an Adverse Event
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sistent, the same grade system is utilized to de-
scribe both adverse events and improvements. 
Besides, some data also provide different levels 
of each adverse event and improvement, such 
as mild, moderate, and severe. For those data 
that have additional descriptions, another 
score (lj) is used to capture the information. To 
normalize the weights and make the summa-
tion of all weights assigned to each adverse 
event and improvement equal 1, the weight of 
each adverse event and improvement is com-
puted as the score (wi) divided by the summa-
tion of all scores (wi) and multiplied by another 
score (lj), which was captured using additional 
information from the data, then divided by the 
maximum lj. Therefore, the risk and benefit of 
each adverse event and improvement is evalu-
ated as the product of corresponding probabil-
ity and weight. The average risk due to the 

treatment is estimated as the average of the dif-
ference of the risk in the treatment and control 
groups for each adverse event. Similarly, the av-
erage benefit of the treatment is estimated as 
the average of the difference of the benefit in 
the treatment and control groups for each  
improvement. The margin of performance is 
evaluated as the benefit less risk, and the out-
come, which is larger than 1, represents that 
the benefit outweighs the risk. The probability 
of nonperformance is estimated using a reli-
ability index (β), which is computed from the 
average and standard deviation of the risk and 
the benefit. The standard deviation of the risk 
due to the treatment is computed as the stan-
dard deviation of the difference of the risk in 
the treatment and control groups for each ad-
verse event. Similarly, the standard deviation of 
the benefit is computed the same way. The 

t a b l e  8
Tolvaptan Placebo

Adverse Events fi n No. qT RT = fi qT n No. qC RC = fi qC RT − RC

Dry mouth 0.017 2072 106 0.0512 0.0009 2061 14 0.0068 0.0001 0.0008 

thirst 0.017 2072 197 0.0951 0.0016 2061 15 0.0073 0.0001 0.0015 

Pollakiuria 0.017 2072 23 0.0111 0.0002 2061 7 0.0034 0.0001 0.0001 

Polyuria 0.017 2072 41 0.0198 0.0003 2061 7 0.0034 0.0001 0.0003 

hypernatremia 0.052 2072 19 0.0092 0.0005 2061 0 0.0000 0.0000 0.0005 

Ventricular extrasystoles 0.052 2072 16 0.0077 0.0004 2061 7 0.0034 0.0002 0.0002 

constipation 0.017 2072 73 0.0352 0.0006 2061 69 0.0335 0.0006 0.0000 

atrial fibrillation 0.052 2072 18 0.0087 0.0004 2061 16 0.0078 0.0004 0.0000 

Ventricular tachycardia 0.052 2072 39 0.0188 0.0010 2061 35 0.0170 0.0009 0.0001 

cardiac failure 0.069 2072 27 0.0130 0.0009 2061 38 0.0184 0.0013 −0.0004 

hypotension 0.052 2072 74 0.0357 0.0018 2061 64 0.0311 0.0016 0.0002 

hyponatremia 0.052 2072 8 0.0039 0.0002 2061 10 0.0049 0.0003 −0.0001 

hypokalemia 0.052 2072 48 0.0232 0.0012 2061 65 0.0315 0.0016 −0.0004 

hypomagnesemia 0.052 2072 8 0.0039 0.0002 2061 12 0.0058 0.0003 −0.0001 

renal failure 0.069 2072 50 0.0241 0.0017 2061 45 0.0218 0.0015 0.0002 

Death 0.103 2072 17 0.0082 0.0008 2061 17 0.0082 0.0009 0.0000 

total 0.741 0.3605 0.0120 0.1960 0.0090 0.0030 

mean, 0.00019; standard deviation, 0.00046.

Risk Estimation of Tolvaptan Including Death as an Adverse Event
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nonperformance probability is estimated as 1 
less the cumulative probability distribution 
function of the standard normal distribution 
Φ(.) of the reliability index (β).

c O n c l U s i O n
The approach discussed in this article could 
help to provide a broader foundation in the de-
velopment of benefit/risk estimation and its 
use during the conduct of clinical trials. We are 
cognizant of some of the pitfalls of this relative-
ly new area. The B/R ratios may be so varied 
that they may not show any discernable pattern 
at first glance. But the two clinical trial exam-
ples we used indicate otherwise. Careful exami-
nation of patterns consistent with current 
practices should be contemplated in the fu-
ture. Current practices used to discern the eth-
ics of these decisions is, in most cases, rational 
and reasonable, but not quantitative. This ap-
proach could assist in determining the suita-
bility of various research designs with human 
subjects in clinical trials by providing a quanti-
tative analysis beyond the existing parameters. 
It is unclear to us, at this time, how much resis-
tance this approach will face from management 
even though the cost increase of drug develop-
ment would be very small.

The approach we illustrated is practicable 
and beneficial. In the long run, hopefully, the 
outcome of this approach would be used by re-
searchers, institutional review boards, oversight 
agencies, and the community at large. We can 
then delineate in detail how review boards and 
clinical investigators would utilize the knowl-
edge and calculate the parameters we just de-
scribed. 
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