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Letter to the Editor
Synergy Determination Issues

A recent paper by F. Verrier and coworkers presented the
combination of antibodies against a human immunodeficiency
virus (HIV) type 1 isolate (8). In the paper was described a
“new mathematical treatment” of determining synergism, ad-
ditive effect, or antagonism. Its verbatim reasoning used sym-
bols but without any mathematical derivations, since it is
claimed to be “model free.” It is not possible to find the origin
of these equations without changing symbols of equations pre-
viously published by others. It further discussed Chou and
Talalay’s equations and method (7) and indicated their defi-
ciencies. As a co-originator of the Chou-Talalay combination
index method, I would like to respond to the issues raised by
Verrier et al. and to point out that the comments of Verrier et
al., in many parts, are erroneous or confusing.

(i) A close examination of their paper indicates that the new
method of Verrier et al. is the same as the Webb method (i.e.,
the fractional product method) published nearly 40 years ago
(9).

(ii) Chou and Talalay have actually derived the fractional
product equation based on the mass-action law principle and
proved that the fractional product method has the following
limitations (1, 3, 4, 7): (a) It is valid only for pure, mutually
nonexclusive conditions (e.g., no conformational changes or no
allosteric effects). (b) It is valid only when the dose-effect
relationships show exact hyperbolic curves (i.e., m � 1) but is
not valid for sigmoidal curves (i.e., m � 1). (In reality, for most
biological systems, the value of m is �1.) (c) It is not consistent
with the classic isobologram. (Chou and Talalay had to present
the nonclassic conservative isobologram to describe the non-
exclusive case.) (d) It takes into account the potency but totally
ignores the shape of the dose-effect curves of each drug in-
volved in the combination. (e) It leads to underestimation of
synergism or overestimation of antagonism when compared
with the classic isobologram method.

Chou and Talalay mathematically derived over 200 equa-
tions and have considered various conditions (e.g., number of
reactants and products, reaction mechanisms and sequences,
type of inhibition, exclusivity of inhibition, etc.) before pub-
lishing their generalization (1, 3, 4, 5, 7). To date, the median-
effect equation of Chou and the combination index method of
Chou and Talalay have been cited in over 1,750 biomedical
scientific papers worldwide. For reference 7 alone, there have
been over 813 citations since 1984 (based on Web of Science
statistics; www.isiglobalnet.com). Although some of the com-
ments on the Chou and Talalay method by Verrier et al. are
correct, the following description and comments are inaccu-
rate:

(i) “The theory of Chou and Talalay is based on enzyme
kinetics”: the enzyme kinetic models used by Chou and Chou-
Talalay are entirely based on the mass-action law principle.
Enzyme kinetics is only used as the model or tool (1, 3, 4, 7).
Mass-action law is the fundamental rule of the physicochemi-
cal world. The statistical approach has been used for drug
combination studies for more than 60 years and has not yet
shown general acceptance. While statistics are useful for prob-
ability, correlation, variance, and significance, they do not form
the basis for the dose-effect relationship mechanisms of li-
gands, reactants, or chemicals.

(ii) “This [the Chou-Talalay method] requires that both Abs
[drugs] used in a combination be capable of neutralizing the
virus used [efficacious] in the experiment”: if one of the com-
ponents in the combination has no effect, then it is not a drug
and synergism or antagonism is irrelevant. This issue has been
clearly defined by Chou et al. as potentiation-enhancement or
inhibition-suppression. In this simple arithmetical situation,
percent potentiation, fold enhancement, etc., will suffice for its
quantitation (2, 6, 7).

(iii) “. . . therefore they are not mutually exclusive in their
ability to bind”: the mutually exclusive and mutually nonexclu-
sive combinations are the two extreme cases used in Chou-
Talalay’s theoretical derivations since the 1970s (1, 3, 4). Fol-
lowing years of application in experimental systems, it has been
concluded that if a unified method is to be used in the absence
of exact knowledge of exclusivity, the choice will be exactly
consistent with the classic isobologram, which is the exclusive
case (2, 6). The general isobologram equation for two or more
drug combinations was derived by Chou and Talalay in 1984
(7).
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Authors’ Reply

We agree with a number of assertions in Dr. Chou’s letter
regarding the method we used in our recent paper (3) to
quantify synergistic neutralization of HIV by pairs of mono-
clonal antibodies. However, we disagree with much of what the
letter contains; in particular, we reject the assertion that we
made certain erroneous comments in our paper.

We are criticized for not presenting mathematical deriva-
tions that lead to our “model-free” approach. Indeed, we do
not model the dose-response relationship between antibody
concentration and neutralizing effect as a mathematical curve.
In our case, knowing the response at various doses carries no
information about the response at some other dose not among
these. This empirical approach differs from the Chou-Talalay
approach, which, using different language and reasoning, does
arrive at a dose-response model which is well known to statis-
ticians as the logistic regression model. In such a model, the
knowledge of the response at a few points determines the
response at all doses.

In response to points i and ii in Dr. Chou’s letter, we state
the following: the method we employed is the same as the
Webb method and we are glad to acknowledge priority. The
method is a simple application of a basic probability concept:
namely, the probability that at least one of two independent
events occurs (4). Dr. Chou states that the Webb fractional
product method which we apply is valid only for mutually
nonexclusive conditions. We accept this, but point out that we
have assumed that because the antibodies of interest have
different epitopes, we are dealing with mutually nonexclusive
conditions; therefore, the method we use is applicable. Dr.
Chou then goes on to state that this method “is valid only when
the dose-effect relationships show exact hyperbolic curves,” “is
not consistent with the classic isobologram,” “ignores the
shape of the dose-effect curves,” and the results differ from
those which would be obtained by the classic isobologram
method. These comments, however, are not meaningful in the
context of our work, since we do not model a dose-response
curve nor do we make explicit use of the properties of isobo-
lograms.

We also reject Dr. Chou’s reasoning that his method should
have been used because he and his colleagues have derived a
large number of equations and their work has been cited in
many papers. We agree that the method of Chou and Talalay
has been extremely useful (in fact, we have used it in relevant
work that we published previously (1, 2). Nevertheless, Dr.
Chou’s reasoning that this alone supports its application to our
studies belongs to the category of argumentum ad populum
and for this reason, it is without technical merit.

Further, the letter lists three quotations from our paper with
the claim that they are inaccurate. We disagree with this char-
acterization in all three cases:

(i) We described the application of the method of Chou and
Talalay to the field of enzyme kinetics and agree that it is based
on the mass-action law principle. We reiterate, however, that
our use of “statistics . . . probability, correlation, variance, and
significance” is applicable to the problem we describe, which
does not model dose-effect relationships.

(ii) Dr. Chou states that synergy (or antagonism) cannot
occur if one of the two reagents being tested has no effect by
itself. However, it is well established that the mixture of one
“nonreactive” reagent and another “reactive” reagent can lead
to a greater (or different) effect than that seen with either
reagent alone. (This is the case, for example, with an enzyme
and its substrate.) The Chou and Talalay method does not
apply to this situation. It was for this reason that their ap-
proach could not be applied to the analysis of our work and
that we developed and applied the method described in our
paper.

(iii) Dr. Chou reiterates his choice of an isobologram
method. As we state above, and as described in detail in the
Appendix of our paper, the conditions of our experiments (the
study of the interaction of one neutralizing and one nonneu-
tralizing monoclonal antibody) preclude the use of the Chou
and Talalay method. We justify and apply a model-free ap-
proach based on a simple, probabilistic method for analyzing
the data.
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