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Medicinal chemists are frequently asked to review lists of compounds to assess their drug- or
leadlike nature and to evaluate the suitability of lead compounds based on their “attractiveness”
and/or synthetic feasibility as a basis for launching a drug-discovery campaign. It is often felt
that one medicinal chemist’s opinion is as good as any other, but is it? In an attempt to answer
this question, an experiment was performed in conjunction with a recent compound acquisition
program (CAP) conducted at Pharmacia. Historically, the CAP included a review of many
thousands of compounds by medicinal chemists who eliminate anything deemed undesirable
for any reason. In a review conducted in 2002, about 22 000 compounds requiring review by
medicinal chemists were broken down into 11 lists of approximately 2000 compounds each.
Unknown to the medicinal chemists, a subset of 250 compounds, previously rejected by a very
experienced senior medicinal chemist, was added to each of the lists. Most of the 13 medicinal
chemists who participated in this process reviewed two lists, although some only reviewed a
single list and one reviewed three lists. Those compounds that were deemed unacceptable were
recorded and tabulated in various ways to assess the consistency of the reviews. It was found
that medicinal chemists were not very consistent in the compounds they rejected as being
undesirable. The inconsistency arises from the subjective analysis that all humans utilize when
considering “data sets” of any kind. This has important implications for pharmaceutical project
teams where individual medicinal chemists review lists of primary screening hits to identify
those compounds suitable for follow-up. Once a compound is removed from a list, it and other
structurally similar compounds are effectively removed from further consideration. This can
also have an impact on computational chemists who are developing models for assessing the

desirability or attractiveness of different classes of compounds for lead discovery.

Introduction

As part of the 2002 Pharmacia compound acquisition
program (CAP) approximately 62 000 high-quality, struc-
turally diverse compounds were selected for potential
acquisition using a heuristic approach developed in-
house for this purpose.! On the basis of an analysis of
these compounds, approximately 22 000 were identified
as requiring additional review by medicinal chemists.?
It should be emphasized that these compounds had
already passed a number of standard compound filters
designed to eliminate chemically and/or pharmaceuti-
cally undesirable compounds.® Thirteen medicinal chem-
ists volunteered to review the compounds and to reject
those they felt were unsuitable for purchase but were
given no specific guidelines on how to accomplish the
task.

The ~22 000 compounds were divided into 11 lists of
about 2000 compounds each. It was decided to assess
the degree of consistency of chemists’ rejections by
adding to each list a set of 250 compounds rejected
earlier by a senior medicinal chemist with over 30 years
of experience (reviewer 1) who had often participated
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in the selection of compounds in past years. Of the 13
medicinal chemists who volunteered, 8 reviewed two
lists, 1 reviewed three lists, and 4 reviewed one list.

Once the reviewers made selections, the compounds
rejected were recorded. Various tabulations were used
to compare and contrast the results. The choice was
made to focus on rejections rather than acceptances
because the former can have a greater influence on
research than the latter. Once a compound is rejected,
it is effectively eliminated from further consideration;
this is somewhat akin to a false negative in high-
throughput screening. In addition, compounds similar
to a rejected compound may also be, directly or indi-
rectly, removed from further consideration. An accepted
compound, on the other hand, will be investigated
further; its efficacy can be determined and the com-
pound can either be carried forward or eliminated from
further consideration.

The analysis described in this paper focuses on two
data sets. The first is related to the consistency among
medicinal chemists in rejecting compounds from the
same 250-compound set, which is embedded in each of
the eleven 2000-compound sets described above. Al-
though the 250-compound set was chosen from the set
of compounds rejected by an experienced medicinal
chemist (vide supra), this does not introduce significant
bias into the results because the analysis is based on
pairwise comparisons among all of the medicinal chem-
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Table 1. Number of Compounds Rejected by Chemists Reviewing the 250-Compound Subset
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ists participating in the study. While it is true that
different sets of compounds could lead to different
results, it is assumed that they will not differ signifi-
cantly from those reported here and thus should be
reasonably representative of the results one would
obtain in general. However, this is clearly an assump-
tion, which could be tested in future studies.

The second data set assesses the consistency among
medicinal chemists reviewing the same 2000-compound
set. Interestingly, regardless of which data set is
examined or how consistency is evaluated, the results
obtained are basically the same, namely, that chemists
are inconsistent in the compounds they reject. While this
is not a surprising result, since humans in general have
difficulty with tasks that involve visual pattern recogni-
tion of large and complex data sets, it nevertheless is
the first analysis that attempts to address the issue on
a quantitative basis.

Results

250-Compound Set Comparisons. The consistency
of medicinal chemists with respect to their reviews of
the 250-compound set was evaluated from the results
summarized in Table 1. The lower triangular part of
the table lists the number of compounds rejected by any
two medicinal chemists. The row and column headings
are designated by a reviewer-list code. For example, R1-
L9 indicates that reviewer 1 (the most senior medicinal
chemist) reviewed list 9. Individual cell entries in the
table can be used to determine how consistent any two
medicinal chemists are with respect to the compounds
they rejected in the 250-compound set. For example, the
value 34 in the cell in row R12-L10 and column R6-L5
indicates that reviewers 12 and 6 both agree to reject
the same 34 compounds out of the 250 compounds that
were embedded in lists 10 and 5, respectively. The
diagonal entries indicate how many compounds out of
the 250-compound set a given medicinal chemist re-
jected. These values are identical to the values in
column R1-L1, which is due to the fact that reviewer 1

rejected all 250 compounds from list 1. The values
located in the highlighted boxes lying along the main
diagonal of the table correspond to the internal consis-
tency of a given reviewer with his or her own rejections.
Consider, for example, reviewer 3, who reviewed lists 8
and 11. When reviewing list 8, reviewer 3 rejected 36
compounds whereas 76 compounds were rejected when
reviewing list 11. Only 25 compounds were common to
both rejection sets!

A similarity measure can be used to quantitatively
assess the degree of consistency among the sets of
rejections. In this case, each of the 250 bits of the
“compound-review” fingerprint encodes the rejection
(bit = 1) or acceptance (bit = 0) of a particular
compound.

Reviewer A .- J0[1][1]0]00]ofo]o[1]1]1]1]1]o]o]0]0] ..

Reviewer B .. [1[1]0]0]o[1]o[1]o[o[o[1[o[4[4[1 1[4 ..

The Tanimoto similarity coefficient, Stan, is then
computed using the formula

a&b
Stan(AB) a+b—a&b
where a is the number of rejections from reviewer A, b
is the number of rejections from reviewer B, and a&b
is the number of rejections in common between review-
ers A and B. This is identical in form to the Tanimoto
similarity coefficient commonly used to assess the
structural similarity between pairs of molecules?? rep-
resented by molecular fingerprints. Stated in words,

STan(AiB) =
no. of compounds rejected by both reviewers A and B
no. of compounds rejected by either reviewer A or B

For example, the similarity of the rejections made by
reviewer 1 on list 9 (R1-L9) compared to those of
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Figure 1. Distribution of similarities among chemists with
respect to the compounds 13 chemists agreed should be
rejected out of the 250-compound subset.
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Figure 2. Similarity of chemists to themselves when review-
ing the same set of 250 compounds in different lists.

reviewer 2 on list 1 (R2-L1) is given by

57
STan(Rl-Lg,RZ-Ll) = m =0.26

Calculation of this similarity value for the lower trian-
gular data in Table 1 and plotting the resultant fre-
quency distribution produces the histogram shown in
Figure 1. As can be seen in the figure, the pairwise
similarities range from a maximum of 0.77 to a mini-
mum of 0.11. The observed mean similarity in rejecting
compounds was calculated to be 0.28. This can also be
expressed as a percentage. Thus, one would expect that
chemists would agree to reject the same compounds
about 28% of the time. In other words, if 100 compounds
were rejected by either of two chemists they would agree
on only 28 of those rejections. Moreover, the frequency
distribution of similarity values is skewed toward lower
values, indicating that very few consistent results were
obtained. It is also interesting to note that reviewers 1
and 2 each have over 25 years of experience in medicinal
chemistry and still agree only about 28% of the time.

Also in this study, nine chemists reviewed more than
one 2000-compound set. This provided the opportunity
to calculate the similarity of a chemist’s rejections when
reviewing the same 250-compound set embedded in
different 2000-compound sets. Thus, Stan Was computed
for compounds rejected by the same chemist when
viewing them in different lists, and the results are
plotted in Figure 2. The similarities ranged from a

Journal of Medicinal Chemistry, 2004, Vol. 47, No. 20 4893

25

0 —

Only 1 compound was
15 _ rejected in all 23 lists

The number of compounds that chemists agree should be rejected

HDIHH alls

i 3 5 7 9 11 13 7 9 21 23

The number of lists containing the same rejected compound(s)

Figure 3. Frequency distribution indicating how often a
compound was rejected out of 23 lists.

maximum of 0.77 for reviewer 1 to a minimum of 0.25
for reviewer 5. Reviewer 1 is the most internally
consistent of the reviewers. The mean similarity of
rejection when chemists review the same list is 0.51
Thus, when a chemist looks at the same set of com-
pounds repeatedly they will tend to reject the same
compounds only about 50% of the time.

Another way to look at the results of this 250-
compound study is to consider how many times a specific
compound was rejected in the 23 reviews that were
carried out. Figure 3 depicts a histogram illustrating
this. In this figure, one can see for instance that 15
compounds were rejected 5 times or 4 compounds were
rejected 17 times. Of more interest is the observation
that only 1 compound is rejected in all 23 reviews.
Compounds that were consistently rejected at a higher
frequency (defined as those rejected in 15 or more
reviews) are shown in Figure 4.

2000-Compound Set Comparisons. Ten of the
eleven 2000-compound sets were reviewed by two or
more medicinal chemists. Sets 1 and 10 were reviewed
by three medicinal chemists, set 9 was reviewed by one,
and all of the remaining eight sets were reviewed by
two medicinal chemists (see Table 2). These compound
sets afford the possibility for assessing the number of
agreements among rejections by medicinal chemists
with respect to much larger sets of compounds. The
results are summarized in Table 2. The same reviewer-
list code is used as was used in Table 1. For example,
the value of 142 in the cell defined by row R13-L1 and
column R2-L1 indicates that reviewers 1 and 13 re-
viewed list 1 and agreed to reject the same 142 com-
pounds. The diagonal values in the table give the
number of compounds rejected by each medicinal chem-
ist. There are sometimes vast differences in the number
of compounds rejected by different chemists when
reviewing the same list. For example, in the review of
list 1, reviewer 2 rejected 179 compounds while reviewer
13 rejected 960.

Calculation of Stan for the rejection data located in
the lower triangular region along the diagonal in Table
2 and plotting the resultant frequency distribution yield
the graph shown in Figure 5. The pairwise similarities
range from a maximum of 0.42 to a minimum of 0.14,
with an observed mean similarity of 0.23. Thus, on the
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Figure 4. Selected structures of commercially available compounds rejected in 15 or more lists.

basis of a more extensive comparison in terms of
numbers of compounds, two medicinal chemists on
average only agree to reject the same compounds
approximately 23% of the time. A histogram illustrating
the similarity of the rejections among medicinal chem-
ists reviewing the same 2000-compound lists is given
in Figure 6.

Discussion

As noted earlier, it was decided to focus on the
consistency of the rejections among medicinal chemists
rather than the consistency of their acceptances or their
total agreement (treating matching acceptance or rejec-
tion decisions as an agreement). There are a number of
reasons for this, but the most compelling reason is the
fact that medicinal chemists are often called upon to
review lists of active compounds obtained from HTS
campaigns, eliminating those deemed unsuitable for
further evaluation. In many cases, because of scientific
resource limitations, only one or two medicinal chemists

are involved. From the results presented here it is clear
that the level of consistency observed for rejected
compounds is low. This can have serious implications
in hit follow-up or lead optimization studies because the
choice of which compounds to take forward depends on
who is doing the review. As noted earlier, potentially
good lead compounds can be lost because of a given
medicinal chemist’s predilection for or against particular
classes of compounds. In addition, the number of
compounds accepted is considerably greater than the
number of compounds rejected. Thus, including the
number of acceptances into a measure of consistency
would unduly bias the results, thereby obscuring the
differences of opinion that matter most.

The results presented here are very striking and
cannot be easily dismissed. Chemists involved in the
study had a minimum of 3 years of experience and a
maximum of over 25 years. Interestingly, experience
had little to do with consistency of opinion. Both
reviewers 1 and 2 each had over 25 years of experience,
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Table 2. Number of Compounds Rejected by Chemists Reviewing the ~2000-Compound Lists
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Figure 5. Distribution of similarities among chemists with

respect to the compounds they agree should be rejected out of
the identical ~2000-compound lists.

but there was very little consistency in their selections.
For example, in the 250-compound study, reviewer 2
only rejected 64 of the same compounds that reviewer
1 rejected, yielding a Tanimoto similarity value of
Stan = 0.20. The results are even less consistent
considering how these two medicinal chemists compared
in their examination of list 1. Reviewer 1 rejected a total
of 320 compounds, while reviewer 2 rejected 179,
agreeing on only 78 compounds out of ~2000, yielding
Stan = 0.16.

In both the 250- and 2000-compound sets, the results
obtained indicate there is very little consistency among
medicinal chemists in deciding which compounds to
reject. This study suggests that the expected agreement
between chemists is on the order of only about 24%; that
is, approximately 24% of the compounds rejected by one
chemist will be rejected by another. Thus, the results

Reviewed List

Figure 6. Similarity among chemists’ rejections when review-
ing the same ~2000-compound lists.

presented clearly indicate that chemists do not agree
among themselves as to which compounds should be
rejected.

From this study it is also clear that medicinal chem-
ists are not even internally consistent when reviewing
compounds. It was shown that when medicinal chemists
review the same compounds a second time but embed-
ded within a different 2000-compound set, they reject
the same compounds only about 50% of the time.
Obviously, individual medicinal chemists make their
selections based on their own personal set of guidelines.
Thus, it seems fair to assume that even if a set of
guidelines were established, consistency between dif-
ferent medicinal chemists would likely be less than 50%
as seen by the average agreement between a pair of
chemists of about 28%. It is unclear whether any set of
guidelines could be established that would result in a
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high level of consistency. After the conclusion of the
study, conversations with several reviewers indicated
that some compounds may have been removed because
they were similar to other compounds on a list. The
potential impact of this on the study results presented
here is unclear. A further study is needed to definitively
clarify this issue.

Examination of the list of compounds most frequently
rejected shows that there are clearly no obvious “good
compounds” in the list that were mistakenly rejected
by medicinal chemists. However, there are a number
of undesirable compounds included in this study that
really should be rejected. The reasons that these com-
pounds were not rejected every time are unclear and
are likely tied to the reasons behind the apparent
inconsistency among medicinal chemists in reviewing
compounds that this study highlights. Some of these
reasons include personal bias, inattention, the inability
of humans to deal with many pieces of complex and
disparate data, and a lack of clear guidelines governing
rejection criteria. The result that “good compounds”
were not rejected seems to indicate that medicinal
chemists are very good at identifying good compounds
but are, understandably, unsure and hence inconsistent
when it comes to compounds that fall within a “gray
area”. This may be one of the most important reasons
for these results. If instead of a choice to accept or reject
a compound medicinal chemists were also allowed to
include compounds in an “undecided” or “uncertain”
category, it is quite likely that this category would
contain a significant number of compounds. Moreover,
its presence would undoubtedly improve the consistency
of chemists’ picks, but this cannot be assessed in the
current study because the data are not available. In
addition, there are no objective or generally accepted
criteria for assessing the actual quality of “good” com-
pounds. Thus, we are left with using consensus chem-
ists’ opinion of what makes a compound attractive or
conversely what makes a compound unattractive.

Conclusions

From the results presented here one must conclude
that medicinal chemists are not consistent with them-
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selves or compared to other medicinal chemists with
respect to the compounds they find unacceptable. This
inconsistency may have broader implications beyond the
purchase of “chemically attractive or desirable” com-
pounds. It should be emphasized that in this study, we
are not making any judgments of who is right or wrong
but only showing that their opinions often differ.
Pharmaceutical and other companies often rely on sub-
ject matter experts, medicinal chemists in the present
case, to decide which research compounds should be
followed up and which ones should be passed by. Given
the inconsistency demonstrated in the study described
here, how then are appropriate, unbiased, and consis-
tent decisions to be made?

Companies may want to consider alternative proce-
dures to the more traditional methods of review of
compounds by one or two medicinal chemists. One
alternative is to utilize a team approach. In addition,
more sophisticated computational rules could be devel-
oped to eliminate the need for manual review to a large
extent if not entirely. It is suggested that the remedy
is not as important as recognizing the fact that a
problem exists.
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