
Medicinal Chemistry Research (2022) 31:1064–1067
https://doi.org/10.1007/s00044-022-02906-x

MEDICINAL
CHEMISTRY
RESEARCH

EDITORIAL

Useful preclinical clues that a proposed new therapy would work in
the clinic: to make a medicinal chemist’s dreams come true

Daniel D. Von Hoff1 ● Haiyong Han1

Accepted: 6 May 2022 / Published online: 2 June 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Introduction

One of the dreams of all medical chemists is to create
molecules that will help mankind. The same is true for
physician scientists who want those molecules to help the
patient sitting in front of them. The authors of this editorial
have had the privilege of working together with the medical
chemist to whom this special issue is dedicated, Dr. Laur-
ence Hurley (Fig. 1A, B).

We are very fortunate to have known and worked with
Dr. Hurley. He has trained so many medical chemists and
motivated so many physician scientists. In the many years
of working together in translational research plus the clin-
ical experience of conducting Phase I clinical trials for more
than 400 agents, these are some “enlightenments” we would
like to pass on to the next generation of medical chemists.
We have always been sure that Dr. Hurley was working to
make a difference for patients as well as working in memory
of his father who passed away from pancreatic cancer in
1975 (Fig. 2). Dr. Hurley often mentioned his father’s last
words when he saw him “Laurence, this is a terrible disease,
and you need to do something about it”. Dr. Hurley and
other medicinal chemists like him and physician scientists
are doing just that.

As we work together aiming to discover effective
molecule(s), we are always seeking the best method for
picking a “winner” that will be most helpful to patients.
Table 1 details the time commitment for a patient to parti-
cipate in a Phase I clinical trial. If one estimates a patient
has an expected lifespan of 12 weeks, an average Phase I
trial which requires on average 400 hours of a patient’s time
will consume almost 20% of their remaining lifetime (if that

new therapy does not work for that patient). Therefore, we
should do everything possible to ensure a patient has the
best possible chance of receiving an effective agent(s).

Methods

The estimates described here are based on experience of
having taken more than 400 new agents into Phase I clinical
trials, all of which were based on what was believed at the
time as the best possible science. Of course, not all were
eventually approved by the FDA, but many were. What
have we learned that distinguishes agents that were
approved from those not approved? And what does one
look for to increase the chances that a new agent will
eventually work for patients?

Experience-based findings

Here is a checklist of what one should look for to increase
the chance that a newly discovered agent will have the
greatest chance of success in the clinic.

A. New Mechanism of Action Based on the Best
Possible Science.

Since the majority of patients with cancer walking
into an oncology clinic specializing in new therapeu-
tics these days have a resistant tumor, it of course
makes sense that a new mechanism of action is the
very best way to address that resistance (e.g. avoid
potential cross resistance). So one should always look
for a compound produced by the medical chemist that
has a purported new mechanism of action (MOA).
One can easily recognize that agents with new MOA’s
can change the world for patients––such as imatinib
did for patients with CML [1] and PD-1 or CTLA-4
inhibitors did for patients with so many different types
of cancer [2, 3]. However, one cannot take for granted
that all agents with a new MOA based on published
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new science are appropriate to move forward into a
clinical trial. Multiple authors have recently warned
all of us that perhaps only 16–25% of new therapeutic
science is reproducible [4, 5]. Of course, there are a
multitude of reasons for some of lack of reproduci-
bility (different cell lines, etc.). But these data give
physician scientists great pause as to what they should
take into the clinic!

B. New Formulation of an Established Agent.
In the early days of new formulations of already

approved agents, there was a great deal of skepticism
that just a change in formulation could make a
difference. However, the science of agent formulation

such as liposomal doxorubicin [6] and the nanopar-
ticle albumin bound paclitaxel (now referred to in the
package insert as “paclitaxel protein-bound particle
for injectable suspension”) [7] have certainly docu-
mented that new formulations of established agents
have an excellent chance of success [if that formula-
tion is shown to be superior in pre-clinical models (see
below)].

C. Tumor Growth Curves Are Fine, But Tumor Regres-
sion and 45-day Survivors Are the Best.

A typical tumor growth curve usually published for
a potential new anti-cancer agent is shown in Fig. 3.
Just think of how many times a clinical investigator
sees this type of curve, takes the new agent into the
clinic and the clinical trial result(s) are negative [8].

This is particularly true if the pre-clinical team
initiates studies with tumors ≤100 mm3 in volume.
There are hundreds and hundreds of examples of these
situations. Based on multiple years of translational
research to bedside experience, what are the in vivo
parameters most valuable in predicting success in the
clinic?

Fig. 1 Dr. Laurence Hurley –

Colleague and Mentor. A: Dr.
Hurley being welcomed by Dr.
Von Hoff to the Arizona Cancer
Center circa 2000. B: Dr. Hurley
and his trainees (from left)
Haiyong Han, Dong-Fang Shi,
Vijay Gokhale, Laurence
Hurley, Steve Warner

Fig. 2 Harold Hurley, Dr. Laurence Hurley’s father

Table 1 After completing >400 early Phase I trials, it is clear that
Phase I trials take a lot of patient’s time [Average # Of Cycles Is About
3 (Range <1–84+)]

Activity Estimated # of hours

Initial visits and further discussion 10

Baseline observation tests (scans, etc.) 12

Biopsy (or biopsies) 15

Infusions (with PKs on 1st visit) 233

Special instruments 6

Follow-up visits 48

Follow up tests (scans, etc) 30

Off study visit/data collected 6

Driving back and forth (assume average
54 miles)

40

Total 400 h
(some 12 h days)

An average Phase I trial takes a lot of patients’ time (400 h/2016h:
19.8% of their average survival time)
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In our experience, tumor regression in an animal
model is a very good prognostic sign for the clinical
activity of a compound (if that compound is a
cytotoxic agent). That is because cytotoxic agents
are generally evaluated clinically by looking for tumor
shrinkage––and why not also demand that in an
animal model? If the compound is not a cytotoxic
agent, what else is a valuable prognostic factor for
success in the clinic?

In 1983 Staquet and colleagues reviewed all the
National Cancer Institute’s screening programs (on
P388 leukemia and B16 melanoma) to determine what
was the best prognostic factor for essential success in
the clinic [9]. They found that the percentage of
animals that were ≥45-day survivors in the B16
melanoma system was the best prognostic factor for
activity in the clinic. In our continued use of that
parameter over the years, we too have found it to be
most predictive [10]. Figure 4 details an example of
such a long-term survivor’s curve.

In Fig. 4, one can see that the experiment has been

carried out to past 100 days with a substantial
percentage of long term (≥45 day) survivors. This is
an excellent prognostic indicator that the new agent or
new combination of agents will have activity in the
clinic [11].

It is important to note that in speaking with pre-
clinical scientists and veterinarians they acknowledge
the need to sacrifice the animals when their tumors
reached a specific size (e.g., 2000 mm3), which
usually happens first in control animals. However,
there is no reason that the treated animals cannot be
followed for survival if their tumors are still within the
size parameters. Obtaining the percent of animals
(with smaller tumors) that are ≥45-day survivors is
very important.

D. Clinical Champion.
A medicinal chemist should have a physician

scientist partner. It should be one who understands the
medicinal chemist’s evidence and who is an excellent
teacher so he/she can give the chemist a clinical trial
design which maximizes the possibility the chemist’s
new molecule can eventually produce clinical activity.
The clinician scientist should strive to provide the best
possible design that will help patients.

Conclusion

Although the information presented above is largely
experience-based, we hope these comments are helpful to
the medicinal chemists (many trained by Dr. Hurley) who
are laboring at the research bench to help patients. Figure 5
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Fig. 3 Typical growth curve often shown for a new anticancer agent.
Will this be a strong predictor for success in the clinic?
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Fig. 4 An example of significant improvement in animal survival
(≥45 days) by a chemotherapy regimen. A combination of three che-
motherapeutic drugs (Triple combination), nab-paclitaxel+ gemcita-
bine+ cisplatin, was tested in a patient-derived xenograft model for
pancreatic cancer. This same combination showed high response rate
(71%) and significant improvement in overall survival in a Phase II
clinical trial in patients with advanced pancreatic cancer [11]
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Fig. 5 Pyramid for success of a medicinal chemist’s anticancer com-
pound/invention having significance clinical activity (approval by
the FDA)

1066 Medicinal Chemistry Research (2022) 31:1064–1067



summarizes the points in a pyramid of success for a med-
icinal chemist’s best chance to have their compound/
invention help patients.
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