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H&O  What is quantitative pharmacology?

MM The basic idea behind quantitative pharmacology 
is that we develop a better understanding of pharmaco-
therapeutics as we apply greater computing power and 
more precise, thorough measurement of drug effects in 
all forms, from laboratory and molecular research to 
population drug safety studies. More formally, a National 
Institutes of Health (NIH) Working Group described 
quantitative and systems pharmacology (QSP) as “an 
emerging discipline focused on identifying and validat-
ing drug targets, understanding existing therapeutics and 
discovering new ones. The goal of QSP is to understand, 
in a precise, predictive manner, how drugs modulate cel-
lular networks in space and time and how they impact 
human pathophysiology. QSP aims to develop formal 
mathematical and computational models that incorporate 
data at several temporal and spatial scales; these models 
will focus on interactions among multiple elements (bio-
molecules, cells, tissues etc.) as a means to understand and 
predict therapeutic and toxic effects of drugs. Creation 
of multi-scale models that ultimately span knowledge of 
molecules, cells, tissues and patients will be particularly 
critical for pre-clinical and clinical research teams evaluat-
ing target selection and testing therapeutic proof of con-
cept. QSP draws on several existing disciplines, including 
classic pharmacology, chemical biology, biochemistry 
and structural biology, molecular genetics and genomics, 
pathology, applied mathematics, and medicine, and has 
an intrinsic and extensive experimental component that 

incorporates approaches from tissue and organ physiol-
ogy, pharmacology and cell biology as well as bioinfor-
matics and ‘-omics’ approaches.”1

Arguably, pharmacology has always been a quantita-
tive science. But several factors have recently made it more 
so: (1) the decreasing costs of collecting and storing data; 
(2) the improved capacity to use computational modeling 
to analyze and interpret those data; and (3) the merging of 
studies of pharmacokinetics and pharmacodynamics with 
systems biology. The significant impact of these recent 
developments on the conduct of classical pharmacology 
has led researchers to refer to the field now as “quantita-
tive pharmacology.”

H&O  What are some limitations of the 
traditional approach to drug development and 
clinical trial design?

MM Exciting developments in science and technology 
have begun to change how cancer is treated and hold 
promise for greater advances. However, our progress is 
constrained because we continue to adhere to conven-
tional methods that no longer serve the cancer research 
community well. 

For example, we are still relying on simple qualitative 
methods for evaluating the effects of treatment on indi-
vidual patients and populations. The Response Evaluation 
Criteria In Solid Tumors (RECIST) relies on measure-
ment of lesions to identify progressive disease, stable dis-
ease, partial response, and complete response. As efforts 
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to develop new oncology drugs for solid tumors first 
accelerated in the 1970s, a major problem was efficient, 
reproducible detection and reporting by clinicians of 
observable effects of treatments on tumor burden. Using 
crude tools of measurement at that time, the imprecision 
of clinician assessments was a well-recognized, carefully 
studied problem.2 These interclinician inconsistencies in 
reporting treatment effects were a major challenge to the 
conduct and interpretation of early- and late-stage clinical 
trials. Multiple organizations tackled this problem by (1) 
standardizing the assessment of tumor burden (determin-
ing what constitutes a target lesion) and (2) establishing 
thresholds for change in tumor burden sufficient to report 
an objective response.3

RECIST was a consensus updating of the original 
standard systems for tumor burden assessment.4 RECIST 
incorporated computed tomography (CT) imaging. 
Because the images could yield a more precise assessment 
of tumor burden than the conventional methods of the 
1970s, these criteria lowered the magnitude-of-tumor-
burden change threshold for reporting objective response. 
RECIST proved inadequate in several settings, including 
detecting effects of immunotherapy,5 and detecting effects 
of other therapies in specific diseases, such as gastroin-
testinal stromal tumors6 and glioblastoma multiforme.7 

Researchers in these settings developed modified criteria 
that better detected treatment effects. However, these 
criteria still forced conversion of quantitative data—the 
apparent change in tumor burden for each patient over 
time—into categorical, qualitative data. The measure-
ment of tumor burden with digital imaging is much more 
precise and should no longer require these somewhat 
arbitrary qualitative, categorical systems.8,9

The main problem with qualitative, categorical 
systems of tumor burden assessment is that they are inef-
ficient. For a RECIST-based endpoint, such as response 
rate or progression-free survival, to demonstrate that a 
new treatment is superior to a standard treatment requires 
higher enrollment in a clinical trial than more quantita-
tive methods. Similarly, when clinical trials have enrolled 
large numbers of patients but only captured the RECIST 
categories of partial response, stable disease, or progres-
sive disease (in most metastatic solid tumor trials, few 
patients ever have a complete response), they have limited 
statistical power that would allow scientists to detect and 
develop biomarkers as new diagnostics.10

H&O  How can quantitative pharmacology 
improve patient outcomes?

MM There are 2 basic areas in which quantitative phar-
macology strategies can be helpful. First is to improve the 
speed and yield of the development of new drugs. Second 

is to improve the treating physician’s ability to evaluate 
a patient and help him or her make treatment decisions 
more quickly and effectively than in the past.

H&O  What are some examples of the use of 
quantitative pharmacology in clinical trials?

MM An active area of investigation for years now has 
been the development of tumor growth–inhibition mod-
els.9 In general, these are computational strategies that 
collect tumor measurements from patients over time to 
provide new insights into the growth of metastatic solid 
tumors. Several groups have developed tumor growth 
inhibition models in solid tumors such as colorectal 
cancer, renal cancer, and non–small cell lung cancer. The 
metric of time to tumor growth has been shown to predict 
the effects of treatment on overall survival. This metric 
involves the same measurement used to determine the 
categorical response in RECIST: tumor burden as shown 
on computed tomography. However, time to tumor 
growth is a calculation of the changes in the sum of the 
longest dimensions of those tumors over time. This mea-
surement generates a more continuous assessment of the 
tumor’s growth rate during the course of treatment. In a 
clinical trial of patients with colorectal cancer, Claret and 
colleagues showed that using time to tumor growth as an 
endpoint could allow studies to enroll fewer patients and 
to shorten observation periods as compared with conven-
tional trials.11

Prostate cancer has been a disease in which it has 
been especially challenging to characterize tumor bur den 
effectively. Computational approaches have been applied 
to develop better early measures. Stein and coworkers 
examined serial prostate-specific antigen (PSA) mea-
surements for patients from 5 completed trials at the 
National Cancer Institute and demonstrated that a derived 
estimate of the tumor growth rate better correlated with 
survival than the more simply calculated PSA-doubling 
time.12 Meanwhile, more quantitative analytical approaches 
to conventional bone imaging of metastatic prostate 
cancer have also enabled better detection of treatment 
effects.13 Recognizing the importance of more quantitative 
approaches, Scher and colleagues leveraged recently 
completed international phase 3 trials to better develop 
quantitative biomarkers.14 This group demonstrated that 
combined analysis of changes in circulating tumor cell 
counts and lactate dehydrogenase by 12 weeks of salvage 
therapy in metastatic castration-resistant prostate cancer 
could serve as a surrogate for 2-year survival in individual 
patients. Prospective validation studies in this setting are 
ongoing. If validated, regulatory authorities will have to 
consider enabling these quantitative measures to serve 
as endpoints, instead of overall survival, in prospective  
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clinical trials. In addition, given the individual patient-
level surrogacy, clinicians would begin to incorporate 
these same measures into individual treatment decisions.

H&O  What are the barriers to using 
quantitative pharmacology to improve clinical 
trial design?

MM One barrier is the concern from trial sponsors and 
investigators that the use of novel quantitative endpoints 
will face regulatory obstacles. There is a tendency to be 
conservative and to rely on the older methods previously 
used to obtain new drug approvals.

Another barrier is the operational complexities. The 
accurate collection of data continues to be a challenge for 
investigators and sponsors. Studies that employ unvali-
dated markers often assess a large number of variables for 
each patient. It is hoped that the collection of these data 
will ultimately allow more efficient execution of clinical 
trials. In the short-term, however, the need to ensure that 
all of the data are collected at the right times and with 
accurate documentation is somewhat burdensome for all 
involved, including patients and investigators.

H&O  Do you anticipate that the use of  
quantitative pharmacology will evolve in  
any way?

MM In the near future, once the basic obstacles are over-
come, I expect to see the routine use of quantitative data 
as clinical trial endpoints, as well as in routine care. This 
will happen to the point where the term “quantitative 
pharmacology” is no longer used but will be encompassed 
by routine cancer care.
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