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Cancer remained the second-leading cause of death in
the United States in 2020, based on the data from the
US Centers for Disease Control and Prevention. While
there have been lots of money and time devoted to this
therapeutic area, the needs from these patients with
cancer were still substantial. The fundamental issue
is high attrition rate for oncology drugs, which con-
tributes to the higher cost for oncology drug developers.
The study for the success rate from first-in-human trials
to registration for 10 big pharmaceutical companies in
the United States and Europe indicated that the aver-
age success rate in all therapeutic fields was about 11%
from 1991 to 2000.1 The success rates varied between
different therapeutic areas, whereas oncology drugs
had a relatively low success rate, approximately 5%. In
other words, only 1 in 20 new chemical entities passed
through clinical trials and received an approval from
the European and/or the US regulatory authorities.
Kola and Landis also studied the reasons for drug
attrition during drug development from 1991 to 2000.
They discovered that the primary reason for drug at-
trition changed from inappropriate pharmacokinetics
(PK) and low bioavailability (approximately 40%) in
1991 to a lack of efficacy and safety (approximately
60%) in 2000.1 Kola and Landis concluded 2 strategies
that may reduce the rate of attrition. First, in some
therapeutic areas with lower success rates (eg, oncology
and central nervous system), appropriate animal mod-
els and biomarkers have to be carefully chosen during
early drug discovery and development stages.1 For
example, a transgenic animal model is more suitable
than a xenograft animal model for preclinical studies
of oncology drugs. Second, Kola and Landis observed
that biologics had a higher success rate to launch from
the first-in-human studies, especially in the areas of
immunology and cancer, implying that biologics are
safer than conventional chemical drugs.1

Antibody drugs, 1 group of biologics, generally have
fewer safety concerns and fewer PK issues.2,3 In gen-
eral, antibodies possess a few pharmacological char-
acteristics, including high potency, limited off-target
toxicity, and a low risk of biotransformation to toxic
metabolites.4 Thus, the possibility of drug-drug inter-
actions or renal and hepatic impairment on drug ex-
cretion is relatively low, which could significantly elim-
inate a few matters that could potentially result in drug
attrition.

On the other hand, Walker and Newell analyzed the
data for small molecular cancer drugs on the attrition
from 1995 to 2007, indicating that the attrition rate
within the oncology field was 82%; however, the at-
trition rate of kinase inhibitors was 53%.5 It is worth
noticing that kinase inhibitors were more successful
in the high-risk transition from Phase 2 to Phase 3.5

In addition, Hutchinson and Kirk concluded that the
estimated glomerular filtration rate and vascular en-
dothelial growth factor targeted agents and/or other ki-
nase inhibitors had relative high success rates, especially
adjunctly treating with antiangiogenic drugs.6 Overall,
for small molecular cancer drugs, molecularly targeted
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drugs demonstrated the potential to reduce attrition
rates.

Moreover, Waring et al found that safety and toxi-
cology were the largest sources of drug failure from 4
major pharmaceutical companies from 2000 to 2010,
suggesting a lack of safety was the main factor to
contribute drug attrition.7 The links between physic-
ochemical properties and frequent causes of attri-
tion (eg, preclinical toxicology, clinical safety, and hu-
man PK) were also assessed. Waring et al concluded
that none of the physicochemical properties correlated
with the attrition of the drugs. The work was the
first study to investigate the relationship between hy-
drophobicity and clinical failure, implying the strin-
gent control of physicochemical attributes may not be
a key to mitigating attrition in small molecular drug
development.7

In this study, to understand the root causes of dis-
continued oncology drugs from 2005 to 2013, the cor-
related factors were analyzed. Further, a questionnaire
was created and disseminated to group leaders in the
pharmaceutical industry, the Food and Drug Admin-
istration (FDA), and oncology clinicians for first-hand
feedback. A few strategies, such as investment on the
paradigm-shifting drugs and investigation of biomark-
ers, were concluded to mitigate attrition. Furthermore,
using biomarkers could guide adaptive clinical trials to
improve the efficiency of drug discovery and develop-
ment.

Methods
Literature Review for Discontinued Oncology Drugs
(2005-2013)
Kelland summarized discontinued oncology drugs in
2005,8 and Williams published an annual summary for
discontinued oncology drugs from 2006 to 2008 and
2010 to 2013.9–15 All 8 published manuscripts listed the
discontinued oncology drugs, the medication classes,
targeted indication(s), reasons for discontinuation, and
the reached phase of clinical trials. In this study, 4 in-
dividual factors (ie, latest clinical phase studied, treat-
ment modalities, attrition reasons, and target indica-
tion[s], respectively) were categorized for the discontin-
ued drugs in each year. For example, in individual years,
discontinued drugs terminated in each clinical phase
were grouped, and sequentially the total number of dis-
continued drugs in each phase was recorded. Similarly,
discontinued drugs were grouped in each year by dif-
ferent drug classes, attrition reasons, and indications,
respectively, in individual years. The drug classes were
classified into “small molecules,” “antibodies” (includ-
ing monoclonal antibodies, antibody drug conjugates,
and vaccines), and “others” (including peptides, pro-
teins, oligonucleotides, gene therapy, and other modali-

ties). The attrition reasons for oncology drugs were cat-
egorized in 5 groups: “efficacy,” “toxicity,” “strategic,”
“unspecified,” and “PK/formulation.”Finally, the indi-
cation for individual discontinued drugs could be des-
ignated for 1 or multiple cancer types. If a failed drug
with multiple indications were reported, all indications
were considered for the specific year for statistical anal-
ysis. Thus, for the cancer type analysis, there were more
indications than the total number of the discontinued
drugs in each year.

An analysis of variance (ANOVA) was performed
using Microsoft Excel to determine differences among
different parameters in each factor. For example, within
the factor of the attrition reasons, “efficacy,” “toxicity,”
“strategic,” and “unspecified” were the individual pa-
rameters. When these parameters were determined to
be significantly different from each other, these param-
eters could be used for further statistical analysis (eg,
correlation analysis). Significant differences were de-
clared for P< .05. Sequentially, the parameters as vari-
ables were used to understand the correlations within
each aforementioned factors (ie, attrition reasons, clin-
ical trial phases, drug classes, and cancer types). When
there was no drug categorized for the parameters, 0.2
was used to replace 0 to accomplish the requirement of
statistical analysis.16 The principal component analysis
and correlation analysis were performed in SAS OnDe-
mand for Academics (SAS Institute). Due to scarcity of
some of the parameters, they were either combined into
the “others” category in medication classes or included
only in the top-ranking parameters as variables in the
cancer types.

Survey
To obtain the up-to-date, insightful information with
respect to attrition of oncology drugs, 8 questions were
created to retrieve the first-hand responses from ex-
perts and clinical professionals. The questions included
whether kinase inhibitors and/or biologics could be
promising for development of oncology treatment. In
addition, whether there are any measures during early
drug development stages could effectively prevent attri-
tion of oncology drugs. To secure the information, the
questionnaire was disseminated to 11 experts across dif-
ferent sectors of oncology research on July 29, 2022,
and there were 5 full responses received from July 29,
2022, to January 4, 2023 (Table 1). Because the sur-
vey neither constituted any human subject research, nor
demonstrated any risk to compromise the participants’
rights and welfare, after consulting with the Institu-
tional Review Board at the University of Pennsylvania,
it was determined that an ethical statement was not re-
quired. The responses from individuals were summa-
rized and discussed in the section Summary of Feed-
back From Survey.
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Table 1. Experts and Group Leaders Participated in This Study

Name
Date of
receipt Affiliation

Jeff Skolnik, MD 7/29/2022 INOVIO Pharmaceuticals
Peter Adamson,
MD

10/30/2022 Sanofi

Hong Zhao, PhDa 11/1/2022 FDA
Hilario Yankey, MD 12/14/2022 Fox Chase Cancer Center
Charles Lee, MD,
PharmD

1/4/2023 Fox Chase Cancer Center

a
The response was reviewed and approved by Dr Atiqur Rahman.

The details of the questionnaire are listed below:

1. It has been reported in previous therapeutic area per-
formance reviews that molecularly targeted drugs
(eg, kinase inhibitors) had a higher success rate
among oncology drugs5,6; however, the discontin-
ued kinase inhibitors were approximately one fourth
of the discontinued oncology drugs between 2011
and 2013.13–15 Are kinase inhibitors still considered
promising in oncology? If so, is it as part of a com-
bination therapeutic regimen or as a single agent?

2. Could biologics (monoclonal antibodies) and/or cell
or gene therapy become dominant agents in the fu-
ture for cancer treatment? If so, are they likely to be
part of a combination therapeutic regimen or used
as single agents?

3. As cancer vaccines offer the promise of both pre-
ventive and/or treatment modalities, they have great
potential in oncology. However, except for the HPV
vaccine, are there any cancer vaccines moving to
later stages of drug development? If so, what is the
target indication (eg, specific cancer type and ratio-
nale)?

4. One of the recently published review studies did
not conclude any relationship between failed drugs
and the corresponding physicochemical properties,7

while most people believe the drug structure affects
the toxicity and bioavailability.17 In your opinion,
can identifying a drug candidate with a favorable
structure or physicochemical property facilitate re-
ducing the attrition in oncology drugs? Additionally,
are studies of drug structure more likely to be suc-
cessful when applied to specific cancer types?

5. There are several strategies for lowering oncology
drug attrition1,9–15,18,19:
a. moving proof-of-concept studies to Phase 1
b. appropriate biomarker selection
c. appropriate animal model selection
d. appropriate druggable target selection
e. stratifying patient populations
f. fully utilizing in vitro model and tissue banks

g. using molecular pathology tools for the charac-
terization of efficacy models

h. optimizing patient selection criteria

Please rank it from the most important to the least
and elaborate why.

6. The term undruggable was used to describe proteins
that may not be targeted pharmacologically. Con-
versely, a few oncology drugs have been developed to
target RAS and MYC proteins. Is there a rationale
for considering undruggable targets? Could you also
share your opinion regarding the most critical chal-
lenge in this field?

7. Could we do more in the preclinical phase (animal,
in vitro studies, etc.) prior to the clinical trials for
oncology drug development?

8. Please rank the top 3 cancer types for which the drug
development has a relatively high attrition rate.

Results and Discussion
Clinical Phase as a Factor
Information of discontinued oncology drugs from 2005
to 20138–15 was retrieved and sorted by 4 different fac-
tors, whereas the failed supportive drugs were excluded
from all analyses. First, discontinued oncology drugs in
each year were sorted by clinical phases through which
the drugs advanced during drug development (Table 2).
There was a trend that the total number of failed drugs
increased with time. It was approximately a 2-fold in-
crease in 8 years. When a linear model was used to de-
scribe this increasing trend and to project the total num-
ber of discontinued oncology drugs to 2023, there were
66 failed oncology drugs, representing a 3-fold increase
from 2005. Although this extrapolation had no scien-
tific rationale and likely does not reflect the compli-
cated facets of oncology drug development, an increas-
ing trend could prompt us to understand the cause(s)
for drug attrition, which reduces profitability for phar-
maceutical sponsors.

About half of the discontinued drugs occurred in the
clinical Phase 1 trials, and the other half of the discon-
tinued drugs had been approximately split in Phase 2
and Phase 3 studies (Table 2). This indicated that half
of the discontinued drugs can be terminated at the early
stage of development. This could minimize the finan-
cial loss of attrition, compared to attrition at the later
stage.19,20 In addition, the groups between different clin-
ical phases were not the same from 2005 to 2013, based
on the results (P = 1.8 × 10−3) of ANOVA.

While the principal component analysis and corre-
lation analysis were conducted, there was no high cor-
relation observed, due to small numbers of samples.21

Similarly, no high correlation can be concluded for at-
trition reasons, medication classes, and cancer types.
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Table 2. The Number of Discontinued Oncology Drugs From 2005 to 2013, Indexed by Clinical Phases, Attrition Reasons, and
Medication Classes, Respectively.

2005 2006 2007 2008 2010 2011 2012 2013
Total 20 12 23 23 28 37 30 40

Clinical phases
Phase 1 10 5 9 12 11 23 14 20
Phase 2 6 5 10 5 12 9 9 8
Phase 3 4 2 4 6 5 5 7 12

Attrition reasons
Unspecified 7 3 12 8 13 8 11 6
Strategic 5 2 5 6 3 17 7 14
Efficacy 7 5 5 3 7 9 11 15
Toxicity 1 2 1 6 4 4 0 4
PK/formulation 0 0 0 0 1 2 1 1

Medication classes
Small molecules 10 9 15 17 22 20 20 26
Antibodies 6 1 5 4 4 13 8 9
Others (peptides, proteins, etc) 4 2 3 2 2 4 2 5

PK, pharmacokinetics.

Attrition Reason as a Factor
Table 2 also depicts the number of failed drugs, cate-
gorized by individual attrition reasons, including a lack
of efficacy, unmanageable safety and toxic issues, strate-
gic considerations, unspecified concerns, and PK or for-
mulation issues. Herein, the strategic considerations in-
cluded financial concerns, project priorities, and com-
panymergers and acquisitions; and the unspecified con-
cern incorporated the undisclosed reasons. The undis-
closed reasons could also be, in part, related to finan-
cial considerations. Some pharmaceutical companies
decided not to disclose the attrition reasons. Usually,
1 drug was subject to discontinuation with only a single
reason. However, there were 3 drugs discontinued with
2 reasons (a lack of efficacy and safety issues). These
were AZD-7762 and AZD-2461, terminated in phase
1, and AZD-8055, terminated in phase 2 in 2011.13 All
the reasons were included and analyzed by ANOVA,
except PK/formulation, due to scarcity. The P value,
1.7 × 10−2, was less than .05, which suggested the attri-
tion reasons were not identical in individual years. Prior
to 2009, unspecified concerns were the predominant at-
trition reasons; however, after 2009, strategic consid-
erations and a lack of efficacy became the major rea-
sons for drug attrition. Excluding unspecified concerns,
the majority of the reasons for drug failure was “effi-
cacy” and “strategic,” and the proportion of the corre-
sponding attrition reasons was 29% and 27%, respec-
tively. A lack of efficacy has been concluded in many
studies20,22,23 to be the primary reason for drug attri-
tion. Interestingly, the annual discontinued drugs from
both “strategic” and “unspecified” reasons were more
than the failed drugs caused from “efficacy” and “toxi-
city” reasons between 2005 and 2013, except 2006. This

observation could imply that financial elements play a
critical role during drug development, and mostly fi-
nancial elements could drive the drug development plan
over sciences and/or technology. For example, when
the competitors are aware that they are behind in the
drug development pipeline, they will “strategically”dis-
continue the drug, since profitability of a new drug is
the primary concern in the business. While the finan-
cial concerns were recognized as a primary factor for
drug attrition, this study focused on the discussion of
drug design/development, modality selection, preclini-
cal studies, and adaptive clinical trials.

Medication Class as a Factor
Compared to small-molecule drug candidates,24 it has
been shown that biologics have lower attrition rates,
which may be related partly to the fact that fully human
or humanizedmonoclonal antibodies have reduced tox-
icity concerns.19 Thus, the relationships between drug
classes of the discontinued drugs were studied from
2005 to 2013 (Table 2). During this time period, there
were only a few failed drugs that were categorized in
the classes other than small molecules and antibodies.
These included peptides, proteins, DNA, oligonu-
cleotides, and gene therapy, which were combined into
1 category, “others,” in this study. It was observed that
the failed small-molecule drugs significantly increased
with time, whereas antibodies had only a modest in-
creasing trend. In addition, antibodies and the “others”
class did not have this significant increasing linear trend
(P value of slope = .08 and .56, respectively). This indi-
cated that antibodies and “others” exhibited less attri-
tion risk during drug development from 2005 to 2013.
While the success rate for biologics was higher than for
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Figure 1. The number of targeted indications, excluding others and unspecified/general/solid tumors, of the discontinued oncology
drugs from 2005 to 2013. The tabular details are listed in Table S1.

small molecules during 2012-2014,25 the success rate of
new biologics appears to have leveled out from 2011 to
2013, which may reflect capacity levels within the reg-
ulatory agency.26 Additionally, the P value, 1.2 × 10−6,
from ANOVA also indicated these 3 classes were
different.

Cancer Type as a Factor
Some failed oncology drugs had only 1 indication,
while most of them had multiple indications. In this
study, all the indications for these failed drugs were
included and studied. Because of the limited number
of certain cancer types from 2005 to 2013, 16 differ-
ent cancer types (eg, mesothelioma, esophageal, neu-
roendocrine, etc.) were combined to “others.” In addi-
tion, unspecified, general, or solid tumors were grouped
into 1 category: “unspecified/general/solid.” However,
due to a lack of specificity, “others” and “unspeci-
fied/general/solid”were excluded from statistical analy-
sis, while these 2 groups had relatively more failed drugs
incorporated. Figure 1 illustrates the total number for
the targeted indications of the discontinued drugs from
2005 to 2013, and lung cancer was the top indica-
tion. Because there were 19 groups (Table S1), which
may complicate statistical analysis, only the top 9 can-
cer types were selected for analysis: lung cancer, breast
cancer, colorectal cancer, prostate cancer, lymphoma,
leukemia, pancreatic cancer, melanoma, and ovarian
cancer. Using ANOVA, the selected 9 individual can-

cer types were significantly different from each other
(P = 1.9 × 10−2).

Summary of Feedback From Survey
Because cancer is an extremely complex group of dis-
eases, treatment and prognosis for cancer has encoun-
tered more challenges than other diseases. For exam-
ple, when cancer progresses, tumors can evolve to com-
prise various cell types with distinct genome and cell
morphology, let alone the heterogeneity of cancer.27

The heterogeneity of cancer includes interpatient het-
erogeneity, intrapatient intertumor heterogeneity, in-
tratumor heterogeneity, and multifocal diseases.24,27–29

After acknowledging these complexities of cancer, the
intrinsic causation of tumor formation and develop-
ment is not just 1 or a few mechanisms, and it may
not be the same across the entire population of pa-
tients with cancer. Thus, a one-size-fits-all oncology
drug may not be realistic for drug developers with re-
gard to the complicated nature of cancer. Recently,
kinase inhibitors and immune checkpoint inhibitors
have been developed in combination with conventional
chemotherapy and radiotherapy to treat cancer. Both
of these therapies have had promising treatment out-
comes.While attrition of kinase inhibitors possessed an
increasing trend from 2005 to 2013 (Figure 2), kinase
inhibitors could also be effective for subpopulations of
patients with cancer as a monotherapy or in combina-
tion with other drugs. Over the past decade, oncology
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Figure 2. An increase of discontinued kinase inhibitors during
oncology drug development from 2005 to 2013.

drug developers have been focused on developing im-
mune checkpoint inhibitors, such as PD-1 and PD-L1
antibodies, especially chimeric antigen receptor T-cell
therapies have become standards of care for various
hematological cancers. Therefore, biologics have been
used for many anticancer treatments and may become
a mainstay of treatments due to the growing approval
and applications.26

Therapeutic vaccines are another treatment modal-
ity to combat cancer. However, among all the studied
vaccines over the past a couple of decades, only 3 ther-
apeutic vaccines have been approved by the FDA. Cur-
rently, there are a few vaccine candidates reaching Phase
3 studies, and those are for human papillomavirus-
induced cervical cancer (INOVIO pharmaceuticals and
ISA Pharmaceuticals). In addition, due to the success
of mRNA vaccines for COVID-19, this emerging tech-
nology applied to therapeutic vaccines in oncology has
also involved in the early stage of drug development.
In my opinion, similar to the drugs, a combination of a
few treatmentmodalitiesmay greatly benefit all patients
with cancer.

Another important aspect for a promising drug can-
didate is to determine if there are favorable physico-
chemical properties for drug developers to guide the
design of next-generation drugs. Although all experts
agreed that the physicochemical properties are critical
for designing a drug for drug discovery and develop-
ment, the main reason driving drug attrition was still a
lack of efficacy, which may not be associated with the
physicochemical properties. There were 2 points con-
cluded:

(1) Whereas the physicochemical properties were
highly related to toxicity and bioavailability for
small-molecule drugs, the control on physicochem-
ical properties had no direct impact on modulating
the other essential requirement of drugs (ie, effi-
cacy). In addition, altering the physicochemical

properties could affect PK/pharmacodynamics
of a drug, which could result in either more or
less efficacy of the drug, due to the heterogeneity
of tumors. The efficacy of a drug can only be
determined by proper designs of clinical studies.

(2) Biologics could be prominent in the near future,
and the physicochemical properties could only
stand for the attributes of purity and/or identity but
cannot represent the potency of biologics. Mean-
while, the dose-to-response relationship is not as
clear as small molecular drugs have. Thus, attempt-
ing to search perfect physicochemical properties
may not directly facilitate the development for suc-
cessful biologics.

In addition to selecting physicochemical properties
of drugs, during drug discovery, target validation is cru-
cial to ensure that the drug candidate has the correct en-
gagement with the right target.30 The list of druggable
targets is evolving, especially for the diversity of can-
cer. To seek a breakthrough for oncology drug devel-
opment, finding a novel target could be a “high-risk,
high-reward” project. Securing a new validated target
is key to moving forward a new drug candidate from
clinical trials to launch.19 As a result, developing other
paradigm-shifting drugs might enhance the success of
the drug candidates for next-generation treatment.

The experts also raised the concerns that there have
been a limited number of model systems in the immuno-
oncology area, although choosing appropriate animal
models may be able to approximately demonstrate clin-
ical efficacy. Nonetheless, one important concern was
raised that any effort in the preclinical studymay ormay
not impact ultimate clinical success. That is, failure to
demonstrate positivity in preclinical studies could elim-
inate the candidacy of the drugs, but promising results
in preclinical models may not directly link to success
of clinical trials. The efficacy still needs to be exam-
ined in the clinical trials, similar to the aforementioned
points. An identified, validated biomarker can be used
to validate target engagement aswell as to evaluate early
“go/no go”decisions in the development of many drugs
and biologics, especially in oncology. The consensus has
been reached that a proper biomarker offers a basis
for rational drug development, including efficiency im-
provement. Currently, the “Omics” technologies can be
used to facilitate the process to search the biomarkers,
which could be highly associatedwith tumor formation.

Instead of the conventional phased design for drug
development, adaptive clinical trials have been used
to expedite the processes of phased clinical studies.31

Overlapping the phases and/or conducting seamless
trials could accelerate the clinical trials to deliver a
new drug to more patients, for example, the alterna-
tive “quick win, fast fail” drug development design.19
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Kuo and Barrett 7

It is worth noting that while the compressed or seam-
less clinical trials could efficiently expedite the clini-
cal studies and may minimize time and financial loss,
the concerns for these less well-understood adaptive
designs need to be carefully addressed prior to imple-
mentation. For example, the sponsors should discuss
with regulatory authorities for the adaptions during
milestone meetings. Furthermore, the adaptions need a
good study design (eg, sample size and initial dose) and
a solid statistical model to support the data analysis.31

To optimize patient selection criteria is also key
to exactly targeting the right patients for the drug
candidates, especially for patients with cancer. Using
biomarkers can facilitate correct patient selection. For
instance, in the proof-of-concept study, this biomarker-
driven clinical design can exactly pinpoint the efficacy
of drug candidates from subgroup of patients and se-
cure useful clinical results to explain and understand
the mechanism of action of drugs. One of the use-
ful tools is next-generation sequencing, which can help
stratify patient populations for whom is most likely
to be beneficial.32 When executing the next-generation
sequencing companion diagnostics, a few accompany-
ing strategies have to be well defined; for example, the
designation of gene expression cutoff level and the
model/algorithm applied to patient profiling. Most im-
portantly, the hypothesis of a clinical study has to be
defined clearly and unbiasedly, prior to the initiation
of studies. Especially due to heterogeneity of tumors in
the area of oncology, a drug developed for biomarker-
positive patients may not be suitable for the whole pop-
ulation. Enriched trials could be considered to maxi-
mize the knowledge gained from clinical studies and
reduce the redundancy caused by the faulty clinical
design.

Based on the coincidence between the top 4 new can-
cer cases (breast, prostate, lung, and colorectal cancer)
diagnosed in the United States in 2019 (Centers for Dis-
ease Control and Prevention results) and the top 4 in-
dications (lung, breast, colorectal, and prostate cancer)
that the discontinued oncology drugs targeted in 2005-
2013, the incentive of drug development was highly cor-
related with prevalence of the specific cancer types. In-
triguingly, the responses from experts regarding the top
3 cancer types with relative high attrition rate was di-
verse and only prostate cancer (from the top 4 indica-
tions of the discontinued drugs) wasmentioned once by
1 expert. This discrepancy may imply that there could
be some cancer types, for example, pancreatic cancer
and glioblastoma, which may still be short of effec-
tive treatment options. A lack of commonality of tu-
mor formation and the difficulties to deliver drugs to
the target site could be the main reasons to explain why
the current anticancer drugs are not efficacious to these
cancer types. In addition, due to the specialty and com-

plexity of cancer, the dilution of talent to support on-
cology drug development would be another factor of
attrition. For these unmet medical needs, we have to
identify novel ways tomove a drug candidate from drug
discovery and development stages more effectively and
efficiently and,most importantly, with higher successful
rate to launch to the public.

Conclusions
The study sought to assess factors associated with a
relatively high attrition rate for oncology drug candi-
dates, which is centric to the problem of how drugs
could be adequately designed and how the clinical stud-
ies could be employed effectively and efficiently. Recent
paradigm shifts in early-stage development and clinical
development plans suggest that candidate selection is
less influenced by toxicity reduction with more empha-
sis placed on biologic activity aligned with efficacy ex-
pectations. It may suggest that even when the oncology
drug candidates had low safety concerns, a lack of effi-
cacy may still be present and impactful. Further, both
the attrition cases of antibodies and small molecules in-
creased from 2005 to 2013, which is similar to the fact
that the success rate of biologics had leveled out from
2011 to 2013.26 Since efficacy can only be studied by
clinical trials, the clinical trials should be unbiasedly de-
signed, and it could be designed in the adaptive ways.
For example, with fewer toxicity concerns, the efficacy
of biologics could be examined at the early stage of
clinical trial to make the process of drug development
more efficient and more cost effective. A few options
may be considered, such as having Phase 0 to study
PK/pharmacodynamics33 and/or moving the proof-of-
concept study to Phase 1.19 Regardless of what adap-
tions are chosen, prior to implementing the adaptions,
effective communications with regulatory agencies are
needed to ensure that the regulatory infrastructure is
flexible enough and ready to review these adaptions.
Otherwise, these adjustments may incur even more is-
sues during panel review.

In addition, there are unmet needs for a few can-
cer types in the cancer community. The current advanc-
ing technologies can help us identify genomics and/or
biomarker alterations, and yet could guide us to de-
sign effective clinical trials and further facilitate tar-
geting the right patients. A recent study revealed that
the tests from whole genome sequencing for a patient
with metastatic colorectal cancer identified more than
2000 genomic alterations.34 Along with the results from
transcriptome sequencing, the most differentially ex-
pressed genes were the members of 2 proto-oncogene
families, FOS and JUN. These results strongly sug-
gested that blocking the reninangiotensin system could
render therapeutic benefit.34 Thus, the antihypertensive
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angiotensin II receptor antagonist irbesartan was con-
sidered for drug repurposing to an oncology treatment,
resulting in the patient experiencing a dramatic and per-
sistent response. Although this was the successful appli-
cation of precision medication, it did demonstrate that
these molecular-level technologies can accurately aim
at the right patients/targets. Similarly, the application
of these tools could lead a correct design in the clinical
trials, especially for targeting correct subgroup patients.

Considering cancer as a group of complicated and
highly heterogeneous diseases, the majority of tumors
should provide multiple targets. Therefore, the com-
bination of drugs for oncology treatment is likely
required. Given the successful aforementioned ex-
ample of precision medicine, the genomic-based or
biomarker-driven stratification for targeting correct
subpopulation of patients can significantly facilitate the
outcomes of treatment and prognosis. Additionally, the
other key to this successful example was drug repur-
posing. Based on the fact that to date drugs are sky-
rocketed in nature, not to mention the failed drugs,
the possibility of drug repurposing for oncology treat-
ment should be scrutinized. Drug repurposing can save
lots of money and time on drug discovery and de-
velopment and maximize the capability of a drug. To
cope with high demands of combination treatments for
the “targeted cancer therapies,” new drug discovery in-
cluding drug repurposing, companion diagnostics, and
adaptive clinical designs with flexible regulatory review
should all be comprehensively considered.
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