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ABSTRACT

Objective: This study was performed to reposition the existing non-cancer drug therapy for cancer treatment, which had a well-established 
pharmacologic profile with better efficacy and least toxicity as an antineoplastic agent.

Methods: This study for drug repositioning was performed for the drugs which are in the market since more than a decade and they are approved with 
their well-established efficacy and safety profile in human being. We have retrieved the source data from the United States Food and Drug Administration 
Adverse Event Reporting System for the past 13 years covering duration from 2004 to 2016 and analyzed the data using pharmacovigilance approach 
“a proposed future novel pharmaceutical tool for drug reposition” and signal management activity.

Results: Signal management activity was performed for statistical analysis. It was analysed that propranolol, metformin, pioglitazone, dabigatran, 
and nitroglycerin which are the existing non-cancer drugs, they deserved for their direct/indirect reposition for cancer treatment and anti-neoplastic 
activity.

Discussion: Further studies retrieving the source data from other regulatory database (e.g. EudraVigilance of the EMA and VigiFlow of the WHO) 
and post-marketing surveillance study with the same objective may adjuvant our results for the reposition of existing drugs by pharmacovigilance 
approach.

Keywords: Drug reposition, Antidiabetic therapy, Cardiovascular therapy, Anticancer therapy, Pharmacovigilance.

INTRODUCTION

Drug repositioning is the novel concept to identify the new indications 
for drugs which are already approved and marketed for the treatment 
of unintended diseases or are failed at its developmental stage. The 
traditional approach for drug development takes at least 12–15 years 
and $500 million–$2 billion to bring a single pipeline molecule to the 
market [1]. Lack of efficacy and serious adverse reactions are two 
major causes, for which a drug fails in Phase II and III clinical trials [2]. 
Hence, the development of a novel concept which could predict new 
therapeutic indications holds a great promise to increase the efficiency 
of blockbuster molecules of any pharmaceutical organization and to 
improve the drug discovery pathway.

Initiation of drug repositioning for known molecules with well-
characterized safety and efficacy profiles could help us to identify 
the new therapeutic indication for unintended disease and its better 
transition for the respective population. The transition of sildenafil for 
the treatment of erectile dysfunctions is one of the best examples for 
drug repositioning. In 1980, Pfizer Inc. had invented sildenafil for the 
treatment of coronary artery disease which acts through the inhibition 
of phosphodiesterase type 5. Penile erection for longer duration was 
identified as one of its sideeffects during the Phase I clinical trials with 
the patients of hypertension and angina pectoris [3]. Sildenafil was not 
found so efficacious for the treatment of angina pectoris in few small-
scale clinical trials, and later, it has been approved/repositioned in 
1998 by the United States Food and Drug Administration (US FDA) for 
the treatment of erectile dysfunction.

The drug repositioning approach deals with the observations directly in 
human post-marketing of the drug, so the way of drug transition for the 
treatment of unintended disease is more effective and feasible. Another 

reason why drug repositioning may be one of the efficient approach for 
drug discovery is because post-marketed drugs are already proved for 
its (a) chemistry, manufacturing, and control profile, (b) well-versed 
pharmacokinetic and pharmacodynamic profile, and (c) better safety 
and efficacy profile [4].

METHODS

Data collection from public database
Pharmacovigilance safety data were retrieved from the United States 
FDA Adverse Event Reporting System (AERS) [5] for the past 15 years 
covering duration from 2004 to 2018-Q1. Medical dictionary for 
regulatory activities (MedDRA), Version 19.1, was used to decode the 
relevant MedDRA preferred terms for reported indications and side 
effects. In our study, we targeted the drugs for repositioning, which 
are (I) already in use either for diabetes or cardiovascular disease (II) 
drugs which are approved with legal basis as generic medicines or well-
established medicines and (III) drugs which are proved/analyzed for 
their safe and effective use in human (clinical studies) or in animals 
(pre-clinical studies). A primary target was set to identify a drug, which 
may have at least direct/indirect therapeutic or prophylactic effect for 
cancer therapy based on published literatures/research papers for 
their anticancer/antineoplastic activity. Pharmacodynamic/molecular 
mechanism of drugs and phenotypic characteristics of reported side 
effects was compared with “very common” side effects of drugs, which 
are approved for the treatment of “cancer” or may act as antineoplastic 
agents.

The study approach includes identifying the new indication of drugs for 
unintended disease based on their reported side effects. If two drugs 
for the treatment of different disease are causing similar side effects, 
then it indicates that there may be a possible correlation in between 
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two drugs for some common mechanism of action and target receptor 
site. In other words, there is a phenotypic correlation between side 
effect and disease. Cases reported with only non-serious side effects for 
at least 3 times with the same drug were considered for further analysis 
to identify a possible positive signal as per the study objective.

Isolation of serious and nonserious adverse drug reaction
Adverse drug reactions reported with any one or more of the 
following outcome “death; a life-threatening adverse event; inpatient 
hospitalization or prolongation of existing hospitalization; and a 
persistent or significant incapacity or substantial disruption of the 
ability to conduct normal life functions, a congenital anomaly/birth 
defect, important medical event terms, or designated medical event 
term” were considered as serious adverse drug reaction and they were 
excluded from further analysis to meet the study objective.

Remaining all other adverse drug reactions were considered as 
nonserious adverse drug reactions, and they were analyzed further to 
meet the study objective.

Signal management to identify new indication for drug reposition
Signal management activity was performed for all the drug-event 
combination identified with possible positive signals based on their 
pharmacodynamic/molecular mechanism of drugs and phenotypic 
characteristic of reported event as nonserious side effects. This activity 
was included the following steps in sequence;
a. Signal detection: The process of looking for and/or identifying signals 

using data from published literatures and relevant authenticated 
source in support of published data.

b.	 Signal	 validation	 (and	 confirmation):	The	process	of	 evaluating	
the data supporting the detected signal to verify that the available 
documentation	 contains	 sufficient	 evidence	demonstrating	 the	
existence of a new potentially causal association, or a new aspect of 
a	known	association,	and	therefore	justifies	further	analysis	of	the	
signal. This evaluation was done into account the strength of the 
evidence, the clinical relevance, and the previous awareness of the 
association.

c. Signal prioritization, analysis, and assessment: The process 
continuously performed throughout signal management, which was 
aimed to identify those signals suggesting minimum or negligible 
safety concern with no potential important patients’ or public health 
impact	or	which	may	not	significantly	affect	the	risk-benefit	balance	
of the medicinal product, and thus requires urgent attention to meet 
the objective of this study to analyze them further for unapproved 
indication based on their reporting frequency and dechallenge/
rechallenge outcome (if reported).

d. Recommendation for further action as applicable, as per the study 
objective.

Statistical analysis
Pharmacovigilance guideline [6] on the “use of statistical signal 
detection methods in the EudraVigilance data analysis system” was used 
for statistical analysis in this study. This includes quantitative methods 
to calculate the proportional reporting ratio (PRR) for confirmed signal. 
Signals calculated with PRR value more than two were only considered 
as a positive result outcome.

RESULTS

A total of 4,236,068 individual case safety reports (ICSRs) were reported 
for the duration from 2004 to 2018-Q1 to the United States FDA AERS by 
various pharmaceutical organizations, physicians, patients, or different 
health authorities. Of the total, 45,853 ICSRs were selected in which 
the patient was on the treatment for either diabetes or cardiovascular 
disease. Of the selected, 6826 ICSRs were reported with serious side 
effects, and hence, as per the study objective, they have been excluded 
from the further analysis. Remaining 39,027 ICSRs were reviewed for 
their reported drug therapy, medical/familial history, and non-serious 
side effects.

Most commonly reported non-serious side effects were alopecia 
(n=1092), hypothermia (n=853), hyperthermia (n=702), white blood 
cell count increased (n=698), depression (n=683), anxiety (n=652), 
immunoglobulin increased (n=638), insomnia (n=621), somnolence 
(n=601), weight decreased (n=589), hallucination (n=563), convulsion 
(n=554), dry mouth (n=480), muscle spasms (n=475), hyperhidrosis 
(n=461), mood swings (n=429), blood cholesterol decreased (n=373), 
euphoric mood (n=369), and polyuria (n=341).

Comparative analysis of these non-serious side-effects and drugs 
was performed to understand their phenotypic characteristics and 
pharmacodynamic/molecular mechanism with respect to very 
common side effects of drugs approved for the treatment of “cancer” 
or may act as antineoplastic agents based on published literature. 
Meta-analysis of published literature and other authenticated sources 
suggest that the side effects reported with propranolol (hypothermia, 
decreased appetite, weight decreased, body temperature decreased, 
and alopecia); metformin (hypothermia, decreased appetite, weight 
decreased, body temperature decreased, and alopecia); pioglitazone 
(white blood cell count increased and alopecia); dabigatran (alopecia); 
and nitroglycerin (least number of side-effects) may have phenotypic 
and pharmacodynamic/molecular mechanistic correlation with “very 
common” side effects for the approved anticancer drug therapy or other 
prophylactic therapy approved for cancer treatment. An exhaustive 
review of published literature regarding clinical studies in various 
scientific databases (Embase, Medline, and PubMed) also supports this 
analysis for anticancer activity of propranolol, metformin, pioglitazone, 
dabigatran, and nitroglycerin. Summary of these literatures is 
presented in the discussion part of this article. Table 1 summarizes the 
proposed drugs for reposition as an anticancer therapy based on its 
pharmacodynamic/molecular mechanism of action and reported non-
serious side effects.

Statistical analysis
Signal management activity was performed, supporting the confirmation 
of proposed drugs reposition for anticancer activity as discussed in 
Table 1. We used the most frequent approaches of signal detection 
methods for calculation of the PRR [24] for the drugs and their reported 
non-serious events, which was calculated as summarized in Table 2. For 
all the proposed drug reposition (propranolol, metformin, pioglitazone, 
and dabigatran), statistical analysis resulted in PRR >2 as positive 
outcomes. Hence, as per the guidance [6] “use of statistical signal 
detection methods in the EudraVigilance data analysis system,” all the 
proposed drugs may be considered for successful reposition through 
other confirmative pivotal clinical trial in future. Nitroglycerin has been 
proposed for reposition based on its pharmacological mechanism for 
anticancer activity, and it was not assessed through signal management 
activity due to least number of reported side effects.

DISCUSSION

Pharmacovigilance analysis aims to search for previously unknown 
patterns and automatically detect important signals, i.e. drug-associated 
beneficial effect, from such a large database [25]. In this study, based 
on the commonly reported non-serious side effects of drugs used in 
diabetic and cardiovascular disease, we proposed new therapeutic 
indication for propranolol, metformin, pioglitazone, dabigatran, and 
nitroglycerin for the treatment of cancer.

There are different innovative methods for new drug development. It 
takes more than a decade for novel molecules to commercialize them 
into market. Post-marketing, there are only few molecules (<5%) [26] 
have been proved for its safe and effective use in human being. It 
would be a great help for health-care and pharmaceutical industries if 
researcher and scientist could reposition their blockbuster molecules 
for a new indication in a cost-effective manner. Drug reposition using 
pharmacovigilance data as a tool is one of the cost-effective and most 
impactive methods for future drug development. Outsourcing trend 
has been increased nowadays for different pharmaceutical activities. 
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Identification of new indication for well-established molecules through 
drug reposition technique is one of the innovative outsourcing activities 
among all. Drug reposition has shown the ability to reduce the risk, 
time, and cost for drug development.

Clinical study conducted in the past showed that metformin lowers the 
risk of cancer and has more advantage in cancer with diabetic patient 
as compared to the patient who has not received metformin therapy 
along with conventional chemotherapy [27-31]. In one of the preclinical 
studies, it was concluded by author that metformin together with 
Vitamin D3 has more impressive result for the prevention of colorectal 
cancer [32].

A pilot study in chronic myeloid leukemic (CML) patients in chronic 
residual disease shows that, in spite of continuous treatment with 
imatinib, when pioglitazone was given temporarily to CML patients, 
all of them achieved sustained complete molecular response, up to 4.7 
years after the withdrawal of pioglitazone [33]. A recent pilot study 
suggests that pioglitazone may have a preventive effect in colorectal 
cancer through an effect on aberrant crypt foci and it also has good safety 
profile in human being [34]. Recent studies have also suggested that 
pioglitazone has an inhibitory effect on neoplastic cell growth [35-37] 
and it also induces apoptosis in glandular carcinomas [38,39].

Propranolol decreases the risk of cancer. A large cohort study published 
for propranolol showed that the overall risk of cancer was lower in 
the propranolol group and site-specific analysis showed a decreased 
risk in breast, colon, esophagus, stomach, head and neck cancers, and 
prostate cancers [40,41]. Propranolol is the choice of drug among all 
cardiovascular drugs, which may provide safe and effective solutions to 
cancer. Generic form of propranolol is available globally and is also on 
the WHO list of essential medicines [8].

A pre-clinical study result showed that oral administration of 
dabigatran inhibits invasion and metastasis of breast tumors both [21]. 
Dabigatran gets metabolized through esterase enzyme, independent 
of cytochrome P-450. It is less susceptible to polymorphism and 
druginteraction; hence, it is a choice of anticoagulant drug among all in 
cancer patient [21,22].

Past clinical study showed a positive result for the treatment of lung 
cancer with nitroglycerin. The result showed that, instead of the 
treatment for lung cancer with carboplatin and docetaxel alone, response 
rate was higher (up to 58%) after 2 years when nitroglycerin was added 
to the treatment. Normal expected response rate with chemotherapy 
is 25–35% [42]. Treatment with nitroglycerin transdermal patch has 
showed the better result along with conventional chemotherapy with 
ease of application on skin and decrease the dose for administration of 
tablet or intravenous chemotherapy [23].

Thus, the drugs we have analysed in this study, reported positive 
characteristic for drug reposition, for the treatment of cancer with or 
without other conventional chemotherapy. These drugs are available 
in market since long with well-known safety and efficacy profile, good 

toxicity profile, noncytotoxic, plausible indirect antiangiogenic mechanism 
to block the tumor target pathway or surrounding microenvironment, 
synergistic effect, and supportive clinical data in human.

CONCLUSION

In this article, we showed a power of large human data available through 
AERS data collection tool, which may ease the path for drug reposition. 
We showed the power of method we propose for drug reposition, 
which may not be feasible with the study of compound chemical 
structure. Although there is less awareness for drug-repositioning 
through pharmacovigilance method in research industry, nowadays, 
innovator pharmaceutical organizations have started to establish a 
separate indication discovery unit for long-term benefit in terms of 
patent retention for their new chemical entity. On platform-based 
analysis, these organizations have successfully launched their multiple 
approved molecules for unintended indications through a path of drug-
repositioning and they have got the health regulatory approvals with a 
minimum cost of development for an orphan disease. This method may 
enhance the fiscal growth of the organization globally and could help to 
keep their intellectual property rights with minimum investment.

Evidently, continuous research on drug reposition through other large 
database may indeed provide a better treatment option for non-curative 
or an orphan disease.
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