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Abstract 

Introduction Carcinogenic or chemopreventive effects from prescription drugs are difficult 

to detect during clinical trials because of the short timeframe involved. This is also true for 

post marketing surveillance (pharmacovigilance), because of long latency of action or low 

incidence of cancer. A valuable tool for post marketing surveillance is epidemiological 

studies. Pharmaceuticals have the ability to create direct or indirect DNA-damage as drugs are 

metabolized by enzymes, exposed for UV-radiation in the skin, through suppression of the 

immune system or by promoting proliferation. Pharmaceuticals may be chemopreventive 

through vaccination (HPV), inhibition of proliferative hormones or by reducing inflammation. 

Aims of the study The purpose of this thesis was to identify the most commonly used chronic 

drugs in Norway, and to sum up and discuss the existing literature on this topic.  

Method The publication the Norwegian Prescription Database 2017:02 with prescription 

database data from 2016 were used to identify the most used chronic drugs. Relevant 

literature was acquired using the databases Medline (via PubMed) and Embase (via Ovid) 

using keywords carcinogenesis, chemoprevention or cancer chemoprevention. Counting of 

the number of publications and removal of duplicates have been done using Endnote. 

Publications for drug classes (e.g. statins) are counted together where there are many 

chemically or pharmacologically similar drugs in the same category. 

Results Ten chronic drugs and eight drug classes were identified. Number of publications 

from the last ten years was counted. Metformin (with 601 publications), aspirin (498), statins 

(378), oral contraceptives (225), proton-pump inhibitors (190 publications), antihistamines 

(30), calcium channel inhibitors (16) and thyroid hormones (11). High and recent study 

publication activity were found for metformin, aspirin and statins. Low-dose aspirin reduce 

the risk of colorectal cancer if used for a minimum of five years and may reduce the risk of 

non-small cell lung cancer (NSCLC) in smokers. Metformin, aspirin and statins have 

properties that make them very interesting candidates for cancer chemoprevention, like 

affecting proliferative signaling pathways and insulin resistance. Proton-pump inhibitors, 

thyroid hormones, antihistamines, calcium channel inhibitors and oral contraceptives may 

have a positive, negative, none or dual role in carcinogenesis or chemoprevention, depending 

on patient genomics and carcinogenic mechanisms. Photoreactivity of nifedipine and 

hydrochlorothiazide may increase the risk of lip cancer. Oral contraceptives increase the risk 

of breast cancer but seems to protect against colorectal cancer. This field of research is still 
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emerging. Some of the substances may have a purpose in the treatment of cancer, co-

administered with chemotherapy. 

Conclusion There is a lot of evidence for reduced risk of colorectal cancer risk if aspirin is 

used for a minimum of five years. However, only 30-50 % of the patients will get reduced 

risk, and others may experience side effects from the drug while getting no benefit. 

Metformin is a candidate drug for future chemoprevention. Identifying the patients that will 

benefit from chemoprevention are some of the challenges that this field of study phase. Along 

with the heterogeneity between cancers, cancer chemoprevention is rendered inherently 

complicated. Identification of chemopreventive and carcinogenic drugs through long term 

epidemiological studies is important. Routine use of biomarkers should be established in 

order to identify patients that might benefit from chemoprevention. 
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1 Introduction 

1.1 Background and Lessons Learned 

 Lessons learned in pharmacoepidemiology 

Drugs, herbals and minerals to prevent or treat various disorders have most likely been used 

since the beginning of mankind. Pharmaceuticals are today the cornerstone of our modern 

health care system in medical treatment. However, introducing any sort of chemical 

component to the body does not come without a risk. If used uncritically and untested, effects 

can be dramatic for the patient, especially when used in a vulnerable part of life as in foster 

life or in the elderly. Naturally, many patients have suffered from these experiments over and 

over again. There are several examples where vast use of new drugs have ended with horrific 

consequences for the user or the offspring, some are presented in the following sections. 

Especially the last 100 years, industrial chemical synthesis of drugs has become readily 

available, making it possible to mass produce almost any sort of chemical substances. The 

following examples of phenacetin and diethylstilbestrol will illustrate this (Bengtsson, 

Johansson, & Angervall, 1978; Fraumeni, 1974). These lessons finally led to government 

control over drug approvals and mandatory drug-safety testing protocols. Today, stringent 

testing protocols must be applied by all pharmaceutical companies planning to launch a 

product for the public, and requirements might differ in-between regions. The guidelines are 

harmonized between Europe, Japan and the United States of America by the International 

Council for Harmonisation of Technical Requirements for Registration of Pharmaceuticals for 

Human Use (ICH) and are referred to as ICH-guidelines (EMA/CHMP/ICH, 2017). Over 

time, the fields of epidemiology and pharmacology have merged to the field of 

pharmacoepidemiology. The benefits from conducting long term research on large groups of 

people gives us valuable knowledge of unknown pharmaceutical properties (Pottegard et al., 

2016). This research is able to uncover long term side effects, improve rational use of drugs, 

and above all, uncover important side effects as carcinogenicity or even chemopreventive 

properties that did not show up in the initial clinical studies. These studies typically have a 

limited number of patients and time frame (Wettermark, 2013).  
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Diethylstilbestrol 

Diethylstilbestrol was introduced in 1938 as a prescription-based drug for pregnant women in 

order to prevent miscarriages and menopause symptoms. It was also used as an emergency 

contraceptive and other areas as a hormone replacement. Diethylstilbestrol is a synthetic non-

steroidal estrogen that mimics the function of endogenous estrogen. Most information about 

drug use are from hospitals in the USA and it is estimated that five to ten million US citizens 

were exposed to diethylstilbestrol in utero from the 1940s to the 1970s (International Agency 

for Research on Cancer, 2012). By the 1950s, scientific evidence had accumulated 

sufficiently, revealing diethylstilbestrol’s lack of efficacy against pregnancy complications 

(Adami, Lagiou, & Trichopoulos, 2012). In Boston, 1971, the link between synthetic 

estrogens and vaginal adenocarcinoma was confirmed and the drug was finally removed from 

the market (Fraumeni, 1974). Follow-up of mothers revealed an excess risk of breast cancer. 

Later, it became evident that their daughters suffered from genital malformations like 

infertility, pregnancy complications, and above all, more than a 100-fold increased risk of 

vaginal adenocarcinoma. Some studies even indicate that the daughters also suffer from a 

higher risk of breast cancer in adulthood (Adami et al., 2012). The story of diethylstilbestrol is 

today one of the most important lessons in drug teratogenicity and carcinogenicity. This 

pharmaceutical not only had implications for the patient, but adverse effects also affecting 

offspring in utero for many years after exposure, today referred to as transplacental 

carcinogenesis; carcinogenic effect from drugs carried over the placental barrier. The 

International Agency for Research on Cancer (IARC, read more in section 1.3.2) has 

classified diethylstilbestrol as carcinogenic to humans (group 1) (International Agency for 

Research on Cancer, 2012). 

On the other hand - pharmaceuticals having detrimental effects on humans in special 

situations sometimes prove useful in other therapeutic areas. Diethylstilbestrol has been useful 

to some extent in treating castration-refractory prostate cancer (Turo et al., 2014). 
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Phenacetin and paracetamol 

Phenacetin (introduced 1897) and paracetamol (introduced 1893) have been popular 

analgesics for more than a century. Paracetamol was later found to be the active metabolite of 

phenacetin (Hinson, 1983). In Sweden 1965, Hultengren, Lagergren and Ljungqvist reported 

epithelial renal pelvic tumors in six patients, five of them known to abuse drugs containing 

phenacetin (Bengtsson et al., 1978). This was the first of many reports on phenacetin 

carcinogenicity, both phenacetin alone and in combinations with other traditional painkillers 

such as aspirin and codeine. Among other side effects, methemoglobin production and kidney 

toxicity was a problem with phenacetin, whilst paracetamol being more liver toxic due to 

production of the toxic metabolite N-acetyl-p-benzoquinoneimine. From the 1950s, 

phenacetin lost popularity with the assumed safer paracetamol taking its place. The safety of 

paracetamol is today generally regarded as safe, but remains under investigation (Brune, 

Renner, & Tiegs, 2015). Phenacetin is classified as carcinogenic to humans (group 1) by 

IARC, paracetamol as not classifiable as to its carcinogenicity to humans (group 3) 

(International Agency for Research on Cancer, 2012, 2017b), 

Vitamin E and beta-carotene supplementation trials 

In 1994, the Alpha-tocopherol, beta carotene Cancer Prevention Study Group (ATBC) 

researched whether the intake of vitamins was chemopreventive, as there had been indications 

for this from previous laboratory and epidemiological studies with diets high in carotenoid-

rich fruits and vegetables. (Alpha-Tocopherol & Beta Carotene Cancer Prevention Study 

Group, 1994). Interestingly, vitamin A (beta carotene) and E (alpha-tocopherol) intervention 

trials with 29 133 male Finnish smokers revealed an increased risk of lung cancer and 

increased overall mortality with intake of beta-carotene (vitamin A) supplement. There was 

also noted a 34 % decrease in risk of prostate cancer from using alpha-tocopherol while 

having no impact on lung cancer. This study shows that supplementation of lipid antioxidants 

like vitamin A may be carcinogenic when combined with certain behaviors like smoking 

(Alpha-Tocopherol & Beta Carotene Cancer Prevention Study Group, 1994). We don’t know 

whether these findings are relevant to non-smokers. 25 563 men from the earlier register-

based ATBC-study performed by Virtamo and colleagues were followed for 18 years with 

respect to cancer incidence and all causes of mortality. Overall, no late effects were noted on 

cancer incidence. (Virtamo et al., 2014). In the SELECT trial by Klein and colleagues, use of 
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either vitamin E or selenium was associated with a significantly increased risk of prostate 

cancer (Klein et al., 2011).  

Intake of fruits and vegetables is regarded as healthy, but isolated and high intake of vitamins 

does not necessarily give the same benefit, and may actually be harmful in general or when 

combined with certain behaviors as smoking (Alpha-Tocopherol & Beta Carotene Cancer 

Prevention Study Group, 1994). This is especially relevant for lipid soluble vitamin as they 

may accumulate in the body. The U.S. Preventive Services Task Force (USPSTF) 

recommends against beta carotene or vitamin E supplements for the prevention of 

cardiovascular disease or cancer, and they state that there is currently insufficient evidence to 

assess the harm or benefits from single or paired multi-nutrients. (Moyer, 2014). 

Modern chemotherapy - still a double edged sword  

 

 

 

 

 

 

The treatment of cancer has made considerable progress in the last 50 years. The first 

effective cancer drugs were derived from research on victims of chemical warfare, primarily 

soldiers exposed to nitrogen mustard gas during World War II (Figure 1). Exposed victims 

were autopsied, and observed to have a low white blood cell count. Louis S. Goodman and 

Alfred Gilman, two pharmacologists, together with Gustav Lindskog (a surgeon) discovered 

large reduction in tumor size, especially lymphomas in mice when administered with this 

agent. This led to the development of alkylating chemotherapy, like cyclophosphamide 

(Ribatti, 2012). The similarities between the molecular structures can be noticed (Figure 2, 

page 5). In 1947, Sidney Farber (1903-1973) administered the antifolate aminopterin to 

children with acute leukemia with great success and revolutionized the treatment of an 

otherwise fatal cancer in children. Today we use methotrexate, which is chemically very 

similar to aminopterin (Ribatti, 2012). All drugs utilized in chemotherapy were until the 

beginning of the 1980s small molecule drugs (SMDs), interfering with DNA or cell-division 

Figure 1: The general molecular structure of nitrogen mustard gas. The R signifies that there can be 

different atoms connected to the nitrogen, with similar effects experienced.  
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in different ways. Many drugs against cancer have the unfortunate adverse effects that they 

may contribute to a secondary cancer at a later stage. International Agency on Research on 

Cancer (IARC, see section 1.3.2) has listed many routine cancer drugs as carcinogenic for 

humans, such as cyclophosphamide and etoposide as they increase the risk for a new cancer 

on a later stage, referred to as secondary cancer. For example, acute myeloid leukemia and 

ovarian cancer are late adverse effects from cyclophosphamide (International Agency for 

Research on Cancer, 2017b). Currently, physicians usually have no other choice than treating 

the patient as best as possible, since the patient is likely to die from the initial diagnosis 

without any treatment. Adverse effects like infertility, myocardial infarction and permanent 

damage to the nervous system are common events associated with chemotherapy treatment 

(Chaudhary & Haldas, 2003). 

 

 

 

 

 

 Definitions 

Pharmacological cancer chemoprevention reduces the likelihood of cancer via 

pharmacological intervention. Thus, a drug that can prevent cancer (Potter, 2014). A 

carcinogen is a substance that significantly increases the occurrence of cancer in a 

population. A genotoxic substance is a carcinogen that interferes with the genome and causes 

DNA-mutations or affect the DNA polymerase machinery directly (Snyder, 2009). A non-

genotoxic substance is a carcinogen that increases the rate of cancer, but indirectly introduces 

mutations to the genome by creating neoplastic tissue involving other pathways. Repression 

of the immune system or inducing oxidative stress are examples of mechanisms (Lee et al., 

2014). Transplacental carcinogenesis is a transfer of detrimental effects from a substance 

used by the mother to the fetus in the womb (Henshaw & Suk, 2015). 

Figure 2: The molecular formula of cyclophosphamide 
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WHO ATC-classification description 

In order to categorize drug substances, pharmaceuticals are given a universal code that is 

always the same for a drug, worldwide. The trade name and chemical substance name may 

differ between countries. This simplifies statistical analysis between registries and generic 

prescriptions. For example, paracetamol is the name used in Europe, while acetaminophen is 

used in the USA. The system is maintained by World Health Organization (WHO) 

Collaborating Centre for Drug Statistics Methodology and the Norwegian Institute of Public 

Health (NIPH). ATC-code for paracetamol is N02BE01, it can be broken down to the 

following elements listed in Table 1 (WHO/NIPH, 2017a). 

 

Table 1: Breakdown of ATC-code for paracetamol (WHO/NIPH, 2017a). 

N Nervous system (anatomical main group, 1st level) 

N02 Analgesics (therapeutic subgroup, 2nd level) 

N02B Other analgesics and antipyretics (pharmacological subgroup, 3rd level) 

N02BE Anilides (chemical subgroup, 4th level) 

N02BE01 Paracetamol (chemical substance, 5th level) 

 

Defined Daily Dose  

To compare drug use among different countries, the volume of drugs sold is not necessarily a 

good measure. Prescription drugs are assigned a specific dose that indicates the dose the 

average patient on the relevant medication are using daily. This is referred to as the «defined 

daily dose» (DDD). The World Health Organization (WHO) Collaborating Centre for Drug 

Statistics Methodology at the Norwegian Institute of Public Health (NIPH) is responsible for 

assigning and maintaining DDD values. WHOs definition of DDD is «the assumed average 

maintenance dose per day for a drug used for its main indication in adults» (WHO/NIPH, 

2017a). For the e.g. paracetamol, the DDD is set to three grams for oral, parenteral 

(intravenous) and rectal administration. Daily use of three, one gram tablets daily corresponds 

to one DDD. The route of administration is also listed, because the DDD for different 

administration routes may differ due to different drug bioavailability. A suitable example is 

morphine; the substance acts more efficiently when given intravenously, and a corresponding 
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larger dose is needed for oral administration. This is due to the rapid metabolization by the 

liver enzymes when administered orally, commonly referred to as the first pass effect. See 

Figure 3 for an overview of different DDDs for morphine based on various methods of 

administration. DDDs are not given for products to be applied on the skin, antineoplastic 

agents, vaccines and some other areas (WHO/NIPH, 2017b). 

 

 

 

 

 

 

 

 

1.2 Drug safety 

The use of pharmaceuticals to manage diseases has a major benefit for humans. There has 

been a remarkable development of drugs for treatment of infections and neoplasms the past 

50-100 years, as well as in chemoprevention through vaccines, like the HPV-vaccine.  

Before approval, drugs are tested vigorously in pre-clinical studies. Various models, in vitro 

and in vivo tests with bacteria and animals are utilized before drugs are released to the market. 

If a pharmaceutical is designed to be used regularly, long-term toxicity studies are required 

(read more about testing in section 1.2.1) (EMA/CHMP/ICH, 2017). Even with this stringent 

battery of tests, data are limited by several factors; transferability of data between animals and 

humans, number of test objects (usually there are a considerably higher number of patients 

using the product after release than in testing) and time-limitations. A pharmaceutical 

treatment for a chronic disease can be necessary for a period spanning minimum 30-40 years. 

Over time, unexpected side effects may become apparent, with difficulties establishing a 

Figure 3: Morphine has different 

DDD for various administration 

methods. When administered 

intravenous and rectal, more of the 

drug reaches the systemic 

circulation, and doses can be lower, 

compared to oral administration 

(WHO/NIPH, 2017a). 
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causality relationship because it’s rare or difficult to establish a trend (Pottegard et al., 2016). 

At one point in life, the patient may be diagnosed with a malignant disease, and to establish 

any potential cause-relationship between drug and disease is difficult for a number of reasons. 

The patient usually uses a number of different drugs throughout life and lifestyle factors (e.g. 

alcohol, smoking and diet) become significant contributors to the equation because of the long 

timespan involved. For rare cancers, we may need a high number of patients to get sufficient 

statistical power. Pharmacoepidemiological studies are a useful tool to study drug use and its 

long-term effects, and we are able to control for confounders to a certain extent (Wettermark, 

2013). 

 Required testing for drug certification 

The European Medicinal Agency (EMA) mandates that all companies seeking marketing 

authorization for pharmaceuticals in Europe are required to test their candidate drug for 

safety. EMA publishes scientific guidelines for this purpose. The pharmaceutical companies 

utilize the guidelines in order to design their drug safety studies accordingly. The results from 

preclinical studies and clinical trials then become a part of the application for marketing 

authorization. The ICH guidelines mandate when and how specific studies are to be 

performed by the applicant. These studies include tests for genotoxicity, carcinogenicity, 

toxicokinetics, repeat-dose toxicity, reproductive toxicology and immunotoxicology. 

Genotoxicity and carcinogenic studies are further described in the next section 

(EMA/CHMP/ICH, 2017). 

Genotoxicity essays 

ICH-guidelines published for genotoxicity testing are available from the EMA webpage and a 

brief summary is included in this section. The guide applies to traditional small molecule 

drugs, not the biological drugs based on peptides or proteins (EMA/CHMP/ICH, 2008). 

Genotoxicity testing is defined as in vitro and in vivo tests that are designed to detect 

compounds inducing genetic damage such as gene mutations, larger scale chromosomal 

damage or other potential mechanisms that participate in tumorigenesis.  
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The standard test battery for genotoxicity consist of two main parts. Ames test (bacteria), 

using reverse gene mutation to discover mutagenicity and similar in vitro tests involving 

mammalian cells. 

Carcinogenicity essays 

EMA publishes several ICH-guidelines regarding carcinogenicity studies. Relevant 

documents are listed below, and a short insight of the testing requirements are given in this 

section (Brambilla & Martelli, 2009; EMA/CHMP/ICH, 2017). Relevant guidelines can be 

found in Table 2.   

 

 

 

 

If a drug proves to be genotoxic, it is generally considered carcinogenic. However, drugs may 

be carcinogenic without being genotoxic, as previously discussed in the introduction, hence 

the need for carcinogenicity essays. Carcinogenicity may be due to increased cellular 

proliferation or accidental cell-receptor activation and not result from genotoxic damage. 

EMA require carcinogenicity testing based on different parameters listed below. 

a. Duration and exposure: If the drug in question is expected to be used for a period of 

time lasting more than six months, or to be used frequently in an intermittent manner, 

carcinogenicity essays are required.  

b. Cause for concern: Testing is also required if there is a cause for concern. For most 

categories of pharmaceuticals this is the main reason for carcinogenicity essays. Cause for 

concern could be due do previous experience with similar molecules or chemical 

properties. 

c. Extent of systemic exposure: Drugs applied topically (skin or eyes) may need testing 

unless the pharmaceutical in question has low absorption over the dermal layers. Some 

substances might react with light (creating reactive intermediates) and require 

photocarcinogenic studies. 

ICH S1A Need for carcinogenicity studies of pharmaceuticals 

ICH S1B Carcinogenicity: testing for carcinogenicity of pharmaceuticals 

ICH S1C (R2) Dose selection for carcinogenicity studies of pharmaceuticals 

 

Table 2: ICH guidelines relevant for the study of drug carcinogenicity (EMA/CHMP/ICH, 2017).  
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A long-term study using rodents is required, for usually two years. In addition, either a short 

or medium-term test based on in vivo rodent test systems, or a long-term carcinogenicity 

study in a second rodent species. The species for the studies should be selected based on 

different considerations like pharmacology, metabolism and toxicocinetics. 

Process of drug development and clinical studies 

Before drugs are approved by the authorities, the pharmaceutical company must prove that the 

drug is safe and actually treats the approved indications. Preclinical studies are focusing on 

safety, read more about this in section 1.2.1, Required testing for drug certification. Clinical 

studies have very strict guidelines issued by the regulating authorities, see Figure 4 for a 

description of the process from drug discovery to approval by the authorities, followed by 

mandatory postmarketing surveillance (Rang & Dale, 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: The drug discovery and development process.  

Drug development normally starts by identifying a chemical substance in the laboratory, the objective is to find the optimal 

substance for the drug-target interaction. Toxicology studies in animals or cell lines are a normal part of preclinical development. 

The first time the drug is tested on a human is during the phase 1 of clinical trials. These are normally healthy volunteers. Phase 2 

is used to identify the correct dosage of the drug and phase 3 is a randomized large clinical study on many patients. After this, data 

are submitted to the medicinal agency for evaluation. After a marketing authorization has been given, the company must keep a 

record and continuously register new side-effects that was not discovered in the pre- and clinical studies. Table is modified from 

Range and Dale’s Pharmacology, seventh edition (Rang & Dale, 2012). 
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1.3 Cancer  

 A short introduction to cancer biology 

Cancer is a disease of the cells. Normal cells follow strict programming for when to divide 

(proliferate) and create a new cell copy. Cell growth is self-limiting and normal cells 

communicate with the surroundings in order to build structures. Malignant cells occur when 

the cells lose their intrinsic ability to communicate with neighbor cells and control growth, 

resulting in a cell-mass (tumor). Tumors exist in an anaerobic and acidic environment, and 

will after growing beyond 2-3 millimeters begin to create their own blood vessels because 

nutrition by diffusion becomes insufficient, referred to as angiogenesis (Vasudev & Reynolds, 

2014). The cells and the body have mechanisms to counter malignant cells, but sometimes 

they fail. Cells are programmed to either repair the genome or undergo apoptosis (cell death) 

if the DNA helix is damaged or mutated to a certain extent by a protector protein, p53. Cell 

cycle initiation is protected by the protein Retinoblastoma (pRb), it may be imagined as a cell-

division brake pedal. Some species of Human Papilloma virus (HPV), mostly HPV 16, 

inhibits p53 by promoting its degradation (viral E6 protein) and disrupt pRb by viral E7 

protein, opening a door to uncontrolled cell division and DNA mutations (Litwin et al., 2017). 

Damage to the DNA by certain chemicals, drugs and ionizing radiation may induce cancer. 

However, the DNA itself is damaged around 50 000 times per day, and this is normally dealt 

with by repair mechanisms (Lindahl & Nyberg, 1972). Normal cells require several mutations 

before becoming malignant. The failure of one repair-system is not usually enough. When 

repair mechanisms fail, mutations are carried forward. The immune system may handle some 

renegade cells. The tumor may release cells into the blood stream or lymph and spread to 

nearby organs or other parts of the body. 80 % of tumors are from epithelial cells, the cells 

covering surfaces inside and outside of the body. Patients do not necessarily die from the 

initial tumor itself; 90 % of the patients die from metastasis of the initial tumor. Metastasis is 

when the tumor invades other tissues like the liver, lungs, kidneys, brain and disrupt the 

normal function of these organs. Tumors may cooperate with the surrounding tissue (stroma) 

and regulatory immune-cells to avoid detection and destruction. Some cancers have very high 

mortality because they are discovered late when the cancer has already spread, and are 

resistant to treatment, pancreatic cancer is a typical example. Others have a very good 

prognosis, depending of the type and biology of the individual tumor (Weinberg, 2014). 

Patients diagnosed with testicular cancer have a very good prognosis, because of good 
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response from the drugs cisplatin and etoposide (BEP-treatment protocol) (Hanna & Einhorn, 

2014). Acute lymphoblastic leukemia (ALL) in children, representing 30 % of all childhood 

cancers, was a dreaded cancer for many years, but due to intensive work by many researchers, 

this disease now has a cure rate of 80-90 %. The drug aminopterin, very similar to 

methotrexate, was among the first drugs active against ALL due to a breakthrough in the 

1940s by Sidney Farber. They experimented with folic acid in patients, resulting in an 

acceleration of the leukemic process. This led to the theory that folic acid antagonists may 

inhibit growth, and it worked very well. Today ALL is treated with a combination of 

vincristine and prednisolone including L-asparaginase, daunorubicin and cyclophosphamide 

(Ribatti, 2012). 

 International Agency for Research on Cancer  

The International Agency for Research on Cancer (IARC) has since the 1970s published 

reports and rated various exposures to chemicals and pharmaceuticals by their potential to be 

carcinogenic. The reports are comprehensive reviews of evidence by expert committees. The 

evidence is typically clinical studies and animal experiments. Agents are classified group 1-4, 

see Table 3. Group 2A, probably carcinogenic, signifies a higher level of evidence than 2B, 

possibly carcinogenic. One must take into consideration that classification is done when 

sufficient literature is available, so no classification does not necessarily mean that the agent 

is safe (International Agency for Research on Cancer, 2012). 

 

Table 3: IARC classification of carcinogenicity. Probably carcinogenic signifies a higher level of evidence than 

possibly carcinogenic (International Agency for Research on Cancer, 2012) 

Group Definition Degree of evidence of carcinogenicity 

1 Agent is carcinogenic to humans Sufficient evidence in humans or strong 

evidence in animals. 

2A Agent is probably carcinogenic to humans Limited evidence in humans  

Sufficient evidence in animals 

2B Agent is possibly carcinogenic to humans Limited evidence in humans 

Less than sufficient in animals 



13 

 

3 Agent is not classifiable as to its carcinogenicity 

to humans 

Inadequate evidence in humans 

Inadequate or limited in animals 

4 Agent is probably not carcinogenic to humans Evidence suggesting lack of carcinogenicity 

in humans and animals 

Some IARC classified pharmaceuticals 

Table 4 represents an example selection of pharmaceuticals classified by IARC. The complete 

list of classifications contains 1 067 entries as of November 2017. Substances are not limited 

to pharmaceuticals. Some categories listed include occupational exposure to chemicals, heavy 

metals, ultraviolet radiation and infections with e. g. Human papillomavirus. 

Table 4: Some pharmaceuticals classified by IARC (International Agency for Research on Cancer, 2017b). 

Volume refers to the publication. 

 

Agent Group Volume Year 

Phenacetin 1 24, Sup 7, 100A 2012 

Ciclosporin 1 50, 100A 2012 

Diethylstilbestrol 1 21, Sup 7, 71 1999 

Cisplatin 2A 26, Sup 7 1987 

Pioglitazone 2A 108 2016 

Phenobarbital 2B Sup 7, 79 2001 

Digoxin 2B 108 2016 

Methotrexate 3 26, Sup 7, 100A 2012 

Paracetamol 3 50, 73 1999 

Disulfiram 3 12, Sup 7 1987 
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Cancer incidence in Norway 

IARC publishes a comprehensive package of graphical cancer statistics. Figure 5 displays the 

cancer incidence among the 10 top cancer sites for both sexes in for Norway in 2012. NHL 

corresponds to Non-Hodgkin lymphoma (International Agency for Research on Cancer, 

2017a). 

 

Figure 5: Estimated cancer incidence in Norway, based on 2012 numbers (International Agency for Research on 

Cancer, 2017a) 

1.4 How pharmaceuticals can be carcinogenic 

Pharmaceuticals have the potential of driving cells towards malignancy through many 

different mechanisms. Generally, these mechanisms can fit into two main categories: 

genotoxic and non-genotoxic. A genotoxic carcinogen (section 1.4.1) signifies a substance 

that adversely affects the genome and can result in permanent mutations. A non-genotoxic 

carcinogen (section 1.4.2) implies a substance that alters the genome through long-term 

effects e.g. allowing the cell to accumulate and carry forward genetic errors in a more rapid 

fashion, or affect the clearance of dysfunctional cells (EMA/CHMP/ICH, 2017). These effects 

are discussed in the following sections. 
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 Genotoxic carcinogens  

The drug molecule may with its intrinsic chemical properties be reactive and mutagenic, or 

the endogenous breakdown products (metabolites) can be reactive, or create other reactive 

molecules leading to DNA mutations and alterations. These unwanted random mutations are 

normally picked up by the endogenous cellular repair machinery, but might occasionally be 

overlooked, allowing a mutation to be carried forward for the next cell generations (Klaassen 

& Watkins, 2015). Reactive substances from UV-radiation breakdown products may also 

interact with endogenous proteins to cause a photoallergic reaction, or in other cases a 

phototoxic reaction and both may promote carcinogenesis (Stern, 2012). How substances can 

act genotoxicically is presented in the following sections. 

Endogenous metabolic activation 

Most pharmaceuticals and chemicals require some degree of metabolic activation in order to 

be genotoxic. Many organs including lungs, intestines and liver encompass enzyme systems 

to neutralize foreign substances (Preissner et al., 2013). The goal is normally to make the 

substance more water soluble, commonly referred to as hydrophilic, in order to expedite the 

clearance of the substance in urine or bile. Thus, in order to make a substance more 

hydrophilic, it needs to be activated in some way in order for the enzymatic systems to make 

chemical modifications to the molecule. This process can produce reactive intermediates that 

are either slow or rapidly cleared. Humans can have quite different capacity in this enzymatic 

process, making some substances considerably more toxic for some and not even detectable in 

others (Corsini & Bortolini, 2013).  

The Cytochrome P450 (CYP) enzyme system is one of the most important regarding 

metabolism of drugs. This system is present in many tissues, with the liver being the most 

important (Preissner et al., 2013). The breakdown process can be divided in phase one and 

two. Phase one is normally a bioactivation/toxification reaction (functional groups are added), 

while phase two are mainly detoxification reactions, hydrophilic groups are added. Any 

substance absorbed from the intestines (except for the rectum) will be carried via the portal 

vain to the liver for molecular activation or detoxification. The enzymes CYP1A2, 2C9, 

2C19, 2D6, and 3A4 are responsible for the metabolism of most clinically used drugs (Corsini 

& Bortolini, 2013). Upregulation of the P450 gene 1B1 predisposes the patient for cancer, due 

to increased bioactivation of many procarcinogenic chemicals and carcinogenic estrogen  
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(Chun & Kim, 2016). Compounds in cigarette smoke are not necessarily carcinogenic in their 

nature, but the biotransformation in the body creates reactive metabolites in the process, 

before being detoxified. More than 8000 compounds are found to be present in cigarette 

smoking, of which 70 are identified carcinogenic by IARC (see section 1.3.2 for information 

about IARC) (Hecht & Szabo, 2014). Carcinogenic compounds may enter the body after 

being inhaled by the lungs, from injection or gastrointestinal absorption. During the 

metabolism of cyclophosphamide and ifosfamide, the reactive compound acrolein is created, 

causing damage, necrosis and inflammation in contact with the cells, especially the 

urothelium. This is normally prevented by administration of the detoxifier sodium 2-

mercaptoethanesulfonate (mesna) (Sannu et al., 2017).  

Photosensitive drugs 

After administration of a substance internally or externally, it will, in various extent be 

absorbed into the bloodstream shortly followed by distribution around the body. Based on the 

chemical properties of the substance, it will establish an equilibrium in fat and water soluble 

tissue. The lower layers of the epidermis are vascularized (containing blood vessels) leading 

to substance diffusion into various layers of the skin. Here it may be exposed for UV-

radiation and visible light, absorb energy, creating reactive intermediates that can bind to 

cellular proteins, DNA and cause inflammation. Both the mother substance and metabolites 

can be subject for reactivity (Dawe & Ibbotson, 2014). As an example, the antibiotics 

tetracycline and ciprofloxacin, the antifungal voriconazole and the anticancer drug 

vemurafenib are strongly associated with photosensitivity. We can divide reactions into 

phototoxicity and photoallergy. Phototoxicity is non-immunologic and caused by reactive 

molecules. Photoallergy results from an immunological reaction from e.g. topical agents 

found in sunscreens. Phototoxicity is the most common reaction and can lead to 

photocarcinogenesis. It is in fact used in psoriasis treatment, called psoralen-ultraviolet A 

photochemotherapy (PUVA). Psoralen is applied to the patient skin in affected areas, then the 

ointment is radiated with UVA-radiation to reduce skin inflammation. This process is 

believed to induce squamous cell carcinoma of the skin (Dawe & Ibbotson, 2014; Stern, 

2012). 
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Genotoxic insult to the DNA is prevented by DNA-repair mechanisms 

Our genome faces damage several thousand times each day (Sirbu & Cortez, 2013). 

Following a genotoxic insult, cells have a comprehensive system to detect and repair the 

DNA. Some of these cellular systems are mismatch-repair proteins (MMR, mutated in Lynch 

Syndrome associated with an increased risk of colorectal cancer), base excision repair, 

nucleotide excision repair and homologous DNA-repair (Dizdaroglu, 2015). Cells are also 

equipped with antioxidant defense mechanisms (e.g. glutathione) to help counter oxidative 

damage from reactive oxygen species. If the DNA is damaged during cell-division, a protein 

called p53 will halt the process until the damage is repaired, or if necessary, the cell 

undergoes apoptosis to protect the organism (Budanov, 2014). There is normally a balance 

between DNA-damage and repair, and if this balance is changed towards more damage, 

mutations may be left unrepaired and carried forward to the next cell generation. Common 

sources of oxidative damage include normal cellular metabolism, ionizing radiation, UV-

radiation and reactive breakdown substances from pharmaceuticals like paracetamol (section 

1.1.1), cyclophosphamide and ifosfamide (section 1.4.1) (Dizdaroglu, 2015). 

 Non-genotoxic carcinogens 

Cancer from non-genotoxic drugs result from chronic use over long time, typically years. 

Drugs that lower the immune response, like cyclosporine and tacrolimus are associated with 

an increase in cancer, especially lymphoma and Kaposi sarcoma for cyclosporine 

(International Agency for Research on Cancer, 2012). Hormones like estrogen are associated 

with cancer probably due to proliferative effects on breast tissue (International Agency for 

Research on Cancer, 2012). The antiepileptic drug phenobarbital has been questioned about 

its role in liver cancer (Braeuning, 2014). Proton pump-inhibitors have been questioned to be 

associated with an increase of certain gastric cancer types (Sheen & Triadafilopoulos, 2011). 

Theoretically, any substance that could interfere with normal cellular apoptosis, angiogenesis 

or other hallmarks of cancer would likely assist the cells towards malignancy. Possible 

mechanisms are discussed in the following sections. 
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The dual role of vitamins and antioxidants 

Antioxidants are substances that scavenge free radicals, like reactive oxygen species. Free 

radicals are believed to be involved in disease and ageing. A radical is any molecule that 

contains one or more unpaired electrons and it is naturally present in biological systems, used 

by the body in immune defense and created during metabolic breakdown of drugs. Drugs can 

alter the balance of free radicals (Kehrer & Klotz, 2015). Folic acid (vitamin B9) is a 

precursor for purine, pyrimidine and DNA, and suggested to possess antioxidant activity 

(Gliszczynska-Swiglo, 2007). Folic acid and cyanocobalamin (vitamin B12) supplementation 

was explored in two randomized, double-blind, placebo-controlled clinical trials in Norway. 

Ebbing et al. 2009 performed a combined analysis and extended follow-up of the study 

participants, in this case patients with ischemic heart disease. Treatment with folic acid and 

vitamin B12 was associated with increased cancer incidence, mortality and all-cause mortality, 

primarily lung cancer. No association was observed for colorectal cancer in this study (Ebbing 

et al., 2009). 

A study from 2015 by Piskounova et al. explored the process of malignant melanoma cells 

metastasis, as this process is previously known to be extremely inefficient. Oxidative stress 

experienced by circulating tumor cells is theorized to be one of the limiting steps of 

metastasis. The authors suggest that anti-oxidants supplementation may promote disease 

progression by promoting metastasis (Piskounova et al., 2015). 41 smokers who were 

administered with N-acetyl-l-cysteine, a precursor to the endogenous antioxidant glutathione, 

had a significant decrease in  DNA adducts and DNA oxidative damage bronchoalveolar 

lavage, but the clinical implications of this are still unknown (Izzotti, 2012). 

Administration of beta carotene (vitamin A) to smokers was found to increase the risk of lung 

cancer, see section 1.1.1. 

Suppression of the immune system (immunosuppressants)  

Suppression of the immune system is required for the management of autoimmune disorders 

and organ transplants. In order for a patient to receive an organ transplant (e.g. liver or 

kidney) the receiver will need to be continuously immunocompromised as long as the 

transplanted organ exists inside the receiver’s body, in order to avoid graft rejection. 

Tacrolimus and ciclosporin are cornerstone pharmaceuticals in this field, and transplants 
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could not take place without them, thus only for monozygotic twins (Day et al., 2014). T-cell 

signaling, recognition of foreign cells and attack from the adaptive immune system is 

inhibited with drugs in this category. Table 5 lists immune suppressives evaluated by IARC 

(International Agency for Research on Cancer, 2017b). 

Current treatment of autoimmune disorders like Crohn’s disease, ulcerous colitis, psoriasis 

and rheumatoid arthritis require suppression of the host immune response. Typically, drugs 

like methotrexate (once-a-week dosage), sulphasalazine, hydroxychloroquine (also anti-

malarial), azathioprine and corticosteroids (including prednisone) have been used by these 

patients. These drugs are typically referred to as disease-modifying antirheumatic drugs 

(DMARDs) (Demoruelle & Deane, 2012). Newer protein based drugs that target the immune 

system more efficiently are now in use as well. Some example of the later drug classes are 

tumor necrosis factor-alpha inhibitors (TNF-α)-inhibitors and phosphodiesterase inhibitors 

(e.g. apremilast) or JAK-inhibitors (e.g. tofacitinib) (Gossec & Smolen, 2015).  

Table 5: IARC classifications of drugs commonly used to suppress the immune system. Tacrolimus has so far 

not been evaluated (International Agency for Research on Cancer, 2017b). 

Type of immunosuppressive Group Volume Year 

Azathioprine 1 26, Sup 7, 100A 2012 

Methotrexate 3 26, Sup 7 1987 

Ciclosporin 1 50, 100A 2012 

Prednisone 3 26, Sup 7 1987 

 

Cyclosporine are associated with increased incidence of lymphoma and Kaposi sarcoma 

(International Agency for Research on Cancer, 2012). Cyclosporine carcinogenicity differs 

from other common mechanisms, as it does not interact with DNA or increase cellular 

proliferation. Studies suggest that the lowered immune surveillance is responsible for these 

effects. The reduced clearance of viruses increases virus-related cancers, notably Epstein-Barr 

virus-related lymphoma and cancer from human papillomavirus are prevalent (Ryffel, 1992).  
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An interesting side note - if an organ is transplanted with undetected presence of tumors or 

metastasis from the donor, the receiving patient might get an outgrowth of this cancer. From a 

UK register study with 30 765 transplants from 14 968 donors, 18 recipients developed donor 

origin cancer from 16 donors (0.06 % of patients) (Desai et al., 2012). 15 cases were 

transmitted with the graft, and 3 cases developed subsequently from the graft. The donor’s 

cancer status was unknown at transplantation. Normally the immune system would rapidly 

detect and eliminate foreign cells, similar to the rejection of a newly transplanted organ, but it 

remains undetected because of the action of the immune suppressive drugs. Desai et al. 

argued that explantation (removal of the newly transplanted organ) and discontinuance of 

immune suppressive likely improves the outcome of the cancer (Desai et al., 2012). 

Inadvertent receptor activation 

Phenobarbital, chemically classified as a barbiturate, is used as an antiepileptic and anti-

seizure drug. Phenobarbital acts on GABA-receptors in the central nervous system (CNS) that 

is the principal inhibitory neurotransmitter. Phenobarbital is not regarded as genotoxic. 

Phenobarbital does not only act on GABA-receptors in the CNS, but it seems to also have 

affinity for the constitutive androstan-receptor (CAR) in liver-cells, resulting in dysregulation 

of liver-cell proliferation (Braeuning, 2014). Phenobarbital and other anticonvulsant drugs are 

known to increase liver enzyme activity (P450-enzymes), with may both detoxify and activate 

carcinogens. Phenobarbital is believed to be associated with hepatocellular carcinoma (HCC). 

The main cause of HCC are Hepatitis B and C virus. A review conducted by La Veccia and 

Negri, 2014, analyze several cohort and case-control studies. Phenobarbital has been 

associated with non, positive or inverse correlation with liver cancer so it is difficult to make 

a final determination (La Vecchia & Negri, 2014). Phenobarbital is classified as possibly 

carcinogenic to humans, group 2B, by IARC in 2001 (International Agency for Research on 

Cancer, 2017b). 

Epigenetic changes  

The field of epigenetics is currently emerging. It is theorized to be the link between the 

environment and genes. Chemical substances that surrounds us may indirectly inflict 

permanent DNA-changes. Usually we have differentiated between characteristics from 

heritage and environment, and how it affects the development of a human being. However, 
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this may not be the correct representation after all. DNA translation may be affected by DNA 

methylation, histone modifications and microRNAs. Genes or substances promoting hyper-

methylation is generally associated with decrease expression of the gene, and this may be 

passed on genetically. This can be critical if the genes being silenced are involved in 

caretaking of the genome. As an example, arsenic exposure may increase methylation of the 

gene for the tumor suppressor’s p16 and p53 (Baccarelli & Bollati, 2009; R. M. Harris & 

Waring, 2012). 

Epigenetic alterations through deregulation of the balance between the enzymes histone 

deacetylase (HDAC) and histone acetyltransferase (HAT) regulating gene transcription are 

also possible. Histones are globular proteins that affect the interaction with the DNA and 

other nuclear proteins. Even though direct mutations of the DNA doesn’t take place, we may 

have permanent changes and dysregulation in the cells transcription of proteins and signaling. 

Diethylstilbestrol, as covered in section 1.1.1, is believed to involved in such mechanisms (R. 

M. Harris & Waring, 2012). 

1.5 Cancer prevention 

According to the World Health Organization, Cancer Prevention program , cancer prevention 

offer «the most cost-effective long-term strategy for the control of cancer» (World Health 

Organization, 2017) . Post surveillance of drugs increases the knowledge towards this 

ultimate goal. 

Cancer chemoprevention is not a new field of research, but there are very few drugs approved 

for this purpose. Some that are approved; tamoxifen and raloxifene, are currently used as 

adjuvant therapy against breast cancer (Cuzick, 2017). 

Prevention can take place in several parts of a disease. Prevention can take place before the 

disease occur, e.g. using drugs to prevent cancer. This is referred to as primary prevention. 

Secondary prevention is made after the disease occur, to limit the consequences. Example 

would be prescribing statins and low-dose aspirin to patients that have experienced a heart 

attack (to lessen the chances of another event). Screening for cancer is also regarded as 

secondary prevention. Tertiary prevention signifies to lessen the degree of a disease that is 

already occurring. An example would be management of a chronic disease or rehabilitation 

programs (Moser, 2015).   
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 How drugs can protect from cancer 

There is an increasing amount of literature regarding cancer prevention, and this field is of 

great interest. Antitumor- or chemopreventive effects have been observed for multiple drugs 

(Cuzick, 2017). 

Reduction of inflammation 

A widely known example today is the non-steroidal anti-inflammatory drug (NSAID) 

acetylsalicylic acid (Aspirin) used by many patients to prevent the formation of thrombus 

leading to myocardial infarction. When used over a period of several years, probably more 

than five, it has shown a decrease in colon cancer incidence. The mechanism for this is 

speculated to the inhibition of the prostaglandins, which are involved in inflammation (COX-

enzymes), among many other mechanisms (Friis et al., 2015). 

Hormonal regulation (antiestrogens and aromatase-inhibitors) 

Hormones regulate a variety of cellular functions, among them being proliferation. Sex 

hormones like estrogen and testosterone participate in cellular proliferation, and antiestrogens 

(tamoxifen and raloxifene) are provided for woman treated for breast cancer, if the tumor is 

identified as estrogen-receptor positive. Four prevention trials also show chemopreventive 

effects from tamoxifen in healthy high-risk women, used as adjuvant treatment, with 38 % 

reduction in breast cancer incidence, and a 50 % reduction of estrogen receptor positive breast 

cancer (Cuzick, 2017). 

Infection control 

Cancer can be cause by infections. It has taken loads of researchers many years to realize that 

viral infections was associated with cancer, but also bacteria, and it will be discussed in this 

section (Scheffler, 2014). 

Chronic infection of the bacteria Helicobacter pylori is an important cause of gastric ulcer. 

This became obvious in the 1980s after Marshall and Warren in 1984 published an article 

describing  the discovery of  a “spiral of curved bacilli” in biopsies from patients presenting 

for gastroscopy (Marshall & Warren, 1984). Chronic infections with this bacteria may cause 

long term inflammation that induce malignant cells and dysregulation of the tumor-suppressor 
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protein p53. In the time following this discovery we have effectively treated H. pylori 

infection with antibiotics together with stomach acid-inhibitors and probably prevented many 

cases of gastric cancer from H. pylori (Wang et al., 2014). 

Hepatocellular carcinoma (HCC) is a common human cancer. HCC can be caused by several 

factors. Among those are chronic alcoholism, obesity, bacterial toxins (aflatoxin) and 

especially chronic infections with hepatitis B and C virus (Clark et al., 2015).  

IARC has classified several type of infections as carcinogenic to humans, see Table 6 

(International Agency for Research on Cancer, 2017b). 

 

Table 6: Some IARC classified infections. Volume refers to the publication number (International Agency for 

Research on Cancer, 2017b). 

Agent Group Volume Year 

Epstein-Barr virus/Human herpesvirus type 4 1 70, 100B 2012 

Kaposi sarcoma herpesvirus/Human herpesvirus type 8 1 70, 100B 2012 

Helicobacter pylori (infection with) 1 61, 100B 2012 

Hepatitis B virus (chronic infection with) 1 59, 100B 2012 

Hepatitis C virus (chronic infection with) 1 59, 100B 2012 

Human immunodeficiency virus type 1 1 67, 100B 2012 

Human papillomavirus types 16, 18, 31, 33, 35, 39, 45, 

51, 52, 56, 58, 59 

1 64, 90, 100B 2012 

Malaria (Plasmodium falciparum, parasite) 2A 104 2013 
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Chemoprevention through vaccination 

Vaccines are utilized today where the carcinogen are identified as viral. Human papilloma 

virus (HPV) can cause various types of epithelial cancer, amongst the most important being 

cervical cancer (Cuzick, 2017). Cervical cancer is prevented through vaccination of 12-year 

old girls in Norway against HPV 16 and 18. Hepatitis B (HBV) and hepatitis C (HCV) are 

main causes of liver cancer, and a vaccine is readily available today towards HBV (Clark et 

al., 2015; Felleskatalogen, 2018). No vaccines currently exist to prevent hepatitis C, but 

effective pharmacological treatments are available (Felleskatalogen, 2018).  

Using chemotherapy agents for chemoprevention 

One interesting question, may agents used for cancer treatment actually be chemopreventive? 

With all the adverse effects from this kind of medication, it may seem impossible, but some 

chemotherapeutic agents have less adverse effects than others, as 5-flourouracil. Alkylating 

agents as cyclophosphamide and platina agents typically have more adverse effects. Many 

rheumatoid arthritis patients use a low dose of methotrexate weekly (Pfizer, 2018). There 

seems to be few studies on this subject. At an early stage, cancer cells might also be more 

sensitive to pharmaceutical intervention. 5-fluorouracil have been studied together with 

thymoquinone, the main bioactive constituent in Nigella sativa. It was found that this 

combination worked together to inhibit genes promoting cancer like Wnt, β-cathenin, NF-κB 

and more. The substances upregulated anti-cancer genes like CDNK-1A, TGF-β1, TGF-βRII 

and Smad4 (Kensara et al., 2016). This is interesting and should spawn more studies. 

Running trials on healthy people using drugs for chemotherapy might prove difficult as they 

carry a multitude of adverse effects. First of all, one needs to be reassured that the drug itself 

is not carcinogenic.  

 A Danish cancer-prescription database-coupling study 

Pottegard et al. 2016 has published a study where the cancer registry database was linked with 

the prescription database in Denmark. This study was performed as a systematic screening 

across different cancer and drug types. All patients with incident cancer during 2000-2012 

were identified and 10 controls were matched to each case. In particular, the authors evaluated 

second and fourth level ATC drug classes (e.g., C07 - beta-blockers) and fourth level (e.g., 

C07AB - selective beta-blockers) against 99 different cancer types. All drugs that had been 
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dispensed more than eight times was included (defined as chronic use). Positive findings were 

supplied by dose-response relationships. 1020 putative drug–cancer associations was 

identified. To get an idea of their findings, some of the results are presented in the following 

tables, limited to second level ATC-codes. In Table 7 some selected drug-cancer association 

are presented and in Table 8, some cancer preventive associations are presented. The authors 

have adjusted the data for education and comorbidity, but not for life-style factors like 

obesity, alcohol consumption and smoking. The Cancer Registry of Norway are working on 

developing a similar tool to perform long term surveillance of safety of prescription drugs in 

Norway (Pottegard et al., 2016). 

Identified drug-cancer relationships 

Table 7: Association between drug-cancer, restricted to second ATC-level and signals with more the 100 long-

term users among cancer cases or 1000 among control for the given drug exposure. The authors identified in 

total 57 signals. Table is modified from (Pottegard et al., 2016)  

Cancer ATC Drug class OR (95%CI)1 Specificity2 p-value3 

Lung (Squamous cell 

carcinoma) 

R03 Drugs for obstructive 

airway diseases 

2.61 (2.45–2.78) 1.16 <0.01 

Lung (Squamous cell 

carcinoma) 

L04 Immunosuppressants 1.87 (1.55–2.25) 1.13 0.04 

Kidney (Adenocarcinoma, 

clear cell) 

C09 Agents acting on the 

renin–angiotensin system 

1.82 (1.68–1.96) 1.01 <0.01 

Lip (Squamous cell 

carcinoma) 

C03 Diuretics 1.80 (1.39–2.33) 1.05 <0.01 

Stomach (Adenocarcinoma) A02 Drugs for acid related 

disorders 

1.65 (1.51–1.81) 1.07 <0.01 

Lung (Carcinoid) J01 Antibacterials for systemic 

use 

1.59 (1.25–2.01) 1.16 <0.01 

Bladder (Adenocarcinoma) J01 Antibacterials for systemic 

use 

1.54 (1.12–2.13) 1.16 0.02 

Liver (Hepatocellular 

carcinoma) 

M01 Antiinflammatory and 

antirheumatic products 

1.43 (1.22–1.69) 1.04 0.04 
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OR = odds ratio; CI = confidence interval 

1 Adjusted for gender age, calendar time as well as Charlson Comorbidity Index (CCI) score 

and education level. 

2 Specificity, the association (OR) between the drug and overall cancer risk. 

3 p-Value as obtained in the dose-response analysis 

Identified drugs with potential cancer-protective properties 

Table 8 represents some results of the protective effects of drugs, from the nationwide 

screening study (Pottegard et al., 2016). 

Table 8: Signals indicative of decreased cancer risk associated with drug classes at second ATC-level. Restricted 

to signals with more the 100 long-term users among cancer cases, or 1000 among controls for a given drug 

exposure. Table represents a modified excerpt from (Pottegard et al., 2016). 

Cancer ATC Drug class OR (95%CI)1 Specificity2 p-value3 

Pharynx (Squamous cell 

carcinoma) 

C10 Lipid modifying agents 0.47 (0.40–0.54) 0.94 <0.01 

Oral cavity Squamous cell 

carcinoma) 

C10 Lipid modifying agents 0.56 (0.49–0.65) 0.94 0.03 

Lung (Other (non-small 

cell) 

A10 Drugs used in diabetes 0.62 (0.53–0.72) 0.94 0.04 

Lung (Adenocarcinoma) A10 Drugs used in diabetes 0.63 (0.58–0.69) 0.94 0.09 

Lung (Small cell 

carcinoma) 

D01 Antifungals for 

dermatological use 

0.66 (0.54–0.80) 0.98 0.05 

Cervix uteri (Squamous 

cell carcinoma) 

G03 Sex hormones and 

modulators of the genital 

system 

0.73 (0.67–0.81) 1.12 <0.01 

Prostate N03 Antiepileptics 0.74 (0.68–0.81) 1.01 <0.01 

OR = odds ratio; CI = confidence interval 

1 Adjusted for gender age, calendar time as well as Charlson Comorbidity Index (CCI) score 

and education level. 

2 Specificity, the association (OR) between the drug and overall cancer risk. 

3 p-Value as obtained in the dose-response analysis 
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2 Aim of the thesis 

This thesis has the purpose to identify common prescription drugs and describe their role with 

respect to potential carcinogenic and chemopreventive mechanisms and effects through a 

literature study. Carcinogenic effects are not necessarily apparent during clinical trials, 

adverse effect reporting or drug certification, because of the short time-frame involved. Often, 

the need for chronic use over many years will be necessary to trigger the potential 

carcinogenic or chemopreventive effects of the drug. A literature study will be conducted 

based on published articles. 

The Cancer Registry of Norway has an ongoing study were the objective is to identify 

carcinogenic and chemopreventive effects of prescription drugs based on a linkage between 

Cancer Registry of Norway and the Norwegian cancer database towards the Norwegian 

prescription database. This thesis will provide background knowledge to this study.  

This, in this thesis the objective is to 

1. Identify the 10 most common drugs (chronic use) from the Norwegian Prescription 

Database. 

2. Evaluate the publication activity – how much research is done in this field – and 

3. Summarize and discuss the main findings 
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3 Method 

3.1 Chronic drug use 

We aimed to identify the 10 most commonly used prescription drugs for chronic drug use in 

Norway. Drug use (in general) may be ranked in different ways; number of users (Table 9), 

actual number of doses sold (DDD) (Table 10) and ratio DDD/users (Table 11). All measures 

are of interest, and they will be further described in the following sections. After the 

prescription has been issued by a doctor, the patient collects the medication at a pharmacy, 

and data are sent to the Norwegian Prescription Registry, which is the source of this 

information. The information are based on 2016 numbers (Berg et al., 2017; Reseptregisteret, 

2017). 

 

 

 

 

 

 

Paracetamol, diclofenac and the combination codeine and paracetamol are common 

painkillers. Etylmorphine is use against coughing. Acetylsalicylic acid (aspirin) is used to 

prevent thrombosis. Phenoxymethylpenicillin is a common used antibiotic. Zopiclone is used 

against sleeping disorders, cetirizine against seasonal allergy, atorvastatin against high 

cholesterol and metoprolol against heart attack and hypertension. From Table 9 we observe 

that pharmaceuticals ranked after number of users indicate that many patients are issued a 

prescription and collects medications containing painkillers (paracetamol) and 

phenoxymethylpenicillin. This does not necessarily indicate that a person uses the drug 

daily/chronically, throughout the year. A typical patient may have some pain and infection 

issues one to two times per year and doesn’t need the drug beyond that. Acetylsalicylic acid, 

on the other hand, is used continuously by many patients, low dose – typically 75-160 

Rank ATC Substance Number of users 
1 N02BE01 paracetamol 479 030 
2 J01CE02 phenoxymethylpenicillin 404 289 
3 B01AC06 acetylsalicylic acid 368 557 
4 N02AJ06 codeine and paracetamol 361 371 
5 M01AB05 diclofenac 330 952 
6 N05CF01 zopiclone 296 755 
7 R06AE07 cetirizine 281 412 
8 C07AB02 metoprolol 280 496 
9 R05DA01 ethylmorphine 266 227 

10 C10AA05 atorvastatin 264 578 

 

Table 9: Drug sales ranked after number of users, from 2016 (Berg et al., 2017) 
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milligrams in Norway, to prevent thrombosis, and the dose is too low to be an effective 

painkiller. This low-dose is given ATC-code B01AC06. A review performed by McCarthy, 

2012 suggest a dose of minimum 250 milligram acetylsalicylic acid to achieve pain reduction 

for headache (D. M. McCarthy, 2012). It does exist in higher doses for painkillers (500 

milligram), but this sale is covered under ATC-code N02BA01. Paracetamol is also available 

in stores and kiosks. We notice ethylmorphine is rated number nine. Ethylmorphine is a liquid 

preparation used as an antitussive, but the amount of documentation to support its use is very 

limited. Efficient drugs to treat this common indication are unfortunately lacking  (Smabrekke 

& Melbye, 2009). 

 

 

 

 

 

 

 

 

In Table 10, drugs are ranked after DDD sale. We observe new drugs on the list; 

levothyroxine sodium, used against thyroid disorders, esomeprazole against stomach acid 

disorders, and simvastatin, another drug used against high cholesterol. Levonorgestrel and 

ethinylestradiol are used as a combination for anticonception. This table indicates the amount 

of standard therapeutic doses sold for the particular drug. Atorvastatin, a common cholesterol-

lowering drug, sold 140.7 million doses in 2016. The standard dose defined for atorvastatin is 

20 milligrams (WHO/NIPH, 2017a), so 140,7 million doses of 20 milligram tablets were sold. 

This ranking indicates the volume of drugs sold, rather than number of individuals. The 

volume of «once-in-a-while» medications like antibiotics (penicillin) and cough-syrup 

(ethylmorphine) is considerably lower than drugs for chronic diseases and doesn’t make it to 

the list. 

 

Rank ATC Substance DDDs sold 
1 C10AA05 atorvastatin 140 749 056 

2 B01AC06 acetylsalicylic acid 117 683 888 

3 C10AA01 simvastatin   73 558 696 

4 C08CA01 amlodipine   60 328 564 

5 R06AE07 cetirizine 52 866 900 

6 N05CF01 zopiclone 49 514 804 

7 G03AA07 levonorgestrel and ethinylestradiol   44 894 808 

8 H03AA01 levothyroxine sodium   44 121 412 

9 C07AB02 metoprolol   44 040 756 

10 A02BC05 esomeprazole 42 034 424 

    

 

Table 10: Drugs sold ranked after number of defined daily doses (DDDs) (Reseptregisteret, 2017) 
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If we divide the number of doses by the number of users, we get a number that states how 

many doses an average patient is using per year. On this list (Table 11), we observe 

pantoprazole, another common drug against acid disorders. We observe acetylsalicylic acid 

and simvastatin, where each patient takes on average about 1 standard dose per day. 

Regarding atorvastatin (a once-a-day medication), the average patient uses 532 daily doses 

per year, indicating that some patients will need doses different from the standard of 20 

milligrams, say 10 or 40 milligrams, taking 0.5 or 2 DDDs per day, respectively. Metformin is 

used against diabetes and typically dosed three times per day with a dose of 0.5 – 1.0 gram. 

Assigned DDD is 2 grams to take into account multiple doses per day. Two proton pump 

inhibitors are present on the list indicating a large need for this kind of medication; 

esomeprazole and pantoprazole both reduce the production of stomach acid; they only differ 

on the molecular level. Doses sold/users gives us a picture of which drugs are used most 

regularly, and drugs present on this list will be the foundation for the literature search in this 

thesis. 

 

 

 

 

 

 

 

Rank ATC Substance DDD/users 
1 C10AA05 atorvastatin 532 
2 C08CA01 amlodipine 448 
3 B01AC06 acetylsalicylic acid 319 
4 C10AA01 simvastatin 316 
5 G03AA07 levonorgestrel and ethinylestradiol 299 
6 A02BC05 esomeprazole 250 
7 A10BA02 metformin 240 

8 H03AA01 levothyroxine sodium 215 

9 R06AE07 cetirizine 188 
10 A02BC02 pantoprazole 173 

 

Table 11: Doses per user rank (Berg et al., 2017; Reseptregisteret, 2017) 
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3.2 Literature search 

We applied mesh-based search in Medline via PubMed and Embase via Ovid to identify 

articles which report carcinogenic and chemopreventive effects of the ten drugs and eight 

drug classes selected. The literature searches were performed between 16-APR-2018 and 18-

APR-2018. Recent and relevant articles have been read in full to give information about the 

relevant substance potential role in carcinogenesis or chemoprevention. This includes 

original, meta-analysis, comments and review publications written in English or Norwegian. 

If few relevant publications was found, the Best Match search function in PubMed was 

utilized, with no time limitations, as it gives precise results. It is not considered 

comprehensive (U.S. National Library of Medicine, 2017). When there was sufficient article 

publication activity, graphs over activity have been made in Microsoft Excel. 

 Search algorithms 

Accessing Medline via PubMed (through the University of Oslo Library)  

«Substance» + carcinogenesis or carcinogenicity or chemoprevention, limited to the last 10 

years. 

Accessing Embase via Ovid (though the University of Oslo Library)  

«Substance» + carcinogenesis or cancer chemoprevention or chemoprophylaxis, limited to the 

last 10 years. 

After search, hits are exported to Endnote, and duplicates removed. 
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4 Results 

4.1 Selected substances and IARC screening 

One out of the ten selected substances (Table 12) have been evaluated by IARC. From this list 

(Table 12), the contraceptive agents ethinylestradiol and levonorgestrel are the only 

substances with sufficient documentation to be classified as carcinogenic to humans, rated 

class 1 (International Agency for Research on Cancer, 2017b). 

Table 12: The 10 most sold drugs based on DDD divided by number of users. Original numbers from publication 

«Reseptregisteret 2012-2016» published by the Norwegian Institute of Public Health, then modified to express 

DDD/users (Berg et al., 2017). 

Rating Substance and 

ATC-code 

DDD/user ATC-code levels 2 and 4 Area of use IARC 

classified 

1 Atorvastatin 

C10AA05 

532 C10 Lipid modifying agents 

C10AA HMG CoA reductase 

inhibitors 

High 

cholesterol 

No 

2 Amlodipine 

C08CA01 

448 C08 Calcium channel blockers 

C08CA Dihydropyridine derivates 

Hypertension No 

3 Acetylsalicylic 

acid (aspirin) 

B01AC06 1 

319 B01 Antithrombotic agents 

B01AC Platelet aggregation 

inhibitors excluding heparin 

Prevention of 

thrombosis 

No 

4 Simvastatin 

C10AA01 

316 C10 Lipid modifying agents 

C10AA HMG CoA reductase 

inhibitors 

High 

cholesterol 

No 

5 Levonorgestrel 

and 

ethinylestradiol 

G03AA07 

299 G03 Sex hormones and modulators 

of the genital system 

G04AA Progestogens and 

estrogens, fixed combinations 

Contraceptive Yes (group 

1)2 

6 Esomeprazole 

A02BC05 

250 A02 Drugs for acid related 

disorders 

A02BC Proton pump inhibitors 

Acid related 

disorders 

No 
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7 Metformin 

A10BA02 

240 A10 Drugs used in diabetes 

A10BA Biguanides 

Diabetes  No 

8 Levothyroxine 

sodium 

(H03AA01) 

215 H03 Thyroid therapy 

H03AA Thyroid hormones 

 

Hypothyroidism No 

9 Cetirizine 

R06AE07 

188 R06 Antihistamines for systemic 

use 

R06AE Piperazine derivates 

Allergy No 

10 Pantoprazole 

A02BC02 

173 A02 Drugs for acid related 

disorders 

A02BC Proton pump inhibitors 

Reflux 

esophagitis 

No 

1Acetylsalicylic acid has several ATC-codes for whether the intended use is antithrombotic or 

analgesic. 

2 Classified by IARC, latest 2012. Volume 72, 91 and 100A. 
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 Identified articles from literature search 

Table 13 reflects the number of publications identified from PubMed and Embase, from the 

last 10 years. Among the top five most studied drug classes are metformin (with 601 

publications), aspirin (498 publications) and lipid modifying agents (statins, 378 

publications), oral contraceptives (225 publications) and proton-pump inhibitors (190 

publications).  

Table 13: Results from number of articles published; search in PubMed and Embase, from the last 10 years. This 

includes comments, original articles, meta-analysis and review articles. 

Pharmaceutical Amount of publications, 

last 10 years 

Lipid modifying agents - statins (atorvastatin and simvastatin) 378 

Antihypertensives - calcium channel blockers (amlodipine) 16 

Acetylsalicylic acid (Aspirin) 498 

Combined estrogen-progestogen oral contraceptives (estrogen-

progestogen) 

225 

Proton-pump inhibitors (pantoprazole and esomeprazole) 190 

Metformin 601 

Thyroid hormones (levothyroxine sodium) 11 

Histamine (H1-receptor) antagonists (cetirizine) 30 
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4.2 Drug classes 

 Lipid modifying agents – simvastatin and atorvastatin 

Literature search  

16-APR-2018, last 10 years, statins, PubMed (264) + Embase (182), in total 378 articles.  

Since statins have similar effects across the substances, this search was focused on the class 

effects of statins, using the keyword “statins”. See Figure 6 for publishing activity for statins 

regarding carcinogenesis or chemoprevention in PubMed, this graph includes years from 

1994. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Molecular structure of atorvastatin. 

Figure 6: Articles published of statins involving chemoprevention or carcinogenesis per year from 1994-2018, from 

PubMed. 
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Atorvastatin and simvastatin are discussed together due to the similar pharmacological 

properties. The drug class is called statins. As seen in Figure 7 and Figure 8 their molecular 

structure differ quite substantially, with atorvastatin having a significant longer half-life than 

simvastatin (14 hours and 2 hours respectively) (Mylan, 2018; Sandoz, 2018). Simvastatin is a 

prodrug and require enzymatic ester hydrolysis before it becomes active. There are several 

drug classes used to lower the cholesterol, and statins are among the most commonly used in 

Norway. Simvastatin and atorvastatin, including other statins as fluvastatin and lovastatin, are 

classified as fat soluble statins (lipophilic), pravastatin and rosuvastatin are classified as water 

soluble (hydrophilic) (Gronich & Rennert, 2013). This affects the drugs properties in the 

body, like clearance and diffusion into tissues. Fat soluble drugs normally have better tissue 

penetration as they can diffuse in lipophilic layers, water soluble require transport proteins to 

penetrate cell-membranes. 

Lipid modifying agents lower the cholesterol levels in the body through inhibiting the enzyme 

hydroxy-methyl-glutaryl-coenzyme A reductase, usually referred to as HMG-CoA-reductase. 

This enzyme is responsible for synthesizing the precursors for cholesterol and other products. 

Cholesterol, in form of low-density lipoprotein (LDL), makes arteries stiff. LDL gets trapped 

in the artery wall over time, leading to what is called plaque. Plaque promotes local 

endothelial cellular damage and inflammation that lowers the threshold of rupture of the 

blood vessel wall. A blood clothing sequence is initiated if the blood vessel ruptures, 

ultimately leading to a blocked artery of the heart – an acute event referred to as myocardial 

infarction (Boateng & Sanborn, 2013). Statins primary indication is to reduce the level of 

cholesterol and triglycerides if diet and exercise is not sufficient (Sandoz, 2018). The goal is 

reduced probability of heart disease and stroke for patients with levels of low density 

lipoprotein (LDL) outside of the reference values. Statins are also prescribed to patients that 

have experienced a myocardial infarction, as secondary prevention. Patients with familial 

Figure 8: Molecular structure of simvastatin. 
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hypercholesterolemia are especially at risk of heart disease in young age, and have a 

potentially high benefit from this class of drugs (Klose et al., 2014). Adverse effects from 

statins are rear, the most common is muscle pain. Adverse effects can emerge from 

interactions with food or drugs (grapefruit juice, HIV-medication, ciclosporin, rifampicin) 

because of tendencies to inhibit liver enzymes and lower the metabolism of statins. 

Simvastatin have low bioavailability due to first pass effect, but with the enzyme CYP 3A4 

inhibited, simvastatin may have many times the higher bioavailability (Moßhammer et al., 

2014). The most feared adverse effect is rhabdomyolysis, muscle necrosis leading to acute 

kidney failure, but this happens at a very low frequency. In a review article by Moßhammer et 

al., overall incidence of hospitalization from rhabdomyolysis was 4 per 10 000 persons for the 

intensive treated group (80 milligram atorvastatin daily) and 1 per 10 000 patients in the less 

intensive treated group (10 milligram simvastatin daily) (Moßhammer et al., 2014).  

Results from clinical and observational studies 

Statins are investigated for cancer prevention (Katz, 2005). Initially, some studies indicated 

that lowering serum cholesterol was associated with carcinogenic properties, but this was later 

proven not to be the case, reviewed by (Lochhead & Chan, 2013). The following sections will 

describe results from some studies on cancer prevention and statins. 

Overall cancer 

In a meta-analysis of 26 RCTs for overall cancer, statins were not associated with reduced 

overall cancer incidence. Of note, cancer prevention was not the goal of the studies, cancer 

data was studied in retrospect. Statins were found to have a neutral effect on cancer and 

mortality. They also found that no type of cancer was associated with statin use (Dale et al., 

2006). Another meta-analysis had been conducted and follow up time was 4 years. Statins 

was found to be negatively associated with stomach, liver and lymphoma cancer, and 

positively associated with melanoma and non-melanoma skin cancer. A third meta-analysis of 

case control studies showed overall reduced cancer incidence (OR 0.71 (CI: 0.56-0.89)) 

(Gronich & Rennert, 2013). 

Cancer of the colorectum 

Several RCTs have been conducted to look for associations between colon cancer and statins, 

but according to a meta-analysis by Lochhead and Chan, they fail to show this (Lochhead & 

Chan, 2013). The longest follow-up time from the different studies recorded was 5.9 years 

and this might not be sufficient to reveal any trend, because of long latency of cancer 
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development. Some studies even were of 2 years or less of follow-up. Also the patient group 

using statins might be at risk of dying of heart diseases or stroke before sufficient time have 

elapsed for colon cancer to develop. Prevention of colorectal adenomas (polyps), precursors 

of cancer, have been studied, in a group of 231 individuals. Significantly fewer adenomas was 

observed in the group who had achieved ≥30 % reduction in LDL-cholesterol (Lochhead & 

Chan, 2013). There are results from animal studies that statins combined with NSAIDs might 

be beneficial. A German population based study, reported 62 % reduced risk of colorectal 

cancer, but five other case-control studies fail to find this interaction. At this time, evidence 

does not suggest colorectal chemoprevention by statins, but future studies might provide 

better evidence, especially for hereditary, high risk colorectal cancer patients (Lochhead & 

Chan, 2013). 

Breast cancer 

A review by Santa-Maria and Stearns 2013 on statins summarize case control and cohort 

studies, no RCTs of this kind have currently been conducted. Results are variable, with some 

studies even showing an increase in cancer, and others find reduction. Many studies have a 

short time of observation (2-4 years). So far statins to prevent breast cancer lack sufficient 

association despite several observational studies (Santa-Maria & Stearns, 2013).  

Lymphoma, stomach, lung, gastric and melanoma and non-melanoma skin cancer 

A Finnish meta-analysis of 42 studies (17 RCTs, 10 cohort studies and 15 case-control 

studies) finds that statins have no effect on overall, lung, (breast) or prostate cancer 

(Kuoppala, Lamminpaa, & Pukkala, 2008). Protective effects was observed for stomach (RR 

= 0.59, median range (0.40-0.88) and lymphoma cancer (RR = 0.74, (0.28-2.2)). Positive 

associations was seen for both melanoma (RR =1.5, (1.3-1.7)) and non-melanoma skin 

cancers (RR = 1.6, (1.2-2.2)) (Kuoppala et al., 2008). 

Hepatocellular carcinoma (HCC)  

In a meta-analysis by Singh et al., statins was negatively associated with HCC, especially in 

the Asian population (OR = 0.52 (CI: 0.42– 0.64)), and in the Western population (OR = 0.67 

(CI: 0.53– 0.85)) (S. Singh et al., 2013). The authors state that hepatitis B infection is strongly 

associated with HCC, and this might explain why the Asian population had a lower overall 

ratio. The authors call for RCTs to confirm associations (S. Singh et al., 2013). 
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Glioblastoma multiforme  

A Danish interception cohort study shows that glioblastoma multiforme (GBM) prognosis 

was improved with statins (Gaist et al., 2014). Long term and high intensity use was 

associated with some increased survival. They identified a dose-response relationship with 

increasing duration and intensity and all-cause death among GBM patients. This was an 

observational study only, with some positive effects, confounding might be present, as the 

authors did not take body mass index (BMI) into account. Further studies and meta-analysis 

should be conducted to determine this relationship (Gaist et al., 2014). 

Cancer of the prostate  

A Danish population study by Jespersen et al. 2014 of 42 480 patients finds that statin use 

leads to a 6 % decrease in overall risk of prostate cancer and a 10 % decrease in risk of 

advanced prostate cancer. Several observational studies and clinical trials haven’t reached the 

same results, and show no association. Studies in overall show uncertain effect on prostate 

cancer, but many in a protective direction. (Jespersen et al., 2014). 

Proposed mechanisms of statins in carcinogenesis or chemoprevention 

Statins were suspected to have anti carcinogenic effects because of several so called 

pleiotropic effects (general beneficial effects). Numerous in vitro and in vivo studied has 

shown effects as reduced inflammation and possible interference with proliferative signaling 

pathways, suppression of angiogenesis and tumor growth (Jespersen et al., 2014). 

Lipid levels and association with cancer 

Obesity and cancer in well documented, but may chemopreventive effects of the statins be 

due to lowering of the cholesterol? High-density lipoprotein (HDL) is considered the 

beneficial cholesterol and low-density lipoprotein (LDL) is associated with plaque formation. 

A study by Borgquist et al. 2016 explored this and found some indications that elevated levels 

of Apolipoprotein B (precursor for LDL) and ApoB/ApoA1 ratio had some associations with 

cancer in both genders. No difference was observed for prostate cancer. Colorectal cancer was 

associated only with ApoB but not LDL and HDL. The results are not clear cut, but might be 

building block in the obesity and cancer association. (Borgquist et al., 2016). 

Sensitizing stem-like breast cancer cells 

In a preclinical in vitro model, simvastatin have showed to make triple-negative- and 
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inflammatory breast cancer stem-like cells more sensitive to radiation, indicating that statins 

may have a role in treatment. Authors suggest that this is investigated in clinical trials 

(Lacerda et al., 2014). 

Current studies  

Clinicaltrials.gov returns five ongoing studies related to statins and chemoprevention, all but 

one studying breast cancer together with lovastatin, simvastatin or atorvastatin. Searching 

using keywords statins and cancer reveals 142 studies ongoing, these studies are focused on 

statins administered together with chemotherapy (ClinicalTrials.gov, 2018).  

 Antihypertensives, calcium channel blockers – amlodipine 

Literature search 

18-APR-2018, last 10 years, calcium channel blockers, PubMed (3) + Embase (13), in total 16 

articles. Few articles were identified regarding calcium channel blockers (CCBs). Publications 

not related to cancer were removed.  

 

 

 

 

 

Along with angiotensin converting enzyme inhibitors (ACE-inhibitors), angiotensin 

antagonists and diuretics, calcium channel blockers (CCB) are among the cornerstone drugs 

of the treatment of hypertension and cardiovascular diseases. See Figure 9 for molecular 

structure of a common CCB, amlodipine. It is a calcium channel inhibitor, inhibiting calcium 

influx in smooth muscles, leading to a relaxation of the muscles around blood vessels and thus 

leads to a lower blood pressure (Pfizer, 2017a). Blood pressure and the hearts working load 

Figure 9: Molecular structure of amlodipine. 
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will be reduced by this drug. Amlodipine has a half-life of 35-50 hours, other CCBs have less, 

and nimodipine one to two hours (Pfizer, 2017a).  It can be used in combination with other 

hypertensive drugs, like those mentioned in the beginning of this section, for increased blood 

pressure lowering. Common adverse effects include edema, gastrointestinal pain and flushing. 

Other similar CCBs to amlodipine are felodipine, nifedipine and lerkanidipine, and more 

exists (Felleskatalogen, 2018; Pfizer, 2017a). 

Results from clinical and observational studies 

Observational studies regarding CCBs (some involving beta-blockers, diuretics, ACE-

inhibitors and angiotensin-receptor-antagonists) have generated both positive and negative 

signals and Milan et al. concludes that it is not likely CCBs are carcinogenic (Milan et al., 

2014). For further studies on the specific cancer types, see the following sections. 

Cancer of the lip 

The CCB nifedipine is a photosensitive antihypertensive drug that might induce the rate of lip 

cancer, odds ratio, 2.50 (CI: 1.29-4.84), most cases were squamous cell carcinoma (Friedman 

et al., 2012). Read more about photosensitizers in the following sections. 

Breast cancer 

From a meta-analysis by Chen et al. 2014; a large cohort study from 2013 suggested that 

CCBs used for 10 years was associated with breast cancer, however, three follow-up cohort 

studies for more than 10 years did not show any association between CCBs and breast cancer 

(Chen et al., 2014). The authors conclude that currently, there is no association between CCBs 

and breast cancer. The overall ratio was 1.11 (CI: 0.93–1.33) (Chen et al., 2014). A 

prospective cohort from Saltzman et al. 2013 suggest a higher association between breast 

cancer and immediate release formulation of CCBs, however information was based on a 

small sample size. Patients using antihypertensives was more likely to have higher hip-waist 

ratio and to have diabetes (Saltzman et al., 2013).  

 

Cancer of the lung 

In a meta-analysis by Rotshild et al. 2018, patients with prolonged CCB treatment show a 

moderate, but significant increased risk for lung cancer. Overall risk ratio 1.15 (CI: 1.01-

1.32). Increased risk was observed in studies with CCB use more than 4 years. All studies 

included, except for one, adjusted for smoking status. Smoking and overall health may 
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nevertheless be a confounder in the studies, as patients may admit smoking patterns 

differently (Rotshild et al., 2018).  

Cancer of the prostate 

Poch et al. 2013 performed a register study, as epidemiological studies had indicated that 

prostate cancer was inversely associated with CCBs. Their study of patient outcome from 

1993-2010 did not reveal any association between prostate cancer aggressiveness at diagnosis, 

progression free survival or overall survival (Poch et al., 2013). 

Proposed mechanisms of calcium channel blockers in carcinogenesis or 

chemoprevention 

Modulation of intracellular calcium is thought to be associated with cellular proliferation and 

apoptosis, there might be some effects that are difficult to discover from this drug. 

Amlodipine, diltiazem and verapamil, all CCBs, are studied together with conventional 

chemotherapy in drug resistant breast cancer, also in conjunction with tamoxifen treatment 

(Saltzman et al., 2013; A. Singh & Bangalore, 2012) Effect of apoptosis, proliferative 

signaling and photosensitivity are presented in the following sections. 

Effect on apoptosis 

Saltzman et al. 2013 discuss potential effects on inhibiting apoptosis, due to higher 

intracellular calcium levels, but lack of support from scientific literature (Saltzman et al., 

2013). In general, calcium is known to be involved in many extra and intracellular enzymatic 

processes, e.g. blood coagulation.  

Proliferative and migration signaling 

An in vitro and in vivo study by Gou et al. 2014 suggest that nifedipine activates the 

phosphorylation of extracellular signal-regulated kinases (Erk), a pathway involved in cellular 

migration (movement) and proliferation (Guo et al., 2014). Because of the nature of this 

study, it is not certain what implications this has in the human body. 

Photosensitivity 

Nifedipine, a common CCB, is a drug sensitive to UV-radiation (see also section 1.4.1 for 

information about photosensitive drugs) (Friedman et al., 2012). Searching for nifedipine and 

cancer in PubMed returns more than 100 publication limited to the last 10 years, much more 

than the initial drug-class search. All drugs are distributed throughout the body in most tissues 
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depending on individual drug characteristics, and if not inhibited by the blood-brain barrier. 

Drugs will also be present in the layers of the skin. The molecule absorbs energy from the 

UV-radiation or visible light, leading to release of electrons. Drugs present in the upper skin 

layers will be subject for UV-radiation exposure, that makes the molecule break down and 

create free radicals, which opens up for damage of cells, proteins, DNA and results in 

inflammation. In a cohort study from the Kaiser Permanente Medical Care Program, the CCB 

nifedipine and the diuretic, antihypertensive hydrochlorothiazide was associated with lip 

cancer (Friedman et al., 2012). 

Current studies 

ClinicalTrials.gov returns 111 studies related to CCBs and cancer. No results were found for 

CCBs and chemoprevention. Results seems to be oriented towards CCBs in treatment or 

secondary prevention (ClinicalTrials.gov, 2018). 
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 Antithrombotic agents – acetylsalicylic acid (aspirin) 

Literature search 

 

16-APR-2018, last 10 years, aspirin, PubMed (375) + Embase (137), in total 498 articles. 

Acetylsalicylic acid (aspirin) is heavily studied and search for publications reveals more than 

498 publications the last 10 years. See Figure 10 for aspirin publishing activity (no time 

limits) in PubMed.  
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Figure 10: Plot over articles available in PubMed regarding acetylsalicylic acid and carcinogenesis with no 

time limitations. This is hits from the years 1978 to 2018. 

 

Figure 11: Molecular structure of acetylsalicylic 

acid (aspirin). 
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Acetylsalicylic acid, known as ASA or aspirin is a traditional painkiller that have been used 

therapeutically for more than a 100 years. For chemical structure see Figure 11. Felix 

Hoffman first synthesized aspirin in 1897, by adding an acetyl group to the already known 

salicylic acid. This kept the benefits of the anti-inflammatory, analgesic and antipyretic 

properties, with a reduction of gastrointestinal adverse effects such as bleeding (Ornelas et al., 

2017). Today, a high number of patients worldwide use low-dose aspirin frequently to prevent 

myocardial infarction and stroke from blood cloths. Aspirin inhibits blood coagulation 

through inhibition of platelet aggregation. After ingestion, aspirin is quickly absorbed into the 

circulation where it permanently acetylates and inhibits an enzyme present in the platelet, 

cyclooxygenase-1 (COX-1). This blocks the production of the procoagulant thromboxane-A2, 

throughout the platelet life span of seven to ten days (Ornelas et al., 2017; Patel & Fleisher, 

2014). A low dose of aspirin (prescription drugs available at 75-160 milligram in Norway) is 

used for thrombosis prevention associated with vascular events. Aspirin predominantly 

inhibits COX-1 enzyme in the blood platelets at lower doses. What differs aspirin from other 

NSAIDS is that aspirin provides an irreversible inhibition of the COX-1 enzyme. The COX-1 

enzyme initiate platelet aggregation by creating Thromboxane A2 (Ornelas et al., 2017). With 

COX-1 inhibited, this process of platelet aggregation is less likely to take place. The low dose 

of aspirin leads to presystemic acetylation of the COX-1; platelets are affected mostly in the 

portal vein, before aspirin reaches metabolic breakdown to salicylic acid in the liver. 

Administered in low doses, aspirin have a minimal effect on other processes. Endothelial cells 

produce prostacyclin which have platelet-inhibitory properties that are beneficial, and can 

potentially be affected by aspirin as well. However, using low-dose aspirin, aspirin is 

metabolized by the liver before reaching the systemic circulation as discussed earlier, and not 

affecting endothelial cells. Unlike the platelets, endothelial cells can also synthesize new 

COX-enzymes if they are inhibited (Jaffe & Weksler, 1979). Aspirin is available as a pain 

reliever, but higher doses are required to circumvent the rapid metabolic breakdown. To get 

pain relieving properties, aspirin must be in doses of 325 milligram or more (Sostres & Lanas, 

2011). Aspirins beneficial effects on the human organism are apparently not limited to pain 

management and thrombosis prevention. Long term observational studies have revealed a 

substantial decrease in cancer incidence among patients using aspirin on a regular basis. 

Numerous observational and clinical studies have been completed on this subject. They will 

be presented in the following sections. 
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Results from clinical and observational studies 

Overall incidence and mortality 

Thorat and Cuzick (2013) report reduced incidence of overall cancer, by 12 % with the daily 

use of 75-300 milligrams of aspirin. Three years of treatment is necessary for the effects to 

become apparent, and effects are similar in men and woman. Effect increases to 19 % 

reduction if used for five years or more. Reduction of mortality is greater than reduction of 

incidence. It becomes apparent after five years of treatment with aspirin, and beneficial effects 

lasting more than 20 years in studies with sufficient follow-up. After five years of follow up, 

mortality was reduced by 34 %. Overall, aspirin reduced cancer deaths by 20 %. In the 

following sections, effects on the different cancer type will be presented (Thorat & Cuzick, 

2013). 

Cancer of the colorectum 

Aspirin effect on colon cancer has extensive amount of evidence, and probably the best 

evidence so far in the field of pharmacological cancer prevention. A meta-analysis of 12 

studies by Ye et al. in 2013 concludes that long-term treatment (more than five years) with 

low-dose (75-325) milligrams per day of regular use can reduce the risk of colorectal cancer.  

Results indicate a stronger risk reduction with a higher dose of aspirin. 75 milligram per day; 

RR = 0.90 (CI: 0.86-0.94) and 325 milligram per day; RR = 0.80 (CI: 0.74-0.88). 

From the analysis; there is a linear relationship between duration of use, and longer is better. 

Five years and upwards seems to be required to achieve the protective effect (Ye et al., 2013).  

 

Hereditary colon cancers 

Patients with familial adenomatous polyposis (FAP) account for less than 1 % of the 

colorectal cancers, but the patients carry a high risk of getting cancer.  FAP is a disease that 

typically leads to hundreds or thousands of adenomatous polyps throughout the colon. Aspirin 

have been studied, as previous trials with sulindac or celecoxib (other NSAIDS) have shown 

reduced number and size of polyps in placebo-controlled trials. Studies with aspirin have 

shown various results. Since there is evidence for chemoprevention with aspirin on colon 

cancer, but uncertainties regarding dose and duration in FAP,  author recommends that the 

determination to treat with aspirin should be evaluated on an individual basis (Chan, 2011). 

Lynch syndrome is an inherited defect of the DNA mismatch repair system, resulting in 70 % 

lifetime risk of colorectal cancer, including higher risk of ovary, uterus and small intestine 
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cancer. In a comment from Chan and Lippman, aspirin has shown promising results on 

lowering colon cancer incidence in this group of patients, but some studies fail to prove 

significance, although results are in a protective direction (Chan & Lippman, 2011). A 

registry study by Ait Ouakrim et al. 2015 suggest patients carrying defects in the DNA 

mismatch repair system, will have benefit from using aspirin and ibuprofen, another NSAID 

(Ait Ouakrim et al., 2015). 

Cancer of the lung 

The International Lung Cancer Consortium (ILCCO) has performed a pooled analysis from 

seven case-control and one cohort study, and found that reduced risk of lung cancer was 

associated with the use of aspirin (McCormack et al., 2011). One study also indicate that 

aspirin may reduce the number of regional lymph node metastasis in mice, without a 

reduction of primary tumor size. Reduced mortality was observed in this study (Ogawa et al., 

2014). A meta-analysis by Oh et al. 2011 indicate that there is a protective association in case-

control studies, but the same association lacking in cohort studies, confirming the need for 

randomized controlled trials to be performed to confirm associations (Oh et al., 2011). 

Hochmuth, Jochem and Schlattmann (2016) published a meta-analysis from 10 case-control, 

seven cohort studies and three clinical trials (Hochmuth, Jochem, & Schlattmann, 2016). A 

strong heterogeneity between studies are present, making it difficult to compare them. Studies 

were subsequently analyzed based on differentiation between non-small-cell lung cancer 

(NSCLC) and small-cell lung cancer (SCLC). A protective effect against NSCLC was 

observed, but an adverse association was observed for SCLC. Results from cohort studies;  

NSCLC: RR = 0.74 (CI: 0.58-0.94) and SCLC: RR = 1.31 (CI: 1.08-1.59) (Hochmuth et al., 

2016). Some patient-groups might benefit from aspirin; those (at some point) diagnosed with 

NSCLC (85% of cases) may, whilst patients diagnosed with SCLC (about 15 % of cases) 

might not. Noting NSCLC (about) being the most common form of lung cancer (Yu et al., 

2014). The authors argue that different tumor biology might be involved, with NSCLC (being 

an adenocarcinoma) having a higher expression of COX-2-enzymes compared to SCLC. Why 

aspirin may give increased risk for SCLC is at present unknown (Hochmuth et al., 2016; 

Usman et al., 2015). Cigarette smoking is strongly associated with NSCLC and heavy 

smokers might have substantial benefit from chemoprevention, as aspirin (including 

ibuprofen in this study) seems to counteract smoke-induced carcinogenesis (R. E. Harris, 

Beebe-Donk, & Schuller, 2002). 



48 

 

Esophageal cancer and Barret’s esophagus (precursors for cancer)  

Multiple meta-analysis has shown that aspirin carries a protective effect against esophageal 

cancer, especially patients experiencing recurring gastroesophageal reflux (Sivarasan & 

Smith, 2013). Low dose aspirin shows protective effect against esophageal adenocarcinoma in 

patients with Barrett´s esophagus. In a study from Sivarasan and Smith in 2013, the degree of 

protection has been found to increase with longer duration of treatment and higher frequency 

of use (Sivarasan & Smith, 2013). In a meta-analysis from Zhang et al. Both aspirin and non-

aspirin COX-inhibitors were associated with reduced risk of neoplasia, and non-aspirin COX-

inhibitors tends to be more efficient. There was uncertainty regarding duration of exposure 

(Zhang et al., 2014). Thrift et al. 2016 found through a pooled individual-level participant 

data from six case-control studies that aspirin and other NSAIDs probably does not protect 

against the precursor lesion to esophageal cancer, Barret’s esophagus, but it however seems to 

protect against esophageal adenocarcinoma, indicating that protection against cancer occurs 

after the development of Barret’s esophagus (Thrift et al., 2016). 

Breast cancer 

Regarding breast cancer and protection from aspirin, further evaluation is needed. Many 

studies have given inconclusive results (Usman et al., 2015). Women`s Health Initiative 

program (variable dose and NSAIDs) and Women`s Health Study (100 milligram every other 

day) showed no difference in breast cancer incidence after 10 years of intervention and follow 

up (Brasky et al., 2014; Cook et al., 2005). 

Iowa Women`s Health Study of postmenopausal women showed that using low-dose aspirin 

daily prevent and reduce breast cancer risk by 20 % (Bardia et al., 2011). The reason for the 

splitting results may be patient heterogeneity, overall health, and tumor biology (including 

tumor-hormone-status). 

 

Cancer of the ovary 

Aspirin use is inversely associated with ovarian cancer. A pooled analysis of 12 case-control 

studies by Trabert et al. achieved a 20-34 % risk reduction depending on dose, duration and 

frequency of aspirin administration. The risk reduction was strongest associated with daily 

use of low-dose aspirin (<100 milligram), contrary to other cancer types where protection 

seems to be coupled to higher doses of aspirin (Trabert et al., 2014). Albeit results should be 

verified through randomized controlled trials, this pooled analysis indicate a protective effect 
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of aspirin on ovarian cancer. In a case-control study by Nagle et al., no effect was observed on 

mortality (Nagle et al., 2015). Results from Women’s Health Initiative indicate reduced risk 

of ovarian cancer with the use of aspirin, similar effects also observed for other NSAIDs 

(Brasky et al., 2014). 

Cancer of the prostate 

Multiple observational studies indicate a protective effect against prostate cancer (Usman et 

al., 2015). In an Irish cohort study, higher doses of aspirin was associated with higher 

decrease in mortality than low-dose, but the reduced mortality was non-significant HR = 0.88 

(CI: 0.67–1.15) (Flahavan et al., 2014). Further clarification in this field is required. 

Cancer of the kidney  

In general, aspirin is protective, or shows a protective trend. But this might not be true for all 

cancers. A meta-analysis of epidemiological studies by Choueiri, Je and Cho suggest that 

NSAIDs and paracetamol increase the risk of renal cell carcinoma (Choueiri, Je, & Cho, 

2014). The results for aspirin was a positive association, but not significant (pooled RR = 1.10 

(CI: 0.95-1.28)). There was a tendency of increased risk with high intake and longer duration 

of use. There could be grounds for believing that aspirin behave in similar fashion to the other 

NSAIDs, but this is only speculation, effects might be molecule-dependent. To put it 

different, no protective role from aspirin or NSAIDs were found, which is interesting. The 

authors point out that the protective mechanisms might not be the same across tissues 

(Choueiri et al., 2014). 

Other cancers 

Evidence are indicating protective effect from gastric, pancreatic, melanoma, head and neck 

(solid tumors). The same effects has not been observed for hematological cancers (Thorat & 

Cuzick, 2013; Usman et al., 2015). 

Aspirin safety 

Low-dose aspirin is marketed for the prevention of cardiac vascular events, so this indication 

is already judged beneficial in regards to risk-benefit ratio. So far, chemoprevention using 

aspirin is not an approved indication in Norway. There is association between the use of 

aspirin and bleeding in the gastrointestinal system, in both men (OR = 1.72 (CI: 1.34-2.20) 
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and women (OR = 1.68, (CI: 1.13-2.52) (J. S. Berger et al., 2006). The risk is greater if the 

patient has a pre-existing history of gastric ulcers (Hernandez-Diaz & Garcia Rodriguez, 

2006). If a patient carries a chronic infection of Helicobacter pylori, eradication of this or 

regular use of a proton-pump inhibitor in combination of aspirin treatment will reduce the 

chances of aspirin induced bleeding events. Continuous use of proton-pump inhibitors 

alongside aspirin adds another drug to the patient’s regime, this is probably not likely to be 

the solution. Regarding intracranial bleeding, the relationship does not seem to be as evident, 

the absolute incidence risk for intracranial bleeding is very low. American Cancer Society, the 

National Institute of Health and American Gastroenterological Association are currently not 

recommending aspirin for colon cancer prevention, which currently seems to be the 

prevention strategy with the best evidence (Usman et al., 2015).  

Proposed mechanisms of aspirin in carcinogenesis or chemoprevention  

Aspirin may be involve in multiple mechanisms to prevent malignancy. Mechanisms are 

presented in the following sections. 

Effect on metastasis 

Blood platelets are activated by several endogenous factors if a cell is injured. As presented 

initially, the COX-1 enzyme catalyzes platelet aggregation by synthesizing Thromboxane A2. 

With COX-1 inhibited, this process of platelet aggregation is less likely to take place. It is 

believed that circulating tumor cells protects itself from immune-surveillance by attaching 

platelets to itself, thereby enabling metastasis. Several clinical and experimental studies 

support the link between aspirin and reduced metastasis. (Ornelas et al., 2017; Usman et al., 

2015). Patients with induced thrombocytopenia (including treatment with heparin) is shown to 

have less metastasis, and platelets are involved in the process of cancer-cell attachment to 

epithelial tissue, and also extravasation through blood vessels (Xu et al., 2016). 

Effect on inflammation and proliferative growth 

Inflammation is a driving force in cancer. It leads to release of growth stimulating factors, and 

is driven by several endogenous factors, among them, prostaglandins. Prostaglandin are 

produced by COX-1 and COX-2 enzymes, which are inhibited by NSAIDs in different 

degrees. Adenocarcinoma growth may be driven by several signaling factors, an important 

factor is COX-2. Aspirin has better effect on preventing adenocarcinoma than non-

adenocarcinoma tumors from randomized control trials (solid tumors) (Thorat & Cuzick, 

2013). 
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Inhibition of angiogenesis 

A tumor cannot grow without a sufficient supply of oxygen and nutrients, and tumor growth 

is limited to 2-3 mm, if fed by diffusion only (Vasudev & Reynolds, 2014). At right 

conditions, genes for creating new blood vessels starts the process of angiogenesis. Vascular 

endothelial growth factor (VEGF) is involved in this process. It is thought that NSAIDs 

inhibit angiogenesis, to some extent, by affecting anti-angiogenic factors, thrombospontin-1 

(TSP-1). Blood platelets seems to be involved in releasing pro-angiogenetic factors like 

VEGF, and in a univariate analysis of women with breast cancer, the levels of platelet-

released VEGF was decreased in patients using aspirin (Usman et al., 2015).  

Activation of DNA mismatch-repair genes (MMR-genes)  

Before a cell division occur, many proteins are involved in making sure the DNA is 

completely and correctly copied. MMR-genes are important in this process. Patients with 

Lynch syndrome are missing certain MMR-genes, creating an environment inductive for 

extensive DNA-mutations, typically giving an mutation pattern of what is known as 

microsatellite instability (MSI) (Ait Ouakrim et al., 2015). Over time, malignant cells acquire 

an increasing amount of mutations, and MMR-proteins helps to prevent this. Aspirin is shown 

to increase the activity of MMR-genes in colon cancer cells preventing the accumulation of 

genetic abnormalities, and also an increase in cellular apoptosis (Usman et al., 2015). 

Biomarkers 

In order to identify which patients may benefit from chemoprevention, biomarkers are highly 

wanted. Information from a blood sample, would probably be the most optimal. It is estimated 

that only 30-50 % of patients will experience a chemopreventive effect from aspirin, and so 

far, regular use of aspirin as chemoprevention is not recommended in general. Some studies 

have explored polymorphisms of the metabolizing enzymes of aspirin, and it may be 

beneficial to have the slower metabolizing variant. Others have seen different responsiveness 

of aspirin depending on gender and body-mass-index. Through a clinical trial, Hemant et al. 

2017 explored patients with previous history of colonic neoplasia. For detection of 

«microarchitectural manifestations of field carcinogenesis», tissue samples were acquired 

rather invasive, through colonoscopy and biopsy samples (Roy et al., 2017). They explored 

whether the use of aspirin reduced these microarchitectural manifestations, which are early 

signs of neoplasia in the tissue. It was seen that aspirin could reverse the signs of neoplasia. 

The study was short, and lacked significance by 0.1% from p = 0.05, but results should be 
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worth further exploration (Roy et al., 2017). Cancer cells release vesicles referred to as 

exosomes containing traces of tumor DNA. This can be analyzed to measure treatment 

response, and for mutations in the tumor (B. K. Thakur et al., 2014). This field is emerging, 

and perhaps, upon finding early signs of cancer, one can use drugs to prevent it from 

progression, as the progression into a tumor normally takes many years.   

Current studies  

 

Searching for acetylsalicylic acid and cancer at Clinicaltrials.gov returns 128 studies, among 

17 studies related to chemoprevention (ClinicalTrials.gov, 2018). 
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 Combined estrogen-progestogen Oral Contraceptives - 

Levonorgestrel and ethinylestradiol 

Literature search 

17-APR-2018, last 10 years, oral contraceptives, PubMed (54) + Embase (178), in total 225 

articles. Not all countries uses the same combination of levonorgestrel and ethinylestradiol as 

Norway, so the search had to be widened to oral contraceptives. This includes combination of 

estrogen and progestogen in various combinations. IARC has completed an evaluation of the 

oral contraceptives, in this case the combination of estrogen and a progestogen (International 

Agency for Research on Cancer, 2012). 

 

 

 

 

 

 

 

 

 

 

 

Oral contraceptives are used to avoid pregnancy, to control acne vulgaris, reduce menstrual 

symptoms and emergency contraception (postcoital contraception). The molecular structures 

of levonorgestrel and ethinylestradiol can be seen inn Figure 12 and Figure 13. Estrogen and 

progestogen is a common combination for birth control, formulations with only progestogen 

Figure 12: Molecular structure of levonorgestrel. 

Figure 13: Molecular structure of ethinylestradiol. 
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exist. Commonly 21- or 28-day cycles exists for tablet formulations. In the 28-day cycle 

package, the last 7 days are placebo-pills not containing hormones, to keep the user on 

schedule. Estrogen alone is also used as menopausal therapy, and reduces osteoporosis. The 

use of combined estrogen-progestogen as contraceptives has been thoroughly reviewed by 

IARC working groups in 1998, 2995 and in the latest 2012 publication as new data have 

become available. The addition of progestogen was introduced in 1975 to reduce the risk of 

endometrial cancer (International Agency for Research on Cancer, 2012). Estrogen and 

progestogen works as contraceptives in various manners. A wide variety of products and 

combinations are available, also intravaginal and transdermal dosage. Estrogen work 

contraceptive by giving negative feedback to the pituitary, making the body suppress 

ovulation by inhibiting follicle-stimulating hormone and luteinizing hormone. Progestogen 

make the cervical mucus impenetrable to sperm, and inhibits implantation of the endometrium  

(Pfizer, 2017b). There’s an increased risk of thrombosis of the veins, while using this 

estrogen-progestogen therapy, as it may affect blood coagulation (Pfizer, 2017b). Some 

patients carry a mutation in their blood called Leyden V. Leyden V patients have poor effect 

from anticoagulant activated protein C (APC). It renders the patients with a higher risk of 

venous thromboembolism if using estrogen therapy, but routine testing for this mutation is 

currently not recommended (Kujovich, 2011; Pfizer, 2017b). 

Results from clinical and observational studies 

It is estimated that 100 million people use oral contraceptives worldwide, thus IARC has done 

a thorough evaluation of oral contraceptives in humans and animals, and these drugs have 

been heavily studied in reviews and meta-analyses, and the follow summary are based on 

their recommendations (International Agency for Research on Cancer, 2012). 

Cancers with altered risk 

Breast cancer 

Oral contraceptives have been reviewed extensively, also by IARC (International Agency for 

Research on Cancer, 2012). Although not all studies are consistent, the overall results indicate 

that there’s an increased risk of breast cancer. Young age of onset, and longer duration 

increases the risk. Carriers of BRCA1 and BRCA2 mutation seems to have a higher risk of 

breast cancer, than women without the mutation(s), with the use of oral contraceptives, and 
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the risk increases with duration of use (International Agency for Research on Cancer, 2012). 

A review by Gierisch et al. (2013) of 44 breast cancer studies and users of oral contraceptives 

reports an odds ratio of 1.08 (CI: 1.00-1.17) (Gierisch et al., 2013). 

Cancer of the uterine cervix 

The IARC working group note an increased risk of cancer in the uterine cervix from the use 

of oral contraceptives (International Agency for Research on Cancer, 2012). This association 

might be due to increased sexual activity when using oral contraceptives, leading to infection 

with Human papilloma virus (HPV), but some studies investigated this, and there seems to be 

still some residual risk from using oral contraceptives. The risk of in situ disease, was 

increased in users <5 years duration and the risk of invasive disease was increased only after 

five years of use. The risk declines after cessation of use (International Agency for Research 

on Cancer, 2012). 

Cancer of the endometrium 

The working group of IARC has concluded that oral contraceptives protect against 

endometrial cancer. The protective effect increases with longer use, and it lasts for minimum 

two decades after cessation of use. They also state that the protective effect is proportional to 

the potency of the progestogen, and inverse proportional to the potency of estrogen 

(International Agency for Research on Cancer, 2012).  

Cancer of the ovary 

The working group of IARC concluded that oral contraceptives are protective against ovarian 

cancer. The risk is reduced with duration of use, and the protective effect lasts for minimum 

30 years after cessation of use. The reduced risk is seen in both woman with a genetic 

predisposition and without this (International Agency for Research on Cancer, 2012).  

Cancer of the colorectal 

The IARC working group concludes that the use of oral contraceptives does not increase the 

risk of cancers of the colon or the rectum, in fact, from the information, oral contraceptives 

may reduce the risk of colorectal cancer (International Agency for Research on Cancer, 2012). 

Cancer of the liver 

The IARC working group noted an increased risk of liver cancer (hepatocellular carcinoma) 

from oral contraceptives, in populations that are at low risk of hepatitis B infection, although 
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some studies opposed this. Heinemann et al. 1997 finds that in women, with no evidence of 

hepatitis B or C virus including liver cirrhosis, the odds ratio for use of oral contraceptives for 

more than six years was 2.29 (CI: 1.05-5.02) (Heinemann et al., 1997; International Agency 

for Research on Cancer, 2012). 

Cancers with no change in risk 

IARC concludes that the use of oral contraceptives is not likely to alter the risk of cancer of 

the thyroid, lung, stomach, urinary tract, gallbladder, pancreas, risk of lymphoma, cutaneous 

melanoma and tumors of the central nervous (International Agency for Research on Cancer, 

2012). 

Proposed mechanisms of oral contraceptives in carcinogenesis or 

chemoprevention 

Genotoxicity 

There are some evidence of genotoxicity regarding norethynodrel (Siddique & Afzal, 2005). 

Siddique and Afzal (2005) carried out in vitro studies with liver microsomes. When present 

with liver microsomes containing metabolizing enzymes, increased sister chromatid exchange 

and chromosomal aberrations was observed. This was not observed without microsomes. The 

IARC working group notes that supratherapeutic concentrations may have been used in the 

study. Similar results were observed with medroxyprogesterone acetate and norgestrel, and it 

may be that reactive oxygen species generated during metabolism is responsible for 

genotoxicity. This opens the door for metabolites binding to the DNA (International Agency 

for Research on Cancer, 2012). 

Receptor effects and cellular proliferation 

From the same publication, IARC state that «exposure to exogenous hormones, affects the 

proliferative activity and quantity of stromal and epithelial tissue in the breast». Combined 

drugs with estrogen-progestogen increases proliferation in human breast tissue, and inhibits 

proliferation in the human endometrial tissue. Increased cell proliferation normally opens the 

door for uncontrolled growth, and increased DNA-mutations. In vivo studies support that 

estrogens or progestogens may enhance HPV gene expression in human cervix cells via 

progesterone-receptors and hormonal response element in the viral genome. It has been 

proposed that increased thick and viscous cervical mucus of oral contraceptives might prolong 

the contact of carcinogens (International Agency for Research on Cancer, 2012).  
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Current studies 

ClinicalTrials.gov returns 64 hits regarding oral contraceptives and cancer. They are 

researching mechanisms, pharmacokinetics with simultaneous use of anticancer drugs and 

some exploring breast epithelial cell proliferation. Some studies explore polycystic ovary 

syndrome, metformin and oral contraceptives (ClinicalTrials.gov, 2018). 

 Proton pump inhibitors – esomeprazole and pantoprazole 

Literature search 

16-APR-2018, last 10 years, aspirin, PubMed (76) + Embase (120), in total 190 articles. 

 

 

 

 

 

 

 

 

 

 

Proton pump inhibitors (PPIs), introduced in the 1980s are used to treat patients experiencing 

reflux diseases, like gastroesophageal reflux disease (GERD), infection with the bacteria 

Helicobacter pylori, or patients that are experiencing bleeding from NSAIDs. The most used 

are esomeprazole and pantoprazole. For their chemical structure, see Figure 14 and Figure 15. 

It inhibits effectively the release of H+ from the parietal cells in the stomach lining by 

inhibiting the H+/K+-ATPase enzyme. Several drugs exist in this class; omeprazole, 

esomeprazole, pantoprazole and lansoprazole. They all have similar effects and principle of 

Figure 15: Molecular structure of pantoprazole. 

Figure 14: Molecular structure of esomeprazole. 
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action. Other drugs exists that inhibit signaling (Histamin2-receptor-inhibitors) and finally 

direct acid-neutralizing agents. Common adverse effects are diarrhea caused by bacterial 

overgrowth, abdominal pain, constipation and benign polyps in the ventricle. It may also 

reduce the absorption of vitamins and minerals as B12, magnesium and iron (Felleskatalogen, 

2018; Freedberg, Kim, & Yang, 2017; Sheen & Triadafilopoulos, 2011). 

Infections of the ventricle and cancer 

A common infection of the ventricle is H. pylori. Infection results in a peptic ulcer. Chronic 

carriers of this infection have a higher risk of getting gastric cancer, because of damage to the 

cells and continuous inflammation caused by the bacteria. Eradication of H. pylori is done 

through a combination of antibiotics and PPIs, to allow the cells to heal. This chronic 

infection might confound studies that research PPIs and cancer and must be adjusted for in the 

statistical analysis (Freedberg et al., 2017). 

Results from clinical and observational studies 

PPIs are associated with both carcinogenicity and chemoprevention. The chemopreventive 

properties comes from eradication of H. pylori, of which chronic infection is associated with 

gastric cancer. Long term gastroesophageal reflux disease syndrome increase the risk of 

Barret’s Esophagus which is a pre-cancerous state. Long term use of stomach acid inhibitors 

are indicated and beneficial for these acid-related diseases (Freedberg et al., 2017; Joo, Park, 

& Chun, 2018). 

Cancer of the stomach (gastric cancer) 

A Swedish population based study explored whether the use of PPIs were associated with a 

higher risk of gastric cancer (Brusselaers et al., 2017). They took into consideration 

simultaneous use of NSAIDS like aspirin, as this might be chemopreventive and a potential 

confounder. Use of the alternative acid-lowering drugs H2-antagonistst were not found to be 

associated with cancer in this study. There is also risk of reverse causality, as patients with 

undiscovered cancer might be using PPIs to lower the symptoms, and information about 

alcohol use, smoking and dietary habits was not available. They find that long-term use of 

PPIs, is a risk factor for gastric cancer. Freedberg et al. (2017) finds that long term use of PPIs 

resulted in more than a threefold increased, standard incidence ratio (SIR) for gastric cancer 

of any type (SIR = 3.38 (CI: 3.25-3.53)) and similar numbers for gastric adenocarcinoma 
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(Freedberg et al., 2017). The risk of gastric cancer were the same for women and men. The 

strongest association was connected to patients with H. pylori infection and peptic ulcer, well 

known risk factors for gastric cancer. The authors however point out that more studies are 

needed to confirm this relationship (Freedberg et al., 2017). 

Proposed mechanisms of proton pump inhibitors in carcinogenesis or 

chemoprevention 

Gastrin is a growth factor for the enterocromaffin cells in the stomach. Low acid content is 

thought to trigger the endogenous production of this hormone, as compensation. High levels 

of gastrin (hypergasterinemia) over a long time is suggested to participate in the 

tumorigenesis (Brusselaers et al., 2017). Animal studies from 30 years ago showed that 

inhibition of gastric acid secretion in rodents induced gastric tumors, with enterocromaffin-

like cell hyperplasia. The results are from animal studies and not directly transferable to 

humans, but this is the generally accepted theory today. Conditions like hyperproliferation of 

the mucosa, chronic inflammation and hypochlorhydria (lack of chloride-ions) may take place 

with chronic use of PPIs (Brusselaers et al., 2017.  

Fundic gland polyps  

Fundic gland polys (FGP) are associated with long term PPI use in an American retrospective 

cohort study. FGP are benign polys, they occur sporadic because of mutations in the beta-

catenin gene. FGP may participate in the tumorigenesis. Bate-catenin is a protein that 

regulates cellular adhesion and polarization. Dysfunction of this gene is strongly correlated 

with cancer (Ally et al., 2009; Brusselaers et al., 2017; Celen et al., 2015). 

Bacterial overgrowth 

With less gastric acid production, an environment for better bacterial survival is created, 

leading to increased chances of getting infections from Clostridium difficile, Salmonella or 

Campylobacter jejuni. Symptoms are typically diarrhea that and may require antibiotic 

treatment. Theoretically, repeated infections increase the amount of inflammation, which 

might be carcinogenic itself. Bacteria are known to produce nitrosamines, which is a 

carcinogenic byproduct typically present in processed meat products (Brusselaers et al., 2017; 

Herrmann et al., 2015). 
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Current studies 

Search using terms “PPI and cancer” reveals 122 studies in ClinicalTrials.gov. Studies are 

mostly focused on PPIs potential benefits concurrent with chemo- or radiotherapy. One 

Canadian study involves administration of the chemotherapy agent doxorubicin and 

pantoprazole to see if this is correlated with better survival (principal investigator Ian F 

Tannock). Search for PPIs and chemoprevention reveals three studies, all related to Barret’s 

Esophagus metaplasia  (ClinicalTrials.gov, 2018). 

 Antidiabetics – metformin 

Literature search 

16-APR-2018, metformin, last 10 years, PubMed (134) + Embase (486), in total 601 articles. 

There are large amounts of publications available, and from 2017 alone, 155 articles was 

identified in PubMed and Embase combined. See Figure 16 for metformin publication activity 

in PubMed, with no time limitations. 
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Figure 17: Molecular structure of metformin. 

Figure 16: Plot of number of articles containing metformin and involvement in carcinogenesis or 

chemoprevention, from 2001-2018. Plot generated from PubMed with no time limits. 
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Metformin (N, N-dimethylbiguanide, for molecular structure see Figure 17) was approved as 

an antidiabetic in Europe in the 1970s (Quinn et al., 2013). It is an oral medication used to 

lower the blood glucose levels and improve insulin sensitivity, primarily in patients with 

diabetes mellitus type 2. Metformin is hydrophilic and carry a positive charge in vivo, hence it 

must be carried into the intestinal cells via the plasma membrane monoamine transporter as 

hydrophilic drugs struggle to pass lipid-soluble membranes (Foretz et al., 2014). Metformin 

exerts its effect thru lowered hepatic glucose release, increased efficiency of insulin, and by 

lowering intestinal glucose absorption (Foretz et al., 2014). When fasting, a constant blood 

glucose level is maintained by the liver. The liver will release glucose into the bloodstream 

when required and stop glucose delivery when the level is sufficient. This process is called 

hepatic gluconeogenesis. In diabetes type 2, the gluconeogenesis is not necessarily stopped by 

rising blood sugar and insulin levels (because of insulin resistance), resulting in chronically 

high blood glucose levels. This damages the vascular system and organs over time. 

Metformin aids to suppress this constant hepatic release of glucose the blood. It also increases 

cellular catabolism, through activating the cellular energy sensor AMP-activated protein 

kinase (AMPK), making the cells absorb more glucose, especially in skeletal and adipose 

tissue. This increases efficiency of the present insulin (Quinn et al., 2013). It is recognized as 

a safe and efficient medication with few adverse effects, among lactic acidosis being the most 

noteworthy. It does not induce weight gain (Foretz et al., 2014). Other areas of use include 

polycystic ovary syndrome. Metformin is primarily eliminated unchanged via the kidneys 

(Foretz et al., 2014).  

Diabetes, metformin and cancer 

Diabetes mellitus (DM) is a metabolic disease that leads to an increased risk of cardiovascular 

diseases and a range of other vascular complications (Harcourt, Penfold, & Forbes, 2013). 95 

% of all diabetes patients has type 2 DM (Morales & Morris, 2015). Diabetes and obesity are 

closely related and both are associated with cancer. Type 1 DM, but more importantly type 2 

DM can give rise to hyperglycemia, hyperinsulinemia giving over-stimulation of insulin-like 

growth factor-1 (IGF-1) that likely increases the risk of cancer through acting as a growth 

factors and providing mitogenic effects, thereby give rise to increased cellular proliferation 

(Vigneri et al., 2009). A review by Wojciechowska et al. 2016 summarize what type of cancer 

this group of patients carry a higher risk of, both type 1 DM patients and type 2 DM patients 

(Wojciechowska et al., 2016). See Figure 18 for an overview of different cancers associated 
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with diabetes. Interestingly, prostate cancer is the only cancer associated with an inverse 

relationship with DM. This is thought to be due to reduced levels of testosterone in DM 

patients (Kasper, Liu, & Giovannucci, 2009).  

 

 

 

 

 

 

 

 

 

Results from clinical and observational studies 

A link between cancer prevention and biguanides (the drug class) dates back to the 1970s. 

Dilman and colleagues studied phenformin (similar drug to metformin, but taken off market 

due to side effects) in conjunction with caloric restriction and cancer. They found beneficial 

effects on both tumor development and metastasis (Dilman, 1971). Several studies was 

carried out in the years following. A review of animal, observational and clinical trials with 

metformin by Heckman-Stoddard at al. in 2016 finds that metformin as a drug for cancer has 

generated positive signals in preclinical and meta-analyses (Heckman-Stoddard et al., 2016). 

They indicate cancer incidence reduced by 14-40 %, including similar reduction in mortality. 

Investigated organ sites are breast, colon, liver, pancreas, prostate, endometrium and lung 

cancer. Metformin looks indeed promising in observational case-control and cohort studies, 

but in the randomized controlled trials, the risk reduction tends to vanish. An important 

confounder are the different stages of disease the patients are experiencing, some manages 

their diabetes very well and others don’t.  Some results have been in both directions, and it 

remains to be discovered whether non-diabetes patients might benefit from metformin for 

Figure 18: Diabetes mellitus and risk of cancer. Diabetes patients carries an increased risk of cancer, listed here 

are types of cancer associated with the different conditions. Pancreatic and liver cancer has the strongest 

associations with Type 2 DM. To the right: Binding of insulin to the cell-surface receptor activates GLUT-4 

transporter for glucose uptake into cells. Figure by Tor Halvor Johansen. 

1 (Vigneri et al., 2009) 
2 (Shu et al., 2010; Zendehdel et al., 2003) 
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cancer prevention as well (Heckman-Stoddard et al., 2016). In a review from 2017, Heckman-

Stoddard et al. has some updated data from clinical trials, but later epidemiological studies 

adjusted for earlier biases and confounders are still reducing the magnitude of cancer 

prevention (Heckman-Stoddard et al., 2017). Even additional clinical studies sought for to 

establish a clear relationship, especially for the non-diabetic patients that until now haven’t 

been studied. 

Proposed mechanisms of metformin in carcinogenesis or chemoprevention 

Quinn et al. characterizes metformin with desirable properties as a potential anticancer drug; 

it reduces insulin levels, suppresses growth factor signaling and improves catabolism (Quinn 

et al., 2013). Metformin can have direct effect on intracellular signaling pathways, and 

anticancer benefits from lowered blood glucose and insulin are often referred to as indirect 

effects, as it also seems to lower the pressure on proliferation (Daugan et al., 2016).  

Metformin has the potential to reduce the chances of cells turning malignant through several 

mechanisms. An indirect effect via general metabolic enhancement; reduced hyperglycemia 

and hyperinsulinemia giving decreased activity within phosphoinositide-3-kinase (PI3K) and 

mitogen-activated protein-kinase (MAPK) pathways. These pathways are associated with 

cellular proliferation (Daugan et al., 2016; Morales & Morris, 2015). 

Warburg effect and mTOR 

Glucose is the preferred fuel for cancer cells, recognized as Warburg effect, and a reduction in 

serum glucose might mitigate cell-growth (Morales & Morris, 2015). A direct cellular effect 

on protein synthesis through inhibition of the mammalian target of rapamycin (mTOR) target 

and AMPK activation (Daugan et al., 2016). When the pathways mentioned are inhibited, this 

seems to reduce the constant pressure on proliferation leading to more normalized cell 

growth, and improve the cells ability to undergo apoptosis.  

Inhibit cancer cell-like stemness 

Metformin might provide an opportunity to make cancer stem cells (CSC) more sensitive to 

chemotherapy (Daugan et al., 2016). CSC are from experiments found to be more resistant to 

apoptosis, chemotherapy and radio- and chemotherapy than other more differentiated cancer 

cells. The mechanism(s) responsible for these effects are not at present understood, some 
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suggestions are interference with epithelial-mesenchymal transition, necessary for metastasis, 

and CSC-gene expression (Daugan et al., 2016). 

Factors affecting metformin’s ability to inhibit or treat cancer: Patient and 

tumor genetics 

Metformin is water-soluble (hydrophilic) and carries a positive charge in vivo, so its 

transportation into cells is completely dependent on carrier proteins (Daugan et al., 2016). A 

common transporter of metformin, next to the monoamine transporter in the intestines, may 

have potential as future biomarker, is the organic cation transporter-1 (OCT1). The tissue 

distribution varies substantially (lung-cells 17-fold lower expression than hepatocytes). Low 

expression in lung-cells does not automatically preclude effect on lung cancer since 

anticancer-effect can work both intracellular and extracellular (e.g. cell-signaling and lowered 

insulin/blood glucose-levels) (Heckman-Stoddard et al., 2016). Some cancer mutations alter 

the drug sensitivity; NOTCH1, CDKN2A, RB1 and LKB1 increase sensitivity to metformin 

and BRAF and NF1 mutations might decrease sensitivity (Quinn et al., 2013). Metformin was 

shown to increase the growth of melanoma cells carrying a BRAF V600E mutation, by 

upregulating ERK signaling pathway. The RAS/RAF/MEK/ERK pathway is continuously 

stimulated by mutated BRAF or NRAS genes, leading to increased vascular endothelial 

growth factor A (VEGF-A) expression. VEGF-A is linked to angiogenesis, the tumors ability 

to grow new blood vessels. The study was performed by implanting BRAF-mutant cells into 

mice (Martin et al., 2012). 

Current studies 

A search at ClinicalTrials.gov in January 2018 returns more than 300 finished, ongoing or 

planned clinical studies containing keywords metformin and cancer. While most studies seem 

to investigate the role of metformin in cancer treatment, nine studies are focused on cancer 

prevention (ClinicalTrials.gov, 2018). 
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 Thyroid therapy – levothyroxine sodium 

Literature search 

16-APR-2018, thyroid hormones, last 10 years, PubMed (9) + Embase (2), in total 11 articles.  

There are some studies related to thyroid hormones and cancer, some in chemoprevention. 

Because this drug class is small, all thyroid hormones are looked at, the class contains 

levothyroxine sodium (synthetic T4) and liothyronine sodium (synthetic T3). 

 

 

 

 

 

 

 

 

The thyroid is an organ located in the neck, and its function is to regulate cellular metabolism. 

Molecular structure is shown in Figure 19 and Figure 20, most notable are the difference in 

iodine atoms between the two. If the thyroid produce too little or too much of the thyroid 

hormones, the patient is diagnosed with hypo- or hyperthyroidism, respectively. Common 

symptoms are temperature fluctuations, weight gain or weight loss. The hormones produced 

by the thyroid are T3 (drug; liothyronine sodium, see Figure 19 and T4 (drug; levothyroxine 

sodium, see Figure 20) T4 (Escobar-Morreale, Botella-Carretero, & Morreale de Escobar, 

2015). T4 is converted by cells to T3 by removing one iodine from the molecule, and T3 is 

regarded as the active substance (Brown, Simmen, & Simmen, 2013). This conversion 

happens mostly in peripheral cells. Most patients are treated with T4, and there is an ongoing 

discussion whether patients might benefit from a combination of the two or monotherapy with 

T4 (Escobar-Morreale et al., 2015). Lack of iodine from nutrients will make the thyroid 

Figure 20: Molecular structure of levothyroxine sodium (T4) 

Figure 19: Molecular structure of liothyronine sodium (T3) 
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enlarge, referred to as goiter. Iodine levels are commonly measured through 24-hours 

collection of urine samples. Ultrasound and blood test are done to diagnose and give patients 

the most optimal dose of added hormones. This happens through evaluation of thyrotropin 

stimulating hormone levels (TSH, released by the pituitary gland), total and free thyroid 

hormones (Barbesino, 2010). TSH is a protein that promotes the thyroid to produce hormones, 

hence, high levels of TSH reveals a deficiency of hormones. A negative feedback loop the 

lowers the THS levels when there is sufficient thyroid hormones in the circulation. The most 

common cause of high levels of thyroid hormone is Graves’ disease (hyperthyroidism), and 

its caused by an autoimmune attack from TSH receptor–stimulating antibodies (Fatourechi, 

2012). This disease is treated by surgical removal of the thyroid or anti-thyroid-hormone-

therapy like carbimazole, followed by replacement therapy of T4 and/or T3. Low levels of 

thyroid hormones may be due to Hashimoto thyroiditis. This disease is also autoimmune, the 

body produce antibodies for thyroperoxidase and thyroglobulin. Treatment is administration 

of synthetic hormones and symptomatic if required (Caturegli, De Remigis, & Rose, 2014). 

Patients with hyperthyroidism are found to have an increased risk of cancer, especially 

thyroid cancer (adjusted HR = 6.803 (CI: 3.584-12.91)) (Yeh et al., 2013). 

Results from clinical and observational studies 

Brown, Simmen and Simmen 2013 have studied thyroid hormone signaling in the prevention 

of digestive system cancers. They have studied esophageal, gastric, hepatic, colorectal cancer.  

(Brown et al., 2013). Another group have performed a meta-analysis of breast cancer and 

thyroid hormones, and this is also discussed in the following sections (Shi et al., 2014).  

Esophageal cancer 

There seems to be a link between hyperthyroidism and esophageal cancer. In tumors, there 

was observed loss of heterozygosity of the thyroid hormone receptor beta TRß (THRB) gene. 

It is, so far, unclear what role this has in chemoprevention or development of cancer (Brown 

et al., 2013). 

Cancer of the stomach 

Studies are inconclusive, but a higher incidence of atrophic body gastritis has been observed 

in patients with autoimmune thyroid disease. Atrophic body gastritis is a risk factor for gastric 

cancer. Some studies show an association between goiter and occurrence of gastric cancer, 

thus iodine deficiency might account for this (Brown et al., 2013).  
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Hepatic cancer 

T3 has been found to stimulate hepatocyte proliferation and DNA synthesis. This has been 

observed in cell cultures and animal models. It was also observed treatment with T3 induced 

vascular endothelial growth factor (VEGF) expression, responsible for angiogenesis. 

Contradictory, case-control studies shows that hypothyroidism are associated with 

hepatocellular cancer (HCC). In rat livers treated with diethylnitrosamine (DENA), a 

substance used to induce cancer, administration of T3 reduced the occurrence of pre-

neoplastic liver lesions compared to controls. Point mutations to the thyroid hormone 

receptors (TRα and TRß genes) have been identified in HCC cells, and this might have 

implications for the potential carcinogenesis (Brown et al., 2013). 

Cancer of the pancreas 

A clinical study has shown and association between hypothyroidism and autoimmune 

pancreatitis, a risk factor for pancreatic cancer. Another study reported occurrence of thyroid 

antibodies in pancreatic adenocarcinoma patients, but the circulating thyroid hormone levels 

did not differ from the controls. The cause-and-effect relationship is still to be determined 

(Brown et al., 2013).  

Cancer of the colorectum 

Compared to other cancers, for colorectal, a number of studied point towards a preventive role 

of thyroid hormone use in the development of colorectal cancer (CRC). Patients with 

hypothyroidism that have use T4, levothyroxine, for more than five years are found to have 

significantly decreased risk of colorectal cancer. Thyroid hormone receptor TRß1 is 

recognized as a tumor-suppressor in CRC. The other receptor, TRα1 is however recognized as 

a tumor-promoter (Brown et al., 2013). 

Cancer of the breast  

Shi et al. 2014 studied the relationship between breast cancer and serum levels of thyroid 

hormones, including antibodies. They performed a meta-analysis of eight cross-sectional 

studies. They concluded that levels of free T3, thyroid peroxidase antibodies and 

thyroglobulin antibodies are significantly higher in patients with breast cancer. Further studies 

are however required to establish the relationship between thyroid hormones, hormone intake 

and breast cancer (Shi et al., 2014).  
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Proposed mechanisms of thyroid hormones in carcinogenesis or 

chemoprevention 

 

There is only a few studies on how administration of thyroid hormones may act carcinogenic 

or chemopreventive, one study looks at angiogenesis and proliferation (Mousa et al., 2014). 

This is presented in the following section.  

Effect on angiogenesis and proliferation 

Mousa et al. 2014 studied the thyroid hormone T4 effects on angiogenesis together with a T4-

inhibitor. It seems that thyroid hormones support multiple components of neovascularization. 

They suggest that therapeutic angio-inhibition therapy might be deteriorated by endogenous 

thyroid hormones, especially if a single vascular growth factor target is utilized. They state 

that spontaneous or induced hypothyroidism may be favorable for glioblastoma multiforme, 

breast and renal cell carcinoma. Thyroid hormones may act proliferative on tumor cells itself 

(Mousa et al., 2014).  

Current studies 

Search for thyroid hormones and cancer returns 70 ongoing studies at ClinicalTrials.gov. 

Some are related to thyroid hormone clearance in chemotherapy patients. Others are focused 

on normal versus cancer cells and levels of thyroid hormones in the blood, dosing forms and 

absorption of hormones and study of T3 therapy (ClinicalTrials.gov, 2018). 
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 Antihistamines – Histamine H1 antagonists, cetirizine 

Literature search 

16-APR-2018, antihistamines, last 10 years, PubMed (30) +Embase (0) 30 articles identified. 

A publication search for cetirizine and carcinogenicity or chemoprevention reveals marginally 

activity for this subject. A search for antihistamines and cancer or chemoprevention reveals 

more publications, but several was removed after manual screening of titles. Most 

antihistamines (Histamine H1 antagonists) have similar effects, so class effects are studied in 

this section. 

 

 

 

 

 

 

 

Antihistamines include a wide variety of drugs. For the molecular structure of cetirizine, see 

Figure 21. We can divide antihistamines into Histamin1- (H1) and Histamin2- (H2) receptor 

antagonists. H2-receptor antagonists inhibit gastric acid secretion (with less potency than 

proton-pump inhibitors, discussed in section 4.2.5) and will not be further discussed in this 

section. This class of drugs treat seasonal allergies, allergic reactions from food or drugs, 

travel sickness and insomnia. The antihistamines alimemazine and doxylamine cause 

drowsiness because of easy passage of the blood-brain barrier (BBB) leading to interaction 

with histamine-receptors in the brain. This is due to high lipid solubility of the molecule, and 

hence, it is used against sleeping disorders (Church & Maurer, 2014). The first generation of 

antihistamines caused drowsiness because of this passage of the BBB, and this led to the 

development of non-drowsy antihistamines, referred to as second generation antihistamines. It 

Figure 21: Molecular structure of cetirizine hydrochloride 
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was solved by making the molecule more water soluble, which can be done by adding 

hydrophilic groups (e.g. alcohol or carboxylic acid) to the molecular structure. Many are 

available in Norway, see Table 14. Antihistamines inhibit the recruitment of eosinophil 

immune-cells, commonly involved in asthma and allergy. It is also shown that antihistamines 

inhibit the NF-κB pathway, which are involved in many pro-inflammatory processes, 

including the proteins IL-1β, IL-6, IL-8 and TNF-α (Church & Maurer, 2014). Common side 

effects of this class of drugs are drowsiness, dizziness, dry mouth and headache (Union 

Chimique Belge (UCB) Pharma S.A.). Some first generation antihistamines are associated 

with increased QT-time and torsade de pointes, a dreaded cardiac arrhythmia (Church & 

Maurer, 2014). 

 

 

 

 

 

 

 

 

Results from clinical and observational studies 

Antihistamines have been studied in breast cancer and glioma, based on publications 

identified. This is discussed in the following sections. 

Cancer of the breast 

The molecular structure of antihistamines and tricyclic antidepressants resemble a tamoxifen 

derivate known as DPPE, also known as a drug called tesmilifene, [N,N-diethyl1-2-(4-

(phenylmethyl)phenoxy) ethanamine]. DPPE was initially found as a substance that promote 

tumor growth via binding to intracellular histamine receptors. Brandes et al. (1992 & 1994) 

for indications for that antihistamines and antidepressants increased tumor growth in rodents 

(Brandes et al., 1992; Brandes et al., 1994). This led to the speculation that antihistamines 

Table 14: Antihistamines (H1-receptor antagonists) available in Norway 2018. 

The parentheses indicate the area of use. Source: (Felleskatalogen, 2018) 

 
Antihistamines (H1-receptor antagonists available in Norway) 

Doxylamine (insomnia) Dexchlorpheniramine (allergy)  

Alimemazine (insomnia) Meclizine (allergy) 

Promethazine (insomnia) Rupatidine (allergy)  

Cyclizine (allergy)  Bilastine (allergy) 

Cetirizine (allergy)  Levocetirizine (allergy) 

Loratadine (allergy)  Ebastine (allergy) 

Fexofenadine (allergy) Desloratadine (allergy)  
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may be associated with breast cancer. Epidemiological studies and findings by Nadalin, 

Cotterchio and Krieger (2003) suggest no association with breast cancer, age and duration and 

type of antihistamine (Nadalin, Cotterchio, & Kreiger, 2003).  

Cancer of the brain 

It has been shown that patients experiencing atopic diseases allergy and asthma, has less 

chances of glioma, a tumor located in the brain (B. J. McCarthy et al., 2011). This is theorized 

to be due to increased immune surveillance. In an assessment study by McCarthy et al. (2011) 

of 419 glioma patients and 612 hospital-based controls, they find that the number of allergies 

(seasonal, pet, food and others) was inversely associated with glioma risk, in a dose response 

manner. They found that, for all glioma cases, one reported allergy led to adjusted OR = 0.84, 

two allergies; OR = 0.72 and three or more; OR = 0.36. These finding are consistent with 

several other studies. They conclude that antihistamines may not influence glioma risk. 

Antihistamines are inversely associated with glioma risk, but this association is probably 

related to increased activity of the immune system as previously discussed, rather than the 

antihistamine interfering with neoplastic development (B. J. McCarthy et al., 2011).   

Proposed mechanisms of antihistamines in carcinogenesis or 

chemoprevention 

Activation of apoptosis in malignant melanoma cells 

Jangi et al. (2006) carried out in vitro studies with antihistamines (terfenadine, astemizol and 

triprolidine) on four different types of human malignant melanoma cells. They observed 

increased apoptosis in all cell lines. (Jangi et al., 2006) Non-malignant cells did not 

experience apoptosis. Identification of drugs that affect neoplastic cells only and avoid normal 

cells are highly wanted, as to minimize adverse effects which is the problem with most of 

today’s antineoplastic-drugs. Histamine is believed to be a growth factor in malignant 

melanoma cells, thus inhibition of histamine may have the potential to reduce neoplastic 

growth. Treatment with terfenadine induced DNA damage and activated caspases 2,3,6,8 and 

9, in human melanoma cells. Caspases are known as intracellular proteolytic enzymes, and 

initiators of apoptosis. Keeping in mind, this was an in vitro study and therefore results cannot 

be translated directly to humans, but the results lay grounds for further research (Jangi et al., 

2006). 
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Current studies 

A search at ClinicalTrials.gov reveals few studies on antihistamines and cancer. One study 

explores whether levocetirizine may reduce the tumor resistance to bevacizumab in colorectal 

cancer. Bevacizumab is a monoclonal antibody drug that inhibits angiogenesis, the formation 

of new blood vessels. Bevacizumab is given together with capecitabine, a drug that inhibits 

DNA and RNA synthesis, thereby blocking cell division and survival. One study are focused 

on reducing bone pain induced by pegfilgrastim, using loratadine. Pegfilgrastim is a drug that 

stimulates the bone marrow to produce neutrophils, they function as innate immune cells 

protecting against infection, for cancer patients undergoing chemotherapy (Amgen Europe 

B.V., 2018; ClinicalTrials.gov, 2018) 
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5 Discussion 

Among the ten studied drugs and eight drug classes, aspirin, metformin and statins have 

properties that make them very interesting candidates for chemoprevention. Modification of 

proliferative signaling pathways (metformin), improved metabolism (metformin), reduced 

insulin resistance (metformin) or reduction of inflammation (aspirin, metformin and statins) 

are among the suggested mechanisms. It seems to be difficult to show chemopreventive 

properties through randomized controlled trials, but aspirin in the prevention of colorectal 

cancer has been extensively studied with promising results. The complex nature of cancer and 

cancer development might be a reason for this. Proton-pump inhibitors, thyroid hormones, 

antihistamines, calcium channel inhibitors and oral contraceptives may have a positive, 

negative, none or dual role in carcinogenesis or chemoprevention, depending on patient 

genomics and carcinogenic mechanisms. This field of research is still emerging. Some of the 

substances may have a purpose in the treatment of cancer, co-administered with 

chemotherapy. 

Pre-clinical effects of statins show promising chemopreventive effects, but statins have 

shortcomings in studies. There may be many reasons for this. In observational studies, 

patients commonly use a multitude of drugs. Especially patients with a history or in risk of 

cardiovascular disease, for which this drug is useful. Other drugs commonly used by these 

patients include aspirin, warfarin (to prevent thrombosis) and anti-hypertensives like ACE-

inhibitors or angiotensin receptor inhibitors combined with a diuretic. A patient using statins 

might have a higher chance of being obese. The association of statins and skin cancer may be 

related to UV-photosensitive breakdown products of the drug. A potential benefit from the 

statins might be from the effect on the lowered cholesterol itself, not necessarily related to the 

specific statin. Regarding mixed signals for chemopreventive effects on prostate cancer, the 

authors state that statin users who visit the health services more frequently, increase their 

chance of getting a prostate specific antigen-test (PSA) leading to diagnosis of more benign 

prostate cancers. This might be masking the potential protective effects.  

Use of CCBs shows an increased odds ratio towards breast cancer development in some 

studies, but not in others. Patients at risk of breast cancer might benefit from using other 

antihypertensives or reduce their dose. Studies points in different directions, and new studies 

should be conducted to confirm this relationship. The CCB nifedipine is a photosensitizer and 



74 

 

is associated with lip cancer, along with other classes of antihypertensives 

(hydrochlorothiazide, a diuretic) (Pedersen et al., 2018). There might be a small, but positive 

association with lung cancer. A study on prostate cancer finds that no association with disease 

progression exist. In general for studies with positive associations, link to cancer may be 

related to unhealthy lifestyle habits as obese patients are more likely to have hypertension, 

diabetes and use this type of drugs (Hall et al., 2015).  

There are evidence for protection against colorectal, esophageal, gastric and ovarian cancer 

from aspirin, with colorectal being the most studied. Five years administration of low dose 

aspirin (between 75-325 milligrams) reduces the risk of colorectal cancer, at least for 30-50 % 

of the patients. Higher doses (in the 300 milligram area) of aspirin are more efficient, but 

lower doses (75-81 milligram) have better safety profile. Regarding breast, prostate and lung 

cancer, effects need further clarification. If low doses in general is as efficient as higher doses 

for other cancers, it should be further studied. Slow metabolizers of aspirin might get better 

cancer protection as they get higher exposure to the drug. A general recommendation to use 

low-dose aspirin to prevent colorectal cancer is not in place yet, and doctors are advised to 

make determinations on an individual basis. Many patients are already using low-dose aspirin 

on a long term, to prevent cardiovascular events, getting the cancer preventive benefits. 

Kidney cancer and small-cell lung cancer (SCLC) are not associated with protection, but 

rather the opposite. One could speculate whether aspirin suppresses the symptoms of these 

diseases. And naturally, that cannot be excluded, but in the low dose area of aspirin it is not 

considered likely. There’s a strong need for biomarkers, with heterogeneity of patients and 

different mechanisms of carcinogenesis between patients. Smokers may have some protection 

from lung cancer by using aspirin. Aspirin might be more efficient at preventing tumors that 

are driven by COX-2 enzyme associated with inflammation. Even through substantial 

research, all the pathways or mechanisms involved in cancer prevention from aspirin is yet to 

be revealed (Usman et al., 2015). 

IARC has evaluated oral contraceptives, including the combination of estrogen and 

progestogen (International Agency for Research on Cancer, 2012). They rate it class 1, 

carcinogenic to humans, see Table 3, page 12 for information about IARC classification of 

drugs. A class 1 rating means there is sufficient evidence, for humans, for carcinogenic effect. 

There might be some direct genotoxicity from oral contraceptives, from reactive metabolites, 

that binds to the DNA. Estrogen and progestogen stimulate cell proliferation in human breast 
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cells, and inhibit proliferation in endometrial cells, giving the drugs “dual” 

carcinogenic/chemopreventive properties. Oral contraceptives is estimated to have a 100 

million users worldwide, so evaluating drug safety are of most importance. IARC state that 

users of oral contraceptives have a higher risk of cancer of the breast, in situ and invasive 

cancer of the uterine cervix, and cancer of the liver. Protective effect may exist against 

endometrial, ovary and colorectal cancer. Effects seem to differ by tissue subtype. Oral 

contraceptives seems to increase the risk of cervix cancer, which is strongly associated with 

chronic HPV infection. Perhaps changes in cervix cancer incidence will be observed as 

vaccination against HPV virus gets more prevalent worldwide (International Agency for 

Research on Cancer, 2012). Why oral contraceptives tend to protect against colorectal cancer 

is uncertain. Charlton et al. (2015) propose that estrogen is involved in reducing secondary 

bile acid production, and that this may be involved with the process of carcinogenesis 

(Charlton et al., 2015). 

It is not clear whether proton pump inhibitors are preventing or associated with cancer. 

Observational studies suggests a cancer association, but further studies including meta-

analysis of studies are required. Patients using PPIs for acid-reflux problems should continue 

to use PPIs to lessen the risk of Barret’s oesophagus and later tissue malignancy development. 

Short term use together with antibiotics is necessary for removal of Helicobacter pylori in the 

stomach, as this bacteria is associated with chronic inflammation of the gastric tissue and 

cancer. 

Metformin has optimal properties as a drug against diabetes type two. Low-cost, good safety 

profile, long experience and few adverse effects are necessary characteristics for a drug in 

order to be a candidate for cancer prevention. Metformin is also under investigation for cancer 

treatment as an adjuvant next to regular chemotherapy (Daugan et al., 2016). Metformin may 

have indirect effect on tumorigenesis by lowering blood glucose levels and hyperinsulinemia. 

Metformin may also affect direct effects like modifying intracellular signaling pathways, or 

reduce cancer cell stemness. Drugs modifying these effects could theoretically prove valuable 

and potentially give metformin a role in both cancer prevention and treatment. As results from 

observational prevention studies are arriving, cancer incidence is reduced and the results 

seems promising, but metformin’s potential chemopreventive effects diminishes in 

randomized controlled trials. There may be many reasons for this, confounders like individual 

characteristics regarding both disease and genetic factors. Patients with BRAF mutation in 
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melanoma might have a worse outcome if metformin is administered because of upregulation 

of VEGA-A. Further studies combined with more knowledge including potential biomarkers 

will probably determine its fate in cancer prevention. In a nationwide screening study, section 

1.5.2, Pottegard et al. finds that drugs against diabetes are associated with decreased risk of 

lung cancer (Pottegard et al., 2016). Metformin’s role in cancer treatment combined with 

regular chemotherapy might be more important for the future. 

The role of thyroid hormones in cancer development is still unclear. The complex 

mechanisms of hormones, receptors, co-regulators and cancer cell interaction makes it 

difficult to establish clear recommendations in this field. The relationship of thyroid hormone 

use and colorectal cancer alone are promising. Obesity is positively correlated with cancer 

incidence, and thyroid hormones are involved in cellular metabolism (anti-obesogenic effect), 

and this might also count for some positive effects from the hormones. Thyroid hormones are 

believed to be involved in the process of angiogenesis. 

Histamine’s role in tumor biology might have a dual role as to whether it is beneficial or bad. 

Future research might elucidate this. If antihistamines reduce tumor resistance for certain 

anticancer drugs, this may be an emerging field of research as an adjuvant to chemotherapy.  

Drugs may affect cells in various ways, both promoting and inhibiting/reducing 

carcinogenesis. More than likely, there are more signaling pathways involved with 

carcinogenesis than we already know. Even the mechanisms behind reduced risk of colorectal 

cancer from long term use of aspirin are most likely not fully elucidated after intensive studies 

(Usman et al., 2015). More knowledge about biochemistry and cancer biology are constantly 

being obtained, and the more we know about cancer biology, we should expect to better 

understand drug-cancer risk.  

General drug recommendations for cancer prevention should be based on high quality 

randomized controlled trials (RCTs). Large heterogeneity among studies are often common, 

making comparisons difficult. Creating a RCT with many patients to research whether a drug 

is associated with an increased risk of cancer, is unethical, but epidemiological studies are 

suitable for this purpose. One must take into consideration that any kind of study never are 

free from confounders, like life-style factors and obesity, as obesity (and type 2 diabetes) is 

correlated with cancer (N. A. Berger, 2014). Correlations from epidemiological studies does 

not prove causality, but represents something that is worth taking a closer look. Mixed with 
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different tumor biology and genetics between patients, the task becomes inherently difficult. 

More than likely, no tumor has the same mutation pattern making the study of drug-

carcinogenicity or drug-efficacy (in cancer development and treatment) difficult. Emerging is 

the field of testing for mutations in tumors, in order to identify the most efficient treatment 

drug-regime. If applied, patient genetics could be important for cancer prevention, especially 

patients with inherited mutations such as BRCA1-2 (breast cancer) or Lynch Syndrome 

(colorectal cancer). 

Use of multiple drugs at the same time are typical for many patients. Co-administration of 

metformin, statins and aspirin may give a better protection than using a single drug, as they 

might affect several different cellular pathways, at the same time.  

There are limitations to this thesis. Other drugs than the 10 that was identified may be 

responsible for cancer induction or prevention, even if not used chronically. Even though 

development of cancer is regarded as a long term process, some drugs may cause cancer even 

after short term use, but common drugs for short use have not been studied here. Only articles 

written in English and Norwegian was studied, and other important studies may have been 

published in other languages, or not captured by the search. Studies are mostly based on case-

control, cohort and epidemiological based on health registries. Some are randomized 

controlled trials. 

Many patients are already using a multitude of drugs to prevent thrombosis and 

cardiovascular events, high cholesterol, allergy, gastric acid disorders and to treat diabetes 

mellitus type 2, among many. It would be of significant importance to know whether these 

drugs are associated with a higher or lower rate of cancer incidence and survival. No effect is 

also of interest, as it is a confirmation of that the drug is safe, to some extent. As mentioned, 

the effects may be difficult to capture in initial clinical studies because of the time-frame 

involved, and continuous use may be needed for many years before effects can be noticed, as 

for the use of aspirin to prevent colon cancer (Pottegard et al., 2016). Continues evaluation 

from epidemiological studies must take place in order to identify such events, because of a 

long latency, and low incidence from several cancers. Since cancer incidence in the Nordic 

countries differs from the rest of the world, ideally, all countries should perform these kind of 

studies so data can be compared and evaluated, building up our knowledge of chronic drug 

use and involvement in cancer. For rear cancers, getting sufficient statistical power is 



78 

 

challenging. In the Nordic countries, there are high quality health and cancer registries, 

making it possible to compare data (Ludvigsson et al., 2015). 

Heckman-Stoddard et al. (2017) points out some of the challenges with chemoprevention: 

Cancer is not one type of disease with its unique characteristics, rather a group of many 

diseases with common features, making it inherently difficult to prevent (Heckman-Stoddard 

et al., 2017).  An example of these common features are communicated in Hallmarks of 

Cancer, by Douglas Hanahan and Robert Weinberg in 2000 and 2011 (Hanahan & Weinberg, 

2000, 2011).  

Even though tremendous progress in the diagnosis and treatment of cancer have taken place in 

the last 50 years. According to the World Health Organization, cancer is the second leading 

cause of death globally, responsible for 8.8 million deaths worldwide, 2015 numbers (World 

Health Organization, 2018). This is partially explained by an increasing aging population 

(Torre et al., 2015). Cancer treatment itself, might reduce the quality of life and it is far from 

always successful. Cancer is a unique disease in that a way that every case is more or less 

biologically different from another, complicating treatment. The prevalence and treatment of 

cancer have a high economic burden on health budgets in many countries worldwide (Silver, 

Baima, & Mayer, 2013). Therefore, the study of primary cancer prevention should be of high 

priority, whether it is to identify carcinogenic drugs, or by utilizing the preventive effects. 

Cancer normally has a much better outcome, if detected early. Some of the problems is 

usually the lack of symptoms. This is why screening for cancer is valuable. 

Using drugs to treat an otherwise healthy person, in order to avoid the development of other 

potential diseases based on a statistical standpoint, is inherently difficult. The drug must not 

possess adverse effects that outweigh the (potentially small or great) benefits, and preferably 

be free from any particular side-effects. This is not necessarily the case for aspirin, as 

gastrointestinal bleeding is a serious adverse effect. 

Alberto Izzotti, an Italian researcher, has published the following comment on cancer 

preventive agents in a paper about molecular medicine and the development of cancer: «An 

inverse relationship typically occurs between safety and efficacy; potent chemopreventive 

agents are unsafe, and safe chemo preventive agents have poor efficacy» (Izzotti, 2012). This 

comment typically describes some of the difficulties in establishing chemoprevention from 

today’s safe and commonly used drugs. 
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In general, drugs have different response between individuals and whether there are 

chemopreventive or carcinogenic properties seems to depend on cancer subtype (Heckman-

Stoddard et al., 2017). We can take into account different mutations, patient gene 

polymorphism, epigenetics and it becomes a complex field of study. This emphasizes the 

need for epidemiological studies and knowledge about genetics in order to establish a better 

picture. Biomarkers to identify the patients with potential benefits must be continued to be 

developed and evaluated. The field of MicroRNA detection or exosome release from 

malignant cells are rapidly expanding. These biomarkers might be used to identify an early 

stage development of malignant cells, and based on this information we could potentially start 

intervention with chemopreventive agents (Izzotti, 2012; Basant Kumar Thakur et al., 2014). 
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6 Conclusion and future perspectives 

Among the ten studied drugs, aspirin, metformin and statins have properties that make them 

very interesting candidates for chemoprevention, like affecting proliferative signaling 

pathways. Proton-pump inhibitors, thyroid hormones, antihistamines, calcium channel 

inhibitors and oral contraceptives may have a positive, negative, none or dual role in 

carcinogenesis or chemoprevention, depending on patient genomics and carcinogenic 

mechanisms. This field of research is still emerging. Some of the substances may have a role 

in the treatment of cancer, when co-administered with chemotherapy. 

Pharmaceuticals have the ability to create direct or indirect DNA-damage as drugs are 

metabolized by enzymes, exposed for UV-radiation in the skin, through suppression of the 

immune system or by promoting proliferation. Some pharmaceuticals, as aspirin, have 

chemopreventive properties through reduction of inflammation or by upregulating DNA 

repair proteins. 

Continuous evaluation of drugs through pharmacoepidemiological studies is necessary as new 

agents constantly are being developed, and beneficial effects might turn up from older 

common drugs, as it did with aspirin. Metformin might be a good candidate. 

Pharmacoepidemiological data must be compared between countries to maximize the 

benefits, especially for cancers with low incidence. There is still a need for good quality 

randomized studies that take genomics and lifestyle factors into account, in order to better 

understand carcinogenic or chemopreventive mechanisms from drugs.  

Research must continue on identification of biomarkers in order to screen and select patients 

that will have the most benefit from chemoprevention, like patients with Lynch syndrome, 

BRCA mutations or smokers. One day, perhaps a blood test will give us the answer of which 

drugs or combination of drugs that are beneficial for the individual patient, as primary 

prevention. Identification of biomarkers for chemoprevention with aspirin are emerging. 
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