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Abstract 

The Consequences of shrinking chromosomes’ end-caps, known as telomeres- in 

cancer development is only partially understood. One thing that is certain, however, is that as 

tissue cells age and these end-caps start shrinking, telomerase enzyme production by the 

affected cells increases in order to repair these telomeres. The problem with this process is 

that it makes these cells immortal, making it impossible to maintain or renew themselves in a 

natural fashion.   While scientists and researchers have long believed longer telomeres are 

associated with good health, some recent studies indicate that might not be the case. Scientists 

at the University of California in San Francisco have shown that Telomerase Reverse 

Transcriptase, an enzyme that maintains telomeres and hence protects cells from aging, also 

plays a significant role in the development of brain cancer known as gliomas. This discovery 

is one of the major challenges that face scientists and researchers in designing effective drugs 

against cancer.  

After more than four decades of telomeres research, leading to a belief that longer 

telomeres are important for good overall health and in protecting cells from senescence, this 

belief turns out to be only partially true or completely mistaken for certain parts of the body. 

This discovery is quiet important in the cancer fight and leads to needed rethinking of cancer 

development mechanisms. Does each tissue need a more specialized drug for that specific 

tissue, and what approach can be taken if such is true? Should more efforts and resources be 

directed to prevention or treating and curing cancer diseases?  

The United States population’s 10-year cancer mortality and incidence rates were 

compared with those of two states California and Utah with lowest cancer incidence rates and 
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two states Kentucky and West Virginia with highest incidence rates in the country. The use of 

two states were used due to their lowest cancer incidence rates while two were used as states 

with highest cancer incidences in the country. Overall, the goal in this selection of states on 

both ends of the spectrums of cancer incidence rates together with the US population’s cancer 

incidence rates is to provide a representative sample to study the environmental mutagenic-

inducing factors’ influence in contrast to the mortality hindrance factor of anticancer drugs. 

Most anticancer drugs designed and used in connection with completion of Human 

Genome Project (HGP) in 2003 will be discussed. The HGP had among its main three future 

goals the designing of more robust and efficient drugs, vaccines and therapies for cancer 

prevention or elimination. Analyzing the success of the anticancer drugs that were FDA-

approved from 2007 to 2011 has been emphasized in this research to determine if these 

telomeres-targeting anticancer drugs have been successful in slowing or countering cancer 

disease rates. Cancer mortality rates from 2002 to 2006-before more efficient anticancer drugs 

were approved-are contrasted with mortality rates from 2007 to 2011. 

This research was unable to conclusively establish a clear role of anticancer drugs in 

cancer mortality rates decline in the US population by replicating their clinical trials’ 

effectiveness through expected mortality rates reduction. Meanwhile, smoking and tobacco 

use as an environmental mutagenic factor in lung and bronchus cancer incidence rates yielded 

conclusive research results in both sexes. The Pearson correlation coefficient calculation 

ranged from 0.5414 to 0.781 for the US population and three out of four selected states. It was 

also found that smoking and tobacco use might explain 29 to 60 percent of the lungs and 

bronchus cancer incidence rates in the US population and three out of four selected states that 

were studied.  



5 

 

Table of Contents           

Acknowledgements                                                                      2 

Abstract         3 

List of Figures and Tables       6 

Glossary of Terms       7 

Chapter 1: Introduction       8 

Chapter 2: Literature Review       11 

2.1 Telomeres Shortening and Oncogenesis                                                                                                11 

2.2 Breast Cancer                                                                                                              15 

2.3 Colorectal Cancer                                                                                                                       16 

2.3 Lungs and Bronchus Cancer                                                                                                     17 

2.4 Prostate Cancer                                                                                                                                                                                                                   20 

2.5 Geographical Cancer Susceptibility Distribution                                                                   21 

Chapter 3: Research Method                                                                                                                        25 

Chapter 4: Research Results                                                                                                                                                                                                                                 28 

4.1 Females’ Three Cancer Sites, t-Tests of Possible Mean Changes in Mortality Rates                    28 

4.2 Males’ Three Cancer Sites, t-Tests of Possible Mean Changes in Mortality Rates                             32 

4.3 Females’ Three Cancer Sites, t-Tests of Possible Mean Changes in Incidence Rates                          36 

4.4 Males’ Three Cancer Sites, t-Tests of Possible Mean Changes in Incidence Rates                              39 

4.5 Future of Anticancer Drugs’ Effectiveness                                                                                                                                                                     42 

4.6 FDA-Approved Anticancer Drugs Role in Cancer Mortality Improvement                           47 

4.7 Environment and Cancer Incidences                                                                                                                                        51 

4.8 Role of Environmental Mutagens in Cancer Incidences                                              56 

4.9 Summary and Discussion                                                                             57 

4.10 Conclusions                                                                                                                                                                       61 

Chapter 5:  Suggestion for Additional Work                                                                                                                                62 

5.1 Recombinant DNA Technology and Anticancer Drugs                                                    63 

5.2 Modelling Cancer Care Optimization                                                                                 64 

References                                                                                                                                              65 

Appendices                                                                                                                                                76 

           Appendix A:  Overall Survival Improvement for Breast Cancer Drugs                       76 

           Appendix B:  Overall Survival Improvement for Prostate Cancer Drugs                                 79 

           Appendix C:  Overall Survival Improvement for Colorectal Cancer Drugs                                81 

           Appendix D:  Overall Survival Improvement for Lungs/Bronchus Cancer Drugs                                                84 
 

 

 

 

 



6 

 

List of Figures and Tables 

Figure 1: Serial mutations’ accumulation effect in tumor formation                                                  16 

Figure 2: Cancer Incidence as a Function of Age                                                                               17 

Figure 5: Cancer Incidence Rates Distribution in the US from 2007 to 2011, Both Sexes                24 

Figure 6: Cancer Mortality Rates Distribution in the US from 2007 to 2011, Both Sexes                     25 

Table 1: Trends in Age-adjusted Cancer Mortality Rates* by Site, Females, US, 2002-2011           27 

Table 2: Trends in Age-adjusted Cancer Mortality Rates* by Site, Males, US, 2002-2011              29 

Table 3: Trends in Age-Adjusted Cancer Incidence Rates* by Site, Females, US, 2002-2011                                                                                                                                  31 

Table 4: Trends in Age-Adjusted Cancer Incidence Rates* by Site, Males, US, 2002-2011                                                                                                                                                     32 

Table 5: Improvement of OS by Anticancer Drugs at Each Site                                                        35 

Table 6: Female Expected Mortality Rates after Treatment                                                               36 

Table 7: Male Expected Mortality Rates after Treatment                                                                   37 

Figure 3: Correlation Coefficient of Smoking with Lungs and Bronchus Cancer                                         39 

Table 8: Cigarette Smoking Trend in the US and Selected States (Male & Female)                         40 

Table 9: US and Selected States Lung Cancer Incidences (Male &Female)                                      40 

Figure 4: Lung/Bronchus Cancer Incidences and Tobacco/Cigarette Use Trend                               41 

Table 1.1: Female Lungs and bronchus Mortality Rates                                                                    42 

Table 1.2: Female Colorectal Mortality Rates                                                                                      43 

Table 1.3: Female Breast Mortality Rates                                                                                           43 

Table 2.1: Male Lungs and Bronchus Mortality                                                                                 44 

Table 2.2: Male Prostate Mortality Rate                                                                                             45 

Table 2.3: Male Colorectal Mortality Rate                                                                                         45 

Table 3.1: Female Breast Cancer Incidences                                                                                      46 

Table 3.2: Female Lungs and Bronchus Incidences                                                                                    47 

Table 3.3: Female Colorectal Cancer Incidences                                                                               47 

Table 4.1: Male Lungs and Bronchus Cancer Incidences                                                                   48 

Table 4.2: Male Prostate Cancer Incidences                                                                                       49 

Table 4.3: Male Colorectal Cancer Incidences                                                                                   49 

Table 10:  Current FDA-Approved Drugs for Prostate Cancer                                                           53 

Table 11:  Current FDA-Approved Drugs for NSCLC and SCLC Cancer                                         54 

Table 12:  Current FDA-Approved Drugs for Colorectal Cancer                                                       55 

Table 13:  Current FDA-Approved Drugs for Breast Cancer                                                             56 

 

 

 

 

 

 



7 

 

Glossary of Terms 

1. ρ-Value…The probability (assuming H0) of a test statistic value equal to or more 

extreme than the actually observed value. 

2. PCC…Pearson Correlation Coefficient. This calculated value is used to measure the 

strength of a linear association between two variables, where the value r = 1 means a 

perfect positive correlation and the value r = -1 means a perfect negative correlation. 

3. R2... Correlation of determination calculation. In linear least square regression, it is a 

value used in statistics that will give some information about the goodness of fit of a 

model.   

4. Gene… The gene is the basic physical unit of inheritance. Genes are passed from parents 

to offspring and contain the information needed to specify traits. 

5. Chromosome… An organized package of DNA found in the nucleus of the cell. 

6. BRCA1… Breast Cancer gene 1. BRCA1 is a tumor suppressor gene. BRCA1 and 

BRCA2   are normally expressed in the cells of breast and other tissue, where they help 

repair damaged DNA or destroy cells if DNA cannot be repaired.  

7. BRCA2…Breast Cancer gene 2. Like BRCA1, BRCA2 is a tumor suppressor gene.  

8. APC…Adenomatous Polyposis Coli. It is a protein that is encoded by the APC gene in 

humans.  
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Chapter 1 - Introduction 

According to statistics from the US National Institute of Health (NIH) and the 

American Cancer Society (ACS), deaths due to diseases of cancer are second only to heart-

related deaths in the United States. (ACS 2015). When analyzed from an age groups 

perspective, the Centers for Disease Control and Prevention (CDC) mortality rates statistics 

from 2011 show the death rate due to cancer diseases topping the list as the leading cause of 

death for people from the age 45 to 64 (CDC 2013). Total costs - excluding productivity loss 

costs associated with cancer treatments in 2011 were estimated to be $88.7 billion and these 

costs are projected to reach $158 billion in 2020. These costs, while very high, are necessary 

in dealing with life-threatening cancer diseases. Fortunately, treatment costs are starting to 

improve, as well as mortality rates.  Recent analysis by the National Cancer Institute (NCI) 

ongoing Surveillance, Epidemiology and End Results (SEER) study shows overall survival 

rate from 2004 to 2010, is still low at about 66.1% of all combined cancer diseases.  

Lung/bronchus and colorectal cancers have survival rates of 16.8% and 64.7%, respectively, 

while breast and prostate cancers have higher survival rates of 89.2% and 98.9%, respectively. 

(SEER 2004-2010).  As such, a more focused and knowledge-based treatment to eradicate 

cancer diseases is becoming increasingly urgent for the country and the world community. 

 In order to become effective and successful in lowering cancer incidence and 

mortality rates, the need for comprehensive and focused understanding of the 

balanced/specific approaches to cancer prevention or treatment is important. As a result, 

telomeres and telomerase have become a major focus of many molecular and genomic 

researchers, in order to understand the origin of cancers and how to better design drugs that 

are specific in terms of their pharmacokinetics, pharmacodynamics and bioavailability in 
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targeting these diseases. Long term challenges in finding successful anticancer drugs are well 

documented and expected due to complexity and variations in cells of tissues and organs of 

the human body (Klug, 2003). While the challenge is daunting, there are some promising 

signs that researchers and scientists are getting a better handle of cancer prevention and 

treatment.  

According to the CDC statistics of 2011, cancer death rates have been declining 

steadily as effective anticancer drugs and detection methods are becoming available for 

patients. Still, major work needs to be done to elucidate why some cancers remain untreatable 

and why some of them have not responded appropriately to drugs that were intended for them. 

As scientists and clinicians gain more insight into the method of attack by which cancer 

diseases commence, and the specific pathways affected, the knowledge acquired aids in 

designing drugs with increased specificity to each cancer site, tissue or organ. Drug design is 

accomplished through various novel genetic material manipulation of naturally occurring or 

synthesized compounds to block a pathway, restore a blocked or lost function or eliminate a 

susceptible element. The process can also involve utilization of transgenic organisms or 

human stem cells as donor of the individual gene materials as replacement elements which 

perform in a similar fashion as the defective cells or tissues or as transporting vehicles to 

deliver the required remedy to the intended target. 

It is the objective of this research to ascertain anticancer drugs’ effectiveness through 

mortality rates while environmental influence factors will aim to establish possible correlation 

to cancer incidences declining trend in the US population. Research hypotheses analysis and 

correlation coefficient calculation methods will specifically focus on analyzing performance 

of the FDA-approved anticancer drugs and their effectiveness in correlation to declining U.S 
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population cancer mortality rates. Smoking and tobacco use will be applied in analyzing 

environmental factors and their correlation to cancer incidences using selected states and the 

US population cancer incidences to shed light on the challenges and opportunities of 

countering cancer diseases. The statistical analysis will involve two-five-year periods, one 

before many anticancer drugs modelled and designed through recombinant deoxyribonucleic 

acid (rDNA) molecular technology became available, and one after. Three leading causes of 

deaths involving cancer sites specific to males and females will be analyzed using t-tests for 

mean to reject or support research hypotheses relating to each cancer. Also, Pearson Product 

Correlation Coefficients (PCCs) will be used to deduce possible long-term influences of 

environmental mutagens on incidence rates. 

 The three specific cancer sites of high incidences and mortality in males analyzed in 

this research include prostate, lungs and bronchus, and colorectal, in order of decreasing rate. 

Among females, the three cancer sites analyzed in order of decreasing incidence and mortality 

rate include lungs and bronchus, breast, and colorectal, respectively. 
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CHAPTER 2 - Literature Review    

The research literature review and background will explore the origins of mutations 

and links of environmental factors which lead to transformation of normal human cells into 

tumor or cancer cells. It will also espouse the role of genetic inheritance in cancer 

development and how genomics and molecular biology offer hope in the design and 

development of anticancer drugs that target both telomeres and telomerase pathways either by 

activation or deactivation of the affected sites of respective tissues or organs. 

Telomeres Shortening and Oncogenesis 

Telomeres-the caps on chromosome ends which contain DNA regarded as building 

blocks of all living organisms-came into focus as researchers grappled with the epidemic of 

cancer diseases. Origin and development of cancer diseases is well documented and 

understood by researchers and scientists in the genomic and molecular biology. Completion of 

the human genome project (HGP) on April 14, 2003 was an exciting moment for people in 

medical research, as it culminated in successful mapping of the entire human body building 

blocks, or genes. With completion of this project, there was an anticipation it would be 

possible to sequence and catalog defective and responsible genes causing cancers. It was 

envisioned that once the human body was mapped, eventually a solution in designing 

effective therapies and treatments to counter challenging cancer diseases, whose background 

are heavily associated with genomic make-up of the concerned part of the body (cell, tissue or 

organ) would be realized. It is easy to see why cancer was among the focal points of HGP 

long term research goal.         
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The process of aging and dying is a characteristic of all multicellular organisms due to 

the finite life span of cells composing all living organisms. According to Klug, “Normal adult 

human culture cells divide about 10-20 times before undergoing senescence” (Klug 2003, 

p.270). This phenomenon, also known as the Hayflick limit, was demonstrated by Hayflick in 

1961 at Wistar Institute in Philadelphia, Pennsylvania where he concluded, “human cultured 

fetal cells divided 40 to 60 times before entering senescence” (Hayflick 1961).  A study 

published in 1978 by Blackburn and her colleagues, earning them a joint noble prize in 2009 

in physiology and medicine, showed “how chromosomes are protected by telomeres and 

telomerase.” (Blackburn 1978). The study conducted in vitro at the University of Kansas and 

published in 2013 indicates the functional importance of the chromosomes’ ends in cancer 

development by suggesting “Telomere attrition is thought to function as a means of tumor 

suppression as cells can only undergo a limited number of divisions in the absence of 

telomerase or an alternative mechanism for replenishing DNA at chromosome ends.” (Janzen, 

2013). Klug has also pointed out that, “Telomeres help preserve the structural integrity of 

chromosomes by protecting their ends from degrading or fusing to other chromosomes”. 

(Klug 2003).  

Since telomeres play a significant role in maintaining the integrity of cells replication 

and renewal, there is a good chance that there will be a mistake in this process of replication 

as its accuracy diminishes with increased age of the chromosomes’ telomeres and as the 

shrinking rate continues. This observation might explain Mayo Clinics’ assertion of increased 

age as a key risk factor in breast cancer incidences or prevalence.” (Mayo Clinics). 

Accumulation of mutations eventually leads to convention of normal human cells into cancer 
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forming cells. This serial accumulation of mutations leading to tumor or cancer forming cells 

is portrayed on Figure 1.  

 

Figure 1: Image / Photo Credit: Darryl Leja, NHGR. Serial mutations’ accumulation 

effect in tumor formation. 

While telomere shortening or telomerase enzyme depletion importance in cancer 

development is given close attention in many past and present research efforts, it is not the 

only pre-requisite for tumor or cancer cells formation, known as oncogenesis. There are many 

enzymes and pathways (effectors and suppressors) that are involved in cell divisions that are 

known to be involved in oncogenesis. These pathways and enzymes are currently being 

scrutinized as possible target in anticancer drugs design.  
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A multi-hit model of cancer induction proposed by Alfred Knudson in 1971 supports 

this observation and is supported by DePinho’s graphical presentation of America Cancer 

Society’s cancer facts and figures of 2000 as shown in Figure 2. (DePihno 2000). When 

incidences of invasive cancer are plotted against age ranges, the resulting plot reveals 

exponential increase from age 40–80 years. The plot shows that cancer incidences peak at age 

80 and plateau past this age.  

 

      

Figure 2: Cancer Incidence as a Function of Age.  

 

The loss of capability for cells’ replication and maintenance of the chromosomes’ end 

caps result in proliferation of cells uncontrollably leading to oncogenesis. This process of 

unprogrammed cell death is known as apoptosis. Most tumors are known to be the 



15 

 

predisposition for cancer. While the formation of tumors and mechanisms involved are well 

understood, there are several processes that are not clear yet. For example, it is well 

understood that telomeres, are created and maintained by telomerase enzyme. It is also known 

that telomere’s length reduction will eventually reach an optimum point where the responsible 

cell will cease to replicate. What is still puzzling researchers is the complexity of how to 

control the amount of telomerase if it needs to be controlled and maintained at a certain 

optimum level. It is not clear if more telomerase is good or bad for the cells involved or if 

various tissues need a certain amount of enzyme to have an optimum effect. Some anticancer 

drugs have shown some success in clinical trials when used to control the amount of 

telomerase enzyme in order to maintain the telomeres. Unfortunately, there were several 

undesired side effects like hair loss, nausea and loss of appetite that were noticed during 

clinical trials. It seems more work needs to be done in finding what best biotherapies can be 

designed in the effort to develop effective anticancer drugs.  

A brief, simplified and general description of three major leading cause of cancer 

deaths at each site, both in male and female is provided as follows. 

Breast Cancer  

 Higher breast cancer incidence rates in developed countries than in developing 

countries underscores the Hayflick limit phenomena due to the fact that women in developed 

countries live and grow older than in developing countries. The complexity of telomere 

shrinking or elongation/maintenance beyond the programmed cell death may be to blame. Due 

to this complexity, it is always difficult to say for certain what could be the cause of breast 

cancer in females. Mayo Clinics explain this ambiguity as follows, “Researchers have 
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identified hormonal, lifestyle and environmental factors that may increase your risk of breast 

cancer. But it's not clear why some people who have no risk factors develop cancer, yet other 

people with risk factors never do. It's likely that breast cancer is caused by a complex 

interaction of your genetic makeup and your environment.” (Mayo Clinics 2010). While 

researches have shown genetic mutations on BRCA1 and BRCA2 account for between five 

and ten percent of genetic mutations in breast cancer development, the remainder of breast 

cancer causes is not known. This reflects the challenge of explaining genetic disease using 

conventional gene mapping to systematically pinpoint the cause of the disease, leading to 

eventual design of effective drugs.  

Colorectal Cancer 

Colorectal cancer in both males and females does not deviate too far from the 

ambiguous pattern of unconventional genetic mutation displayed in breast cancer multiplicity. 

Several research efforts indicate that, “colorectal cancer is due to mutational loss of function 

in APC genes, resulting in formation of polyps (precancerous growths) on the inside of the 

colon walls.” (Lodish 2004).  

Environmental factors related to diet are suspected to play a notable role in colorectal 

cancer development. Diets that are rich in fat and deprived of fiber have shown to deprive the 

body from fending off the cancer of colon and rectum. The functions of the major colon 

cancer genes have been extensively mapped and characterized over the past decade. 

Vogelstein and his colleague describe this characterization in part of their research abstract as 

follows: 
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Three proposed classes of colon cancer genes are tumor suppressor 

genes, oncogenes, and DNA repair genes. In colorectal cancer 

development, it is known that tumor suppressor genes like APC 

constitute the most important class of genes responsible for hereditary 

cancer syndromes and represent the class of genes responsible for both 

familial adenomatous polyposis (FAP) and juvenile polyposis syndrome 

(JPS), among others. Both alleles of APC genes must carry an 

inactivating mutation for polyps to form. This concept confers the 

multi-hit hypothesis proposed by Knudson. Germline mutations of 

oncogenes are not an important cause of inherited susceptibility to 

colorectal cancer (CRC), even though somatic mutations in oncogenes 

are ubiquitous in virtually all forms of gastrointestinal cancers. 

Stability genes, especially the mismatch repair (MMR) genes 

responsible for Lynch syndrome (LS) (also called hereditary 

nonpolyposis colorectal cancer [HNPCC]), account for a substantial 

fraction of hereditary CRC, as noted below. MYH is another important 

example of a stability gene that confers risk of CRC based on defective 

base excision repair. (Vogelstein 2004). 

Lungs and Bronchus Cancer 

            Lungs and bronchus cancer is very potent, although mostly due to induced 

environmental carcinogens like asbestos, cigarette smoking, second hand smoking as well as 

other environmental pollutants in the air. Statistics from CDC indicate that lung cancer was 

the leading cause of cancer deaths with estimated number of 159, 260 in 2014. ). For a long 
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time lung cancer has been simply classified as non-small-cell lung cancer (NSCLC) and 

small-cell lung cancer (SCLC). However, with the arrival of genotyping and genomic 

profiling, the simple classification of lung cancer into NSCLC and SCLC is being challenged. 

More evidence and studies suggest lung cancer is heterogeneous, complex, and challenging 

disease to treat. 

           In the past decade and with the advent of personalized medicine, multiple advances 

have been made in understanding the underlying biology and molecular mechanisms of lung 

cancer. Efforts by researchers and clinicians, including one study at the Dana-Farber Cancer 

Institute, “In 2004, and elsewhere identified vulnerability in some patients’ lung cancers – and 

began exploiting that weakness with designer cancer drugs. It was the opening of precision 

“targeted therapy” for lung cancer and for certain patients in advanced stages of the disease, 

these treatments have made a meaningful difference.” (Dana-Farber 2004). The concept of 

using information from a patient's tumor to make therapeutic and treatment decisions is at the 

heart of the recent landscape for cancer care, and research in general, as shown by success of 

targeted cancer drugs whereby “using a new gene test, physicians could now identify the 10-

15 percent of NSCLC patients in the United States and Europe who were likely to respond to 

Iressa. (In Asia, the mutant EGFR protein is present in the tumors of about 40 percent of 

patients with NSCLC). EGFR mutation testing is now part of every single treatment guideline 

in oncology and is endorsed by major cancer organizations including the American Society of 

Clinical Oncology.” (Dana-Farber 2014).     

            Management of non-small-cell lung cancer, in particular, has seen several of these 

advances, with the understanding of activating mutations in EGFR, fusion genes involving 

anaplastic lymphoma kinase (ALK), rearrangements in ROS-1, and ongoing research in 



19 

 

targeted therapies for K-RAS and MET as promising target for design of drugs that are more 

potent and effective in combating lung cancer. On the 50th anniversary of smoking and health 

in United States in 2014, a Surgeon General Report (SGR) indicated that “cigarette smoking 

does contribute to large extent the percentage of lungs and bronchus cancer causing one out of 

three deaths”. (SGR, 2014). The report also shows nearly nine out of ten lung cancers are 

caused by smoking cigarettes. The CDC comments on its campaign against smoking link to 

lung cancers and observes “Doctors have known for years that smoking causes most lung 

cancer. In fact, smokers have a greater risk for lung cancer today than they did in 1964, even 

though they smoke fewer cigarettes.” (CDC 2011). 

            Results of a research conducted by Genome Institute at the University of Washington 

on squamous cell lung cancer found recurring mutations common to many patients in 18 

genes. The investigators observed that, “Many of these mutations can be targeted with 

existing drugs and almost all of the tumors showed mutations in a gene called TP53, known 

for its role in repairing damaged DNA.” (Cancer Genome Atlas 2012). The researchers also 

noted that lung squamous cell carcinoma shares many mutations with head and neck 

squamous cell carcinomas, supporting the emerging body of evidence that cancers may be 

more appropriately classified by their genetics rather than the primary organ they affect. 

Current treatment for squamous cell lung cancers includes chemotherapy and radiation, but 

there are no drugs specifically designed to target this particular type of lung cancer. This 

observation adds to the urgency of need for a renewed effort to design and find drugs that are 

more effective in targeting this critical organ in human body.  
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Prostate Cancer 

Researchers at the National Human Genome Research Institute (NHGRI) and John 

Hopkins Hospital have identified a specific gene called ribonuclease L, or RNASEL, in 2002 

that was suspected to have its origin from chromosome 1 as a culprit in prostate cancer 

development. These researchers at John Hopkins and in Sweden called this mutation 

Hereditary Prostate Cancer 1 Region, or HPC1. At the time of this discovery, John D. 

Carpten, Ph.D., an NHGRI cancer genomics researcher and the paper's lead author, cautioned 

“Mutations in this one gene, however, do not explain all forms of inherited prostate cancer. 

This is not the only gene involved in prostate cancer. We know that mutations in any number 

of genes can lead to the development of prostate cancer, and this gene possibly represents a 

new member in the repertoire of prostate cancer genes.” (Carpten 2002). Other mutations are 

thought to be responsible for prostate cancer development. According to NHGRI, being of 

African-American descent, age and family history of prostate cancer are all factors which 

increase the risk for developing prostate cancer in a man. (NHGRI 2012).  

In addition, some of the CDC studies have shown social-economic status of certain 

geographical population to be among the involved factor in prostate cancer incidences and 

mortality rates. For example, there are higher prostate cancer mortality rates in the southern 

states of the US where poverty is higher than majority of the country. Below are some 

environmental factors known to increase risk or susceptibility for prostate cancer incidences 

and mortality rates.  

 A high-fat diet 

 High calories foods 
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 A sedentary lifestyle 

 Geographic location where a man lives. 

 For example, there are more white men who develop prostate cancer living in the 

northwest region of the United States and in New England.  

 

Geographical Cancer Susceptibility Distribution 

Geographical location correlation with overall cancer susceptibility in small scale was 

studied and conducted by the Minnesota Human Health Institute.  In this study, Servick and his 

colleague observed that, “geographical location matters in cancer susceptibility in a surprising 

way.” (Servcik 2013).  On medium scale, the CDC also highlights this geographical cancer 

incidences and mortality rates distribution phenomena in the US on Figures 5 & 6, 

respectively. 
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Figure 5: Cancer Incidence Rates Distribution in the US from 2007 to 2011, 

Both Sexes  

 

            Both cancer incidences and mortality rates are higher on the east coast of the United 

and lower on the west coast. The CDC also argue that socio-economic factors might play role 

in cancer incidences and mortality rates. As a result, higher cancer incidences and mortality 

rates are slightly higher in the southern states than states with higher GDP. 
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Figure 6: Cancer Mortality Rates Distribution in the US from 2007 to 2011, 

Both Sexes 

     

              On large scale, World Health Organization (WHO) data statistics highlights the 

following observations in cancer susceptibility and geographical distribution: 

 There is less variation in female incidence rates (almost three-fold) with rates ranging from 

103 per 100,000 in South-Central Asia to 295 per 100,000 in Northern America. 
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     Male incidence rates vary almost five-fold across the different regions of the world, with 

rates ranging from 79 per 100,000 in Western Africa to 365 per 100,000 in Australia/New 

Zealand. 

 In terms of mortality, there is less regional variability than for incidence, the rates being 

15% higher in more developed than in less developed regions in men, and 8% higher in 

women.  (WHO 2015). 
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3 –Research Method 

In the following paragraphs, key aspects of the method used in conducting research are 

summarized. 

            A recent observation by the CDC and the ACS is that cancer incidence and mortality 

rates in the US population started peaking between 1990 and 2000 and has since been on a 

declining trend. The CDC started tracking data about cancer mortality rates and incidences in 

1931. This peak in 2000 and the declining trend is more pronounced in lung and bronchus 

cancer. Scientists and researchers in molecular biology and genomics have, for more than four 

decades, hoped to turn the tide in the fight against cancer diseases, and particularly after 

completion of human genome project in 2003. The research reported here utilizes published 

data from these two organizations in assessing their observation, determining if anticancer 

drugs discovered during a specific study period played a significant role in the observed trend. 

The role of environmental mutagens in general cancer incidence rates in US, and for selected 

states, is also assessed for the same study period. This comparative analysis of anticancer 

drugs’ effectiveness in mortality rate reduction, and environmental factors in cancer 

incidence, will produce information that could provide new insight in the fight against cancer 

diseases.   

            The literature review used in this research targeted the most current, reliable and 

readily available information that provide a basic understanding in the declining trend of 

leading cancer diseases in the US population.  

            For this research, separating male and female groups aims to provide an organized and 

large sample for statistical purposes. Surveillance, epidemiology, and end-results statistics 
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from 2002 to 2011 show that leading cancers incidences in females are breast cancer, cancer 

of the lungs and bronchus, and colorectal cancer. Cancer mortality rates are highest for lungs 

and bronchus, followed by breast and colorectal, consecutively. In males, the leading and 

second most prevalent cancers by incidence and mortality rates are prostate and lung and 

bronchus respectively, while colorectal cancer remain in the third place in both incidence and 

mortality rates. 

 Data collected and analyzed focuses on two five-year portions of the ten year period 

from 2002 to 2011: from 2002 to 2006 before large number of bimolecular and genomic-

based anticancer drugs became available, and from 2007 to 2011 when many biomolecular 

and genomics drugs became available in the US healthcare system. While this study could 

have obtained better research results by analyzing more statistical data from longer periods of 

coverage, at the time of this research the CDC and the ACS only had mortality and incidence 

rates data reported until 2011.          

            Data used in this research were accessed from reputable government agencies, 

scientifically recognized universities and hospitals with established reputation in the country 

and in the world scientific community. The data collected from the government sources is 

made available to the public and scientific communities in the country and around the world. 

The data were accessed through the University of Kansas computer network system. Major 

parts of the data used in this research came from the following organization websites: 

 Mortality and incidence rates data were obtained from the CDC and the ACS.  

 The FDA website was used as a key source for identifying approved anticancer 

drugs of interest and their respective years of approval.  
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 Overall survival data for specific anticancer drugs were obtained from the 

PubMed, the NIH/NLM and the NCBI. 

            In this study, the t-test and PCC are used together in order to assess the strength of the 

claims of the environmental factors’ role in cancer incidence and mortality rates during the 

study period. Multiple tests are used as means to evaluate designed research hypotheses. The 

t-test was chosen because it was covered extensively in the Engineering Management 

program’s course titled Statistical Analysis and Prediction of Engineering Systems. The PCC 

was used to measure the degree of association between two variables. The PCC’s square (r2) 

is the Coefficient of Determination, used in this research to assess if the observed trend in 

lung and bronchus cancer incidences might possibly be “explained” by trends in smoking 

habits of the general US population and for selected states. 

 Reporting of p-values is a standard approach for hypotheses’ evaluation in scientific 

studies. A calculated value estimates the probability that an observed result occurred purely 

by chance. A small p-value for this research, any value less than 5%-indicates a hypothesis 

being tested is unlikely to be true because a “small p-value indicates that the actually observed 

data are very unlikely, assuming that the null hypothesis is true.” (Hildebrand 1998). 

           Microsoft Excel was used in this research study for calculation of individual t-tests’ p-

values used for hypotheses testing and for calculations of PCC and the related coefficient of 

Determination.  

           This research relied heavily on hypotheses tests to support or reject the role of 

anticancer drugs and environmental mutagens in cancer mortality and incidence rates, 

respectively. 
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Chapter 4—Research Results 

In order to assess the possible impact of the FDA approved anticancer drugs, research 

hypotheses were devised to statistically assess claims of declining mortality rates in the US 

female population due to lungs and bronchus, colorectal, and breast cancers. These three sets 

of cancer mortality rates data obtained from the ACS and  the CDC are utilized in this 

research to analyze mortality rates from 2007 to 2011 in comparison to 2002 to 2006-a time 

frame before there was a significant approval and use of many bimolecular and biosensitive 

anticancer drugs.  

 

Females’ Three Cancer Sites, t-Tests of Possible Mean Changes in 

Mortality Rates                           

            Research claims, denoted by Ha are that the mean 5-year cancer mortality rates declined 

from the earlier 5-year period to the later period. If the claims are supported, this would be 

consistent with the thought that the newer, targeted anticancer drugs are having an effect on 

the associated mortality rates in females. When the t-tests of these research hypotheses are 

combined with the drugs’ OS improvement in clinical trials results, it is expected that the 

resulting mortality rates will match or be close to the actual mortality rates reported by the 

CDC. The basis of the hypothesis testing method is provided in the text of Statistical Analysis 

for Managers. (Hildebrand 1998). Mortality rates data from the CDC database for the three 

sites from 2002 to 2011 are presented in Table 1. 
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Table 1: Trends in Age-adjusted Cancer Death Rates* by Site, Females, US, 2002-

2011 

  

Year Colon and Rectum Lung and Bronchus Breast 

2002 16.9 41.7 25.6 

2003 16.5 41.4 25.3 

2004 15.6 41.0 24.5 

2005 15.1 40.8 24.1 

2006 15.0 40.3 23.6 

2007 14.6 40.2 23.0 

2008 14.3 39.2 22.6 

2009 13.6 38.7 22.2 

2010 13.3 38 21.9 

2011 13.1 37.1 21.5 

Mean¹ 14.8 39.84 23.4 

Std Deviation 1.288410 1.531303 1.425209536 

Variance, P 1.494 2.1104 1.8281 

Mean² 15.8 41.0 24.6 

Meanᶾ 13.8 38.6 22.2 
 

 

Key: * Per 100,000, age adjusted to the 2000 US standard population. 

 
Mean1 cancer mortality rates from 2002 to 2011 

Mean2 cancer mortality rates from 2002 to 2007 

Mean3 cancer mortality rates from 2007 to 2011 

Note: Due to changes in ICD coding, numerator information has changed over time.  

Rates for cancer of the liver, lung and bronchus, and colon and rectum are affected by these coding 

changes. 

Source: US Mortality Volumes 1930 to 1959, US Mortality Data 1960 to 2011, National Center for 
Health Statistics, Centers for Disease Control and Prevention 

          ©2015, American Cancer Society, Inc., Surveillance Research 

    
  

 

 



30 

 

         The research hypothesis related to bronchus and lungs cancer mortality rates among 

females is   formulated as, Ha: µ1 < µ0 where µ1 is the mean mortality rates for the period 2007 

to 2011 and µ0 is the mean mortality rates for the period 2002 to 2006. A null hypothesis, 

denoted H0 is the denial of the research hypothesis Ha. Therefore, the corresponding null 

hypothesis is H0: µ1−µ0 = 0. Results of the research hypotheses test derived through use of 

Excel are shown in Table 1.1 

Table 1.1: Lungs and Bronchus Mortality Rates in Female 

    

t-Test: Two-Sample Assuming Equal Variances   

     

  Variable 1 Variable 2 

Mean 41.04 38.64 

Variance 0.293 1.383 

Observations 5 5 

Pooled Variance 0.838   

Hypothesized Mean Difference 0   

Df 8   

t Stat 4.145331215   

P(T<=t) one-tail 0.001614813   

t Critical one-tail 1.859548038   

P(T<=t) two-tail 0.003229625   

t Critical two-tail 2.306004135   

 

           In statistical hypothesis testing, “A small ρ-value is a strong, conclusive evidence for 

rejecting the null hypothesis.” (Hildebrand 1998). Therefore, at a 95% confidence level, the 

research hypothesis is supported. The Excel results for tests of parallel research hypotheses 

for the breast and colorectal cancers are presented in Tables 1.2 and 1.3, respectively. 
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Table 1.2: Breast Cancer Mortality Rates in Female 

  
t-Test: Two-Sample Assuming Equal Variances  
   

  Variable 1 Variable 2 

Mean 24.62 22.24 

Variance 0.687 0.343 

Observations 5 5 

Pooled Variance 0.515  

Hypothesized Mean Difference 0  

Df 8  

t Stat 5.243766526  

P(T<=t) one-tail 0.000389857  

t Critical one-tail 1.859548038  

P(T<=t) two-tail 0.000779715  

t Critical two-tail 2.306004135   

 

Table 1.3: Colorectal cancer mortality Rates in Female 

  
   

t-Test: Two-Sample Assuming Equal Variances  

   

  Variable 1 Variable 2 

Mean 15.82 13.78 

Variance 0.717 0.417 

Observations 5 5 

Pooled Variance 0.567  

Hypothesized Mean Difference 0  

Df 8  

t Stat 4.283597361  

P(T<=t) one-tail 0.001337223  

t Critical one-tail 1.859548038  

P(T<=t) two-tail 0.002674446  

t Critical two-tail 2.306004135   
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In order to assess the possible impact of the FDA approved anticancer drugs, research 

hypotheses were devised to statistically assess claims of declining mortality rates in the US 

male population due to lungs and bronchus, colorectal, and prostate cancers. These three sets 

of cancer mortality rates data obtained from the ACS and  the CDC are utilized in this 

research to analyze cancer mortality rates from 2007 to 2011 in comparison to 2002 to 2006-a 

time frame before there was a significant approval and use of many bimolecular and 

biosensitive anticancer drugs.  

Males’ Three Sites, t-Tests of Possible Mean Changes in Mortality Rates                                       

            Research claims, denoted by Ha are that the mean 5-year cancer mortality rates 

declined from the earlier 5-year period to the later period. If the claims are supported, this 

would be consistent with the thought that the newer, targeted anticancer drugs are having an 

effect on the associated mortality rates in males and vice versa. The basis of the hypothesis 

testing method is found in the text of Statistical Analysis for Managers in the same way it was 

used in hypotheses testing of mortality rates in females. These t-tests of possible mean 

changes in mortality rates in males are used in conjunction with the mean of each cancer site 

to aid in supporting research hypotheses or accepting null hypotheses. Expected mortality 

rates due to anticancer drugs mean OS percentage improvements are also used at the end to 

establish their possible role in declining cancer mortality rates in the US male population 

during the period of interest in this study. Mortality rates data from the CDC database for the 

three sites from 2002 to 2011 are presented in Table 2. 
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Table 2: Trends in Age-adjusted Cancer Death Rates* by Site, Males, US, 2002-2011 

 

Year Colon and Rectum Lung and Bronchus Prostate 
2002 24.4 74.0 28.7 

2003 23.6 72.3 27.2 

2004 22.3 70.7 26.2 

2005 21.7 69.7 25.4 

2006 21.1 67.6 24.2 

2007 20.7 65.4 24.2 

2008 20.1 63.9 23.0 

2009 19.5 61.7 22.1 

2010 19.2 60.3 21.8 

2011 18.5 58.1 20.8 

        

Mean¹ 21.1 66.4 24.4 

StD Deviation 1.817388 5.087445 2.400083 

VAR.P 3.3029 25.8821 5.7604 

Mean² 22.6 70.9 26.3 

Meanᶾ 19.6 61.9 22.4 
 

Key: * Per 100,000, age adjusted to the 2000 US standard population. 

 
Mean1 cancer mortality rates from 2002 to 2011 

Mean2 cancer mortality rates from 2002 to 2007 

Mean3 cancer mortality rates from 2007 to 2011 

Note: Due to changes in ICD coding, numerator information has changed over time.  

          Rates for cancer of the liver, lung and bronchus, and colon and rectum are affected by these 

coding changes. 

Source: US Mortality Volumes 1930 to 1959, US Mortality Data 1960 to 2011,  

National Center for Health Statistics, Centers for Disease Control and Prevention 

          ©2015, American Cancer Society, Inc., Surveillance Research 
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           The research hypothesis related to bronchus and lungs cancer mortality rates among 

males is formulated as, Ha: µ1 < µ0 where µ1 is the mean mortality rates for the period 2007 to 

2011 and µ0 is the mean mortality rates for the period 2002 to 2006. A null hypothesis, 

denoted H0 is the denial of the research hypothesis Ha. Therefore, the corresponding null 

hypothesis is H0: µ1−µ0 = 0. Results of the research hypotheses test derived through use of 

Excel are shown in Table 2.1 

 

Table 2.1: Lung and Bronchus Cancer Mortality Rates in Male 

 
t-Test: Two-Sample Assuming Equal Variances 
      

  Variable 1 Variable 2 

Mean 70.86 61.88 

Variance 5.983 8.322 

Observations 5 5 

Pooled Variance 7.1525   

Hypothesized Mean Difference 0   

df 8   

t Stat 5.30905724   

P(T<=t) one-tail 0.000360237   

t Critical one-tail 1.859548038   

P(T<=t) two-tail 0.000720474   

t Critical two-tail 2.306004135   

 

Since a small ρ-value is a strong, conclusive evidence for rejecting the null hypothesis, 

therefore, at a 95% confidence level, the research hypothesis is supported for lung and 

bronchus mortality rates in male. The Excel results for tests of parallel research hypotheses for 

the prostate and colorectal cancers are presented in Tables 2.2 and 2.3, respectively. 
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Table 2.2: Prostate Cancer Mortality Rates in Male 

      

t-Test: Two-Sample Assuming Equal Variances     

      

  Variable 1 Variable 2 

Mean 26.34 22.38 

Variance 2.948 1.652 

Observations 5 5 

Pooled Variance 2.3   

Hypothesized Mean Difference 0   

df 8   

t Stat 4.128585398   

P(T<=t) one-tail 0.001652443   

t Critical one-tail 1.859548038   

P(T<=t) two-tail 0.003304887   

t Critical two-tail 2.306004135   

 

 

Table 2.3: Colorectal Cancer Mortality Rates in Male 

 
t-Test: Two-Sample Assuming Equal Variances 

     

  Variable 1 Variable 2 

Mean 22.62 19.6 

Variance 1.847 0.71 

Observations 5 5 

Pooled Variance 1.2785   

Hypothesized Mean Difference 0   

df 8   

t Stat 4.223053478   

P(T<=t) one-tail 0.001451856   

t Critical one-tail 1.859548038   

P(T<=t) two-tail 0.002903711   

t Critical two-tail 2.306004135   
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Females’ Three Sites, t-Tests of Possible Mean Changes in Incidence Rates                          

            In order to understand the impact of changing environmental factors on cancer 

incidence rates, research hypotheses were devised to assess a claim of declining breast, 

colorectal and lungs and bronchus cancer incidence rates in the US female population.  

Annual cancer incidence rates data from CDC database at the three sites from 2002 to 2011 

are presented in Table 3. 

Table 3: Trends in Age-Adjusted Cancer Incidence Rates* at 3 Sites, 

Females, US, 2002-2011 

Year  Breast Colorectal Lungs and Bronchus 
2002 129.2 46.4 55.7 

2003 122.5 45.3 55.9 

2004 120.9 44 55.9 

2005 120.6 43 56.9 

2006 121.4 42.1 56.7 

2007 122.8 40.8 56.3 

2008 123.8 39.7 56.2 

2009 124.7 37.9 55.4 

2010 120.3 36.1 53.5 

2011 122 34.9 52 

Mean¹ 122.82 41.02 55.45 

Std Deviation  2.509103 3.666279 1.453444 

Variance, P 6.2956 13.4416 2.1125 

Mean² 122.92 44.16 56.22 

Meanᶾ 122.72 37.88 54.68 
 

Key: *Rates are per 100,000 persons and are age-adjusted to the 2000 U.S. standard population 

 (19 age groups – Census P25-1130) 

Mean1 cancer mortality rates from 2002 to 2011 

Mean2 cancer mortality rates from 2002 to 2007 

Mean3 cancer mortality rates from 2007 to 2011 
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           The research hypothesis related to breast cancer incidence rates among females is   

formulated as, Ha: µ1 < µ0 where µ1 is the mean incidence rates for the period 2007 to 2011 

and µ0 is the mean incidence rates for the period 2002 to 2006. A null hypothesis, denoted H0 

is the denial of the research hypothesis Ha. Therefore, the corresponding null hypothesis is  

H0: µ1−µ0 = 0. Results of the research hypotheses test derived through use of Excel are shown 

in Table 3.1          

Table 3.1: Female Breast Cancer Incidences 

  
   

t-Test: Two-Sample Assuming Equal Variances  

   

  Variable 1 Variable 2 

Mean 122.92 122.72 

Variance 12.847 2.867 

Observations 5 5 

Pooled Variance 7.857  

Hypothesized Mean Difference 0  

df 8  

t Stat 0.112816241  

P(T<=t) one-tail 0.456477907  

t Critical one-tail 1.859548038  

P(T<=t) two-tail 0.912955814  

t Critical two-tail 2.306004135   

 

 Since a small ρ-value is a strong, conclusive evidence for rejecting the null hypothesis, 

therefore, at a 95% confidence level, the research hypothesis is supported for female breast 

cancer incidences. The Excel results for tests of parallel research hypotheses for the lung and 

bronchus and colorectal cancers are presented in Tables 3.2 and 3.3, respectively. 
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Table 3.2: Female Lung and Bronchus Cancer Incidences 

 
 
t-Test: Two-Sample Assuming Equal Variances  

   

  Variable 1 Variable 2 

Mean 56.22 54.68 

Variance 0.292 3.507 

Observations 5 5 

Pooled Variance 1.8995  

Hypothesized Mean Difference 0  

Df 8  

t Stat 1.766733631  

P(T<=t) one-tail 0.057629231  

t Critical one-tail 1.859548038  

P(T<=t) two-tail 0.115258462  

t Critical two-tail 2.306004135   

 

Table 3.3: Female Colorectal Cancer Incidences 

 
   

t-Test: Two-Sample Assuming Equal Variances  

   

  Variable 1 Variable 2 

Mean 44.16 37.88 

Variance 2.983 5.972 

Observations 5 5 

Pooled Variance 4.4775  

Hypothesized Mean Difference 0  

Df 8  

t Stat 4.692581788  

P(T<=t) one-tail 0.00077816  

t Critical one-tail 1.859548038  

P(T<=t) two-tail 0.00155632  

t Critical two-tail 2.306004135   
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Males’ Three Sites, t-Tests of Possible Mean Changes in Incidence Rates                          

              In order to understand the impact of changing environmental factors on cancer 

incidence rates, a research hypotheses were devised to assess a claim of declining lungs and 

bronchus, prostate, and colorectal cancer incidence rates in the US males population.  Annual 

cancer incidence rates data from CDC database at the three sites from 2002 to 2011 is 

presented in Table 4. 

Table 4: Age-adjusted Invasive Cancer Incidence Rates* at 3 Sites, Males, US,  

2002-2011 

        

Year Colon and Rectum Lungs and Bronchus Prostate 

2002 63.6 89.6 172 

2003 62.1 89.2 157 

2004 60 87.9 152.2 

2005 58 86.9 149.5 

2006 55.6 85 159 

2007 54.4 83.3 163.2 

2008 52.9 81.7 150.1 

2009 50 79.6 141.5 

2010 47.3 75.9 131.1 

2011 46.1 73 128.3 

Mean¹ 55 83.21 150.39 

StdDeviation 5.718391 5.371490 13.008340 

Variance 32.7 28.8529 169.2169 

Mean² 59.86 87.72 157.94 

Meanᶾ 50.14 78.7 142.84 
 

Key: *Rates are per 100,000 persons and are age-adjusted to the 2000 U.S. standard population 

 (19 age groups – Census P25-1130). 

Mean1 cancer mortality rates from 2002 to 2011 

Mean2 cancer mortality rates from 2002 to 2007 

Mean3 cancer mortality rates from 2007 to 2011 
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            The research hypothesis related to lung and bronchus cancer incidence rates among 

males is formulated as, Ha: µ1 < µ0 where µ1 is the mean incidence rates for the period 2007 to 

2011 and µ0 is the mean incidence rates for the period 2002 to 2006. A null hypothesis, 

denoted H0 is the denial of the research hypothesis Ha. Therefore, the corresponding null 

hypothesis is H0: µ1−µ0 = 0. Results of the research hypotheses test derived through use of 

Excel are shown in Table 4.1          

 

 

Table 4.1: Male Lung and Bronchus Cancer Incidences 
 

t-Test: Two-Sample Assuming Equal Variances 

   

      

  Variable 1 Variable 2 

Mean 87.72 78.7 

Variance 3.457 17.825 

Observations 5 5 

Pooled Variance 10.641   

Hypothesized Mean Difference 0   

df 8   

t Stat 4.372052016   

P(T<=t) one-tail 0.001186972   

t Critical one-tail 1.859548038   

P(T<=t) two-tail 0.002373943   

t Critical two-tail 2.306004135   

 

            Since a small ρ-value is a strong, conclusive evidence for rejecting the null hypothesis, 

therefore, at a 95% confidence level, the research hypothesis is supported for lung and 

bronchus incidence rates in male. The Excel results for tests of parallel research hypotheses 

for the prostate and colorectal cancers are presented in Tables 4.2 and 4.3, respectively. 
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Table 4.2: Male Prostate Cancer Incidences  

    

t-Test: Two-Sample Assuming Equal Variances     

      

  Variable 1 Variable 2 

Mean 157.94 142.84 

Variance 75.968 204.568 

Observations 5 5 

Pooled Variance 140.268   

Hypothesized Mean Difference 0   

df 8   

t Stat 2.015893801   

P(T<=t) one-tail 0.039278586   

t Critical one-tail 1.859548038   

P(T<=t) two-tail 0.078557172   

t Critical two-tail 2.306004135   

 

 

Table 4.3: Male Colorectal Cancer Incidences 

  

t-Test: Two-Sample Assuming Equal Variances 

    

  Variable 1 Variable 2 

Mean 59.86 50.14 

Variance 10.158 12.543 

Observations 5 5 

Pooled Variance 11.3505   

Hypothesized Mean Difference 0   

df 8   

t Stat 4.561721556   

P(T<=t) one-tail 0.000922866   

t Critical one-tail 1.859548038   

P(T<=t) two-tail 0.001845732   

t Critical two-tail 2.306004135   
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Future of Anticancer Drugs’ Effectiveness 

           This research study only found few anticancer drugs that were the FDA-approved from 

2006 to 2011 for each cancer site of interest. While it is not clear if each site had only few 

approved drugs during the covered period, the NCI currently boasts a significantly larger 

number of the FDA- approved anticancer drugs for each site of interest. At the writing of this 

research, approved drugs for prostate cancer site had reached a total of 26. These drugs are 

presented in Table 10 below: 

Table 10: Drugs Approved for Prostate 

Cancer 
Abiraterone Acetate 

Bicalutamide 

Cabazitaxel 

Casodex (Bicalutamide) 

Degarelix 

Docetaxel 

Enzalutamide 

Goserelin Acetate 

Jevtana (Cabazitaxel) 

Leuprolide Acetate 

Lupron (Leuprolide Acetate) 

Lupron Depot (Leuprolide Acetate) 

Lupron Depot-3 Month (Leuprolide Acetate) 

Lupron Depot-4 Month (Leuprolide Acetate) 

Lupron Depot-Ped (Leuprolide Acetate) 

Mitoxantrone Hydrochloride 

Prednisone 

Provenge (Sipuleucel-T) 

Radium 223 Dichloride 

Sipuleucel-T 

Taxotere (Docetaxel) 

Viadur (Leuprolide Acetate) 

Xofigo (Radium 223 Dichloride) 

Xtandi (Enzalutamide) 

Zoladex (Goserelin Acetate) 

Zytiga (Abiraterone Acetate) 
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Table 11: Drugs Approved for NSCLC and SCLC 

Abitrexate (Methotrexate) Platinol (Cisplatin) 

Abraxane (Paclitaxel Albumin-stabilized 

Nanoparticle Formulation) 
Platinol-AQ (Cisplatin) 

Afatinib Dimaleate Ramucirumab 

Alimta (Pemetrexed Disodium) 
Tarceva(Erlotinib 

Hydrochloride) 

Avastin (Bevacizumab) Taxol (Paclitaxel) 

Bevacizumab Taxotere (Docetaxel) 

Carboplatin Vinorelbine Tartrate 

Ceritinib Xalkori (Crizotinib) 

Cisplatin Zykadia (Ceritinib) 

Crizotinib  

Cyramza (Ramucirumab) 

Drug Combination Used to Treat  

Non-Small Cell Lung Cancer 

Docetaxel  

Erlotinib Hydrochloride CARBOPLATIN-TAXOL 

Folex (Methotrexate) GEMCITABINE-CISPLATIN 

Folex PFS (Methotrexate)  

Gefitinib Drugs Approved for Small Cell Lung Cancer 

Gilotrif (Afatinib Dimaleate)  

Gemcitabine Hydrochloride Abitrexate (Methotrexate) 

Gemzar (Gemcitabine Hydrochloride) Doxorubicin Hydrochloride 

Iressa (Gefitinib) Etopophos (Etoposide Phosphate) 

Mechlorethamine Hydrochloride Etoposide 

Methotrexate Etoposide Phosphate 

Methotrexate LPF (Methotrexate) Folex (Methotrexate) 

Mexate (Methotrexate) Folex PFS (Methotrexate) 

Mexate-AQ (Methotrexate) Hycamtin (Topotecan Hydrochloride) 

Mustargen (Mechlorethamine Hydrochloride) Mechlorethamine Hydrochloride 

Navelbine (Vinorelbine Tartrate) Methotrexate 

Nivolumab Methotrexate LPF (Methotrexate) 

Opdivo (Nivolumab) Mexate (Methotrexate) 

Paclitaxel Mexate-AQ (Methotrexate) 

Paclitaxel Albumin-stabilized Nanoparticle 

Formulation 
Mustargen (Mechlorethamine Hydrochloride) 

Paraplat (Carboplatin) Toposar (Etoposide) 

Paraplatin (Carboplatin) Topotecan Hydrochloride 

Pemetrexed Disodium VePesid (Etoposide) 

    Platinol (Cisplatin)  

http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/cisplatin
http://www.cancer.gov/cancertopics/druginfo/nanoparticlepaclitaxel
http://www.cancer.gov/cancertopics/druginfo/nanoparticlepaclitaxel
http://www.cancer.gov/cancertopics/druginfo/cisplatin
http://www.cancer.gov/cancertopics/druginfo/afatinibdimaleate
http://www.cancer.gov/cancertopics/druginfo/ramucirumab
http://www.cancer.gov/cancertopics/druginfo/pemetrexeddisodium
http://www.cancer.gov/cancertopics/druginfo/erlotinibhydrochloride
http://www.cancer.gov/cancertopics/druginfo/erlotinibhydrochloride
http://www.cancer.gov/cancertopics/druginfo/paclitaxel
http://www.cancer.gov/cancertopics/druginfo/docetaxel
http://www.cancer.gov/cancertopics/druginfo/vinorelbinetartrate
http://www.cancer.gov/cancertopics/druginfo/crizotinib
http://www.cancer.gov/cancertopics/druginfo/cisplatin
http://www.cancer.gov/cancertopics/druginfo/crizotinib
http://www.cancer.gov/cancertopics/druginfo/ramucirumab
http://www.cancer.gov/cancertopics/druginfo/erlotinibhydrochloride
http://www.cancer.gov/cancertopics/druginfo/CARBOPLATIN-TAXOL
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/GEMCITABINE-CISPLATIN
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/gefitinib
http://www.cancer.gov/cancertopics/druginfo/gemcitabinehydrochloride
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/gemcitabinehydrochloride
http://www.cancer.gov/cancertopics/druginfo/doxorubicinhydrochloride
http://www.cancer.gov/cancertopics/druginfo/gefitinib
http://www.cancer.gov/cancertopics/druginfo/etoposide
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/etoposidephosphate
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/topotecanhydrochloride
http://www.cancer.gov/cancertopics/druginfo/mechlorethaminehydrochloride
http://www.cancer.gov/cancertopics/druginfo/mechlorethaminehydrochloride
http://www.cancer.gov/cancertopics/druginfo/vinorelbinetartrate
http://www.cancer.gov/cancertopics/druginfo/nivolumab
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/nivolumab
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/paclitaxel
http://www.cancer.gov/cancertopics/druginfo/nanoparticlepaclitaxel
http://www.cancer.gov/cancertopics/druginfo/nanoparticlepaclitaxel
http://www.cancer.gov/cancertopics/druginfo/mechlorethaminehydrochloride
http://www.cancer.gov/cancertopics/druginfo/carboplatin
http://www.cancer.gov/cancertopics/druginfo/etoposide
http://www.cancer.gov/cancertopics/druginfo/carboplatin
http://www.cancer.gov/cancertopics/druginfo/topotecanhydrochloride
http://www.cancer.gov/cancertopics/druginfo/pemetrexeddisodium
http://www.cancer.gov/cancertopics/druginfo/etoposide
http://www.cancer.gov/cancertopics/druginfo/cisplatin
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Table 12: Drugs Approved for Colorectal Cancer 

Adrucil (Fluorouracil)     

Avastin (Bevacizumab) 

Bevacizumab 

Camptosar (Irinotecan Hydrochloride) 

Capecitabine 

Cetuximab 

Efudex (Fluorouracil) 

    Eloxatin (Oxaliplatin) 

Erbitux (Cetuximab) 

Fluoroplex (Fluorouracil) 

Fluorouracil 

Irinotecan Hydrochloride 

Leucovorin Calcium 

Oxaliplatin 

Panitumumab 

Regorafenib 

Stivarga (Regorafenib) 

Vectibix (Panitumumab) 

Wellcovorin (Leucovorin Calcium) 

Xeloda (Capecitabine) 

Zaltrap (Ziv-Aflibercept) 

Ziv-Aflibercept 

 

Drug Combinations Used in Colon Cancer 
CAPOX 

FOLFIRI  

FOLFIRI-BEVACIZUMAB 

FOLFIRI-CETUXIMAB 

FOLFOX 

FU-LV 

XELIRI 

            In comparison to the FDA-approved drugs that were studied in this research, the 

remaining three cancer sites had a significantly higher number of the FD-approved anticancer 

drugs on the NCI website. The NCI showed a total of 63 anticancer drugs for lungs/bronchus, 

29 for colorectal and 72 for breast cancer sites. These approved drugs by the FDA, in single 

and combination regimen for some sites, are presented in Tables 11 and 12 above and in Table 

13 below.          

http://www.cancer.gov/cancertopics/druginfo/fluorouracil
http://www.cancer.gov/cancertopics/druginfo/bevacizumab
http://www.cancer.gov/cancertopics/druginfo/bevacizumab
http://www.cancer.gov/cancertopics/druginfo/irinotecanhydrochloride
http://www.cancer.gov/cancertopics/druginfo/capecitabine
http://www.cancer.gov/cancertopics/druginfo/cetuximab
http://www.cancer.gov/cancertopics/druginfo/fluorouracil
http://www.cancer.gov/cancertopics/druginfo/oxaliplatin
http://www.cancer.gov/cancertopics/druginfo/cetuximab
http://www.cancer.gov/cancertopics/druginfo/fluorouracil
http://www.cancer.gov/cancertopics/druginfo/fluorouracil
http://www.cancer.gov/cancertopics/druginfo/irinotecanhydrochloride
http://www.cancer.gov/cancertopics/druginfo/leucovorincalcium
http://www.cancer.gov/cancertopics/druginfo/oxaliplatin
http://www.cancer.gov/cancertopics/druginfo/panitumumab
http://www.cancer.gov/cancertopics/druginfo/regorafenib
http://www.cancer.gov/cancertopics/druginfo/regorafenib
http://www.cancer.gov/cancertopics/druginfo/panitumumab
http://www.cancer.gov/cancertopics/druginfo/leucovorincalcium
http://www.cancer.gov/cancertopics/druginfo/capecitabine
http://www.cancer.gov/cancertopics/druginfo/ziv-aflibercept
http://www.cancer.gov/cancertopics/druginfo/CAPOX
http://www.cancer.gov/cancertopics/druginfo/FOLFIRI
http://www.cancer.gov/cancertopics/druginfo/FOLFIRI-BEVACIZUMAB
http://www.cancer.gov/cancertopics/druginfo/FOLFIRI-CETUXIMAB
http://www.cancer.gov/cancertopics/druginfo/FOLFOX
http://www.cancer.gov/cancertopics/druginfo/FU-LV
http://www.cancer.gov/cancertopics/druginfo/XELIRI
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Table 13: Drugs Approved to Breast Cancer   
 Letrozole 

Abitrexate (Methotrexate) Megace (Megestrol Acetate) 

Abraxane (Paclitaxel Albumin-stabilized    

Nanoparticle Formulation) 
Megestrol Acetate 

Ado-Trastuzumab Emtansine Methotrexate 

Adrucil (Fluorouracil) Methotrexate LPF (Methotrexate) 

Afinitor (Everolimus) Mexate (Methotrexate) 

Anastrozole Mexate-AQ (Methotrexate) 

Aredia (Pamidronate Disodium) Neosar (Cyclophosphamide) 

Arimidex (Anastrozole) Nolvadex (Tamoxifen Citrate) 

Aromasin (Exemestane) Paclitaxel 

Capecitabine 
    Paclitaxel Albumin-stabilized Nanoparticle 

Formulation 

Clafen (Cyclophosphamide) Palbociclib 

Cyclophosphamide Pamidronate Disodium 

Cytoxan (Cyclophosphamide) Perjeta (Pertuzumab) 

Docetaxel Pertuzumab 

Doxorubicin Hydrochloride Tamoxifen Citrate 

Efudex (Fluorouracil) Taxol (Paclitaxel) 

Ellence (Epirubicin Hydrochloride) Taxotere (Docetaxel) 

Epirubicin Hydrochloride Thiotepa 

Eribulin Mesylate Toremifene 

Everolimus Trastuzumab 

Exemestane Tykerb (Lapatinib Ditosylate) 

Fareston (Toremifene) Velban (Vinblastine Sulfate) 

Faslodex (Fulvestrant) Velsar (Vinblastine Sulfate) 

Femara (Letrozole) Vinblastine Sulfate 

Fluoroplex (Fluorouracil) Xeloda (Capecitabine) 

Fluorouracil Zoladex (Goserelin Acetate) 

Folex (Methotrexate) Kadcyla (Ado-Trastuzumab Emtansine) 

Folex PFS (Methotrexate)     Ixempra (Ixabepilone) 

Fulvestrant  

Gemcitabine Hydrochloride 
Drug Combinations Used in Breast 

Cancer 
Gemzar (Gemcitabine Hydrochloride) AC 

Goserelin Acetate AC-T 

Halaven (Eribulin Mesylate) CAF 

Herceptin (Trastuzumab) CMF 

Ibrance (Palbociclib) FEC 

Ixabepilone TAC 

Lapatinib Ditosylate  

http://www.cancer.gov/cancertopics/druginfo/letrozole
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/megestrolacetate
http://www.cancer.gov/cancertopics/druginfo/nanoparticlepaclitaxel
http://www.cancer.gov/cancertopics/druginfo/nanoparticlepaclitaxel
http://www.cancer.gov/cancertopics/druginfo/megestrolacetate
http://www.cancer.gov/cancertopics/druginfo/ado-trastuzumab-emtansine
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/fluorouracil
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/everolimus
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/anastrozole
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/pamidronatedisodium
http://www.cancer.gov/cancertopics/druginfo/cyclophosphamide
http://www.cancer.gov/cancertopics/druginfo/anastrozole
http://www.cancer.gov/cancertopics/druginfo/tamoxifencitrate
http://www.cancer.gov/cancertopics/druginfo/exemestane
http://www.cancer.gov/cancertopics/druginfo/paclitaxel
http://www.cancer.gov/cancertopics/druginfo/capecitabine
http://www.cancer.gov/cancertopics/druginfo/nanoparticlepaclitaxel
http://www.cancer.gov/cancertopics/druginfo/nanoparticlepaclitaxel
http://www.cancer.gov/cancertopics/druginfo/cyclophosphamide
http://www.cancer.gov/cancertopics/druginfo/palbociclib
http://www.cancer.gov/cancertopics/druginfo/cyclophosphamide
http://www.cancer.gov/cancertopics/druginfo/pamidronatedisodium
http://www.cancer.gov/cancertopics/druginfo/cyclophosphamide
http://www.cancer.gov/cancertopics/druginfo/pertuzumab
http://www.cancer.gov/cancertopics/druginfo/docetaxel
http://www.cancer.gov/cancertopics/druginfo/pertuzumab
http://www.cancer.gov/cancertopics/druginfo/doxorubicinhydrochloride
http://www.cancer.gov/cancertopics/druginfo/tamoxifencitrate
http://www.cancer.gov/cancertopics/druginfo/fluorouracil
http://www.cancer.gov/cancertopics/druginfo/paclitaxel
http://www.cancer.gov/cancertopics/druginfo/epirubicinhydrochloride
http://www.cancer.gov/cancertopics/druginfo/docetaxel
http://www.cancer.gov/cancertopics/druginfo/epirubicinhydrochloride
http://www.cancer.gov/cancertopics/druginfo/thiotepa
http://www.cancer.gov/cancertopics/druginfo/eribulinmesylate
http://www.cancer.gov/cancertopics/druginfo/toremifene
http://www.cancer.gov/cancertopics/druginfo/everolimus
http://www.cancer.gov/cancertopics/druginfo/trastuzumab
http://www.cancer.gov/cancertopics/druginfo/exemestane
http://www.cancer.gov/cancertopics/druginfo/lapatinibditosylate
http://www.cancer.gov/cancertopics/druginfo/toremifene
http://www.cancer.gov/cancertopics/druginfo/vinblastinesulfate
http://www.cancer.gov/cancertopics/druginfo/fulvestrant
http://www.cancer.gov/cancertopics/druginfo/vinblastinesulfate
http://www.cancer.gov/cancertopics/druginfo/letrozole
http://www.cancer.gov/cancertopics/druginfo/vinblastinesulfate
http://www.cancer.gov/cancertopics/druginfo/fluorouracil
http://www.cancer.gov/cancertopics/druginfo/capecitabine
http://www.cancer.gov/cancertopics/druginfo/fluorouracil
http://www.cancer.gov/cancertopics/druginfo/goserelinacetate
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/ado-trastuzumab-emtansine
http://www.cancer.gov/cancertopics/druginfo/methotrexate
http://www.cancer.gov/cancertopics/druginfo/ixabepilone
http://www.cancer.gov/cancertopics/druginfo/fulvestrant
http://www.cancer.gov/cancertopics/druginfo/gemcitabinehydrochloride
http://www.cancer.gov/cancertopics/druginfo/gemcitabinehydrochloride
http://www.cancer.gov/cancertopics/druginfo/AC
http://www.cancer.gov/cancertopics/druginfo/goserelinacetate
http://www.cancer.gov/cancertopics/druginfo/AC-T
http://www.cancer.gov/cancertopics/druginfo/eribulinmesylate
http://www.cancer.gov/cancertopics/druginfo/CAF
http://www.cancer.gov/cancertopics/druginfo/trastuzumab
http://www.cancer.gov/cancertopics/druginfo/CMF
http://www.cancer.gov/cancertopics/druginfo/palbociclib
http://www.cancer.gov/cancertopics/druginfo/FEC
http://www.cancer.gov/cancertopics/druginfo/ixabepilone
http://www.cancer.gov/cancertopics/druginfo/TAC
http://www.cancer.gov/cancertopics/druginfo/lapatinibditosylate
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 Cancer mortality rates are expected to continue on trending down significantly in the 

future due to large number of anticancer drugs the FDA has approved in recent years and 

assumed to be available for patients’ use. However, there is concern that the aging US 

population might alter the cancer mortality rates trend in the future.   

Due to the challenge of cancer diseases’ complexities, the need for drugs that are more 

efficient and targeted towards specific cancerous cells of the tissue or organ will persist. 

Scientists and researchers are continually exploring this possibility and have discovered few 

promising drugs with increased specificity towards treatment and prevention of cancer 

diseases. Bimolecular drugs imitating body’s immune system have been suggested and 

designed with some successes in cancer fight. Examples of these drugs are monoclonal 

antibody cancer drugs like trastuzumab, Bevacizumab, Panitumumab and Pertuzumab to name 

just a few.  While these monoclonal anticancer drugs are able to specifically target cancer, 

there is still a concern of the body to build resistance against these drugs. By doing so, the 

tumor cells find an alternative pathway to spread to other parts of the body or metastasize.  

Another progress in cancer fight is that of designing cancer drugs with personalized 

medicine model in mind. This approach is becoming popular as more information in cancer 

fight research and knowledge become available to scientists showing varying individual 

results in their response to certain cancer drugs. Through this knowledge, researchers and 

scientists are working to have personalized gene libraries and cancer susceptible genes 

catalogued and ready for each patient at a given moment. The objective in this approach is to 

have a cancer drug designed with personalized medicine tailored to each patient’s response so 

as to increase the specificity and success rate in combating individual cancer.    
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FDA-Approved Anticancer Drugs Role in Cancer Mortality Improvement 

            Drugs information (efficacy and pharmacokinetics) approved by the FDA and used in 

treating the three leading cancers in both males and females was obtained from NCI60 web 

based repository with all the necessary and pertinent chemosensitivity counted and given 

weighted score in accordance to the Pearson correlation coefficient (PCC) from Bioorganic & 

Medicinal Chemistry Journal laboratory research analysis. Research conducted by Wang and 

his colleagues found, “Female breast (basal and luminal cell lines) had PCC of 0.561 and 

prostate cancer cell lines had no identifiable chemosensitive active ingredient. (Wang 2011). 

Since the cell lines chemosensitivity study did not result in all the cancer sites correlation 

coefficients needed for this research, the FDA- approved drugs overall survival (OS) 

improvement from clinical trials was used during the five years data analysis of this research 

objective instead. Mean OS percentage for approved drugs at each site was collected and 

averaged to obtain the overall effectiveness of cancer drugs at each site. Research results of 

each cancer site and the FDA-approved drugs’ OS are directly quoted from clinical trials 

results and presented in summarized form on appendices A to D. 

            Drugs approved by the FDA and used to evaluate their performance and effectiveness 

at their sites of action therapy were collected from NCBI Pubmed website where all clinical 

trials are reported. The OS was used as a measure of drug effectiveness against a placebo. The 

difference in OS in months between the approved drug and the placebo was used to calculate 

the drug performance improvement effectiveness in percentage. This percentage is used to 

treat the prior five years mortality rates to establish the improvement or impact of the 

approved drugs and the success of these drugs in treating the leading three cancer causes at 

three different sites on males and females.  Mean overall effectiveness results collected from 
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each drug that was approved by the FDA before 2011 due to their success in OS improvement 

of cancer patients in clinical trials are presented on table 5.  

 

Table 5: Improvement of Overall Survival by Anticancer Drugs at Selected Sites 

Cancer 

Site Breast 
OS 

(%) Prostate 
OS 

(%) 

Lungs 

and 

Bronchus OS (%) Colorectal   OS (%) 

Year         

2011   

abiraterone 

acetate 17.27 crizotinib 55.70   

    41.10  33.30   

         

   docetaxel 14.54     

         

2010 eribulin 23.58 cabazitaxel 18.90 erlotinib 42.55   

 lapatinib 90.90    17.44   

  12.50       

  15.92       

2009     Pemetrexed 26.36   

2008 Bevacizumab 28.48   

Alimta 

(permetrexed) 26.41 Bevacizumab 20.37 

  5.13       

2007 Ixabepilone  40.91     cetuximab 20.50 

  16.22      17.50 

 Capecitabine 16.22      32.60 

  23.68       

 taxanes        

 lapatinib 12.5       

         

2006 trastuzumab  23.65     panitumumab 22.68 

  41.35      16.00 

  34.00       

  38.48       

 

 The OS percentage is used to calculate the expected new mortality rates for the five 

year period from 2007 to 2011. Results of expected and actual mortality rates after mortality 

rates at three sites on females are treated with the FDA-approved anticancer drugs from 2002 
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to 2006 are presented in Table 6, while the expected and actual mortality rate results for males 

are presented in Table 7. 

Table 6: Females Expected Mortality Rates after Treatment 

Year 
Colon and 

Rectum 
21.61% OS 

Lung and 

Bronchus 
18.94% OS Breast 23.45% OS 

2002 16.9 13.25 41.7 33.80 25.6 19.60 

2003 16.5 12.93 41.4 33.56 25.3 19.37 

2004 15.6 12.23 41.0 33.23 24.5 18.75 

2005 15.1 11.84 40.8 33.07 24.1 18.45 

2006 15.0 11.76 40.3 32.67 23.6 18.07 

2007 14.6   40.2   23.0   

2008 14.3   39.2   22.6   

2009 13.6   38.7   22.2   

2010 13.3   38.0   21.9   

2011 13.1   37.1   21.5   

Mean¹ 14.8   39.84   23.4   

Std 

Deviation 
1.2884   1.5313   1.4252   

Variance, P 1.494   2.1104   1.8281   

Mean² 15.8   41   24.6   

Meanᶾ 13.8 12.402 38.6 33.266 22.2 18.848 

              

Post 

treatment 

rates Actual  Expected Actual Expected Actual Expected 

 14.6 13.25 40.2 33.8 23 19.6 

 14.3 12.93 39.2 33.56 22.6 19.37 

 13.6 12.23 38.7 33.23 22.2 18.75 

 13.3 11.84 38 33.07 21.9 18.45 

 13.1 11.76 37.1 32.67 21.5 18.07 

       

Key: Mean1 cancer mortality rates from 2002 to 2011 

         Mean2 cancer mortality rates from 2002 to 2006 

         Mean3 cancer mortality rates from 2007 to 2011 



50 

 

 

Table 7: Males Expected Mortality Rates after Treatment 

Year 
Colon and 

Rectum 
21.61% 

Lung and 

Bronchus 
18.94% Prostate 22.95% 

2002 24.4 19.12 74 59.98 28.7 22.11 

2003 23.6 18.50 72.3 58.61 27.2 20.96 

2004 22.3 17.48 70.7 57.31 26.2 20.19 

2005 21.7 17.01 69.7 56.50 25.4 19.57 

2006 21.1 16.54 67.6 54.80 24.2 18.65 

2007 20.7   65.4   24.2   

2008 20.1   63.9   23.0   

2009 19.5   61.7   22.1   

2010 19.2   60.3   21.8   

2011 18.5   58.1   20.8   

Mean¹ 21.1   66.4   24.4   

StD 

Deviation 
1.817388 

  
5.087445 

  
2.400083 

  

Variance, P 3.3029   25.8821   5.7604   

Mean² 22.6   70.9   26.3   

Meanᶾ 19.6 17.73 61.9 57.44 22.4 20.296 

Post 

treatment 

rates Actual   Expected Actual Expected Actual  Expected 

 2007 20.7 19.12 65.4 59.98 24.2 22.11 

 2008 20.1 18.50 63.9 58.61 23.0 20.96 

 2009 19.5 17.48 61.7 57.31 22.1 20.19 

 2010 19.2 17.01 60.3 56.50 21.8 19.57 

 2011 18.5 16.54 58.1 54.80 20.8 18.65 

Key: Mean1 cancer mortality rates from 2002 to 2011 

         Mean2 cancer mortality rates from 2002 to 2006 

         Mean3 cancer mortality rates from 2007 to 2011 
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Environment and Cancer Incidences 

Environmental influence on cancer incidences was analyzed using two states with 

highest and lowest overall lung and bronchus cancer incidences in the country. In this study, 

California and Utah are used as model states with lowest lung and bronchus cancer incidences 

to compare them with the US population in terms of lung and bronchus cancer incidences for 

the past 10 years (2002 to 2011). States with highest lung and bronchus cancer incidences 

used in testing for environmental correlation with cancer incidences are Kentucky and West 

Virginia. Rationale of using two states on two extreme ends of cancer incidence rate spectrum 

as model states in bronchus and lung cancer incidences is to facilitate comparative analysis 

using cigarette smoking and tobacco use as an environmental mutagen. Using cigarette 

smoking and tobacco use as environmental mutagen to aid in this research was an easy choice 

because of readily available smoking and tobacco use survey data of the U.S population and 

individual states from the CDC. Incorporating more known environmental mutagens to 

analyze their role in the three leading cancer site incidences is possible but will not be applied 

in this research as it would require more time and advanced research methods beyond the 

intent of this research but can be pursued in the future for comprehensive cancer care 

optimization.  

               Results of risky health behavior of smoking survey conducted annually by each state 

and recorded by the CDC on smoking Statistics show that in 2011, states of California and 

Utah had the lowest cigarette smoking percentages of 13.7 and 11.8, respectively. Kentucky 

and West Virginia had the highest average cigarette smoking percentages of 24.2 and 28.6, 

respectively, compared to the US population of 19 percent. (CDC 2011).  
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                 Smoking and tobacco use from the CDC survey data for the US population and 

selected states are presented in Table 8 and annual lung/bronchus cancer incidence results are 

presented in Table 9.  

Table 8: Cigarette smoking trend in the US and selected states (Male & Female) 

Year US UT CA KY WV 

2002 22.5 12.7 16.4 32.6 28.4 

2003 22.1 12 16.8 30.8 27.4 

2004 20.9 10.5 14.8 27.6 26.9 

2005 20.6 11.5 15.2 28.7 26.6 

2006 20.2 9.8 14.9 28.6 25.7 

2007 19.8 11.7 14.3 28.3 27 

2008 18.4 9.2 14 25.3 26.6 

2009 20.6 9.8 12.9 25.6 25.6 

2010 19.3 9.1 12.1 24.8 26.8 

2011 19 11.8 13.7 24.2 28.6 

 

Table 9: US and selected states lung cancer incidences (Male &Female) 

Year US UT CA KY WV 

2002 64.04 29.5 57.6 102.6 90.9 

2003 64.74 32.2 56.2 100.8 85.4 

2004 62.22 29.5 55.5 102.9 88.7 

2005 62.99 31.3 54.8 101 94.2 

2006 62.28 30.1 54.2 102 91.2 

2007 62.00 28.5 52.7 99.7 87.6 

2008 60.30 25.6 50.8 101.5 90 

2009 59.88 30.3 51.8 98.9 84.7 

2010 57.50 27.4 48 99.9 79.5 

2011 56.03 29.3 44.7 93.1 79.2 
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A plot of US lung/bronchus cancer incidence rates slope and trend in relation to cigarette and 

tobacco use is presented in Figure 3. 

Figure 4: US Lung/Bronchus Cancer Incidences and Cigarette Use Trend 

 

Incidences trend line slope   Y= -0.8656x + 65.959 

Smoking % trend line slope Y= -0.3612x + 22.327 
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Pearson correlation coefficient or correlation coefficient for the two states with the highest 

and lowest lungs/bronchus cancer incidences in correlation to smoking trend is calculated 

using the following equation. 

r = ∑ (𝑋𝑖 − ) (𝑌𝑖 −0
𝑖 Ῡ) / √∑ (𝑋𝑖  − )2   (𝑌𝑖 −0

𝑖 Ῡ)2
    

 

Where: r = Pearson correlation coefficient 

             x = Lungs/bronchus cancer incidences 

              = Average lungs/bronchus cancer incidences 

             Ῡ = Average smoking percent of population  

             y = Smoking percent of population 

            ∑ = Summation symbol 

 

Resulting correlation coefficient calculation of the US and two states with lowest and highest 

cancer incidences are shown in Figure 4.  
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Figure 4: Smoking and Lung/Bronchus Cancer Incidences Correlation 

Coefficient 

 

 

 

 

 

 

 

 

 

Key:  CA/CA... Smoking and lung/bronchus cancer incidences correlation in California 

          UT/UT… Smoking and lung/bronchus cancer incidences correlation in Utah 

          KY/KY… Smoking and lung/bronchus cancer incidences correlation in Kentucky 

          WV/WV… Smoking and lung/bronchus cancer incidences correlation in West Virginia 

 

 

 

 

     US/US 

    0.76933 

  CA/CA 

0.78119 

 

    UT/UT 

   0.54147 

 

   KY/KY 

   0.59191 

 

   WV/WV 

  -0.28704 
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Role of Environmental Mutagens in Cancer Incidences  

Results of risky health behavior of smoking survey conducted annually by each state 

and recorded by CDC on smoking Statistics show that in 2011, states of California and Utah 

had the lowest cigarette smoking percentages of 13.7 and 11.8 respectively. Kentucky and 

West Virginia had the highest average cigarette smoking percentages of 24.2 and 28.6 

respectively compared to the US population of 19 percent. (CDC 2011). Smoking and tobacco 

use correlation for Utah and California were 0.5414 and 0.7811 respectively. For the state of 

Kentucky the correlation coefficients was 0.5919 and a negative correlation coefficient of 

0.2870 for West Virginia. Graphical presentation of lung/bronchus slope and trend in relation 

to cigarette and tobacco use presented on figure 3 show a strong visual correlation trend with 

both slopes of negative 0.86 and 0.36 for cancer incidences and smoking/tobacco use 

respectively. Pearson correlation coefficient or correlation coefficient for the combined US 

population was 0.7693 for the lungs/bronchus site cancer incidences. In simple terms, it can 

be argued that smoking and tobacco use could “explain” or accounted for about 59% of all 

lungs/bronchus cancer incidences in the US population during this research study period. The 

trend of the slope of smoking % and lung/bronchus cancer incidences on figure 3 and the 

2014 SGR 50 years’ annual report  support this observation closely. This 50 year anniversary 

SGR pointed out that 9 out of 10 lungs/bronchus cancers are caused by smoking and tobacco 

use. (SGR 2014). 
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Summary and Discussion          

           Comparative statistical analysis of bronchus and lungs, breast and colorectal cancer 

mortality rates mean values in females among US population in 5 years prior to 2007 and post 

2007 when many anticancer drugs became available in the US healthcare system reveal an 

interesting finding. Overall, there was an average decrease of 2.4 mortality rates per 100,000 

cases at both lungs/bronchus and breast sites while the decrease was 2.0 mortality rates at 

colorectal site among US female population. A research testing hypothesis to test the 

conclusiveness of this finding at each site yielded a p-value of 0.00161, 0.00039 and 0.00134 

for lungs and bronchus, breast and colorectal respectively. All three t-research test and p-

values did support the research hypothesis that there was a decrease in mortality rates at all 

three leading cancer mortality rates sites among females in the U.S population.  

          Comparative incidence rates hypothesis testing results, however, were mixed. Overall, 

there was an average decrease of 1.54, 0.2 and 6.28 mortality rates per 100,000 cases at 

lungs/bronchus, breast and colorectal sites among US female population respectively. A 

research testing hypothesis to test the conclusiveness of this finding at each site yielded a p-

value of 0.05763, 0.45648, and 0.00078 for lungs and bronchus, breast and colorectal sites 

respectively. Research hypothesis for both lungs/bronchus and breast site cancer incidence 

rates decrease were not supported while colorectal site incidence rate decrease was significant 

and hence supported the research claim. 
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 Male’s cancer mortality and incidence rates comparative analyses were performed in a 

similar fashion as in females. Comparative statistical analysis of bronchus/lungs, prostate and 

colorectal cancer mortality rates mean values in males among US population in 5 years prior 

to 2007 when many bimolecular anticancer drugs became available in the US healthcare 

system reveal an interesting finding. Overall, there was an average decrease of 9.0, 3.9 and 3.0 

mortality rates per 100,000 cases at lungs/bronchus, prostate and colorectal sites respectively 

among US male population. A research testing hypothesis to test the conclusiveness of this 

decreasing trend at each site yielded p-values of 0.000360, 0.001652 and 0.001451 for lungs 

and bronchus, prostate and colorectal sites respectively. All three t-research test and p-values 

did support the research hypothesis indicating a significant decrease in mortality rates at all 

three leading cancer mortality rates sites among males in the U.S population.  

 Comparative incidence rates hypotheses testing results also supported a decrease in 

cancer incidences at all three sites among males in the U.S population. Overall, there was an 

average decrease of 9.02, 15.1, and 9.72 incidence rates per 100,000 cases at lungs/bronchus, 

prostate and colorectal sites respectively. A research testing hypothesis to test the 

conclusiveness of this finding at each site yielded a p-value of 0.001187, 0.039279 and 

0.000923 for lungs and bronchus, prostate and colorectal sites respectively. Research 

hypothesis for both lungs/bronchus and colorectal sites cancer incidence rates’ decrease were 

significant while prostate site incidence rates decrease was moderately supported with a p-

value one-tail of 0.03928 that was close to the significance rejection p-value of 0.05. 
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 A small average decrease in female incidence rates might be attributed to no change in 

environmental stressors or risky behavior that impacts this specific site among female 

population. The large decrease among males could be explained by increased efforts in 

mollifying environmental stressors, toxins and carcinogens. According to researchers at the 

CDC, national and states policies or programs that offer smoking cessations at work place 

could be attributed to this improved outcome. The significance of decreases in cancer 

incidences in correlation to environmental stressors that can be prevented versus mortality 

decrease due to treatment utilizing recently discovered and the FDA-approved anticancer 

drugs as the focal point of interest in this research required moderate effort Statistical testing 

of the hypotheses using t-Test of two-Sample Assuming Equal Variances consistently 

supported research hypotheses for all three cancer sites decline in both mortality and 

incidence rates. After several iterations of data analyses and evaluations, there are few trends 

and correlations that were of significance.  

Effectiveness of anticancer drugs revealed a significant improvement in OS of cancer 

patients across all three cancer sites, both in males and females.  Both sexes OS improvement 

percentages at colorectal, lungs/bronchus, breast and prostate sites were 21.61, 18.94, 23.45 

and 22.94, respectively. In female population, once mortality rates from 2002 to 2006 were 

treated with the FDA-approved anticancer drugs’ OS average mean percentages, expected 

results were different from actual or observed mortality rates from 2007 to 2011. The 

expected mean mortality rates improvement were 12.4, 33.27 and 18.85 while actual mean 

mortality rates were 13.8, 38.27 and 22.2 for colorectal, lungs/bronchus and breast sites, 

respectively. For male population, the expected mean mortality rate improvement were 19.6, 
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61.9 and 22.2 while actual mean mortality rates were 17.73, 57.44 and 20.30 for colorectal, 

lungs/bronchus and prostate sites, respectively.  

  While these results were puzzling, they were not completely unexpected. However, it 

is not clear what could be a reason behind such a reversal of the actual cancer mortality rates 

at all three sites compared to what was expected. There are few reasons that might offer 

explanation to this observed discrepancy. Absence or lack of seeing the expected 

improvement of approved anticancer drugs’ impact on mortality rates decrease could be 

attributed to affordability or having no enough elapsed time to have patient participation and 

response during the assessed period. Another explanations to the observed discrepancy 

between expected and actual results is that while these results reveal an interesting finding, 

this research data collection method relies on the following assumptions to be conclusive: 

 Anticancer drugs’ evaluation results by the pharmaceutical companies were not biased. 

 FDA-approved drugs were available to all cancer patients during the research 

reference period. 

 Patient’s participation during clinical trials was large enough to allow for normal 

distribution data to be obtained. 

 Clinical trials were random. 
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Conclusions 

This research study was in agreement with many scientific evidences that suggest 

cause and effect relation of environmental mutagens in cancer incidences. The correlation 

coefficient analysis of 3 out of 4 selected states and the US population showed that 29 to 60% 

lungs/bronchus cancer incidence rates could be explained due to environmental mutation 

inducing agents. A 10 years graphical trend and slope equation analysis of the US population 

cancer incidence rates in parallel with smoking and tobacco use supports the significance of 

correlation coefficient equation calculation.  

Anticancer drugs’ effectiveness, though were anticipated to have helped in the decline 

of US population cancer incidences, OS improvement did not meet the expectations or claims 

of the drugs’ performance yielded during clinical trials. While this research study failed to 

conclusively support the success of the FDA-approved anticancer drugs and their role in 

declining mortality rates during the study period of this research, there are some shortcomings 

that might have contributed to this failure. These shortcomings have been discussed in the 

research results above and offer a possible future venue to explore and ascertain the 

performance and effectiveness of these anticancer drugs in the long-term fight against cancer 

diseases.  
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Chapter 5--Suggestions for Additional Work 

This research utilized a two period of five-year statistical study to find suggestions or 

evidence of connection of anticancer drugs and declining mortality rates in the US population. 

It also explored the role of know environmental mutagens in the trend of cancer incidences in 

the US population and selected states. Future follow up studies could be developed to study 

the effectiveness of designed anticancer drugs with more current data from actual anticancer 

drugs’ utilization from established cancer treatment centers in the United States. Finding 

actual treatment data including patients who received treatment and those who did not receive 

treatment would provide a better understanding of the overall anticancer effectiveness than 

relying on data from clinical trials that are a partial reflection of actual cancer mortality rates. 

By doing so, better or realistic expected and actual analysis to assess the overall anticancer 

drugs’ effectiveness could be obtained. This process, however, might require more time and 

access to some confidential and protected patient information beyond this research’s realm. 

 More known environmental mutagens could be incorporated in evaluating their 

overall significance in cancer incidences trend in the US and at state level to establish the 

optimum level of efforts and resources needed to be directed into environmental 

improvement. Incorporating major known cancer inducing mutagens in incidence correlation 

calculation or establishing a realistic cause and effect relation would provide a better picture 

of how to combat and reduce cancer incidences.     
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Recombinant DNA Technology and Anticancer Drugs  

Completion of HGP in 2003, with the help of rDNA technology has opened doors to 

tremendous opportunities in bimolecular drugs discoveries with promising capabilities 

especially in treating cancer diseases. In fact, most of the FDA-approved anticancer drugs are 

a result of rDNA technology. The rDNA technology use has accelerated in cancer drugs 

design since the HGP was completed in 2003. The HGP is also credited with boosting rDNA 

technology capability in discovery of many breakthrough technologies employed in diagnosis 

and design of critical drugs used to combat some of the most deadly diseases in the world. 

This accomplishment is made possible because rDNA technology is able to use very small 

biomolecules and delivering them into the intended target cell or tissue without damaging 

local cells. In cancer fight, it is a major milestone as radiation, surgery and other 

chemotherapies are either too invasive or randomly kills normal cells in the localized cancer 

region.  

Resources and capabilities of HGP findings made available to researchers and scientist 

are providing a needed boost in the anticancer drugs design. The technology itself, has many 

ethical, legal, moral and cost challenges it has to overcome. On the other hand, far more 

opportunities exist where rDNA can help alleviate many genetic-induced diseases, in 

diagnosis, and in vaccines designs. To overcome the challenges for full application and 

acceptance as major force in cancer fight, more efforts by scientist and researchers is needed 

to increase specificity and effectiveness of anticancer drugs designed after rDNA 
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Modelling for Cancer Care Optimization 

While this research dealt with simplified environmental mutagens and anticancer 

drugs’ role in cancer incidence and mortality rates in the US population, a more 

comprehensive modelling for cancer care cost optimization, affordability, and constraints in 

terms of known environmental mutagenic factors may be used in the future. Comprehensive 

model would help in forecasting and revising cancer care policies; cancer drugs research, 

design and funding support, and in environmental mutagenic inducing factors’ mitigations and 

remediation efforts. 
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Appendices_____________________________________________ 

 

Appendix A: Overall Survival Improvement for Breast Cancer Drugs                       

 

Lapatinib 

In a study and editorial reported in the New England Journal of Medicine in December of  

2006, researchers reported the results of a clinical trial where women with breast cancer who  

were HER2 positive and had failed treatment with intensive chemotherapy and trastuzumab 

were randomly assigned to be treated either with another chemotherapy drug as a single 

agent, or with the same chemotherapy drug with the addition of lapatinib. The chemotherapy 

drug was capecetibine, which is another oral drug and similar to an old intravenous 

chemotherapy standbycalled 5-FU (or 5-fluorouracil). The results in this study of 324 women 

showed that, in the women who received capecetibine with lapatinib, the time it took for the 

cancer to resume its advance after starting the new treatment was 8.4 months on average.  

For the women who received just the chemotherapy without lapatinib, the time to disease 

progression was 4.4 months. (Bilancia 2007) 

Eribulin mesylate safety and effectiveness were established in a single study in 762 women 

with metastatic Breast cancer who had received at least two prior chemotherapy regimens for 

late-stage disease. Patients were randomly assigned to receive treatment with either Halaven 

or a different single agent therapy chosen by their oncologist. The study was designed to 

measure the length of time from when this treatment started until a patient's death (overall 

survival). The median overall survival for patients receiving Halaven was 13.1 months 

compared with 10.6 months for those who received a single agent therapy. (FDA 2010). 
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Bevacizumab 

Median and mean survival were greatest in patients treated with CTx plus bevacizumab 

relative to CTx alone (CTx plus bevacizumab median 19.4 months [mean 28.0 months] vs. 

CTx alone median 15.1 months [mean 22.9 months]; p < .001), as were mean lifetime costs 

(mean per patient cost $143,284 vs. $111,280). Compared with CTx alone, CTx plus 

bevacizumab wasassociated with a 5.1-month increase in mean survival. (Shankaran 2014). 

 

Ixabepilone 

Here, we report the results of overall survival (OS), a secondary efficacy endpoint from the  

CA163-046 trial. Seven hundred fifty-two patients with MBC resistant to anthracyclines and  

taxanes were randomized to ixabepilone (40 mg/m(2) intravenously on day 1 of a 21-day 

cycle) plus capecitabine (2,000 mg/m(2) orally on days 1 through 14 of a 21-day cycle) or 

Capecitabine alone (2,500 mg/m(2) on the same schedule). Patients receiving ixabepilone 

plus capecitabine treatment had a median survival of 12.9 months compared to 11.1 months 

for patients receiving capecitabine alone (HR = 0.9; 95%CI: 077-1.05; P = 0.19). This 

observed increase in median OS favored the combination; however, the difference was not 

statistically significant. Predefined subset analyses showed a clinically meaningful increase in 

OS in KPS 70-80 patients receiving ixabepilone plus capecitabine (HR = 0.75; 95% CI: 0.58-

0.98). (Hortobagyi 2010). 

There was no significant difference in OS between the combination and capecitabine 

monotherapy arm, theprimary end point (median, 16.4 v 15.6 months; HR = 0.9; 95% CI, 

0.78 to 1.03; P = .1162). In 79% of patients with measurable disease, the combination 

significantly improved progression-free survival (PFS; median, 6.2 v 4.4 months; HR = 

0.79;P = .0005) and response rate (43% v 29%; P < .0001). (Sparano 2010). 
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Trastuzumab 

The original studies of trastuzumab showed that it improved overall survival in late-stage  

(metastatic) HER2-positive breast cancer from 20.3 to 25.1 months.  Patients who 

continued/restarted anti-HER2 treatment (trastuzumab or lapatinib) after 2nd progression 

(N=52) had a post-progression survival of 18.8 compared with 13.3months for those who did 

not receive 3rd line treatment with anti-HER2 agents (N=88) (HR 0.63; p=0.02). 

 ( von Minckwitz 2007). 

The median overall survival was estimated to be 36 months in the placebo arm and 48 months 

in the pertuzumab arm, assuming overall survival is exponentially distributed. (Swain 2013). 
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Appendix B: Overall Survival Improvement for Prostate Cancer Drugs                       

 

Abiraterone acetate 

The co-primary endpoints were radiographic progression-free survival (rPFS) and overall 

survival (OS). Treatment with abiraterone acetate improved rPFS. The median rPFS was 8.3 

months for patients treated with placebo and had not yet been reached for those treated with 

abiraterone acetate [HR 0.43 (95 percent CI: 0.35, 0.52), p < 0.0001]. At the pre-specified 

third interim analysis, median OS was 35.3 months for patients treated with abiraterone 

acetate and 30.1 months for patients treated with placebo. [HR 0.79 (95 percent CI: 0.66, 

0.96)].  (NCI 2012).  

 

Of the 1195 eligible patients, 797 were randomly assigned to receive abiraterone acetate plus 

prednisone (abiraterone group) and 398 to receive placebo plus prednisone (placebo group). 

At median follow-up of 20·2 months (IQR 18·4-22·1), median overall survival for the 

abiraterone group was longer than in the placebo group (15·8 months [95% CI 14·8-17·0] vs 

11·2 months [10·4-13·1]; hazard ratio [HR] 0·74, 95% CI 0·64-0·86; p<0·0001). (Fizazi 

2012). 

 

Cabazitaxel 

Impressively, median overall survival for the cabazitaxel arm was 15.1 months (95% 

confidence interval [CI]: 14.1–16.3 months) compared to 12.7 months (95% CI: 11.6–13.7 

months) in the mitoxantrone arm (P < 0.0001). (Paller 2011). 
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Docetaxel 

The primary efficacy endpoint was survival. The treatment arm of TXT q3w + prednisone 

demonstrated a statistically significant survival advantage over MTX+P control (median 

survival 18.9 vs. 16.5 months, respectively, p = 0.0094). The TXT qw + prednisone arm did 

not demonstrate an advantage in overall survival over the control arm. (NCI 2011). 
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Appendix C: Overall Survival Improvement for Colorectal Cancer Drugs                       

Cetuximab 

The median OS for the wild-type subgroup was 23.5 months for patients treated with 

cetuximab plus FOLFIRI, compared with 19.5 months for patients treated with FOLFIRI 

alone [HR 0.80 (95 percent CI: 0.67, 0.94)]. The addition of cetuximab to FOLFIRI in 

patients with KRAS wt disease resulted in significant improvements in OS (median, 23.5 vs. 

20.0 months; HR, 0.796; P = 0.0093), PFS (median, 9.9 vs. 8.4 months; HR, 0.696; P = 

0.0012), and response (rate 57.3% vs. 39.7%; odds ratio, 2.069; P < 0.001) compared with 

FOLFIRI alone. (Dattatreya 2013). 

Patients randomized to cetuximab demonstrated a statistically significant improvement in 

overall survival (OS) compared to those randomized to best supportive care (median OS: 6.1 

vs. 4.6 months; hazard ratio 0.766, p=0.0048, stratified log-rank test). All documented tumor 

responses (evaluated centrally by NCIC) occurred in patients randomized to cetuximab (6.6 

percent); the median response duration was 5.5 months and all were partial responses. (NCI 

2004). 

The addition of cetuximab to FOLFIRI in patients with KRAS wild-type disease resulted in 

significant improvements in overall survival (median, 23.5 v 20.0 months; hazard ratio [HR], 

0.796; P = .0093), progression-free survival (median, 9.9 v 8.4 months; HR, 0.696; P = 

.0012), and response (rate 57.3% v 39.7%; odds ratio, 2.069; P < .001) compared with 

FOLFIRI alone. (Cutsem 2011). 
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Panitumumab 

1183 pts were randomized and received treatment: 593 pts in the pmab + FOLFOX4 arm and 

590 pts in the FOLFOX4 alone arm. The KRAS exon 2 ascertainment rate was 93%, 

consistent with the primary analysis. Results are as shown below: 

WT KRAS mCRC 

(n = 656) 

Pmab + 

FOLFOX4  

(n = 325) 

FOLFOX4 

alone  

(n = 331) 

Hazard 

ratio  

(95% CI) 

Descriptive  

p value 

Pts who have died (any cause) - n 

(%) 
256 (79) 279 (84)   

Median OS - mos (95% CI) 23.8 (20.0 – 27.7) 
19.4 (17.4 – 

22.6) 

0.83  

(0.70 – 0.98) 
0.03 

MT KRAS mCRC 

(n = 440) 

Pmab + FOLFOX4 

(n = 221) 

FOLFOX4 alone 

(n = 219) 
  

Pts who have died (any cause) - n 

(%) 
193 (87) 195 (89)   

Median OS - mos (95% CI) 15.5 (13.1 – 17.6) 
19.2 (16.2 – 

21.5) 

1.16  

(0.94 – 1.41) 
0.16 

 

(ASCO 2010) 

In the WT KRAS subpopulation, when panitumumab was added to chemotherapy, a significant 

improvement in PFS was observed (hazard ratio [HR] = 0.73; 95% CI, 0.59 to 0.90; P = 

.004); median PFS was 5.9 months for panitumumab-FOLFIRI versus 3.9 months for 

FOLFIRI. A non-significant trend toward increased OS was observed; median OS was 14.5 

months versus 12.5 months, respectively (HR = 0.85, 95% CI, 0.70 to 1.04; P = .12); response 

rate was improved to 35% versus 10% with the addition of panitumumab. (Peeters 2010). 

 



83 

 

Crizotinib 

Among 82 ALK-positive patients who were given crizotinib, median overall survival from 

initiation of crizotinib has not been reached (95% CI 17 months to not reached); 1-year 

overall survival was 74% (95% CI 63-82), and 2-year overall survival was 54% (40-66). 

(Shaw 2011). 

Crizotinib was associated with a doubling in progression-free survival, vs chemotherapy, in 

ALK-positive patients in the pivotal second-line trial and was quickly approved for this subset 

of patients.7 In the first-line setting, the final analysis of PROFILE 1014 showed that 

crizotinib improved progression-free survival from 7.0 months to 10.9 months (HR = 0.45, P 

< .0001), and responses were rapid and durable.8 With 68% of patients still in follow-up, 

median overall survival has not been reached in either arm. On interim analysis, median 

overall survival did not differ between the crizotinib and chemotherapy groups (20.3 months, 

95% confidence interval [CI] = 18.1 months to not reached, vs 22.8 months, 95% CI = 18.6 

months to not reached, HR = 1.02, P = .54). (ASCO 2014). 
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Appendix D: Overall Survival Improvement for Lung/Bronchus Cancer 

Drugs                       

 

Crizotinib 

Among 73 ALK-positive patients, the median PFS (mPFS) on crizotinib was 8.2 months [95% 

confidence interval (CI) 7.4-10.6]. The median interval from crizotinib discontinuation to 

initiation of ceritinib was 25 days (range 1-694). The mPFS on ceritinib was 7.8 months (6.5-

9.1). Among 53 patients with no interval therapies between crizotinib and ceritinib, the mPFS 

on ceritinib was similar at 7.8 months (5.4-9.8). The median combined PFS for sequential 

treatment with crizotinib and ceritinib was 17.4 months (15.5-19.4). In the overall study 

population, median OS was 49.4 months (35.5-63.1). (Gainor 2015).  

Erlotinib 

On November 18, 2004,  

The BR.21 study evaluated the efficacy of erlotinib in an unselected population after 

progression on one or two prior chemotherapy regimens (1). The study demonstrated an 

improvement in median overall survival from 4.7 to 6.7 months, demonstrating the activity of 

erlotinib. (NCI 2013). 

On May 14, 2013 

The median PFS was 10.4 months in the erlotinib arm and 5.2 months in the platinum-based 

chemotherapy arm [HR 0.34 (95 percent confidence interval [CI]: 0.23, 0.49), p <0.001]. The 

median OS was 22.9 months in the erlotinib arm and 19.5 months in the platinum-based 

chemotherapy arm [HR 0.93 (95 percent CI: 0.64, 1.35), p=0.6482]. OS was 6.7 months and 

4.7 months, respectively (HR 0.70; p < 0.001) in favor of erlotinib. The subgroup analysis 
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showed that the likelihood of a response to erlotinib was higher among women (p = 0.006), 

nonsmokers (p < 0.001), Asians (p = 0.02), and patients with adenocarcinoma (p < 0.001). 

(Wang 2012). 

Amlita (Pemetrexed) 

“After 397 deaths (pemetrexed, 71%; placebo, 78%) and a median follow-up of 24.3 months 

for alive patients (95% CI, 23.2 to 25.1 months), pemetrexed therapy resulted in a statistically 

significant 22% reduction in the risk of death (HR, 0.78;’ 95% CI, 0.64 to 0.96; P = .0195; 

median OS: pemetrexed, 13.9 months; placebo, 11.0 months)”. (Paz-Ares 2013). 

On July 2, 2009 

The median OS for patients in the intent-to-treat (ITT) group was 13.4 months for patients 

receiving pemetrexed. And 10.6 months for those receiving placebo [hazard ratio (HR) of 

0.79 (95 percent CI: 0.65 to 0.95, p=0.012)]. Median OS was 15.5 months versus 10.3 months 

for patients with non-squamous non-small cell lung cancer receiving pemetrexed and placebo, 

respectively [HR of 0.70 (95 percent CI: 0.56 to 0.88)]. The median OS in patients with 

squamous cell non-small cell lung cancer receiving pemetrexed was 9.9 months versus 10.8 

months for those receiving placebo [HR of 1.07 (95 percent CI: 0.77 to 1.50)]. (NCI) 

 


