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RACIAL DISPARITIES IN LUNG CANCER SURVIVAL
Patrick G. Chan, MPH
University of Pittsburgh, 2018
ABSTRACT
Lung cancer is the second most common type of cancer that afflicts men and women.  Prostate and breast cancer are more common in men and women, respectively.  About 14% of all new cancers are lung cancers.  Lung cancer is the leading cause of cancer death amongst both men and women.  It is estimated that 1 out of 4 cancer deaths are from lung cancer.  In each year, more people die of lung cancer than of colon, breast and prostate cancers combined.  In 2017, the American Cancer Society projected that there will be about 222,500 new cases of lung cancer with about 155,870 deaths in the United States.  The overall chance of developing lung cancer in a lifetime is about 8% for a man and 6% for a woman.  The prevalence is significantly higher for African-American males and for lower socioeconomic classes.  The objective of this essay is to highlight important aspects of the racial disparities of lung cancer survival and to highlight specific goals the community should work towards bridging the gap.  In summary, we discover that African Americans have different smoking patterns and mistrust towards the medical community, which may negatively impact their increased propensity for developing lung cancer.  Even after removing the cancer, they experience increased morbidity and mortality, which corresponds with lower education and income. Such disparities highlight public health goals. First, in the social setting, plans need to be enacted to improve the education and socioeconomic status of the African American community.  Furthermore, the medical community must continue to build trust within this community to carry action plans to provide appropriate and equal medical education and healthcare. 
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[bookmark: _Toc512523909]1.0 INTRODUCTION

The United States has made progress over the last several decades to address the racial and ethnic disparities that are prevalent throughout healthcare.  There is still a great amount of debate on how to fully eliminate the gap altogether.  Closing the gap will result in a healthier America as minorities would be receiving comparable care to their counterparts.  Secondly, racial and ethnic health disparities are associated with substantial economic losses nationally.  It was estimated that eliminating health disparities for minorities could potentially reduce direct medical care expenditures by about $230 billion for the years 2003-2006 1.  
Lung cancer has one of the highest mortality rates of all cancers even after removal of the tumor.  Recently, it has been revealed that there are racial disparities that need to be addressed when it comes to the morbidity, mortality and treatment of lung cancer.  The purpose of this essay is to highlight specific disparities and propose interventions that may result in improved healthcare for the African American community.    
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[bookmark: _Toc512523911]2.1 Racial and Ethnic Disparities in Healthcare

The term disparities conjures up thoughts of unequal treatment of a group of people based on what defines them as population.  This could be based on gender, color or other types of patient characteristics.  One of the major goals of healthcare policy is the elimination of disparities amongst racial or ethnic groups.  However, it is quite difficult to have a standard measure or definition of such differences due to the multi-faceted nature of healthcare.  As defined by the Institute of Medicine, racial or ethnic disparities in healthcare are the differences in the quality of healthcare that are not due to access-related factors or clinical needs, preferences and appropriateness of intervention 2.
One of the major determinants of the distribution of healthcare is socioeconomic status.  Research has shown that persons of lower income, education and occupational status experience worse health and die earlier than those who are wealthier 3.  In the United States, African-Americans make up a disproportionate fraction of those with lower socioeconomic status.  According to the US Census Bureau, in 2015, the median income for white Americans went up 4.4% and for black Americans, 4.1%.  The median household income for white Americans in 2015 was $63,000 which is approximately 70% more than the median household income of black Americans, which was $36,898 4. 
When it comes to racial matters in healthcare distribution, socioeconomic status is not the only determinant involved.  Increasingly more research has been done after the advent of the Healthy People 2000 initiative  5 6 7 8.  The CDC has published a series of reports reflecting the racial inequalities of education, housing, air quality, vaccinations and other issues 6.  
[bookmark: _Toc512523912]2.2 Racial disparities in cancer

Cancer doesn’t discriminate” is a phrase that has been popularized by media.  It is true that several types of cancers afflict all races and genders.  However, a closer look at cancer incidence and death statistics reveals that certain groups in the United States are afflicted disproportionately by different types of cancers, including differences in morbidity and mortality 8.  According to analysis of the Surveillance, Epidemiology and End Results Program (SEER) database, the incidence of African Americans developing cancer was 504.1 per 100,000 men and women.  The incidence of African Americans dying from cancer was 238.8 per 100,000 men and women.  For the entire population, incidence and death were 470.1 and 192.7, respectively.
Looking more specifically at different types of cancers, African-American women were more likely to die from cervical and breast cancers compared to their Caucasian counterparts 6.   Meanwhile, African-American men had a higher incidence and death rates of prostate cancer.  Colorectal cancer affects both genders and has a higher rate of incidence and death in African Americans compared to Caucasians.  Finally, when it comes to lung cancer, once again, a similar trend continues.  The incidence and death rates per 100,000 men and women for African-Americans was 76.6 and 62.0, respectively.  Caucasians have incidence and death rates from lung cancer of 65.7 and 55.0, respectively 8.  
If cancer does not discriminate, these cancers should not have different incidence and death rates for difference groups.  So, does nature discriminate?  Some populations of people show an increased propensity for developing diseases based on their genetic makeup.  For example, Ashkenazi Jews are certainly more affected by Tay-Sachs disease 9.  For cancer, there are certainly familial diseases that result in increased risk of cancer.  Generally, cancer is a disease of aging and of lifestyle decisions.  Essentially, our body deteriorates resulting in difficulty in repairing ourselves microscopically.  To further exacerbate things, we as a population are exposed to carcinogens daily.  Some may suggest that there are social biases as well that result in poorer or delayed care for minorities.    
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Lung cancer is the second most common type of cancer that afflicts men and women.  Prostate and breast cancer are more common in men and women, respectively.  About 14% of all new cancers are lung cancers 10.  Lung cancer is the leading cause of cancer death amongst both men and women.  Approximately 25% of all deaths caused by cancer are due to lung cancer 11.  In each year, lung cancer results in more deaths than colon, breast and prostate cancers combined.  In 2017, the American Cancer Society projected that there will be about 222,500 new cases of lung cancer with about 155,870 deaths in the United States.  The overall chance of developing lung cancer in a lifetime is about 8% for a man and 6% for a woman 12.  The prevalence is significantly higher for African-American males and for lower socioeconomic classes.
As the general population continues to live longer and longer due to advances in medicine, more and more cancers have begun to show up.  Lung cancer is mainly a disease of the elderly, with an average age of 70 at time of diagnosis.  Only less than 2% of those diagnosed with lung cancer are younger than age 45 13.  
[bookmark: _Toc512523915]2.32 Risk Factors

By far the leading risk factor for lung cancer is smoking.  Before cigarettes were so prevalent, lung cancer was a relatively rare illness.  About 80% of lung cancer deaths are thought to result from smoking.  Cigarette smoke results in the respiration of a myriad of mutagens and carcinogens 14. The relative risk of lung cancer for a current smoker is 20, meaning a current smoker is 20 times more likely to eventually have lung cancer.  Cessation of smoking does mitigate some of this risk.  However, prior smoking is a risk factor with a relative risk of 9.  Furthermore, being around others who smoke (secondhand smoke), also portends an increase risk of 1.3 15.  
Other environmental factors increase the risk of lung cancer.  For instance, asbestos fibers were used as insulating material since the Industrial Revolution.  During the 20th century, increasing evidence linked asbestosis to increased risk of lung cancer in groups of asbestos-exposed workers 16.  A naturally occurring gas that is radioactive and results in a significant risk of lung cancer is radon.  This gas leaks into homes and exposes its inhabitants.  It is estimated that radon is the cause of approximately 21,000 cases of lung cancer per year 17.
[bookmark: _Toc512523916]2.33 Treatment

There are generally 5 treatment options for lung cancer.  One is surgery.  The goal of surgery is to completely remove the lung lesion and nearby lymph nodes.  Surgical resection must remove the tumor as well as healthy tissue surrounding it in order to obtain a “negative margin.”  The types of surgery include a lobectomy, wedge resection, segmentectomy or pneumonectomy.  A lobectomy is the removal of an entire lobe of the lung and is currently thoughts to be the gold standard of surgery 18. Segmentectomy is another way the cancer can be removed, by removing a segment of the lung with its associated artery and vein.  Studies have shown that anatomic segmentectomy and lobectomy have similar outcomes in early stage lung cancer 19.  However, wedge resections have poorer outcomes compared both of those procedures 20.  Kent and colleagues showed that if a tumor is simply just “wedged” out without removing associated arteries and veins, there was a smaller lung cancer margins and lower yield of lymph nodes 20.  Because of this, a wedge resection may not be as “complete” of a resection compared to segmentectomy and lobectomy.  If the tumor is too close to the center of the chest, the surgeon may need to remove the entire lung 21. 
Radiation therapy can also be used, particularly if the patient has higher stage lung cancers or cannot tolerate surgical intervention.  Using high energy x-ray beams, a radiation oncologist focuses them at a tumor to kill the tumor cells.  Radiation can also harm healthy cells as some patients may experience skin irritation similar to sunburns.  As with surgery, this technique cannot be used to treat widespread tumors 22.  When tumors have spread to lymph nodes or other parts of the body resulting in advance staged lung cancer, treatment usually will include chemotherapy.  Chemotherapy is the use of drugs that destroy cancer cells by inhibiting their growth and division.  These medications are usually given systemically to treat the micrometastatic disease.  Like radiation, chemotherapy can also harm healthy cells in the body.  It can cause fatigue, depletion of cells within the body, infections, nausea, vomiting, loss of appetite and other side effects 23.  In addition to these therapies, oncologists can also use targeted immunotherapies.  Targeted immunotherapy is a treatment that targets specific genes or proteins that affect cancer growth and survival 24.  

[bookmark: _Toc512523917]2.34 Prognosis

	Patients diagnosed with non-small cell lung cancer (NSCLC), squamous cell carcinoma and adenocarcinoma generally have better five-year survival rates compared to those diagnosed with SCLC.  Usually at time of diagnosis, patients with small-cell lung cancer (SCLC) have advance stage with metastasis.  For NSCLC, the 5-year survival for Stage I is approximately 65%; for Stage 2, it is 35%; for Stage 3A, it is 15%; and for Stage 4, it is <10%.  For SCLC, the survival is much worse.  For disease that has not spread to lymph nodes or other parts of the body, the median survival is 18-20 months with a 5-year survival of 10%.  For patients with extensive disease, the median survival is 10-12 months with a 5-year survival of 1-2% 25. 
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There have been major efforts to reduce smoking in the last 50 years.  Some of these efforts can been seen in the incidence rates of lung cancer, as they continue to decrease in the last several years.  However, racial disparity still exists with regard to incidence rates of lung cancer, as African American men have about a 50% higher incidence than Caucasians 26.  Between 1999 and 2012, age-adjusted incidence rates in lung cancer have decreased in all states and regions.  However, Caucasians continue to have a lower age-adjusted incidence rate for lung cancer compared to African American males in all states and in most of the United States Geographic regions.  In 2012, the incidence rate for white males developing lung cancer was approximately 75 cases per 100,000.  It was approximately 90 cases per 100,000 for African American males 27.  
Lung cancer is a multifactorial disease.  In order to understand the mechanism behind the increased incidence rates of lung cancer in African Americans, it is important to analyze risk factors.  The major risk factor for lung cancer is smoking.  Smoking differences between races can explain some of the disparities.  African Americans who are diagnosed with lung cancer are significantly more likely to be intermittent or light smokers compared to their Caucasian counterparts 28.  Haiman and colleagues showed that African Americans and Native Hawaiians who smoked no more than 11-20 cigarettes per day had a significantly greater risk of lung cancer than did the other groups with a relative risk of 0.21 to 0.39 28.  
African Americans are also more likely to start smoking later in life 29.  As the body becomes older, it has less of an ability to repair genetic mutations because of exposures.  Even when smoking rates are matched between African Americans and Caucasians, African Americans still experience a higher incidence of lung cancer.  Though African Americans were more likely to be lighter smokers, it also seems they are less likely to quit as well.  This results in having a longer cumulative exposure to tobacco 30.  
Furthermore, African Americans are more likely to smoke menthol cigarettes.  According to the Food and Drug Administration, 70-80% of African Americans use menthol cigarettes as opposed to 20-30% seen in Caucasians.  Menthol cigarettes are associated with a decreased odds of quitting 31.  In conclusion, though African Americans smoke later in life and fewer cigarettes, they have significantly lower quit rates and have a longer cumulative duration of smoking.
Cultural factors come into play as well when it comes to lung cancer care.  Lin and colleagues looked to determine associations between cultural factors and disparities in lung cancer treatment.  From 2008 to 2011, Lin and colleagues surveyed patients from four medical centers in New York City about their beliefs regarding lung cancer, fatalism and medical mistrust.  African Americans were signifincantly less likely to receive stage-appropriate therapies compared to their Caucasian counterparts after adjusting for age, sex, marital status, insurance, income, comorbidities and performance status.  African Americans also had a more negative connotation when it comes to surgery and death 32.  
There was also increased mistrust of the medical community by minorities 32.  Mistrust in the medical community results in fewer African Americans seeking out medical care which will negatively impact their survival rates for lung cancer.  However, is there a difference in access to care for African Americans compared to Caucasians?  Backhus and colleagues examined US county level data for age-adjusted lung cancer mortality rates from 2003-2007.  They discovered that providers of lung cancer care were unevely distributed throughout the US.  Almost three times as many Africans Americans compared to Caucasians live in counties considered to be high lung cancer mortality zones.  These zones correlated with fewer number of thoracic surgeons compared to zones with better mortality rates 33. 
[bookmark: _Toc512523919]3.1 Racial Disparities of lung cancer survival after surgery

Surgical resection remains the gold standard for lung cancer treatment.  It results in better long-term survival in patients with early stage non-small cell lung cancer.  After overcoming some of the barriers of diagnosis and treatment, what are the results of patients who undergo treatment such as surgery to remove the tumor?  Once the tumor is completed surgically eradicated, is there a disparity between African Americans and Caucasians in in-hospital mortality after the surgery?  Is there a disparity between their quality of life after discharge? 
Harrison et al. looked specifically at in-hospital mortality after lobectomy, the surgery of choice for lung cancer 34.  Between the years 2008-2011, 23,058 patients in the United States who had received a lobectomy for lung cancer were discharged.  The study excluded patients who had a redo operation, improper coding, deaths in the operating room, missing in-hospital mortality and hospital details.  Furthermore, if information on the patient’s race, income or insurance information, he/she was missing, he/she was excluded.  At the end of the study, 6,154 patients had undergone a minimally invasive video-assisted thoracoscopic (VATS) approach, while 13,199 had open surgery 34.
According to Harrison et al., those who had a median income of <$39,000 had a significant increase in in-hospital mortality after surgery compared to those with a median income of >$39,000, 2.5% vs. 1.9%, p=0.014.  African Americans were also more likely to die in the hospital after surgery compared to all other races, 2.8% vs. 1.9%, p=0.021.  African Americans were 66% more likely to die in-hospital after lobectomy than other races.  One of the limitations of this study is it cannot account for surgical bias; that is, it did not determine if patients of different racial or economic backgrounds were offered surgery at difference rates? 34
Another study done by Poghosyan looked at racial disparities in health-related quality of life (HRQOL) after lung cancer surgery.  HRQOL data were obtained using patient surveys and analysis of medical records obtained from clinical data.  These data were then divided into a physical and mental component score (PCS/MCS).  Mean time to initial assessment after surgery was 4.1 months, second assessment was 12.7 months 35.  
Of the 650 patients analyzed, 80.5% were Caucasian, 8.8% were African Americans and 10.7% were other races.  Analysis of PCS scores showed no significant differences between Caucasians and African Americans.  However, at the second assessment, multivariable analysis showed a significantly lower MCS in African Americans compared to their Caucasian counterparts.  Other interesting findings from this analysis showed that education and income were significantly different between the two groups, with African American having disproportionately more patients with only a high school degree or less and making <$20,000 per year.  A major limitation of this study is that the physical and mental health variables were self-reported 35.
It is difficult to explain these results shown by Harrison et al. and Poghosyan et al.  In terms of in-hospital mortality, it is unfortunate that we do not have the medical profiles of the patients in the study done by Harrison.  Multiple factors could contribute to these results.  First, as mentioned before, African Americans are more likely to be smokers and have longer term smoking 36.  This continued smoking impacts perioperative mortality.  Patients who are active smokers at time of surgery have a more difficult time of recovering from the operation.  It also increases risks of other medical problems at the time of surgery, such as coronary artery disease or other vascular disease.  This puts the patient at risk of having a myocardial infarction or stroke in the hospital, leading to their demise 37.     
Proportionally, in the Poghosyan et al., the African Americans who had surgery were less educated and had lower income.  Multiple studies have shown that education and income affect the mental health of the patient 38.  Impaired mental health, whether it be depression or anxiety, it increases morbidity of the patients suffering from a wide range of conditions 39.  Therefore, this racial disparity highlights the need for interventions to improve the mental health of the African Americans undergoing lung cancer surgery.  One can argue that such a study should be applied globally and suggests that mental health issues should be improved throughout the United States.     
[bookmark: _Toc512523920]3.2 Racial differences in cancer genes

Genetics play a significant role in lung cancer as well.  Family, twin and genome wide studies have shown that genetics of lung cancer is heritable 36.  Genetics thus predispose a patient to lung cancer, and life choices, such as smoking, will exacerbate that risk.  Furthermore, recent studies have shown that certain families have a higher risk of developing lung cancer with a higher mortality rate 40.  The oncogene that is very well studied is k-ras.  Mutations in k-ras are associated with earlier distant metastatic disease and poorer prognosis 41.  Epidermal growth factor receptor (EGFR) is a protein on the surface of cells.  It normally helps the cell grow and divide.  It has been observed that some cancer cells have too much EGFR, which makes the cells grow faster and without inhibition.  It has also been observed to mutate in lung adenocarcinomas in smokers and non-smokers 42.  Such discoveries are highly important as this improves diagnostics and broadens the scope of treatment of lung cancer.  
Are there racial differences in the genetics of lung cancer?  In 2005, Cote and colleagues wanted to measure lung cancer aggregation and estimate lifetime risk among relatives who patients who had early-onset lung cancer and compare it to a population-based control.  Their study showed that relatives of African American patients who had early-onset lung cancers were significantly more at risk of developing lung cancer than their Caucasian counterparts after adjusting for age, sex, pack years of smoking, pneumonia and COPD (odds ratio, 2.07, 95% confidence interval, 1.29-3.32) 43.   Are there differences between specific genes related to cancer with respect to race?  Studies have conflicting results, as many of these genetic mutations not only occur in utero, but also because of environmental exposures.  One genetic difference seen by Hunt et al. was k-ras.  In a study using lung tumor specimens, k-ras mutations were more common in African Americans compared to Caucasians 44.
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Lung cancer is a difficult disease to manage by both patients and their physicians.  Like other aspects of healthcare, there are still racial disparities that must be addressed in the treatment and management of lung cancer.  There continues to be differences in incidence rates and morbidity/mortality after surgical resection.  These studies also highlight the social aspects of lung cancer, as African Americans generally have lower education and lower income compared to their Caucasian counterparts 45.  Smoking in the African American community is also an issue, as they are less likely to quick smoking as well 28.  Lastly, the African American community also harbors more mistrust in the medical community 32.  
There are limitations to this review.  It is difficult to quantify behavioral biases.  For example, Lin and colleagues reports that African Americans were signifincantly less likely to receive stage-appropriate therapies compared to their Caucasian counterparts.  It is difficult to determine if decisions were made by the patient or physician to pursue a different therapy.  Furthermore, the multifactorial aspects of lung cancer make it difficult to formulate a specific intervention that may or may not affect these disparities.    
Bridging the gap between the racial disparities of lung cancer starts even before the cells begin to mutate into tumor cells.  It starts initially at a social level.  One must understand why African Americans are more prone to start smoking at a later age compared to their Caucasian counterparts and why they continue to smoke.  Essentially, assuming they are exposed to the same efforts, are the current efforts of preventing smoking effective towards this population?  At a later age, they should be as educated, if not more well-versed to make an educated decision. 
Other social issues also need to be addressed because lung cancer care today is not distributed equally.  Lower education and income are associated with a decreased survival rate in lung cancer 45.  The more education one has, the more likely one can understand the dangers of lung cancer and its risk factors.  A common cause of depression and mental health issues, which predicts poorer cancer survival, is financial stability.  In addition to this, financial security may also allow for patients to pursue better care.  For example, it may allow someone to travel out of state to a more experienced surgeon.  
The medical community can also improve its relations with African Americans.  Mistrust in medicine is still a major issue in the African American community due to studies like the Tuskegee Study of Untreated Syphilis in the Negro Male from 1932 to 1972.  We have to improve the confidence of this population in the medical community in order for them to seek medical care, screening and maintain surveillance.  The medical community also needs to primary care physicians, specialists and surgeons to recognize that there is this disparity that needs to be addressed.  
Improvement in relations does not rest solely on the medical community but also US agencies.  Relations have been improving.  In the Healthy People 2020 initiative, there is a focus on the social determinants of health 46.  There is a recognition that health starts in homes, schools, workplaces and communities.  The goal of this focus is to “create social and physical environments that promote good health for all” 46.  The government must continue to provide programs and additional funding to improve the social disparities, such as with education and income.  Furthermore, funding and resources should be provided to improve lung cancer care and appropriate screening for those who are at risk in counties that are considered high mortality zones of lung cancer.  The US is home to some of the most advanced medical centers in the world.  It is important to evenly distribute these resources throughout the US to create a healthier America.  Eliminating racial disparities will not only reduce medical costs for the country, but it will allow for improved healthcare for our African American community.    
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