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Abstract 

 Lung cancer is the leading cause of cancer related death in Canada and worldwide.1,2 One 

treatment method against lung cancer is a type of immunotherapy (IT) which targets mutated 

epidermal growth factor receptor (EGFR.) A combination of IT and radiotherapy can cause the 

abscopal effect, or localized treatment causing system wide results.3 However, the mechanisms of 

the abscopal effect are not fully understood. This study aims to determine whether the presence of 

an EGFR mutation impacts the outcome of the abscopal effect. Data on 339 lung cancer patients 

from across Alberta participating in a different study was compiled from provincial oncological 

records (ARIA-MO) and recorded onto an EXCEL spreadsheet. Data added to the previous work 

included the dates of discovery for brain, liver, bone, and other metastases. Patients with EGFR 

mutations were found to have, on average, a lower OS while also having increased rates of 

incidence of brain, bone, and liver metastases. As such, patients with EGFR mutations were shown 

to be less likely to experience the abscopal effect. This increased understanding of the abscopal 

effect and what factors might lead to it is key to increasing the quality of life and life expectancy for 

those with cancer. 

Introduction 

 Lung cancer is the leading cause of cancer-related death in Canada, with a 17% likelihood of 

living five years or longer compared with the average person without cancer.2 On a larger scale, 

lung cancer is the leading cause of cancer-related deaths worldwide.2 Non-small cell lung cancer 

(NSCLC), any type of lung cancer that is not small cell lung cancer4(which is characterized by 
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small cells, not a lot of cytoplasm, and missing nuclei5), makes up 85% of lung cancers.6 It is 

mostly linked to smoking as a cause, but non-smokers and infrequent smokers can develop this type 

of cancer as well. There are three main types of NSCLC: adenocarcinoma, squamous cell 

carcinoma, and large cell carcinoma. 

 Treatment options traditionally included chemotherapy (CT) and radiotherapy (RT), but due 

to insensitivity to RT and CT4, poor 5-year survival rates, and increases in the understanding of 

immunity and NSCLC7, immunotherapy (IT) has become an increasingly viable treatment method. 

IT is the utilization of the body’s own immune system to target and kill cancer cells.8 One 

commonly used type of IT is the use of immune checkpoint inhibitors, blocking receptors such as 

cytotoxic T-lymphocyte associated protein 4 (CTLA-4), programmed cell death protein 1 (PD-1), 

and programmed death-ligand 1 (PD-L1) to enable an immune response.9 These receptors appear on 

either immune cells or cancer cells to prevent the immune system from attacking the body’s own 

cells, an ability that often hides cancer cells within the body. Drugs like pembrolizumab, nivolumab, 

and ipilimumab bind with these receptors on the surface of either the tumor cell or the immune cell, 

stopping the two cells from binding together.10 This prevents the immune system from recognizing 

the mutated cancer cells as part of the body and allows it to instead recognize them as something 

foreign, initiating an immune response.  

 Another type of IT works through targeting oncogenic genes, like the genes coding for the 

epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK). Almost 20% of 

lung cancers carry mutations in these genes.11 They both produce proteins that appear on the surface 

of cells to bind with corresponding proteins on other cells to initiate mitosis. When mutated, these 

genes cause the unchecked cell division characteristic of cancer.11  The EGFR mutation specifically 

is more common in patients with adenocarcinoma.12 Treatment targeting this mutated protein 

include erlotinib, gefitinib, and panitumumab.13 These drugs work similarly to immune checkpoint 

inhibitors in that they bind with the receptors in the cell membrane to prevent cells from binding 
Page 2



one another, stopping them from duplicating.14 This means that the tumour cannot grow any bigger, 

giving the immune system an advantage in destroying the tumour. Despite these advancements, 

response rates to immunotherapy are either very low, with about 13% of those treated with immune 

checkpoint inhibitors responding15, or patients quickly become immune to it. Treatments utilizing 

the presence of an EGFR mutation quickly loose their efficacy due to the cancer developing 

resistance.16 As such, researchers have been looking into ways to boost or improve the results of 

these treatments in patients.  

 One such method is the initiation of the abscopal effect, the ability of localized treatment to 

produce system-wide results.17 Initial case reports were recorded in the early 70s, yet it is still not 

fully understood.3 It is known that when local RT induces cell death, the cell releases immunogenic 

factors such as danger-associated molecular patterns (DAMPs) and tumour-associated antigens 

(TAAs).3 The release of these neoantigens, antigens the body has never been exposed to before, 

triggers a tumour-specific immune response. However, immune-suppressant effects of the tumour 

prevents the abscopal effect from triggering consistently. Today, it has been widely accepted that IT 

combined with RT boosts the chances of an abscopal effect occurring, but an optimal treatment 

regimen that produces this effect to its fullest extent is still unknown. 

 This study aims to shed light on whether or not a patient with non-small cell lung cancer, 

treated with immunotherapy, and with EGFR oncogenic mutations present in the tumour, will have 

the outcome of an abscopal effect influenced by the presence of this mutation. 

Scientific Question 
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 If a patient with non-small cell lung cancer, treated with immunotherapy, has EGFR 

oncogenic mutations present in the tumour, will the outcome of an abscopal effect be influenced by 

the presence of this mutation?  

Hypothesis 

 If a patient with non-small cell lung cancer, treated with immunotherapy, has EGFR 

oncogenic mutations present in the tumour, then they will be less likely to have an abscopal effect 

occur. This is because those with the EGFR mutation are more likely to have reduced survival18, 

lymph node metastasis, and insensitivity to chemotherapy.19 Additionally, any benefit to prognosis 

received from EGFR specific immunotherapy treatments is quickly lost due to how quickly EGFR-

mutated tumors gain resistance.16 

Methodology 

Variables  

 The independent variable in this study is whether or not the EGFR oncogenic mutation is 

present. In response, the dependent variable would be the outcome of an abscopal affect. Measuring 

this outcome is not easy to determine, so analyzing time to recurrence and/or progression will be 

utilized to define whether or not an abscopal effect occurred. The control variables include where 

the patients are treated (Alberta), the type of lung cancer (NSCLC, specifically adenocarcinoma), 

and how many lung cancer primaries there were (one). As the human body’s functions are very 

interconnected, there are many confounding variables that may influence the effect of EGFR. For 

example, the amount and type of RT20, age21, and other factors that alter the immune system or 

treatment may influence the outcome of an abscopal effect.     
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Method 

 Three hundred and thirty nine patients with non-small cell lung cancer from two cancer 

centres in Alberta (the Tom Baker Cancer Centre in Calgary and the Cross Cancer Institute in 

Edmonton) participated in a retrospective cohort study. All patients were over 18 years of age and 

received immunotherapy between January 1st, 2010 and June 1st, 2019.  Data was collected from 

provincial medical records, from ARIA-MO, a management system for oncologic patients. This 

information on the treatment and histology of their cancer was recorded on an EXCEL spreadsheet. 

Dates of discovery for brain, liver, bone, and other (primarily renal, adrenal gland, and 

intrathoracic) metastases, white blood cell count, and date of death were also recorded and then 

combined with the information of the previous study. 

Statistics 

 Of the total 339 patients studied, 100 patients were excluded as they did not have 

adenocarcinoma and patients with adenocarcinoma are much more likely to have an EGFR 

mutation.12 A table was made to show the demographics of the whole patient cohort, comparing 

factors such as gender, whether they smoked or not, stage, EGFR mutation status, whether or not 

their cancer recurred, whether or not they received radiation,  and whether or not they received 

systemic therapy (aka chemotherapy).  

 In comparing overall survival (OS), both the total time frame, between date of diagnosis and 

death/lost to followup, and a 5 year time frame were charted. The mean, standard error, and lower 

and upper bounds for the 95% confidence interval were calculated for the EGFR mutation positive 

(EGFR Positive) and EGFR mutation negative (EGFR Negative) groups’ mean OS times using 

SPSS.22 For patients’ cases that were censored (or in other words for patients that were lost to 

follow up), their survival time was limited to the largest recorded survival time of the entire cohort. 
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The p-values for both chi-square and statistical significance were calculated. This process was 

repeated in calculating progression free survival (PFS), or how long from when treatment is started 

without the cancer growing or advancing, for the total time frame and a 5 year time frame. 

 Lastly, a table was made to compare the frequency and percentage of occurrence of certain 

metastases (brain, bone, liver, adrenal, intrathoracic, and other) and EGFR status. Statistical 

significance was calculated between the two groups. Statistical significance can be shown by 

method of Chi-square and statistical significance P-values. Chi-squares shows a more significant 

true difference between datasets when the value is further away from 0. In the case of statistical 

significance, it is broadly considered that values <0.05 show a true difference between datasets. 

Results 

 Of the total 239 patients, 226 were EGFR negative while 13 were EGFR positive. 

 Table 1 shows the mean OS for the two EGFR groups, as well as the standard error for this 

calculated mean and the lower and upper bounds of the OS that would appear in 95% of the 

everyday population. As can be seen, the mean OS for EGFR positive patients is about 79 months 

(~6.5 years) lower than patients without the EGFR mutation. The standard error for these 

calculations are also relatively low for their respective sizes, showing the accuracy of the calculated 

means. 
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Table 1: Mean Survival Time In Months over whole time frame 
(EGFR + VS EGFR - )

Positive

Negative

Mean



  

Figure 1 illustrates the percent OS for both groups. The EGFR present group’s OS dropped at a 

much faster rate than the EGFR Absent group. By the time ~70 months (~5.8 years) had passed, the 

EGFR present group had about a 25% lower OS than the EGFR absent group. 

  

  

  The blue line represents the percent overall survival of the EGFR negative group whereas 

the red line represents the percent overall survival of the EGFR positive group. Each small tick on 

the data line represents a censorship, or in other words a patient who is no longer available for 

follow up. After ~70 months (~5.8 years), all surviving patients had been lost to follow up and as 

such the data can no longer be continued to be plotted. between EGFR Positive and negative groups 

concerning overall survival was determined to be statistically significant (Chi-square: 5.271, p = 

0.022.)  

 In order to see survival prognoses over smaller period of time, it is important to also look at 

the OS over a smaller timeframe (ie 5 years.) As can be seen in table 3, the difference between the 
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mean OS between the EGFR negative (56.455 months) and the EGFR positive groups (49.246 

months) is now 5 months. Though this is a smaller difference than over the total time frame, it is 

still statistically significant (Chi-square = 5.888, p = 0.015.) 

 Figure 2 illustrates the Percent OS of both groups over the 5 year period. At 60 months, the 

OS of the EGFR present group is 30% lower than that of the EGFR absent group. 
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Figure 2: Overall 
Survival of EGFR 

Table 3: Mean Survival Time In Months over 5 year 
time frame (EGFR + VS EGFR - )

Negative

Positive

Mean



 Table 5 shows the means of the two groups regarding PFS, or how long the patients went 

without the cancer growing. As can be see, there is a difference of less that 4 months between the 

means, with a ~2 month standard error. Although this is comparable to the difference in the 5 year 

OS means as seen in Table 3, it does not have statistical significance (Chi-square = 0.000, p = 

0.994.) This data is illustrated in Figure 3, where the lines for the two groups are nearly identical, 

accounting for the more rigid changes in the EGFR present group caused by sample size. 
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Figure 3: PFS Over Time between EGFR Positive and 
Negative Groups

Table 5: Mean PFS Time in Months Over Total 
Timeframe (EGFR + VS EGFR - )

Negative
Positive

Mean



 In Table 6, EGFR status is compared with the site of a certain metastasis and whether or not 

it occurred. For metastasis (mets) other than brain, bone, and liver metastases, there was only a 1% 

difference between the two groups’ frequencies of occurrence without statistical significance (p = 

0.938.) On the other hand, the percentages of occurrence of brain and bone mets between the two 

groups had differences of 41.8% and 28.7% respectively. These differences were further shown to 

be statistically significant (p = 0.001 and p = 0.044 respectively.) Liver mets had a difference of 

24.6% between the two groups, with a statistical significance trending towards being notable (p = 

0.061.) 

Discussion 

 The hypothesis that patients with the EGFR mutation would have a lower likelihood of 

achieving an abscopal effect was supported by the results. The patients with an EGFR mutation 

experienced a mean OS almost one third of that of the patients without an EGFR mutation over the 

whole timeframe (Table 1: 52.958 vs 131.555 months). Additionally, over a 5 year timeframe, the 

mean OS for patients with an EGFR mutation was 5 months lower than that if the patients without 
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an EGFR mutation (Table 3: 56.455 vs 49.246 months). EGFR positive patients also experienced a 

quicker rate of change for OS (Figures 1 and 2), and a higher rate of occurrence for brain, bone, and 

possibly liver metastasis as compared to the EGFR negative group (Table 6.) However, there was no 

statistically significant difference in the PFS between the two groups. 

 These results regarding OS are supported by previous studies. It has been shown that EGFR-

mutated patients have less of a response to immunotherapy than non-mutated patients, a trait that is 

unrelated to previous treatment against EGFR or with PD-L1 expression.23 This may be due to the 

unique Tumour Microenvironment (TME) of EGFR-mutated tumours; there is often a lower amount 

of tumour-infiltrating lymphocytes24 and a lower tumour mutational burden (TMB)25, making the 

tumour cells more resemble the normal cells and so be more likely to go undetected by the immune 

system. It has also been shown that RT, which would normally destroy cancer cells and release 

TAAs, can promote tumour cell proliferation via EGFR pathways and the avoidance of apoptosis in 

EGFR-positive tumours, at least for a certain period of time.26 Additionally, no significance was 

shown in the differences in PFS between EGFR positive and negative patients in the data of this 

study. This is a controversial subject, as there are conflicting studies on whether EGFR affects PFS 

negatively or positively, but not that it has no affect at all.27,28 It is likely that the limits in patient 

cohort size for EGFR positive patients in this study caused the discrepancy in this result, and so 

additional testing would be required for more conclusive results. 

 There was also shown to be a statistically significant increase in rates of bone and bone 

metastases, as well as a trend towards significance with liver metastasis in patients with an EGFR 

mutation. It has been shown in previous studies that those with EGFR mutations are more likely to 

develop brain metastasis29, which may be due to the inability of immunotherapy treatments to 

penetrate the blood brain barrier.30 Although in past studies there has been evidence of bone 

metastases to develop in patients with an EGFR mutation from a EGFR-negative original tumour31, 

there seems to be no past studies correlating EGFR-positive primaries with bone metastasis 
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development. Although liver metastasis did not register as statistically significant, it was trending 

towards significant and as such is important to explore further. It has been shown the liver 

metastasis is more common in EGFR-positive groups than EGFR-negative groups.32 

 A few key factors could be optimized in the future to improve the results of this study. 

Firstly, a more equal sample size division (in other words a larger sample for patients with the 

EGFR mutation) would allow the results to be more accurate. Due to the limited sample size, and 

that the sample was originally from a study not pertaining to the EGFR gene mutation, it was not 

possible to expand the number of cases available to be perfectly tailored to the study’s objective. 

Furthermore, a study in the style of a clinical trial rather than a retrospective analysis could allow 

for a more in depth study of the EGFR mutation. Certain variables would be able to be controlled in 

a consistent manner, allowing for more accurate results. Furthermore, variables could be collected 

when necessary rather than having to depend on previously recorded data. This would allow for 

more specific, in depth analysis on factors not necessarily recorded during the average treatment of 

a patient. 

Conclusion 

 In 2018, there were 18,078,957 new cases of cancer and 9,555,027 deaths caused by cancer 

worldwide.33 In addition, 11.6% of these new cases and 18.4% of these deaths were lung cancer 

mediated. Low rates of survival1 combined with the common delay of diagnosis due to the type of 

symptoms and the times at which they present34 makes lung cancer one of the most insidious and 

deadly types of cancer in the world. It is key that improvements in treatment methods are developed 

in order to increase the comfort and life expectancy of those with lung cancer. Understanding the 

mechanisms of the abscopal effect and finding ways to produce it more consistently will better the 
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treatments of this type of cancer as well as other cancers, as this effect can occur in many types of 

cancer.13 

 Moreover, immunotherapy is emerging as a new addition to conventional cancer therapies, 

benefitting patients who previously had no available course of treatment.35 Researchers have been 

studying the utilization of immune checkpoint inhibitors, combined with other treatments such as 

treatments against EGFR mutations, as immunotherapy options that boost the immune system rather 

than attack the cancer cells directly. Many developments have been made in the past 10 years or so 

that have spurred forth advancements in immunotherapy, but further study in how to optimize these 

treatments to produce a complete abscopal effect is necessary in order to utilize these new options 

to the fullest extent. It is also important to see how different traits of a tumour affect the treatment 

outcomes for patients in order to optimize treatments as best as possible. 

Page 13



Bibliography 
1.	 (US) NCI. PDQ cancer information summaries: treatment (Patients). Bethesda, MD: 
National Cancer Institute; 2004.

2.	 Navaneelan T, Janz T. Cancer in Canada: Focus on Lung, Colorectal, Breast and Prostate 
Statistics Canada Catalogue no. 82-624-X. Statistics Canada. Health at a Glance Web site.  
Published 2011. Accessed october 25th, 2019.

3.	 Ngwa W, Irabor OC, Schoenfeld JD, Hesser J, Demaria S, Formenti SC. Using 
immunotherapy to boost the abscopal effect. Nat Rev Cancer. 2018;18(5):313-322. doi:10.1038/
nrc.2018.6.

4.	 PDQ cancer information summaries: treatment (Patients). Bethesda, MD: National Cancer 
Institute; 2004.

5.	 Siddiqui F, Siddiqui A. Cancer, Lung. StatPearls; 2019.

6.	 Zappa C, Mousa SA. Non-small cell lung cancer: current treatment and future advances. 
Transl Lung Cancer Res. 2016;5(3):288-300. doi:10.21037/tlcr.2016.06.07.

7.	 Davies M. New modalities of cancer treatment for NSCLC: focus on immunotherapy. 
Cancer Manag Res. 2014;6:63-75. doi:10.2147/cmar.S57550.

8.	 Cancer NCCf. Melanoma: Assessment and Management. London: National Institute for 
Health and Care Excellence (UK); 2015.

9.	 Advancing Progress in the Development of Combination Cancer Therapies with Immune 
Checkpoint Inhibitors. Washington (DC): National Academies Press; 2019.

10.	 Seidel JA, Otsuka A, Kabashima K. Anti-PD-1 and Anti-CTLA-4 Therapies in Cancer: 
Mechanisms of Action, Efficacy, and Limitations. Front Oncol. 2018;8:86. doi:10.3389/
fonc.2018.00086.

11.	 Sweis RF, Thomas S, Bank B, Fishkin P, Mooney C, Salgia R. Concurrent EGFR Mutation 
and ALK Translocation in Non-Small Cell Lung Cancer. Cureus. 2016;8(2):e513. doi:10.7759/
cureus.513.

12.	 Travis WD, Brambilla E, Noguchi M, et al. International association for the study of lung 
cancer/american thoracic society/european respiratory society international multidisciplinary 
classification of lung adenocarcinoma. J Thorac Oncol. 2011;6(2):244-285. doi:10.1097/
JTO.0b013e318206a221.

13.	 Gerber DE. EGFR Inhibition in the Treatment of Non-Small Cell Lung Cancer. Drug Dev 
Res. 2008;69(6):359-372. doi:10.1002/ddr.20268.

14.	 Ouyang X, Barling A, Lesch A, et al. Induction of anaplastic lymphoma kinase (ALK) as a 
novel mechanism of EGFR inhibitor resistance in head and neck squamous cell carcinoma 
patient-derived models. Cancer Biol Ther. 2018;19(10):921-933. 
doi:10.1080/15384047.2018.1451285.

15.	 Haslam A, Prasad V. Estimation of the Percentage of US Patients With Cancer Who Are 
Eligible for and Respond to Checkpoint Inhibitor Immunotherapy Drugs. JAMA Netw Open. 
2019;2(5):e192535. doi:10.1001/jamanetworkopen.2019.2535.

16.	 Gao J, Li HR, Jin C, Jiang JH, Ding JY. Strategies to overcome acquired resistance to 
EGFR TKI in the treatment of non-small cell lung cancer. Clin Transl Oncol. 
2019;21(10):1287-1301. doi:10.1007/s12094-019-02075-1.

17.	 Hu ZI, McArthur HL, Ho AY. The Abscopal Effect of Radiation Therapy: What Is It and How 
Can We Use It in Breast Cancer? Curr Breast Cancer Rep. 2017;9(1):45-51. doi:10.1007/
s12609-017-0234-y.

18.	 Scagliotti GV, Selvaggi G, Novello S, Hirsch FR. The biology of epidermal growth factor 
receptor in lung cancer. Clinical cancer research : an official journal of the American Association 
for Cancer Research. 2004;10(12 Pt 2):4227s-4232s. doi:10.1158/1078-0432.CCR-040007.

19.	 Fontanini G, De Laurentiis M, Vignati S, et al. Evaluation of epidermal growth factor-related 
growth factors and receptors and of neoangiogenesis in completely resected stage I-IIIA non-
small-cell lung cancer: amphiregulin and microvessel count are independent prognostic indicators 
of survival. Clinical cancer research : an official journal of the American Association for Cancer 
Research. 1998;4(1):241-249. https://www.ncbi.nlm.nih.gov/pubmed/9516978.

20.	 Liu Y, Dong Y, Kong L, Shi F, Zhu H, Yu J. Abscopal effect of radiotherapy combined with 
immune checkpoint inhibitors. Journal of Hematology & Oncology. 2018;11(1):104. doi:10.1186/
s13045-018-0647-8.


Page 14



21.	 Jain V, Hwang WT, Venigalla S, et al. Association of Age with Efficacy of Immunotherapy in 
Metastatic Melanoma. Oncologist. 2019. doi:10.1634/theoncologist.2019-0377.

22.	 .

23.	 Santaniello A, Napolitano F, Servetto A, et al. Tumour Microenvironment and Immune 
Evasion in EGFR Addicted NSCLC: Hurdles and Possibilities. Cancers (Basel). 2019;11(10). 
doi:10.3390/cancers11101419.

24.	 Gainor JF, Shaw AT, Sequist LV, et al. EGFR Mutations and ALK Rearrangements Are 
Associated with Low Response Rates to PD-1 Pathway Blockade in Non-Small Cell Lung Cancer: 
A Retrospective Analysis. Clin Cancer Res. 2016;22(18):4585-4593. 
doi:10.1158/1078-0432.Ccr-15-3101.

25.	 Dong ZY, Zhang JT, Liu SY, et al. EGFR mutation correlates with uninflamed phenotype 
and weak immunogenicity, causing impaired response to PD-1 blockade in non-small cell lung 
cancer. Oncoimmunology. 2017;6(11):e1356145. doi:10.1080/2162402x.2017.1356145.

26.	 Vatner RE, Cooper BT, Vanpouille-Box C, Demaria S, Formenti SC. Combinations of 
immunotherapy and radiation in cancer therapy. Front Oncol. 2014;4:325. doi:10.3389/
fonc.2014.00325.

27.	 Liang W, Zhang Y, Kang S, et al. Impact of EGFR mutation status on tumor response and 
progression free survival after first-line chemotherapy in patients with advanced non-small-cell 
lung cancer: a meta-analysis. Journal of Thoracic Disease. 2014;6(9):1239-1250. http://
jtd.amegroups.com/article/view/2932.

28.	 Park SE, Noh JM, Kim YJ, et al. EGFR Mutation Is Associated with Short Progression-Free 
Survival in Patients with Stage III Non-squamous Cell Lung Cancer Treated with Concurrent 
Chemoradiotherapy. Cancer Res Treat. 2019;51(2):493-501. doi:10.4143/crt.2018.125.

29.	 Ge M, Zhuang Y, Zhou X, Huang R, Liang X, Zhan Q. High probability and frequency of 
EGFR mutations in non-small cell lung cancer with brain metastases. J Neurooncol. 
2017;135(2):413-418. doi:10.1007/s11060-017-2590-x.

30.	 Kelly WJ, Shah NJ, Subramaniam DS. Management of Brain Metastases in Epidermal 
Growth Factor Receptor Mutant Non-Small-Cell Lung Cancer. Front Oncol. 2018;8:208. 
doi:10.3389/fonc.2018.00208.

31.	 Krawczyk P, Nicoś M, Ramlau R, et al. The incidence of EGFR-activating mutations in 
bone metastases of lung adenocarcinoma. Pathol Oncol Res. 2014;20(1):107-112. doi:10.1007/
s12253-013-9667-4.

32.	 Folkert MR, Timmerman R. Review of treatment options for oligometastatic non-small cell 
lung cancer. Clin Adv Hematol Oncol. 2015;13(3):186-193. https://www.ncbi.nlm.nih.gov/pubmed/
26352427.

33.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin. 2018;68(6):394-424. doi:10.3322/caac.21492.

34.	 Ellis PM, Vandermeer R. Delays in the diagnosis of lung cancer. J Thorac Dis. 
2011;3(3):183-188. doi:10.3978/j.issn.2072-1439.2011.01.01.

35.	 Farkona S, Diamandis EP, Blasutig IM. Cancer immunotherapy: the beginning of the end of 
cancer? BMC Med. 2016;14:73. doi:10.1186/s12916-016-0623-5.


Page 15

SPSS Student [computer program]. Version 15.0. Chicago, IL: SPSS Inc; 2007.


	Bibliography

