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Research Question
What is the correlation between PSA levels and prostate cancer severity in men
older than the age of 50 in the US?

Introduction

Prostate cancer runs through my family, some were diagnosed at a young age while others in their late fifties.
My grandfather lived with prostate cancer for approximately 10 years before passing away from the metastasis
of cancer at the age of 87. When he was diagnosed with stage 2 prostate cancer, his PSA level was
16.10ng/ml. On the other hand, my cousin was diagnosed with stage 3 prostate cancer at the age of 38 and
lived in an extremely critical condition while his health was deteriorating for 3 years. At the time of diagnosis,
his PSA level was 22.75 ng/ml. The difference in both of these cases made me curious about how a patient’s
PSA level indicates the severity of his cancer. Therefore, | searched for publicly available data to explore this
topic. Using the raw data which | have, | decided to research the correlation between PSA levels and prostate
cancer severity in men older than the age of 50, who reside in the US.

Background Knowledge

Prostate cancer is one of the most common types of cancer that affects mainly elderly men (Humphrey
Prostate cancer). Prostate cancer occurs in the tissue of the prostate; the prostate is a gland that is found
under the bladder, an organ which stores and empties the urine in the human body (Anatomy of the urinary
system). Cancer is a life threatening disease that causes several implications to a human’s physical and
mental health. According to Mayo Clinic, prostate cancer is the “second-leading cause of cancer death” for
men (Cancer). Researchers have proclaimed that the specific cause behind prostate cancer remains
unknown, however, they have identified multiple factors (e.g. race, age, diet) that increase the risk of prostate
cancer. In general, prostate cancer starts when a genetic mutation in the DNA of healthy prostate cells occurs
(Prostate cancer). Genetic mutations infiltrate our cell cycle’s control factors, causing normal prostate cells to
multiply very rapidly and uncontrollably, which leads to the production of cancerous cells in the prostate (What
causes prostate cancer?). Usually, the human body will attempt to eliminate cells with mutated DNA, before
they become cancerous cells, however, with age the body loses its ability to do so effectively. Therefore, men
of older age are at a much higher risk of prostate cancer (What is cancer?).

Prostate-Specific Antigen (PSA) is a protein that is produced by normal prostate cells and cancerous malignant
cells in the prostate. PSA is an enzyme that plays a significantly important role in fertility and the liquefaction of
seminal fluid. A PSA test is a blood test which examines the blood levels of the substance that thins the
ejaculate shortly after ejaculation. A PSA test is measured in nanograms of PSA per milliliter (hg/ml). A PSA
test is most often used to detect prostate cancer, whenever prostate enlargement is diagnosed in a rectal
examination (Prostate-specific antigen (PSA) test).

Data Source

The data set used in this investigation is raw data collected by the Prostate, Lung, Colorectal, and Ovarian
Cancer Screening Trial. The raw data was collected between 1995 and 2018. The number of patients
participating in this study was 76, 677. The data set was obtained from the Cancer Data Access System of the
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National Cancer Institute. The patients participating in this data collection process will remain unknown and all
data will be used ethically in accordance with the signed Data Transfer Agreement.

Hypothesis

Using the raw data from National Cancer Institute, it can be hypothesized that there is a strong positive
correlation between PSA levels and the severity of prostate cancer in men older than the age of 50, who reside
in the US. As PSA levels increase, the stage of prostate cancer a patient has will also increase, because at
higher PSA levels, more PSA proteins are being produced by cancerous prostate cells, thus, prostate cancer
stage will be higher.

Variables

The independent variable in this investigation is PSA levels at the time of prostate cancer diagnosis. PSA
levels used in this investigation will range from 0 ng/ml to 100 ng/ml. Any PSA reading above 100 ng/ml is
excluded, because that is an unrealistically high PSA level, and there was only a small number of patients who
exceeded 100 ng/ml (HALO Diagnostics; Lojanapiwat, Bannakij). A PSA level above 10 ng/ml is usually
considered to be very high. Older men with PSA levels below 10 ng/ml have a lower risk of being diagnosed
with prostate cancer with a probability of 1:4. While men with PSA levels above 10 ng/m have a 50% chance of
having or developing prostate cancer (HALO Diagnostics; Prostate cancer screening tests). The dependent
variable is prostate cancer severity, which is measured by the stage of cancer (stages 1 to 4). For reference,
below is a table (Fig. 1) which describes the nature of each of the prostate cancer stages.

Stage 1 Prostate Cancer The tumor is on a small part of the prostate. Cancer is slowly
progressing. Healthy cells and cancer cells are difficult to distinguish.

Stage 2 Prostate Cancer The tumor is localized to the prostate. The tumor grows significantly.
Cancer has a higher chance of spreading and growing beyond the
prostate. Healthy cells and cancer cells can be differentiated. The
tumor can be felt during rectal examinations.

Stage 3 Prostate Cancer The tumor grows significantly faster. Cancer has advanced within the

prostate; tumors affect a larger area of the prostate. Cancer will likely
spread outside of the prostate. Healthy cells and cancer cells are
easily distinguishable.

Stage 4 Prostate Cancer Cancer has spread to the bones, lymph nodes, and other organs in the

body. Healthy cells and cancer cells are well differentiated. Tumors are
very large and occupy a greater area of other body parts, not only the
prostate.

Fig. 1. Description of All Four Prostate Cancer Stages (Prostate cancer - stages and grades)

Inclusion Criteria

There are multiple variables in this lab report that are controlled to ensure all the results are reliable and as
precise as possible. A clinical consideration that is made is the PSA level that the prostate cancer patients
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have. PSA levels in older men have a high range of PA levels that range from 0.00 to 1000.00, therefore in this
IA the data has been filtered in order to exclude prostate cancer patients with PSA levels above 100.00 ng/ml.

Another consideration made is the type of cancer that patients have. It is extremely important that all the
patients must have only prostate cancer, because this IA is investigating the correlation between PSA levels
and prostate cancer stage without consideration for any other medical condition; otherwise this investigation
would be invariable (PSA Test).

To add on, the age of the prostate cancer patient must be taken into consideration, therefore this investigation
is focusing on men aged 50 and older. Men of any age can be diagnosed with prostate cancer, however, with
an increase in age the risk of prostate cancer significantly increases. According to WebMD, 66 years old is the
average age of men when they are first diagnosed with prostate cancer (McMillen, Matt).

Lastly, a geographical consideration made is the location in which patients live; for this investigation, all the
patients reside in the US. Prostate cancer is the second most common type of cancer in men in the US,
therefore, a wide range of data will be provided for a thorough analysis of the data. In 2022, approximately
268,500 men have been diagnosed with prostate cancer (McMillen, Matt).

Variable Inclusion Criteria
Clinical (PSA level) All patients have a PSA level between 0 ng/ml and 100 ng/ml.
Clinical (Prostate cancer patient) All patients have prostate cancer.
Demographics (Age) All patients are above the age of 50.
Geographic (Location) All patients live in the United States of America.

Fig. 2. Inclusion Criteria Table

Methodology

In this investigation, a thorough analysis was conducted using IBM’s SPSS (a software used for statistical
analysis) and MS Excel, in order to effectively analyze the data and investigate the correlation between both
variables. The data was collected from multiple medical facilities across various states, therefore, the
uncertainty of the tools used during prostate biopsies and PSA tests were not reported, thus, the National
Cancer Institute did not provide me with an uncertainty value for the raw data. Unfortunately, this weakens the
results of the research, because an uncertainty is a “quantitative measurement of variability in the data”
(Anthony Carpi and Anne E. Egger). However, according to an article by Discovery of Sound in the Sea,
determining uncertainty of a “scientific process when it affects health” is very difficult (Scientific uncertainty).

The statistical analyses incorporated in this investigation are: descriptive statistics, R? value, and an ANOVA
test. | calculated several descriptive statistical values, such as mean PSA levels per cancer stage, standard
deviation (not a statistical test), and more, in order to provide multiple analyses on the data, the correlation
between both variables, and the overall trends of the data. A scatter plot graph was used to plot the mean PSA
levels for each stage and a linear trendline was added to illustrate the general increase of PSA levels. In
addition, error bars were calculated using standard deviation and were used to interpret the spread of data and
its statistical significance. Furthermore, the R? value was used to analyze the type and strength of the
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correlation present between PSA levels and prostate cancer stages. Lastly, the f-calculated, f-critical, and p
values from the ANOVA test were used to determine whether the data is statistically significantly different.

The table below (figure 3) displays the 6 groups created for this investigation, to categorize the various PSA
level ranges. The groupings in Fig. 3 were organized based on past scientific research (Lojanapiwat et al.;

HALO Diagnostics Understanding PSA levels & the PSA test).

PSA Level Ranges (ng/ml) Groupings
0.00 < PSA Level £2.50 Normal
2.50 < PSA Level £4.00 Elevated

4.00 < PSA Level <10.00

Functionally high

10.00 < PSA Level < 20.00

High risk of prostate cancer

20.00 < PSA Level =50.00

Abnormally high

50.00 < PSA Level = 100.00

Extreme risk of prostate cancer

Fig. 3. The Categories For PSA Level Groupings & The Corresponding PSA Levels Measured in ng/ml.

To calculate the distribution of PSA levels among all four cancer stages, Fig. 4 and Fig. 5 were used. To
illustrate the calculations, below is a sample calculation that was used to obtain the percentage of stage 2
prostate cancer patients who had a functionally high PSA level before diagnosis.

Sample Calculation:

% of Patients = (Number of patients with stage 2 prostate cancer who had a functionally high PSA level =

Total number of patients in stage 2) X 100

= (4568 % 6815) X 100

= 67.03% of patients in stage 2 had a functionally high PSA before diagnosis of prostate cancer.

Cancer Stage

Number of Patients

1 25

2 6815
3 688
4 217

Fig. 4. The Total Number of Prostate Cancer Patients In Each Cancer Stage

Functionally

Cancer Stage Normal Elevated

1 8 5

High Risk of = Abnormally Extreme Risk of
Prostate Cancer High Prostate Cancer
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2 516 534 4568 929 230 38
3 32 56 402 129 56 13
4 8 6 69 55 46 33

Fig. 5. The Number of Prostate Cancer Patients From Each Stage in Each of The PSA Level Groupings

Investigation & Results

The table below (figure 6) presents the distribution of PSA levels from the 6 different groups, among the 4
prostate cancer stages. All the tables and graphs were constructed using the raw data that was filtered and

sorted in accordance with the inclusion criteria. Microsoft Excel was used to construct the graphs in Fig. 7. For
reference, the full raw data table can be found in the appendix.

Color

PSA Level Groupings

Elevated

Functionally high

High risk of prostate cancer

Abnormally high

Extreme risk of prostate cancer
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Fig. 6. A Key Indicating The Significance of Each Color Used In The Graph in Fig. 7

The Distribution of PSA Levels Amongst Cancer Stages 1-4
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Fig. 7. Cumulative Bar Graph Representing The Distribution of PSA Levels Amongst Cancer Stages.
The y-axis represents the % of prostate cancer patients with a specific PSA level. Each stacked bar
represents a different PSA level grouping.

The cumulative bar graph in Fig. 7, shows the distribution of PSA levels among the four cancer stages. In this
study, 32% of stage 1 cancer patients had normal PSA levels, and only 20% of stage 1 cancer patients had
elevated PSA levels. As expected, 67.03% of stage two cancer patients and 58.43% stage three cancer
patients have functionally high PSA levels. This makes sense, because stage two is neither a “safe” nor an
aggressive form of prostate cancer, thus, the majority of patients affected with stage 2 cancer, will likely have
high PSA levels, but only a minority are expected to exceed 10 ng/ml, which becomes extremely dangerous
and alarming. As the groups shift to the categories with PSA levels above 10 ng/ml, a significant decrease in
stage 1 and 2 cancer patients is witnessed. For instance, in the group with a high risk of prostate cancer, the
highest percentage of cancer patients are from stage 4, 25.35%. A similar pattern repeats for the group with
abnormally high PSA levels; stage 4 has the highest percentage of prostate cancer patients, 15.21%, while for
stage 1 the percentage of cancer patients drops to 0%.

Statistical Tests

In this investigation, multiple descriptive statistics tests were conducted in order to accurately investigate the
presence of a correlation between PSA levels and prostate cancer severity (i.e. cancer stages). It is inferable
from Fig. 9 that as PSA levels increase cancer stage increases, because the mean PSA levels are

continuously increasing. In addition, in Fig. 9 the mean PSA level for stage 4 increases greatly in comparison
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to stages 1 to 3, which have more consistent increases between stages. Despite standard deviation not being
a statistical test, it was also calculated and interpreted. Figure 8 shows the formula used by Excel. The sample
standard deviation formula was used (STDEV.S). As shown in Fig. 9, stage 1 has a standard deviation value of
4.30 ng.ml, while for stage 4 it is 24.51 ng/ml. The standard deviation values indicate that as prostate cancer
stage increases the data becomes more spread out. In addition, the low standard deviation values for stages
1, 2, and 3, indicate that the data provided for PSA levels is very reliable. Overall, these descriptive statistics
suggest that there is a positive correlation between PSA levels and prostate cancer stage.

X —x)7

n—1

N

Fig. 8. Sample Standard Deviation Formula

Descriptive Statistics of PSA Levels for Each Prostate Cancer Stage
Stage 1 Stage 2 Stage 3 Stage 4
Mean PSA Level 4.84 7.70 10.41 23.38
Median PSA Level 3.60 6.00 6.61 12.70
Standard Deviation of PSA Levels 4.30 7.22 11.64 24.51

Fig. 9. Descriptive Statistics Test Results for PSA Level of Each Cancer Stage

The graph in Fig. 10, clearly shows a positive correlation between PSA levels and prostate cancer stage in
men older than 50, and a high coefficient of determination. The R? value of 0.8461 suggests that the positive
correlation between both variables is strong, thus, as PSA levels increase, cancer stages increase. The error
bars were created using the standard deviation values for each stage. Overall, the standard deviation error
bars don’t overlap entirely, however there is some overlapping for stages 1, 2, and 3, indicating that the data is
statistically significant, meaning the relationship between both factors is real and not due to chance.
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R? = 0.8461
Mean PSA Levels of Each Prostate Cancer Stage (+/- 1 SD)
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Fig. 10. Graph Displaying Mean PSA Levels In Each Prostate Cancer Stage

For further investigation of the positive correlation between PSA levels and prostate cancer stages, an ANOVA
test was conducted. In Fig. 11 the P-value is approximately 4.97x107%, F calculated value is 88,266, and the F
critical value is 3.84. The P-value is less than 0.05, and the F critical value is very close to 3.9, suggesting the
results are statistically significantly different (Bargen, Von). In addition, a very large F calculated value
proposes that the data is of high variation, thus, the results are statistically significantly different (F-value
(ANOVA) definition - isixsigma). Therefore, the P, F calculated, and F critical values obtained in this ANOVA
test, further indicate that there is a positive correlation between PSA levels and prostate cancer stage.

ANOVA
Source of Variation SS df MS F P-value F critical
Between Groups 163090452 1 163090452 88266  4.96693E-05  3.8421
Within Groups 28905667 15644 1848
Total 191996119 15645

Fig. 11. ANOVA Statistical Test Results

Conclusion

Coming back to the research question: What is the correlation between PSA levels and prostate cancer
severity in men older than the age of 50 in the US? It is evident from this investigation that the processed data
supports the hypothesis: there is a positive correlation between PSA levels and prostate cancer stages in men
aged 50 and older. The R? value of 0.8461, the P-value of 4.97x107%, the F critical value of 3.84, and the F-
value of 88,266, indicate that the relationship between PSA levels and prostate cancer stage is not due to
chance, rather there is a relationship. In addition, the values are indicative of a positive correlation between
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both variables, thus, supporting the hypothesis. The values for mean PSA level for each stage further support
the hypothesis of this investigation, because as mean PSA levels increase, prostate cancer stage increases.
Furthermore, there is a very large difference between the mean PSA levels of stage 1 prostate cancer and
stage 4 prostate cancer, which supports the concept that higher PSA levels increase prostate cancer stage.

When comparing the results of this investigation with published scientific reports, the results are fairly similar,
which further supports the hypothesis that there is a positive correlation between PSA levels and prostate
cancer stages. An investigation that is similar to the study investigated in this paper, is a research report
published in the National Library of Medicine, where the researchers investigated the correlation between PSA
levels and the aggressiveness, diagnosis, and metastasis of prostate cancer. The investigation used data from
1116 patients who had a prostate biopsy and PSA level test, and the report included multiple statistical tests.
After the investigation, the researchers found that “the data showed a strong correlation of PSA level with
tumor diagnosis, tumor aggressiveness, and bone metastasis.” (Lojanapiwat, Bannakij et al).

Evaluation

The main strength of this investigation is the reliability of the data used. The raw data was provided by a well
established and trusted organization, National Cancer Institute, which guarantees that the data is accurate and
was not tampered with. In addition, the data used was collected from approximately 7800 prostate cancer
patients of various ethnicities, thus, enhancing the reliability and accuracy of the data. Furthermore, this
investigation included a number of descriptive statistical values, which were used in a statistical analysis of the
results obtained and highlighted a clear relationship between PSA levels and prostate cancer stage.

Despite the strengths of this investigation, there were few limitations and weaknesses. For example, the
severity of prostate cancer was measured using cancer stages instead of using a more in-depth method, such
as gleason scores. Such a limitation impacts the accuracy of the results, because a cancer stage only states a
number from 1 to 4. Yet, within each stage there is a range of severities, which was not taken into account in
this investigation. The investigation could be improved by incorporating other measurement tools. For
instance, Gleason scores compare the condition of cancer cells to healthy cells; the more differentiated the
cells are, the higher the severity of prostate cancer (Gleason grading system). In addition, the Tumor, Nodes,
and Metastasis (TNM) grading system could be used to measure the severity of prostate cancer. The TNM
grading system is able to identify the exact size of the tumor, how much has the cancer metastasized, the
location that the cancer has spread to, and if the cancer has spread to nearby lymph nodes (Prostate cancer -
stages and grades).

Another limitation is that the only country involved in this investigation was the US, for the reasons stated
earlier. Such a limitation would make it more difficult to claim a final judgment as to whether there is a
correlation between PSA levels and cancer stage, because results are not including men from other countries.
Of course, the US is a very large country, thus, the data obtained and the results concluded are not as
generalized, because the sample size was sufficient. To counter this limitation, the investigation could use data
from multiple countries in different regions of the world.

Extensions

When further investigating the correlation between PSA levels and prostate cancer severity in men older than
50, there are various factors that could be implemented in the research to obtain results of higher importance.
An interesting factor that could be investigated is race. Scientific research shows that men in the black
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community have higher PSA levels and have a significant risk of being diagnosed with aggressive or
metastatic prostate cancer. The reasons behind why race impacts the severity of prostate cancer remain
undetermined (Prostate cancer). A potential research question for this new investigation could be: what is the
retrospective link between race and prostate cancer severity in men older than 507 This investigation would
have to include older men of various races, with an equal sample size of men for all races. Investigating this
potential RQ would provide accurate results regarding which races are at a higher risk of being diagnosed with
prostate cancer and the range of cancer severities they might experience.

Another factor that would be interesting to investigate is the prostate patient’s age, nutrition, lifestyle, hormone
medication, and smoking habits. All the variables listed may have effects on increasing PSA levels, thus,
investigating the correlation between one or more of the listed variables with PSA levels, would provide
medical research facilities and practitioners with valuable data, regarding the factors that increase the risk of
prostate cancer (“What Factors Can Falsely Elevate or Lower Your Prostate-Specific Antigen (PSA)?”).

Furthermore, an investigation into the reluctance of men worldwide to be examined by a urologist could be
studied. When men are hesitant about checking up on their health, they increase their risk of being diagnosed
with a more progressive stage of cancer, because the treatment would have been prolonged. A study
conducted by American Journal of Men's Health, found that most men dislike digital rectal examinations mainly
due to the discomfort it causes. In addition, multiple men feel as though getting a DRE is emasculating due to
the procedure. Therefore, a potential research question could be: to what extent does the reluctance of men to
undergo a digital rectal examination increase the risk of being diagnosed with progressive prostate cancer?
(Winterich et al.).

Lastly, researching the retrospective link between a prostate cancer patient’s socio-economic status and
education level could be a fascinating topic. Men who come from a lower socio-economic background, are
likely to be diagnosed with an advanced prostate cancer stage and experience a higher severity of prostate
cancer, because they have less money available to undergo frequent medical examinations to check up on
their health. In addition, the health care package they have access to is often of less quality, thus, the tests and
medical resources available might be limited. The same applies to men with a lower education level, because
they have not been taught about health check ups, living a healthy lifestyle, ways to fight prostate cancer while
undergoing treatment, and have a bi-annual digital rectal examination to ensure their prostate is healthy. A
potential research question could be: what is the retrospective link between socio-economic status, education,
and prostate cancer severity?. Investigating this RQ will educate men of lower socio-economic status and
education levels about regular check ups with a urologist, to ensure their body if free of cancer, their prostate
is at a suitable size, and their PSA levels are normal (Seikkula, H.A., Kaipia, A.J., Ryynanen, H., Seppa, K.,
Pitkaniemi, J.M., Malila, N.K. and Bostrém, P.J. (2018)).
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connection with the Research Plan and whose obligations for using the DATA are consistent with the terms of
this Agreement.

4. The DATA will not be further distributed to others without NCI's written consent. The RECIPIENT shall refer
any request for the DATA to NCI.

5. Personally identifiable information will not be provided. If DATA being provided are coded, RECIPIENT will not
request the key to the code. RECIPIENT must not attempt to learn the identity of or to contact the human
subjects from which DATA were obtained, their physicians, or the collection sites for DATA. In the event that
personally identifiable information is inadvertently transferred, RECIPIENT agrees to immediately destroy the
personally identifiable information and report the circumstances to NCI. The DATA may be protected by the
Federal Privacy Act and/or a Certificate of Confidentiality.
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Link To Full Raw Data Spreadsheet

Sample Raw Data:
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https://docs.google.com/spreadsheets/d/1x3bstzMaaSAPHWYZfM0oJkijytpX4vDfY4miTw1bZYs/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1x3bstzMaaSAPHWYZfM0oJkijytpX4vDfY4miTw1bZYs/edit?usp=sharing

THIS RESEARCH PAPER WAS WRITTEN BY TAMARA YAGHI

Sorted & Filtered Raw Data Table Displaying Prostate Cancer Stage, PSA Level, PSA Groupings |

Cancer Stage PSA Level (ng/ml) PSA Group
1 0.2 normal
1 0.36 normal
1 0.62 normal
1 0.77 normal
1 0.8 normal
1 0.9 normal
1 1 normal
1 1.37 normal
1 2.6 reasonable
1 2.7 reasonable
1 2.73 reasonable
1 3.1 reasonable
1 3.6 reasonable
1 4 suspicious
1 5.6 suspicious
1 5.6 suspicious
1 5.6 suspicious
1 6.35 suspicious
1 7.8 suspicious
1 7.84 suspicious
1 8.4 suspicious
1 8.6 suspicious
1 10.1 dangerous
1 14.21 dangerous
1 16.1 dangerous
2 0.05 normal
2 0.2 normal
2 0.3 normal
2 0.3 normal
2 0.3 normal
2 0.3 normal
2 0.32 normal
2 0.39 normal
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