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Abstract

The aim of this pilot study was to identify social determinants
of health (SDH) that affect disparities in cancer survival. A
limited dataset was generated by querying electronic medical
records (EHR) from an academic medical center in New York
City between January 2003 and November 2020. Socio-
demographic characteristics that affected survival in 22,096
cancer patients were analyzed using descriptive statistics and
logistic regression analyses. Two subsets of adult patients were
identified: patients who were deceased less than 1 year after
diagnosis and patients who survived over 5 years after
diagnosis. Percentage of individuals with short survival in
Blacks and Whites was respectively 41.4% and 22.2% for lung
cancer, 9.8% and 7.1% for colorectal cancer, 2.9% and 0.7%
for breast cancer, 6.8% and 4.0% for multiple myeloma, and
1.4% and 0.8% for prostate cancer. Logistic regression
identified SDH factors increasing likelihood of shorter survival
that included older age, and being male, Black or Hispanic. We
concluded that further analysis of a broader spectrum of SDH
factors is warranted.
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Introduction

Cancer screening has become an important topic in the past 20
years. According to the National Cancer Institute, cancer
screening is an effective way to detect cancer in its early stage
and it significantly reduces the proportion of late stage cancer
detection [1]. Tools and methods used to detect cancer has im-
proved drastically in recent years including mammography
used to screen for breast cancer [2], prostate-specific bi-
omarkers utilized in prostate cancer screening [3], low-dose CT
scans used to detect lung cancer for smokers and older age
adults [4]. As a result, the 5 year survival rate has increased
significantly for various cancer types. As of 2018, the 5 year
cancer survival rate has reach 99.3% for breast cancer, 64.7%
for colon and rectum cancer, 97.3% for prostate cancer and
21.7% for lung and bronchus cancer [5].

Cancer screening and treatment should improve survival across
all population subgroups. A majority of studies focused on the
medical determinants that relate to cancer survivals [6-8]. How-
ever, there has been a number of studies on socio-demographic
factors affecting disparities in cancer diagnoses and cancer
screenings [9-12]. Most of these studies focused on the de-
mographics of a single cancer types or selective demographic
groups. Our study aims to provide a comparative overview of
socio-demographic differences in 5 major cancer types: breast
cancer, colorectal cancer, lung cancer, multiple myeloma and
prostate cancer, within one health system in New York City.
Using this approach, we aim at initial assessment of a number

of social determinants of health as potential drivers of dispari-
ties in cancer survival, especially for those who deceased in a
short amount of time after diagnosis.

Methods

Dataset:

A limited dataset was generated from electronic medical rec-
ords from Mount Sinai Health System for five cancer types:
breast cancer, colorectal cancer, lung cancer, multiple myeloma
and prostate cancer. All cancer diagnoses within these 5 cate-
gories were verified for all patients in this dataset using a vali-
dated semi-automated pipeline. The dataset contained patients’
cancer records from 1980 to November 2020. There were
14094 cases of breast cancer, 7900 cases of colorectal cancer,
5971 cases of lung cancer, 4801 cases of multiple myeloma and
16,165 cases of prostate cancer. Prostate cancer and breast can-
cer constituted a majority proportion of diagnoses, with 32%
and 30 % respectively, followed by 16% of diagnoses of colo-
rectal cancer, 12% of lung cancer and 10% of multiple mye-
loma.

In the analytic dataset, we extracted 2 subsets from the original
dataset: patients who has a short period of time between diag-
noses and death, and patients who have survived for over 5
years after diagnoses. We defined patients who survived a short
time as the number of days between diagnoses and death are
equal or less than 1 year. There were 2 sets of patients consti-
tuted to patients who have survived for over 5 years after diag-
noses. For patients who are deceased, we include those whose
number of days between diagnoses and death are greater than
1825 days (5 years). And for patients who are alive, we in-
cluded those whose diagnoses date was earlier than 2015/1/1.
Since early screening are promoted, we only included patients
whose diagnoses are later than 2003/1/1. Furthermore, we ex-
cluded children from the analysis, as there were few children
who had a short period of time between diagnoses and death.
We further excluded patients who had missing age, sex and race
information. Although each patient could have been diagnosed
with more than one cancer, we treat each diagnosis as independ-
ent.

Variables

Variables in the dataset includes patients’ demographic infor-
mation, such as age, sex and race, alive indicator, cancer diag-
noses date and death date if applicable. We categorized pa-
tients’ age into 3 levels: young adult, middle-age adult and
older adult. We defined young adult as patients who were diag-
nosed between 18 to 40 years old. Middle-age adult was defined
as patients who were diagnosed between 41 and 65 years old.
And older adult was defined as patients who were 66 or older
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at the time of diagnosis. In addition, we calculated the number
of days between patients’ diagnoses and death if applicable.

Statistical Method

In the first part of analysis, we will performed exploratory data
analysis. We calculated mean, medium and standard deviation
for continuous variables and we calculated frequency and pro-
portions for categorical variables. In addition, we plotted histo-
gram, bar plot and trend plots to compare variables with multi-
ple levels.

In logistic regression, we planned to investigate the effect of
demographical factors on patients duration of survival after
cancer diagnosis. The independent variables are age, sex and
race. We defined the dependent variable as whether a patient
has a short time between diagnosis and death. Thus, patients
who survived over 5 years are labeled as 0 and patients whose
number of days between diagnoses and death are equal or less
than 1 year are labeled as 1. We performed logistic regression
on the 5 cancer types independently, and calculated odds ratio
(OR), 95% confidence interval (CI) and p value for each factors
accordingly.

All analyses were performed in Anaconda Jupyter Notebook,
using Python 3.7.6.

Results

Exploratory Data Analysis

There are 1280 patients who survived less than 1 year between
diagnoses and death in the analytic dataset. 78 (6%) of them
had breast cancer, 292 (23%) of them had colorectal cancer, 757
(59%) patients had lung cancer, 92 (7%) patients had multiple
myeloma and 61(4%) patients had prostate cancer. In contrast,
we identified 20,816 patients who survived over 5 years after
their cancer diagnoses. 6390 (31%) of them had breast cancer,
3613(17%) of them had colorectal cancer, 2064 (10%) patients
had lung cancer, 2017 (10%) patients had multiple myeloma
and 6732 (3%) patients had prostate cancer. Although there are
less overall colorectal cancer and lung cancer diagnoses, there
are significantly more patients who deceased within a short of
period of time, comparing to the other 3 cancer types. And this
disparities was true for up to 12 month between diagnoses and
death (Figure 1). In addition, according to figure 1, there were
more death for the interval between diagnoses and death was
less than 3 months. After that the number of death remain con-
stant for other intervals. Thus, it is important to identify factors
that contribute to the short timeline for lung cancer and colo-
rectal cancer patients.

Figure 1 Histogram of Months between diagnosis and death
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For lung cancer patients, according to table 1, the average age
for patients who died within 1 year are 69.84 years old, com-
paring to 67.23 years old for patients who survived for over 5
years. Most patients who were diagnosed with lung cancer were

middle age adults (n= 829, 40.16%) and older adults (n=1204,
58.33%). And most young adult who were diagnosed with lung
cancer survived. However, we identified 4 young adult patient
who diagnosed with lung cancer who deceased within 1 year of
diagnosis. In addition, there were more female patients (n =
1181, 57.22%) who were diagnosed with lung cancer and sur-
vived, whereas there were more male patients (n = 883,
55.35%) who were diagnosed with lung cancer and deceased
within a short period time. Race was also an important factor.
There were higher proportions of non-white and non-Asian pa-
tients who were diagnosed with lung cancer and deceased in a
short time. Furthermore, figure 2 is the histogram of number of
days between cancer diagnosis and death for lung cancer pa-
tients who survived a short period of time.

Figure 2 Distribution of days for lung cancer
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Figure 3 Distribution of days for colorectal cancer
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Based on figure 1 and table 1, there were less patients who de-
ceased from colorectal cancer (n =292) within a short period of
time than lung cancer patients (n =757). The average age for
patients who survived a short time was 71.74 years old and the
average age for patients who survived a long time was 62.41
years old. Similar to lung cancer, most patients who were diag-
nosed with colorectal cancer were middle age adults and older
adults (n=1502, 41.57%). However, there were more young pa-
tients (n = 213, 5.9%) and middle-age patients (n = 1898,
52.53%) with colorectal cancer diagnoses than those with lung
cancer diagnoses. There were more male patients with colorec-
tal cancer than female patients in both groups. But the propor-
tion of male patients (n= 162, 55.48%) who deceased in a short
time was higher than those (n= 1813, 50.18%) who survived for
overall 5 years. The distribution of race of the 2 levels are ho-
mogenous. And figure 3 is the distribution of number of days
between cancer diagnosis and death for colorectal cancer pa-
tients who survived a short period of time.
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There were significantly less patients who deceased from
breast cancer, multiple myeloma and prostate cancer. The av-
erage age of patients who deceased from these 3 cancer groups
were larger than the average age of patients who survived a
long time. Gender wasn’t a contributing factor for breast can-
cer and prostate cancer, because these cancers were gender
specific. For breast cancer and multiple myeloma, there were
high proportions of young adults and middle-age adults who
survived a long time. In terms of race, there were higher pro-
portion of black patients who deceased within 1 year than the
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proportion of black patients who survived a long time across
all 3 cancer groups. The percentage of individuals with shorter
survival was statistically significantly higher in Blacks as
compared to Whites across all 5 cancers. Percentage of indi-
viduals with short survival in Blacks and Whites was respec-
tively 41.4% and 22.2% for lung cancer, 9.8% and 7.1% for
colorectal cancer, 2.9% and 0.7% for breast cancer, 6.8% and
4.0% for multiple myeloma and 1.4% and 0.8% for prostate

cancer.

Table 1. Summary statistics of 5 cancer types based on 2 surivival levels.

Cancer Type Lung Colorectal Breast MM Prostate
Survival Period | Short Long Short Long Short Long Short Long Short Long
Count 757 2064 292 3613 78 6390 92 2017 61 6732
Age

mean 69.84 67.23 71.74 62.41 71.38 56.38 67.93 59.38 73.48 62.27
std 11.16 11.05 15.04 13.84 15.71 12.98 12.34 10.95 10.62 8.40
median 70 68 74 62 70.5 56 67 60 73 62
Age group

Young Adult 0.53% 1.50% 3.08% 5.90% 0.00% | 10.03% 2.17% 4.71% 0.00% 0.30%
Middle Age

Adult 33.29% | 40.16% | 27.40% | 52.53% 37.18% | 65.49% | 42.39% | 66.44% | 22.95% | 64.97%
Older Adult 66.18% | 58.33% | 69.52% | 41.57% 62.82% | 24.48% | 55.43% | 28.85% | 77.05% | 34.73%
Gender

Female 44.65% | 57.22% | 44.52% | 49.82% | 100.00% | 99.33% | 40.22% | 45.51% 0.00% 0.00%
Male 55.35% | 42.78% | 55.48% | 50.18% 0.00% | 0.67% | 59.78% | 54.49% | 100.00% | 100.00%
Race

American Indian 0.26% 0.10% 0.00% 0.08% 0.00% | 0.09% 0.00% 0.10% 0.00% 0.07%
Asian 0.66% 1.70% 1.71% 2.82% 0.00% | 3.97% 0.00% 1.54% 0.00% 0.86%
Black 23.25% | 12.06% | 17.47% | 13.01% 34.62% | 13.97% | 27.17% | 16.86% | 24.59% 15.21%
Islander 4.49% 3.68% 8.22% 7.61% 1.28% | 1.61% 3.26% 1.04% 0.00% 0.94%
Other 16.38% | 11.68% | 14.73% | 14.89% 28.21% | 20.22% | 20.65% | 27.17% 16.39% 15.08%
White 54.95% | 70.78% | 57.88% | 61.58% 35.90% | 60.13% | 48.91% | 53.30% | 59.02% | 67.84%

Logistic Regression

In this part of the study, we want to evaluate the demographical
factors described previously on patients’ length of survival after
cancer diagnoses. We performed logistic regression on all 5
cancer types individually. We defined patients who survived
over 5 years after diagnosis as 0 and patients who survived less
than 1 year after diagnosis as 1. All independent variables: age,
gender and race were categorized into levels.

According to table 2, older age, gender and race were signifi-
cant factors for lung cancer. Male patients were likely to de-
ceased in a short period of time after diagnoses than female pa-
tients. And the odds of black patients and other race patients,
which normally constitutes Hispanic patients at Mount Sinai,
deceased in a short time is twice that of white patients.

For colorectal cancer, older age, gender and race are significant
variables. Compared to young adults, older adults with colorec-
tal cancer were 3 times more likely to survive less than 1 year
after diagnoses. In addition, similar to lung cancer patients,
male patients were likely to survive a short time compare to fe-
male patients. Black patients were more likely to deceased in a
short period time compare to that of white patient.

For breast cancer, we tested the influence of age and race. The
odds of older patients and non-white patients surviving only a

short period of time were significantly higher than that of mid-
dle age patients or white patients. In addition, older adults and
black patients were at higher risk of death in a short time, com-
pare to young or white patients with multiple myeloma. Similar
to breast cancer, we only tested the effect of age and race for
prostate cancer patients. And compared to middle age adults,
older adults were 6 times more likely to be deceased in a short
time after cancer diagnoses.

Discussion

Race was an important factor. There was significantly more
proportions of black patients deceased in short period of time
than in a long time after diagnosis. This disparity was observed
in all five cancer types. When comparing within race, only 12%
of black patients survived a long time after lung cancer diagno-
sis, whereas over 23% of black patients deceased in a short time
after lung cancer diagnosis. In colorectal cancer, 13% of black
patients survived a long time, compared to 17% of black pa-
tients survived a short time. In breast cancer, 14% of black pa-
tients survived a long time; however over 34% of black patients
deceased in a short time after diagnosis. In multiple myeloma,
17% of black patients survived a long time and 27% of black
patients survived a short time. In prostate cancer, 15% of black
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patients survived a long time and 25% of black patients sur-
vived a short time. When comparing with other races, black pa-
tients who were diagnosed with lung cancer or breast cancer
were more likely to be deceased in a short time after diagnosis
compare to white patients. And hispanic patients (race_other)
with lung cancer were also at risk of shorter survival length
compared to white patients. Thus, promoting routine cancer

screening is important in black and hispanic communities.

Table 2. Logistic regression results.

OR Confid. Interval | P Value
Lung
Age young 1.00
Age middle 2.42 0.84 7.00 0.104
Age old 3.69 1.28 10.65 0.016
Gender Female 1.00
Gender Male 1.72 1.45 2.05 0
Race White 1.00
Race Asian 0.54 0.21 1.40 0.205
Race Black 2.70 2.16 3.39 0
Race Islander 1.58 1.03 2.42 0.035
Race Other 1.89 1.48 242 0
Colorectal
Age young 1.00
Age middle 1.00 0.49 2.03 0.998
Age old 3.33 1.68 6.60 0.001
Gender Female 1.00
Gender Male 1.33 1.04 1.70 0.021
Race White 1.00
Race Asian 0.75 0.30 1.89 0.548
Race Black 1.64 1.18 2.30 0.004
Race Islander 1.14 0.72 1.79 0.576
Race Other 1.22 0.85 1.73 0.28
Breast
Age middle 1.00
Age old 5.41 3.40 | 8.61 0
Race White 1.00
Race Black 4.61 2.70 7.85 0
Race Other 2.56 1.46 4.49 0.001
Multiple Myeloma
Age young 1.00
Age middle 1.39 0.33 5.84 0.657
Age old 4.28 1.02 17.94 0.047
Gender Female 1.00
Gender Male 1.37 0.88 2.11 0.159
Race White 1.00
Race Black 1.90 1.14 3.17 0.013
Race Other 0.85 0.49 1.46 0.549
Prostate
Age middle 1.00
Age old 6.52 3.58 11.88 0
Race White 1.00
Race Black 2.16 1.17 3.97 0.014
Race Other 1.31 0.65 2.66 0.453
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There were significantly more lung cancer patients and colorec-
tal cancer patients who deceased in a short time after diagnosis
compared to breast cancer, multiple myeloma and prostate can-
cer patients. Although the average age for patients who sur-
vived a short time were higher than the average age for patients
who survived a long time across all 5 cancer types, older age,
especially for patients who are over 65 years old, was the only
significant age factor for all cancer types. For these 3 cancer
groups, early and effective screening could contribute to pa-
tients’ long survival length. There were high proportions of
younger adults diagnosed with breast cancer and colorectal can-
cer. In contrast, lung cancer was harder to detect in early stages.

Gender was a significant variable for lung cancer and colorectal
cancer. Since breast cancer and prostate cancer were gender
specific cancer, we didn’t include this variable in the evalua-
tion. Although there were male patients who were diagnosed
with breast cancer, they represented a small amount (less than
1%) and no male patients were deceased in 1 year after diagno-
ses. For lung cancer, there was a higher proportion of female
patients who survived a long time than male patients, yet there
were more male patients who deceased a short time after diag-
noses than female patients. Furthmore, there were more male
patients who were diagnosed with colorectal cancer in both lev-
els. Thus, males are more susceptible to colorectal cancer. In
addition, according to past studies, female patients were more
proactive in voicing their concerns and seeking assistance for
any discomforts. They were also more proactive in participating
cancer screening.

However, these analysis are preliminary. In future studies, we
would like to add more variables into our analysis. We are in
the progress of adding cancer stages for all diagnosed patients.
And we also plan to include patients’ socio-enconomic status:
such as education level, income level and employment status to
our dataset. Furthermore, we will look into patients” medical
history and identify chronic diseases and calculate the Charlson
Comorbidity Index for each patient. In machine learning, we
plan to apply unsupervised machine learning method to dis-
cover latent clusters within in each cancer types and evaluate
each groups characteristics and survival rates [13-14].

Conclusion

In this study, we produced descriptive statistics of patients’ de-
mographics of lung cancer, colorectal cancer, breast cancer,
multiple myeloma and prostate cancer. After that we identified
demographical factors that affect patients’ length of survival af-
ter cancer diagnosis for 5 cancer types by performing logistic
regression analyses.

Age, gender, and race were significant factors for lung cancer
and colorectal cancer. Age and race were important factors for
breast cancer. Age and race were the significant factors for
prostate cancer, multiple myeloma and prostate cancer. Older
adults, male and patients in black and hispanic communities
were the people most susceptible to shorter length of survival
after cancer diagnoses. Thus, promoting cancer screening for
these demographical groups were crucial to help identify cancer
in early stages.

We plan to incorporate more variables, such as: cancer stages,

socio-economical status and comorbidity score in our study.
Thus, future analysis is warranted.
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