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Abstract

Background: The aim of the study was to identify the factors that
cause delays in treatment initiation, such as race, gender, education,
income status, and associated health comorbidities, as these can in-
crease mortality.

Methods: We utilized the Surveillance, Epidemiology, and End Re-
sults (SEER) database to identify contributing factors such as soci-
odemographics that impact time from diagnosis to treatment initiation
(TTI) in lung cancer, breast cancer, colorectal cancer (CRC) and pros-
tate cancer from 2015 to 2020 in 991,772 patients. Variables studied
included age, sex, race, marital status, geographic location, household
income, stage, and grade. Two-way analysis of variance (ANOVA)
was utilized to determine if significant differences existed between
the effects on TTI with respect to the variables. TTI was measured
in months. Based on the aforementioned variables, propensity scores
were created for odds of receiving late treatment exceeding 1 month
from diagnosis. Patients were matched 1:1. Based on the propensity
score, a competing risk regression model was utilized to determine
risk factors associated with late treatment.

Results: Similar trends were noted among all cancers. With respect to
gender, in breast cancer, TTI was shorter in males (1.02 months) com-
pared to females at 1.24 (P < 0.001). A longer time to TTI was noted
in patients greater than 65 years with lung cancer (1.38 months, P <
0.001). Shorter TTI was evident across all cancers for White patients
(P <0.001). Shorter TTI was noted among married versus widowed,
divorced, or single patients. Patients with lower income and non-met-
ropolitan regions had shorter TTI among all cancers. More aggressive
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cancers had shorter TTI. Propensity matched competing risks hazard
analysis revealed similar results with younger patients, those living in
metropolitan regions, those earning greater than $35,000, and local-
ized and well-differentiated cancers being at greater risk of having a
treatment delay greater than 1 month.

Conclusion: Health disparities still exist today, and this becomes
more evident in our study as age, sex, and race, among other factors,
can cause delays in time from diagnosis of cancer to treatment ini-
tiation, potentially negatively affecting survival in these populations.

Keywords: Cancer; Time to treatment initiation; Health disparities;
Sociodemographics; SEER

Introduction

The timespan between a confirmed cancer diagnosis and ini-
tiation of treatment is referred to as time to treatment initiation
(TTTI). Khorana et al performed an observational study in 2019
that found that TTI has increased in the United States with an
absolute increased risk of mortality ranging from 1.2% to 3.2%
per week in early-stage breast, lung, renal, and pancreatic can-
cers [1]. Delays in cancer treatment initiation are multifactorial
and have been associated with advanced age, low socioeco-
nomic status, distance to the treatment center, low health liter-
acy, additional comorbidities, cultural stereotypes, and negative
perceptions of disease. In 2020, Cone et al performed a cohort
study to assess TTI in patients with non-metastatic breast cancer,
prostate cancer, non-small cell lung cancer, and colorectal can-
cer (CRC) from 2004 to 2015 with data obtained from the Na-
tional Cancer Database. Their findings were as follows: median
TTI was 32 (21 - 48) days for breast cancer, 79 (55 - 117) days
for prostate cancer, 41 (27 - 62) days for non-small cell lung
cancer, and 26 (16 - 40) days for colon cancer [2]. The primary
aim of this study was to utilize the Surveillance, Epidemiology,
and End Results (SEER) database, which is a national cancer
registry that collects data on cancer incidence from population-
based cancer registries in many states across the United States,
covering about 50% of the country. It includes data on patient
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demographics, primary tumor site, tumor morphology, stage at
diagnosis, and first course of treatment [3]. The purpose of this
study was to identify how contributing factors such as sociode-
mographics and cancer staging impact the time from diagnosis
to treatment initiation in different cancer types in the studied
patient population from 2015 to 2020 and identify trends. This
effect will be analyzed in the most common cancers, such as
lung cancer, breast cancer, CRC, and prostate cancer.

Materials and Methods

Study design and study population

This was a retrospective observational cohort study conducted
by areview of the SEER database. Participants included 991,772
adults aged 20 and older diagnosed with lung cancer, breast can-
cer, CRC, or prostate cancer during the years 2015 - 2020 in
the United States. Variables contributing to TTI studied included
age, sex, race, marital status, geographic location, household
income, stage, and grade. TTI was measured in months, rang-
ing from 0 to 24 months. Age was divided into two categories:
younger than 65 and older than 65. Sex was defined as female or
male. Race was divided as White and non-White to differenti-
ate between the White population and minorities. The minority
group included Hispanic, Black Asian, Pacific Islander, Ameri-
can Indian, and Alaska Native. Unknown race was excluded.
Marital status at diagnosis was defined as single, domestic part-
ner, married, widowed, separated, and divorced. Geographic
location was defined as metropolitan, non-metropolitan, or un-
known. Grades were classified as well differentiated (grade I),
moderately differentiated (grade II), poorly differentiated (grade
III), undifferentiated or anaplastic (grade IV), and unknown.
Staging was classified as in situ, localized, regional, distant, and
unknown/unstaged. Variables that were not studied due to not
being available on the database were education level and insur-
ance status. Pediatric patients were excluded, as well as cases
diagnosed outside of the studied time frame, January 2015 to
December 2020. The sample size was large and thus more rep-
resentative of the population. There were 187,961 subjects with
CRC, 217,249 with prostate cancer, 373,954 with breast cancer,
and 212,607 with lung cancer, for a total of 991,772 adults.

Ethical issues

This research study was reviewed and approved by Rutgers
Health Community Medical Center’s Institutional Review
Board (IRB), IRB #24-001. The study was conducted accord-
ing to the regulations established by the Clinical Research and
Ethics Committee and to the Helsinki Declaration of the World
Medical Association.

Data collection and analysis

The database utilized for data collection is SEER*Stat 8.4.3.
Patients were selected based on the variables previously men-

tioned. A case listing session was created to visualize individu-
al cancer cases utilizing data from Incidence - SEER Research
Data, 17 Registries, Nov 2022 Sub (2000 - 2020). Cases were
narrowed down by year of diagnosis, from 2015 to 2020, and
cancer site (prostate, breast, colorectal, and lung). Variables in-
cluded in the table were patient ID, cancer site, sex, age, race,
marital status, median household income, geographic location,
grade, stage, and months from diagnosis to treatment. Patients
with unknown months from diagnosis to treatment were ex-
cluded, as the purpose of the study was to identify the length
from diagnosis to treatment in different cancer types and popu-
lations and pinpoint factors affecting delays, if any. A delay
was defined as greater than 30 days or 1 month.

The case listing obtained from the database was exported
to BlueSky Statistics, version 10.3.1, for analysis. Analysis of
variance (ANOVA) was the chosen statistical method to de-
termine if any differences existed between variables and their
effect on TTI. Categorical variables were expressed as percent-
ages and continuous variables were expressed as means and
standard deviations. A statistically significant value was de-
fined as P less than 0.05.

To obtain propensity scores for each late treatment (great-
er than 1 month after diagnosis) and non-late treatment, we
created a logistic regression analysis which included age,
sex, marital status, geographic location, type of cancer, tumor
grade, cancer stage, economic status, and race/ethnicity (Sup-
plementary Material 1, wjon.elmerpub.com). We then em-
ployed 1:1 nearest neighbor matching technique without re-
placement. The caliper width used for matching was 0.05. The
effectiveness of matching was confirmed by employing mean
bias, median bias, standardized bias, pseudo R-squared, likeli-
hood ratio of Chi-squared, and variance ratio (Supplementary
Materials 2 and 3, wjon.elmerpub.com).

As death was a competing hazard, we employed a mul-
tivariable competing risk hazards analysis on the propensity-
matched dataset with late treatment as the primary outcome
adjusted for age, sex, marital status, geographic location, type
of cancer, tumor grade, cancer stage, economic status, and
race/ethnicity. StrataCorp 16 (College Station, Texas, USA)
was utilized.

Results

A total of 991,772 subjects were included in this study, with
demographics and trends summarized in Table 1. Across all
common cancers, similar patterns were observed in TTI.
White patients had consistently shorter TTI across all cancer
types, with the shortest delays seen in colon cancer. Married
individuals experienced less delay compared to widowed, di-
vorced, or single patients, regardless of race, with widowed
patients over 65 having the longest TTI. Interestingly, patients
with lower income and those living in non-metropolitan re-
gions had shorter TTI across all cancers. Localized and well-
differentiated cancers were observed to have longer TTI,
whereas more distant and aggressive cancers were associated
with shorter TTI. Table 1 shows cancer-specific TTI of factors
studied. Propensity matched competing risks hazard analysis
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revealed that patients younger than 65 years old, those living
in metropolitan regions, earning greater than $35,000, local-
ized, well-differentiated cancers were at greater risk of having
a delay greater than 1 month (Supplementary Material 2, wjon.
elmerpub.com).

Discussion

There have been multiple studies published over the years
that have shown delays in the diagnosis or treatment of cancer
based on sociodemographic factors. These differences were
clearly delineated in our findings, making it evident that health
disparities continue to play a role in cancer management, in-
cluding mortality rates.

Gender

Our results indicate gender differences in TTI, with women
having higher TTI for breast cancer, while men have higher
TTI for CRC. This suggests that gender-specific differences
exist in treatment decisions. Behavioral differences can play a
role. Harris and Jenkins highlighted that men are more likely
to partake in risky behaviors across various domains, including
health [4]. Rana et al conducted a systematic literature review
to examine the gender differences in healthcare utilization of
cancer patients and found that women tend to get diagnosed at
an earlier stage, likely due to a higher probability of using inpa-
tient cancer-care services and surgical treatments [5]. Regard-
ing colon cancer, there is a higher incidence in men compared
to females, and therefore, men tend to undergo more colonos-
copies than women. Yet females also tend to have right-sided
colon cancers that are more difficult to detect on colonoscopies
as well as BRAF tumors which can present with a higher stage
or grade at diagnosis and thus, less delay to treatment com-
pared to males [6].

TTI was shorter in men with breast cancer at 1.02 months
compared to women at 1.24 months (P < 0.001). Men often
have advanced staging on diagnosis and worse 5-year survival
rates compared to women with breast cancer due to delayed di-
agnosis. Stigma regarding men with breast cancer plays a role
in delaying diagnosis due to lack of awareness of breast cancer
in men among providers and patients as well as embarrassment
associated with the diagnosis in men [7]. Thus, when men are
diagnosed with breast cancer, it is often at a more advanced
stage, which can lead to quicker TTI compared to women. This
emphasizes the importance of breast cancer education in men
and society.

Age

There is increased utilization of active surveillance (AS) and
watchful waiting (WW) in low-grade prostate cancer, espe-
cially among older patients. The percentage of men with low-
grade prostate cancer managed with AS and WW was 6.2%
in the year 2000 and increased to 40.4% in 2010 in patients

older than 75 [8]. Therefore, it is surprising that our results
indicate a lower TTI of 2.30 months in patients 65 years and
older compared to 2.91 months in patients younger than 65 (P
<0.001). Higher TTI in younger than 65 years old is also sur-
prising as Harlan et al found that age at diagnosis is inversely
proportional to the chance of receiving aggressive treatment
due to younger patients generally having fewer comorbidities
and thus avoiding delays due to comorbidity treatment [9].
Regardless of age, there is a longer TTI in prostate cancer in
comparison to other cancers due to localized prostate cancer
having low mortality regardless of active monitoring or pur-
suing treatment such as prostatectomy and radiotherapy [10].

In breast cancer, our results indicate a similarly lower TTI
among patients older than 65 years. However, unlike breast
and prostate cancers, our findings show the opposite relation-
ship for CRC and lung cancer, with older age corresponding
to higher TTI. This finding can be explained by the fact that
comorbidities might have a greater effect on the aggressive-
ness of treatment for certain cancers like lung cancer and CRC
[11]. Another interesting nuance that must be discussed is that,
ultimately, the difference in TTI between the age groups for
CRC might be due to differences in time to diagnosis versus
TTI. Castelo et al found that younger patients less than 50
years old often presented emergently with stage [V disease and
rectal involvement, and thus, had shorter TTI. However, there
was no significant difference between the time of presentation
and treatment among age groups due to significantly longer
diagnostic intervals in younger patients [12]. Therefore, future
researchers should elucidate the importance of this difference
in time to diagnosis and TTI between age cohorts and how it
affects outcomes.

In lung cancer, a positive association was observed be-
tween age and TTI, but this might be beneficial among the old-
er cohort, as Azzouqa et al showed that shorter TTI had worse
outcomes in advanced lung cancer, with most elderly being
diagnosed with cancer at an advanced stage [13]. The explana-
tion for this again has to do with comorbidities present at di-
agnosis. By aggressively treating advanced-stage lung cancer
instead of taking care of other comorbidities, earlier TTI re-
sults in worse outcomes. Meanwhile, in younger populations,
shorter TTI was associated with better outcomes in stage I and
II cancers since they tend to have fewer comorbidities.

Race

Among all cancers, shorter TTI was noted in White patients
compared to non-White, but patients who were included in
SEER were mostly White. Many different studies emphasize
this difference in common cancers. Caraballo et al utilized the
National Health Interview Survey to identify different barri-
ers affecting medical care and found that Latino and African
American patients reported delaying care in comparison to
their White counterparts due to longer wait times and diffi-
culties in obtaining transportation [14]. Schermerhorn et al
conducted a retrospective analysis of patients with stage I-
IIT breast cancer who underwent surgical resection utilizing
the National Cancer Database to identify the role of race and
ethnicity in treatment delay. Black, Hispanic, and other non-
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White patients had increased odds of having treatment delay
relative to White patients, respectively [15]. Regardless of can-
cer type, there is an increasing disparity in treatment delays, as
seen in our results.

In prostate cancer, we noted a delay in treatment initia-
tion in non-Whites at 2.75 months compared to 2.43 months
in Whites. Imm et al studied the perception of prostate cancer
in the African American population and found that the idea of
masculinity might be more prominent in this population, de-
laying medical care. A diagnosis of prostate cancer can cause
urinary or sexual dysfunction, impacting the dominant male
role in this society [16]. Meanwhile, African American wom-
en experienced the most delays in initial diagnosis and breast
cancer treatment relative to women of other racial/ethnic
subgroups [17-19]. We observed a delay to treatment in non-
White women with breast cancer of 1.36 months compared
with White women, 1.18 months.

Interestingly, when removing confounders, propensity
matching demonstrated that non-White patients had a de-
creased hazard ratio in comparison to White patients, 0.8829
in Black patients and 0.0038 in Hispanic patients, meaning that
White patients had a delay in treatment greater than 30 days.
A reason for this can be that race is often influenced by other
sociodemographic factors such as education level, insurance
level, and income level, among other factors. Patients of non-
White race often are diagnosed at more advanced levels, lead-
ing to less delay in treatment, but decreased survival. Miller-
Kleinhenz et al found that Black women with breast cancer
were often diagnosed at later stages due to delay in diagnostic
evaluation including biopsies [18]. Mootz et al noted that mi-
norities were more likely to receive a diagnosis of stage 3 dis-
ease or greater compared to non-Whites, and also experienced
higher mortality [19]. These disparities among minorities em-
phasize the need for more interventions to address social, eco-
nomic, and educational determinants of health.

Marital status

Overall, less TTI was noted in married patients compared to
divorced, separated, or widowed patients. This is expected due
to the presence of a support system. Interestingly, separated
as compared to other categories exhibited longer TTI, poten-
tially due to additional stressors involved in balancing sepa-
ration/divorce and health. Huang et al reported that prostate
cancer patients who were divorced or separated at the time of
their study reported worse survival outcomes independent of
age, ethnicity, grade, and stage [20]. Furthermore, in a meta-
analysis of marital status and survival in cancer patients, Krajc
et al found that being unmarried was associated with worse
cancer-specific outcomes, with divorced/separated men being
the most vulnerable [21].

Wang et al studied patients with colon cancer using SEER
to analyze survival based on marital status. Married patients
were diagnosed at earlier stages and more likely to undergo
surgery compared to single, separated, and divorced patients.
Married patients were also found to have lower death rates
[22]. This can explain why after propensity matching, mar-

ried patients were more likely to experience a treatment de-
lay greater than 30 days compared to non-married patients, as
married patients are often diagnosed ecarlier with less aggres-
sive cancers compared to unmarried counterparts [23]. These
results potentiate the importance of having a core support sys-
tem, which can play a protective role in cancer screening and
diagnosis.

Income

Most surprisingly, higher TTI was noted in incomes greater
than $35,000, possibly due to more time spent looking for
specialists and second opinions. Another potentiating factor
could be insurance status. Since higher income is correlated
with having insurance, those with lower incomes or unstable
insurance may present to doctors with worse cancer presen-
tation, therefore requiring a more aggressive approach. Our
results following propensity matching also showed that as in-
come increased, the hazard ratio was greater for delay in treat-
ment over 30 days. Gupta et al found that low socioeconomic
status level and education level are strongly associated with
advanced disease at diagnosis. In this study, half of the popula-
tion in the lowest-income group identified as Black. Patients
living in areas of lower education levels and lower-income are-
as were more likely to have advanced-stage cancer at diagnosis
compared to those living in areas with a higher education level
and higher-income areas [24].

Although education level is not included in SEER, per the
National Center for Education Statistics, in 2022, the median
income of a person who completed high school was $41,800
compared to a person who had a bachelor’s degree at $66,600.
Based on these values, a person’s education level can be as-
sumed, with patients earning less than $35,000 likely having
a low education level [25]. Mootz et al studied health dispari-
ties in breast cancer in the United States and concluded that
patients living in poverty had higher breast cancer incidence
rates, higher cancer stage at diagnosis, inferior 5-year surviv-
al rates, and higher mortality for all cancer types. Within the
same cancer stage, patients who were uninsured, underinsured,
or living in poverty had worse cancer outcomes compared to
patients who were insured and living in a higher socioeconom-
ic status. Socioeconomic factors such as lack of access to paid
sick leave, transportation, and difficulties in obtaining child
care contribute to delays in cancer diagnosis [19].

Geographic region

Surprisingly, our study shows that patients in non-metropolitan
regions have a shorter time to treatment compared to patients
in metropolitan regions for lung and breast cancers. This could
be due to many reasons; one reason is that in non-metropolitan
areas, despite the lower per-capita access to healthcare provid-
ers, there could be a more intimate patient-provider relation-
ship, leading to more personalized and quicker care. However,
this finding is still shocking as non-metropolitan areas gener-
ally face disparities in access to medical care. Andrilla et al
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utilized 2010 - 2014 SEER incidence data to study the effect
of geographic location on CRC stage at diagnosis and found
that patients living in remote, small rural counties had a higher
rate of having stage IV disease [26]. Obeng-Gyasi et al studied
differences in breast cancer presentation and surgical manage-
ment in rural and urban areas utilizing the National Cancer
Database from 2004 to 2015 and found that the cancer stage
increased in more rural areas [27]. This highlights the difficul-
ties in access to care that can lead to more advanced cancers
at presentation in rural areas, likely leading to shorter time to
treatment.

Grade and stage

With the exception of CRC, across all cancer types, distant
and undifferentiated cancers had shorter time to treatment. Ca-
plan studied women with invasive breast cancer and found that
symptomatic cancers diagnosed at stage III or IV had shorter
diagnostic wait times compared to those diagnosed at stage
I. Likely as the tumor burden increases or as cancers metas-
tasize, patients become more symptomatic and seek medical
care sooner and thus, receive earlier treatment compared to
asymptomatic cancers. This was also observed after propensity
matching. Once confounders were removed, the risk of treat-
ment delay over 30 days was 34% lower in the distant stage
group and 50% lower in the anaplastic group [28].

Other

In our study, we report on factors influencing the TTI of breast
cancer, lung cancer, CRC, and prostate cancer based on soci-
odemographic factors such as gender, age, race, marital sta-
tus, income, and geographic region, as well as clinical grade
and stage. Overall, less TTI was noted in CRC and breast
cancer, likely due to the availability of screening modalities.
In fact, our results indicate a consistently low TTI among
all sociodemographic factors for CRC, similar to previous
studies as reported by Khorana et al [1]. There are a couple
of probable reasons for this finding. Cone et al reported a
particularly long diagnostic interval for colon cancer, which
means that oftentimes, there is a delay from when symptoms
first appear to when the diagnosis is made, which can also
delay the time from cancer incidence to treatment. The study
found that for every additional 60-day delay, the risk of dy-
ing increases by 0.9% to 4.6% for stage I colon cancer and by
3.2% to 6.0% for stage III colon cancer [2]. These findings
partly explain the urgency for treatment observed in our low
TTI for CRC. Furthermore, Hanna et al showed that delays
in CRC treatment potentiate a higher risk of death, with ad-
juvant systemic treatment delays in CRC raising the risk of
death by 13% [29]. Finally, Torring et al found that a longer
time to diagnosis of CRC leads to the cancer being found in
more advanced stages when it is finally diagnosed. They also
found that delays, even from the primary care processes, can
affect outcomes [30]. Therefore, it is crucial to diagnose CRC
as carly as possible to avoid advanced stages of the disease.

Hence, it is not surprising that TTI for CRC is low among
all sociodemographic factors since clinicians have become
influenced by these studies.

Limitations

Our study is limited by what SEER offers; for example, it does
not give information on educational level and insurance status
and does not offer subjective data like patients’ attitudes or
thoughts on cancer diagnosis that could have also contributed
to delay in treatment or lack of treatment which limits gen-
eralizability and reliability of our conclusions. Other factors
that are not considered are physician recommendations and
patients’ comorbidities, which can also cause a delay in treat-
ment. Noone et al stated that certain data in SEER involving
treatment status may be incomplete. The overall sensitivity
reported was 80% in patients receiving radiation therapy and
68% in patients receiving chemotherapy. However, the study
found that the SEER database was mostly accurate, with an
overall positive predictive value of over 85% in treatment de-
tection in all groups and cancer sites, except for identifying
chemotherapy in prostate cancer patients [31]. Furthermore,
relevant comorbidities are not always included in SEER, which
could explain some gaps in treatment. According to the SEER
database, cancer treatments are now mostly administered in an
outpatient setting, which makes it more difficult to obtain data.

The time period studied is until 2020, which is around the
time the COVID-19 pandemic began. There is no distinction in
the SEER database on which patients might have been affect-
ed by the pandemic, thus causing a longer delay in treatment.
During this time, many outpatient offices, screening centers,
and treatment centers were closed, causing treatment delays.
Black and Latino patients also experienced a greater delay due
to concerns with food security, financial stability, and afford-
ability of cancer treatment [32]. These are all important factors
that are not taken into account in the database.

Lastly, in all cancers studied, greater than two-thirds of the
population was of White race. This does not accurately repre-
sent the general US population. In our study, we divide races
into two groups: White and non-White. Generally, the White
population experiences better outcomes compared to minori-
ties, but within the non-White strata, there are also differences
in outcomes. This is a limitation in our research that should be
studied further.

Conclusion

Our study reveals the health disparities affecting TTI across
various cancer types. Factors such as age, sex, race, marital
status, income, and geographic location contribute significant-
ly to delays, potentially impacting patient outcomes. These
findings emphasize the need for targeted intervention, includ-
ing policy changes and community-based programs, to reduce
delays and improve access to timely cancer care. Future re-
search should further explore the long-term effects of treat-
ment delays and create strategies to address these disparities
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effectively. Addressing these gaps may be essential to ensuring
equitable cancer treatment and improving overall survival.
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