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Abstract: Time from cancer diagnosis to treatment initiation (TTI) can influence clinical outcomes and is a measure 
of care quality. This study aimed to evaluate the associations between clinical, sociodemographic, and facility-level 
factors with treatment delays among patients with prostate cancer during the COVID-19 pandemic. We conducted 
a retrospective analysis of the National Cancer Database (NCDB) for prostate cancer cases diagnosed in 2020 and 
2021. We assessed the associations between clinical factors, sociodemographic variables (age, race, ethnicity, 
sex, income, education, insurance), facility-related factors (facility type, geographic region), and TTI. Multivariable 
logistic regression was used to identify factors associated with prolonged TTI, defined as the top decile of days to 
treatment. We identified 160,863 patients, with a median TTI of 71 days (IQR: 43-107). The 90th percentile for TTI 
was 154 days. Compared to White race, Black (OR 1.39, 95% CI 1.33-1.45), Asian (OR 1.28, 95% CI 1.08-1.52), and 
Hispanic (OR 1.31, 95% CI 1.21-1.41) patients had significantly longer TTI. Treatment at academic (OR 1.84, 95% 
CI 1.70-2.00), network (OR 1.37, 95% CI 1.25-1.49), and comprehensive facilities (OR 1.16, 95% CI 1.07-1.26) was 
associated with longer TTI compared to community facilities. Lastly, private insurance was associated with shorter 
delays compared to uninsured individuals (OR 0.75, 95% CI 0.71-0.81). Sociodemographic disparities, including 
race, insurance status, and treatment facility, were associated with longer TTI among prostate cancer patients dur-
ing the COVID-19 pandemic. These findings can guide efforts to improve timeliness of cancer care.
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Introduction

The COVID-19 pandemic significantly disrupt- 
ed healthcare systems worldwide, leading to 
widespread delays in non-COVID-related medi-
cal care, including for patients affected by can-
cer [1-3]. Among patients with cancer, prostate 
cancer care was commonly delayed due to 
lower acuity in treating localized disease, in- 
cluding some experiencing substantial delays 
in treatment [4-7]. These delays, particularly for 
outliers experiencing more pronounced delays 
in time to treatment initiation (TTI), raise con-
cerns about potential adverse effects on dis-
ease outcomes [8-10]. The impact of the pan-
demic on the delivery of prostate cancer care 
remains an important area of investigation, 
given evidence of long-lasting disruptions in 
cancer screening.

Few studies have explored delays in prostate 
cancer treatment during the COVID-19 pandem-
ic [11-14]. Bernstein et al. reported a substan-
tial reduction in prostate cancer procedures, 
with biopsy volumes decreasing by 55% and 
prostatectomy volumes dropping by 39% during 
the pandemic. Similarly, Lee et al. observed sig-
nificant declines in outpatient visits and surger-
ies, while Shin et al. documented a notable 
decrease in PSA testing during the same peri-
od. Despite the well-documented impact of 
COVID on delaying prostate cancer diagnostic 
and treatment procedures, the specific patient-
related factors contributing to extreme delays 
have been explored.

Prior to the pandemic, multiple studies had 
already identified disparities in prostate cancer 
diagnosis and treatment that were influenced 
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by a combination of patient- and facility-level 
characteristics. Clinical features such as low- 
er prostate-specific antigen (PSA) levels, low 
Gleason scores, and early-stage disease have 
been associated with longer TTIs, likely reflect-
ing de-prioritization of perceived low-risk cases 
[15-17]. Sociodemographic characteristics al- 
so contribute significantly to treatment delays. 
Black race, lower income, uninsured status, 
and lower educational attainment have been 
repeatedly associated with decreased access 
to timely cancer care, including prostate can- 
cer treatment [18-21]. Furthermore, treatment 
facility-related factors - including facility type 
(academic vs. community), location (urban vs. 
rural), volume, and resource availability - can 
influence the timeliness of diagnosis and treat-
ment. For example, patients treated at high-
volume academic centers may receive more 
guideline-concordant care but may also face 
longer wait times due to higher patient loads 
[22, 23]. In contrast, patients at low-resource 
community hospitals may experience delays 
due to staffing shortages or limited surgical 
availability [24]. During the COVID-19 pandem-
ic, these preexisting disparities may have been 
amplified by pandemic-related service disrup-
tions and triage policies.

This study aims to focus on three key catego-
ries of factors that may have influenced treat-
ment delays for prostate cancer patients: clini-
cal, sociodemographic, as well as those relat- 
ed to treatment facilities. The goal of this report 
is to better understand factors most vulnera- 
ble to disruptions in prostate cancer care. 
Additionally, this study seeks to determine 
whether patients who experienced prolonged 
delays in receiving prostatectomy had incre- 
ased likelihood of Gleason upgrading at the 
time of surgery, which could indicate tumor pro-
gression during the delay period and highlight 
the potential clinical consequences of treat-
ment disruptions. A better understanding of 
how patient characteristics and healthcare sys-
tem dynamics contribute to treatment delays - 
and the effects of those delays - can offer valu-
able insights for improving healthcare delivery, 
especially during times of crisis. This knowl-
edge can help ensure that vulnerable patient 
populations receive timely and appropriate 
care.

Materials and methods

Study cohort

This study utilized data from the National 
Cancer Database (NCDB) to identify patients 
diagnosed with prostate cancer between 
January 1, 2020, and December 31, 2021. 
Inclusion criteria were male patients aged 18 
years or older with histologically confirmed 
prostate adenocarcinoma, documented dates 
of diagnosis and treatment initiation (including 
surgery, radiation, or systemic therapy), and 
available key sociodemographic data such as 
age, race/ethnicity, insurance status, and ZIP 
code-level median income and educational 
attainment. Clinical data required included 
prostate-specific antigen (PSA) levels, Gleason 
score, and NCCN risk category [25]. Treatment 
facility characteristics, including facility type 
and location, were also required.

Patients were excluded if they had missing or 
incomplete data for any of the above critical 
variables, including time to treatment initia- 
tion (TTI), treatment type, or facility informa-
tion. Cases with TTI exceeding 365 days were 
excluded to omit patients likely managed with 
active surveillance or watchful waiting rather 
than definitive treatment.

Clinical, sociodemographic, and facility-related 
factors

Clinical characteristics evaluated included pa- 
tient age (reported as mean ± standard devia-
tion), prostate cancer risk group categorized 
according to National Comprehensive Cancer 
Network (NCCN) guidelines into low, interme- 
diate, and high risk, and the Charlson-Deyo 
Comorbidity Index score (0, 1, 2, or ≥3) as a 
measure of patient comorbidity burden. Treat- 
ment types were classified into hormonal ther-
apy, surgery of the primary tumor site, chemo-
therapy, and radiation therapy. Additionally, we 
assessed whether patients received care at 
more than one Commission on Cancer (CoC)-
accredited facility during their treatment cour- 
se to capture potential fragmentation of ca- 
re. Sociodemographic variables encompassed 
self-reported race and ethnicity, including Whi- 
te, Black, Asian, South Asian, and Hispanic or 
Spanish Origin, insurance status (uninsured, 
private insurance, Medicaid, Medicare, or other 
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government insurance), and socioeconomic 
indicators based on patients’ ZIP code of resi-
dence, such as median household income  
categorized into four brackets (<$30,000; 
$30,000-$34,999; $35,000-$45,999; and 
≥$46,000) and educational attainment defined 
by the percentage of adults without a high 
school diploma in the ZIP code (>29%, 20%-
28.9%, 14%-19.9%, and <14%). Facility-related 
factors included facility type, classified as com-
munity cancer programs, comprehensive com-
munity cancer programs, academic/research 
programs, or integrated network cancer pro-
grams per CoC definitions, as well as urbanicity 
categorized into rural, urban, or metropolitan 
areas based on Rural-Urban Commuting Area 
(RUCA) codes, to assess the impact of treat-
ment center characteristics and geographic lo- 
cation on time to treatment initiation.

Study outcomes

The primary outcome was a prolonged delay in 
treatment, defined as having a time to treat-
ment initiation (TTI) at or above the 90th per-
centile of the TTI distribution for the entire 
patient cohort. This threshold corresponds to 
the top 10% of patients with the longest treat-
ment delays. We selected this cutoff to focus 
on extreme delays while preserving adequate 
sample size for meaningful statistical analysis. 
Using the 90th percentile better accounts for 
the right-skewed distribution of TTI compared 
to standard deviation-based thresholds and 
helps identify clinically significant delays in 
prostate cancer treatment.

Among those who underwent radical prosta- 
tectomy, we examined Gleason upgrading as a 
secondary outcome, defined as an increase in 
the Gleason score from biopsy to radical pros-
tatectomy. The Gleason score is a histopatho-
logical grading system used to evaluate the 
aggressiveness of prostate adenocarcinoma 
based on the architectural patterns of tumor 
cells observed in tissue specimens. It ranges 
from 6 to 10 and is calculated by summing the 
two most prevalent Gleason patterns observed 
in the tumor. In this study, both clinical (biopsy) 
and pathologic (post-prostatectomy) Gleason 
scores were obtained from the NCDB, which 
records values reported by pathologists at  
participating institutions. Gleason upgrading 
was used as a proxy for potential tumor pro-
gression during treatment delay.

Several factors were examined for their poten-
tial association with being in the top decile of 
TTI, including sociodemographic characteris-
tics (age, race/ethnicity, insurance status, me-
dian income, and educational attainment at  
the ZIP code level), clinical characteristics (risk 
group, Charlson-Deyo Comorbidity Index score, 
and type of treatment received), and facility-
related factors (facility type, urbanicity, and 
treatment at multiple cancer centers).

Statistical analysis

Descriptive statistics were initially used to sum-
marize the distribution of TTI, including the 
mean, median, standard deviation, and percen-
tiles, with a particular focus on the 90th per-
centile as the cutoff for extreme delays.

Univariable analysis compared patients be- 
low and above the 90th percentile, assessing 
sociodemographic, clinical, and facility-related 
factors using chi-square tests for categorical 
variables and t-tests for continuous variables 
(Table 1).

A multivariable logistic regression identified 
factors independently associated with extreme 
delays, including variables significant in univari-
able analysis. Odds ratios (OR) and 95% confi-
dence intervals (CI) were reported.

Given differences in treatment urgency, a sen-
sitivity analysis examined high-risk prostate 
cancer patients separately. Additionally, among 
those treated with prostatectomy, a logistic re- 
gression assessed the association between 
TTI and Gleason upgrading.

All analyses were performed using R Version 
2023.12.0+369, with statistical significance 
set at P<0.05.

Results

Study cohort

A total of 160,863 patients with prostate can-
cer were included in the analysis. Of these, 
144,506 patients (90%) experienced treat-
ment initiation times (TTI) of less than 154 
days, while 16,357 patients (10%) had TTI of 
154 days or more. The median TTI for the  
overall cohort was 71 days (interquartile range 
[IQR]: 43.0-107.0).

Time to treatment initiation (TTI) was longer for 
Black patients compared to White patients, 
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Table 1. Univariable comparison of clinical, sociodemographic, and treatment facility characteristics 
between prostate cancer patients with treatment initiation times (TTI) above and below the 90th 
percentile (154 days)

Patient and facility factors Study Cohort  
(N=160, 863)

TTI <154 days 
(N=144, 506)

TTI >=154 days 
(N=16, 357) P-Value

Age (mean ± SD) 66.7±8.1 66.9±8.2 64.9±7.5 <0.001
Race
    White 132,460 (82.4%) 119,945 (83.0%) 12,515 (76.5%)
    Asian 1,515 (0.9%) 1,354 (0.9%) 161 (1.0%)
    Black 26,142 (16.2%) 22,530 (15.6%) 3,612 (22.1%)
    South Asian 746 (0.5%) 677 (0.5%) 69 (0.4%)
Hispanic Spanish Origin 7,505 (4.7%) 6,569 (4.5%) 936 (5.7%) <0.001
Facility type <0.001
    Community 10,281 (6.4%) 9,534 (6.6%) 747 (4.6%)
    Comprehensive 59,948 (37.3%) 54,861 (37.9%) 5,087 (31.1%)
    Academic 59,968 (37.3%) 52,445 (36.3%) 7,523 (46.0%)
    Network 30,666 (19.1%) 27,666 (19.1%) 3,000 (18.3%)
Urbanicity <0.001
    Rural 8,420 (5.2%) 7,558 (5.2%) 862 (5.3%)
    Urban 24,762 (15.4%) 22,534 (15.6%) 2,228 (13.6%)
    Metropolitan 137,681 (85.7%) 114,414 (79.1%) 13,267 (81.1%)
Risk <0.001
    Low 17,145 (10.7%) 14,067 (9.7%) 3,078 (18.8%)
    Intermediate 90,263 (56.1%) 79,221 (54.8%) 11,042 (67.5%)
    High 53,455 (33.3%) 51,218 (35.4%) 2,237 (13.7%)
Charlson Deyon Score <0.001
    0 125,001 (77.8%) 112,909 (78.1%) 13,092 (80.0%)
    1 22,263 (13.8%) 20,152 (13.9%) 2,111 (12.9%)
    2 7,173 (4.5%) 6,528 (4.5%) 645 (3.9%)
    ≥3 5,426 (3.4%) 4,917 (3.4%) 509 (3.1%)
Treatment Type <0.001
    Hormonal Therapy 59,779 (37.2%) 57,160 (39.5%) 2,619 (16.0%)
    Surgery of Primary Site 85,817 (53.4%) 77,103 (53.3%) 8,714 (53.2%)
    Chemotherapy 2,265 (1.4%) 2,240 (1.5%) 25 (0.2%)
    Radiation Therapy 70,302 (43.7%) 61,464 (42.5%) 8,838 (54.0%)
Treatment at >1 Coc Facility <0.001
    No 143,723 (89.4%) 129,270 (89.4%) 14,453 (88.3%)
    Yes 16,140 (10.0%) 15,236 (10.5%) 1,904 (11.6%)
Insurance Status (%) <0.001
    Not Insured 1,568 (1.0%) 1,382 (0.9%) 186 (1.1%)
    Private Insurance 58,547 (36.4%) 53,111 (36.7%) 5,436 (33.2%)
    Medicaid 5,944 (3.7%) 5,093 (3.5%) 851 (5.2%)
    Medicare 87,959 (54.7%) 79,385 (54.9%) 8,574 (52.4%)
    Other Government 5,528 (3.4%) 4,373 (3.0%) 1,155 (7.0%)
Median Income (%) <0.001
    <30000 $ 13,992 (8.7%) 12,434 (8.6%) 1,558 (9.5%)
    30000 $-34999 $ 20,421 (12.7%) 18,436 (12.7%) 1,985 (12.1%)
    35000 $-45999 $ 35,217 (21.9%) 31,646 (21.8%) 3,571 (21.8%)
    ≥46000 $ 59,654 (37.1%) 53,542 (37.0%) 6,112 (37.3%)
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No High School Education at ZIP code (%) <0.001
    >29% 17,090 (10.6%) 15,170 (10.5%) 1,920 (11.7%)
    20%-28.9% 26,867 (16.7%) 24,033 (16.6%) 2,834 (17.3%)
    14%-19.9% 31,096 (19.3%) 28,015 (19.4%) 3,081 (18.8%)
    <14% 54,202 (33.7%) 48,817 (33.8%) 5,385 (32.9%)

Table 2. Multivariable logistic regression analysis of factors 
associated with treatment initiation times (TTI) above the 90th 
percentile (154 days), with odds ratios (ORs) and 95% confidence 
intervals (CIs) reported
Patient and facility factors OR (95% CI) P-Value
Age 0.97 (0.97-0.97) <0.001
Race
    White REF
    Asian 1.28 (1.08-1.52) 0.004
    Black 1.39 (1.33-1.45) <0.001
    South Asian 0.96 (0.74-1.24) 0.749
Hispanic Spanish Origin 1.31 (1.21-1.41) <0.001
Facility type
    Community REF
    Comprehensive 1.16 (1.07-1.26) <0.001
    Academic 1.84 (1.70-2.00) <0.001
    Network 1.37 (1.25-1.49) <0.001
Urbanicity
    Rural REF
    Urban 1.01 (0.93-1.09) 0.877
    Metropolitan 0.97 (0.89-1.06) 0.493
Risk
    Low REF
    Intermediate 0.72 (0.69-0.75) <0.001
    High 0.35 (0.33-0.37) <0.001
Charlson Deyon Score
    0 REF
    1 0.95 (0.90-1.00) 0.051
    2 0.96 (0.88-1.04) 0.297
    ≥3 0.96 (0.91-1.11) 0.961
Treatment Type
    Hormonal Therapy REF
    Surgery of Primary Site 2.47 (2.35-2.58) <0.001
    Chemotherapy 0.24 (0.16-0.37) <0.001
    Radiation Therapy 3.14 (3.00-3.28) <0.001
Treatment at >1 Coc Facility
    No REF
    Yes 1.22 (1.15-1.28) <0.001
Insurance Status (%)
    Not Insured REF
    Private Insurance 0.75 (0.71-0.81) <0.001
    Medicaid 1.16 (0.97-1.38) 0.098
    Medicare 0.88 (0.75-1.04) 0.123
    Other Government 1.27 (1.10-1.44) <0.001

with a median of 83 days  
(IQR: 58.0-116.0) versus 69 
days (IQR: 45.0-98.0), respec-
tively. Similarly, Hispanic pati- 
ents faced longer delays than 
non-Hispanic patients (medi-
an: 81 vs. 71 days, IQR: 57.0-
113.0 vs. 47.0-98.0).

Factors associated with being 
in the top decile of TTI

The multivariable regression 
analysis identified several fac-
tors independently associated 
with (TTI ≥154 days) (Table 2). 
Older age was inversely asso- 
ciated with delays (OR 0.97, 
95% CI: 0.97-0.97, P<0.001). 
Race was associated with TTI, 
including higher odds of de- 
layed treatment among Black 
(OR 1.39, 95% CI: 1.33-1.45, 
P<0.001) and Hispanic pa- 
tients (OR 1.31, 95% CI: 1.21-
1.41, P<0.001) compared to 
non-Hispanic white patients. 
Facility type was also associ-
ated with time to treatment, 
with patients treated at aca-
demic centers (OR 1.84, 95% 
CI: 1.70-2.00, P<0.001) and 
network centers (OR 1.37, 95% 
CI: 1.25-1.49, P<0.001) hav- 
ing higher odds of delays com-
pared to those treated at com-
munity centers. Risk group 
was strongly associated with 
delays, with intermediate- (OR 
0.72, 95% CI: 0.69-0.75, P< 
0.001) and high-risk patients 
(OR 0.35, 95% CI: 0.33-0.37, 
P<0.001) less likely to experi-
ence delays compared to the 
low-risk group. Comorbidity, as 
measured by the Charlson-
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Median Income (%)
    <30000 $ REF
    30000 $-34999 $ 0.97 (0.90-1.05) 0.479
    35000 $-45999 $ 1.05 (0.97-1.13) 0.257
    ≥46000 $ 1.03 (0.94-1.11) 0.551
No High School Education at ZIP code (%)
    >29% REF
    20%-28.9% 0.98 (0.91-1.05) 0.519
    14%-19.9% 0.95 (0.88-1.03) 0.199
    <14% 0.94 (0.87-1.02) 0.137

Table 3. Multivariable logistic regression analysis of factors 
associated with treatment initiation times (TTI) above the 90th 
percentile (117 days) for the high-risk patient subpopulation, with 
odds ratios (ORs) and 95% confidence intervals (CIs) reported
Patient and facility factors OR (95% CI) P-Value
Age 0.98 (0.98-0.98) <0.001
Race
    White REF
    Asian 1.27 (0.97-1.67) 0.076
    Black 1.71 (1.59-1.85) <0.001
    South Asian 0.76 (0.46-1.27) 0.306
Hispanic Spanish Origin 1.27 (1.12-1.44) <0.001
Facility type
    Community REF
    Comprehensive 1.31 (1.13-1.52) <0.001
    Academic 1.92 (1.66-2.23) <0.001
    Network 1.50 (1.28-1.75) <0.001
Urbanicity
    Rural REF
    Urban 1.15 (0.98-1.31) 0.068
    Metropolitan 1.05 (0.98-1.34) 0.073
Charlson Deyon Score
    0 REF
    1 1.05 (0.96-1.14) 0.224
    2 0.99 (0.87-1.14) 0.980
    ≥3 1.15 (0.99-1.13) 0.050
Treatment Type
    Hormonal Therapy REF
    Surgery of Primary Site 2.25 (2.12-2.39) <0.001
    Chemotherapy 0.36 (0.26-0.48) <0.001
    Radiotherapy 3.09 (2.95-3.26) <0.001
Treatment at >1 Coc Facility
    No REF
    Yes 1.08 (0.98-1.18) 0.073
Insurance Status (%)
    Not Insured REF
    Private Insurance 0.75 (0.65-0.85) <0.001

Deyo score, was not associat-
ed with treatment delay.

Treatment was also associat- 
ed with TTI. Surgery of the pri-
mary site (OR 2.47, 95% CI: 
2.35-2.58, P<0.001) and radi-
ation therapy (OR 3.14, 95% 
CI: 3.00-3.28, P<0.001) were 
associated with higher odds  
of delays, while chemotherapy 
(OR 0.24, 95% CI: 0.16-0.37, 
P<0.001) was associated with 
lower odds of delays compared 
to hormonal therapy. Patients 
treated at multiple cancer cen-
ters had higher odds of delays 
(OR 1.22, 95% CI: 1.15-1.28, 
P<0.001). Patients with private 
insurance had lower odds of 
treatment delay (OR 0.75, 95% 
CI: 0.71-0.81, P<0.001) com-
pared to the uninsured. Income 
and education at the ZIP code 
level did not show significant 
associations with delays (P> 
0.05).

When focusing on the high- 
risk patient population (Table 
3), similar trends in treatment 
delays were observed.

Association between TTI and 
Gleason Upgrading

A total of 76,036 patients 
underwent radical prostatec-
tomy, of whom 11,078 (14.5%) 
demonstrated Gleason score 
upgrading from biopsy to final 
pathology. Clinically, the most 
common biopsy Gleason sco- 
re was 7 (63.9%), followed by 
scores of 8 (14.6%), 6 (11.3%), 
9 (9.6%), and 10 (0.6%). In  
contrast, pathologic Gleason 
scores were most frequently  
7 (76.3%), with lower propor-
tions of scores 9 (12.4%), 8 
(5.9%), 6 (5.2%), and 10 (0.2%).

Table 4 presents the multivari-
able logistic regression analy-
sis examining the impact of 



Disparities in prostate cancer treatment delays during COVID-19

312	 Am J Clin Exp Urol 2025;13(4):306-315

    Medicaid 1.00 (0.75-1.32) 0.975
    Medicare 0.86 (0.67-1.11) 0.268
    Other Government 1.28 (0.96-1.71) 0.090
Median Income (%)
    <30000 $ REF
    30000 $-34999 $ 0.91 (0.81-1.04) 0.190
    35000 $-45999 $ 0.96 (0.84-1.09) 0.545
    ≥46000 $ 0.99 (0.86-1.13) 0.903
No High School Education at ZIP code (%)
    >29% REF
    20%-28.9% 0.88 (0.79-0.99) 0.045
    14%-19.9% 0.84 (0.74-0.95) 0.008
    <14% 0.74 (0.65-0.85) <0.001

Table 4. Multivariable logistic regression analysis of factors as-
sociated with Gleason upgrading among patients with prostate 
cancer patients who underwent radical prostatectomy, with odds 
ratios (ORs) and 95% confidence intervals (CIs) reported
Patient and facility factors OR (95% CI) P-Value
Top decile of TTI (≥154 days)
    No REF
    Yes 1.66 (1.57-1.76) <0.001
Age 0.98 (0.98-0.99) <0.001
Race
    White REF
    Asian 0.86 (0.69-1.08) 0.209
    Black 1.10 (1.05-1.15) <0.001
    South Asian 0.90 (0.66-1.23) 0.530
Hispanic Spanish Origin 1.16 (1.06-1.27) <0.001
Facility type
    Community REF
    Comprehensive 1.04 (0.94-1.16) 0.391
    Academic 0.90 (0.81-1.00) 0.069
    Network 0.92 (0.82-1.02) 0.135
Urbanicity
    Rural REF
    Urban 1.05 (0.95-1.16) 0.321
    Metropolitan 0.99 (0.91-1.09) 0.956
Charlson Deyon Score
    0 REF
    1 0.97 (0.91-1.03) 0.392
    2 0.93 (0.84-1.04) 0.266
    ≥3 1.08 (0.95-1.24) 0.217
Treatment at >1 Coc Facility
    No REF
    Yes 1.02 (0.96-1.09) 0.410
Insurance Status (%)
    Not Insured REF
    Private Insurance 1.02 (0.83-1.24) 0.850

treatment delays on Gleason 
upgrading, while adjusting for 
potential confounding variabl- 
es. Higher TTI (≥154 days) was 
significantly associated with 
Gleason upgrading (OR 1.66, 
95% CI: 1.57-1.76, P<0.001). 
Race and ethnicity were also 
associated with odds of up- 
grading: Black race (OR 1.10, 
95% CI: 1.05-1.15, P<0.001) 
was associated with higher 
odds of upgrading compared  
to non-Hispanic White, and 
Hispanic/Latino ethnicity (OR 
1.16, 95% CI: 1.06-1.27, P< 
0.001) was similarly associat-
ed with higher odds of upgrad-
ing compared to non-Hispanic 
patients. Area-level socioeco-
nomic factors were also asso- 
ciated with Gleason score up- 
grading. Specifically, residing in 
areas with higher educational 
attainment (defined as <14% of 
the population without a high 
school education) was associ-
ated with lower odds of upgrad-
ing (OR 0.86; 95% CI: 0.78-
0.95; P=0.005).

Discussion

This study examined factors 
associated with long delays in 
prostate cancer treatment in 
the years coinciding with the 
COVID-19 pandemic. Our find-
ings highlight significant socio- 
demographic, clinical, and fa- 
cility-related factors that were 
associated with time to treat-
ment, emphasizing the need 
for targeted interventions to 
ensure timely care in future 
public health crises.

Younger patients were more 
likely to experience long de- 
lays, consistent with trends in 
other cancers during the pan-
demic. This may reflect patient 
preferences or healthcare sys-
tem prioritization of older, high-
er-risk individuals [21, 22]. Ra- 
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    Medicaid 0.89 (0.71-1.12) 0.358
    Medicare 1.03 (0.84-1.27) 0.732
    Other Government 0.99 (0.77-1.25) 0.936
Median Income (%)
    <30000 $ REF
    30000 $-34999 $ 1.01 (0.92-1.12) 0.755
    35000 $-45999 $ 0.98 (0.89-1.08) 0.764
    ≥46000 $ 1.06 (0.95-1.17) 0.277
No High School Education at ZIP code (%)
    >29% REF
    20%-28.9% 0.94 (0.86-1.03) 0.240
    14%-19.9% 0.93 (0.85-1.02) 0.165
    <14% 0.86 (0.78-0.95) 0.005

cial disparities were also evident, with Black 
and Hispanic patients experiencing longer TTI 
than White patients, aligning with existing liter-
ature on systemic barriers to timely care [15, 
16].

Facility type played a significant role, with 
patients at academic centers facing longer 
delays than those at community centers, likely 
due to resource strain and higher COVID-19 
caseloads [23]. These findings underscore the 
need for flexible resource allocation models 
during crises.

Patients in intermediate and high-risk catego-
ries were less likely to experience delays, sug-
gesting prioritization of urgent cases. However, 
delays among low-risk patients raise concerns 
about the long-term impact of postponed care.

Treatment type influenced delays, with patients 
receiving hormonal therapy, surgery, or chemo-
therapy less likely to experience delays due to 
perceived urgency. Conversely, those receiving 
less urgent care or treated at multiple centers 
faced longer delays, reflecting logistical chal-
lenges of fragmented care systems.

Insurance status was another key factor, with 
privately insured patients experiencing shorter 
delays than those with Medicaid or other gov-
ernment insurance, consistent with previous 
studies on sociodemographic influences on 
cancer care delays [15, 16]. Additionally, pa- 
tients with other government insurance had 
higher odds of delays, highlighting systemic  
differences in care prioritization. Addressing 
these disparities requires policy changes to 
ensure equitable access to timely treatment. 

Although ZIP code-level in- 
come and education were not 
significantly associated with 
delays, patients in areas with 
higher educational disadvan-
tage were more likely to ex- 
perience delays, suggesting 
broader social determinants  
of health played a role [24]. 
Further research is needed  
to explore how these factors 
interact with healthcare deliv-
ery and access.

Longer treatment delays were 
associated with higher odds of 

Gleason upgrading from biopsy to surgery, 
though it remains unclear whether delays 
directly contributed or whether lower utilization 
of tools such as MRI and targeted biopsy play- 
ed a role. Nonetheless, this underscores the 
importance of timely prostate cancer manage-
ment, as delays may influence disease progres-
sion and clinical decision-making.

Treatment delays observed during the COVID-
19 pandemic highlight both systemic challeng-
es intensified by the crisis and long-standing 
healthcare inequities. The longer delays among 
younger patients could reflect self-selection or 
explicit attempts to prioritize higher-risk indi-
viduals. The racial disparities in delays suggest 
that the pandemic may have exacerbated pre-
existing barriers, including differential access 
to care and insurance coverage gaps, under-
scoring the urgent need for sustained policy 
reforms aimed at equity. Facility-related differ-
ences, with academic centers facing longer 
delays, point to resource strain and the dual 
role of these centers as referral and COVID 
treatment hubs, indicating that future pre-
paredness should include redistributing patient 
loads or expanding capacity at high-demand 
centers. Although prioritization of intermediate 
and high-risk patients aligns with clinical urgen-
cy, delays in low-risk patients raise concerns 
about potential negative outcomes and high-
light the importance of clear communication 
and follow-up strategies. Insurance status as  
a predictor of delay further reflects broader 
social determinants of health, suggesting that 
expanding coverage and reducing administra-
tive barriers are critical to ensuring timely care. 
Finally, the association between delays and 
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Gleason upgrading, while likely not indicating  
a causal relationship, emphasize the role for 
adjunctive diagnostic tools to more accurately 
characterize cancer risk.

This study has limitations. The retrospective 
design relies on National Cancer Database 
data, which lacks certain variables, such as 
patient preferences and provider decision- 
making. Additionally, while we examined treat-
ment delays and Gleason upgrading, we did not 
assess long-term survival outcomes. The lack 
of a well-defined threshold for clinically signifi-
cant delays is another limitation, as these may 
vary by risk group. Future research should 
establish these thresholds and evaluate their 
impact on patient outcomes. Additionally, our 
dataset lacked detailed biopsy information, 
such as MRI or TRUS use, which may influence 
Gleason upgrading.

In conclusion, our study highlights the multifac-
eted nature of treatment delays in prostate 
cancer during the COVID-19 pandemic. Socio- 
demographic factors, facility characteristics, 
and insurance status were all significantly 
associated with delays, underscoring the need 
for targeted interventions. As healthcare sys-
tems continue to recover from the pandemic, 
developing strategies that ensure equitable, 
timely access to cancer care - particularly for 
vulnerable populations - is essential. Future 
research should focus on making cancer care 
more resilient to disruptions and understand-
ing the long-term impact of treatment delays.

Disclosure of conflict of interest

None.

Address correspondence to: Michael S Leapman, 
Yale School of Medicine, 333 Cedar Street, New 
Haven, CT 06510, USA. E-mail: Michael.leapman@
yale.edu

References

[1]	 Huang J, Wang HHX, Zheng ZJ and Wong MCS. 
Impact of the COVID-19 pandemic on cancer 
care. Hong Kong Med J 2022; 28: 427-429.

[2]	 Jazieh AR, Akbulut H, Curigliano G, Rogado A, 
Alsharm AA, Razis ED, Mula-Hussain L, Erri-
hani H, Khattak A, De Guzman RB, Mathias C, 
Alkaiyat MOF, Jradi H and Rolfo C; International 
Research Network on COVID-19 Impact on 
Cancer Care. Impact of the COVID-19 pandem-
ic on cancer care: a global collaborative study. 
JCO Glob Oncol 2020; 6: 1428-1438.

[3]	 Riera R, Bagattini AM, Pacheco RL, Pachito DV, 
Roitberg F and Ilbawi A. Delays and disruptions 
in cancer health care due to COVID-19 pan-
demic: systematic review. JCO Glob Oncol 
2021; 7: 311-323.

[4]	 Wittmann D, Faris A, Montie JE, Chisholm S, 
Duby A, O’Dell D, Sarle R, Johnston WK 3rd, 
Morgan TM, Hawley ST, An LC and Herrel LA. 
Delayed urological cancer care during the CO-
VID-19 pandemic: urologists’ experience. Urol 
Pract 2021; 8: 367-372.

[5]	 Sokas C, Kelly M, Sheu C, Song J, Welch HG, 
Bergmark R, Minami C and Trinh QD. Cancer in 
the shadow of COVID: early-stage breast and 
prostate cancer patient perspectives on surgi-
cal delays due to COVID-19. Ann Surg Oncol 
2021; 28: 8688-8696.

[6]	 Mohamad O, Li YR, Feng F, Hong JC, Wong A, El 
Kouzi Z, Shelan M, Zilli T, Carroll P and Roach 
M 3rd. Delayed definitive management of lo-
calized prostate cancer: what do we know? 
Prostate Cancer Prostatic Dis 2025; 28: 280-
287.

[7]	 Lang J, Jambunathan S, Somasundaram E, 
Nadiminty N, Petros F, El-Zawahry A, Ekwenna 
O and Sindhwani P. Patient-reported delays in 
treatment for urologic cancers during the Cov-
id-19 pandemic: a national cross-sectional 
analysis. J Urol 2022; 207: E46-E47.

[8]	 Mehta V and Sheni R. Time for timeliness: a 
proposal for establishing time to treatment ini-
tiation as a quality measure. J Natl Compr 
Canc Netw 2022; 20: 854-856.

[9]	 Nguyen DD, Haeuser L, Paciotti M, Reitblat C, 
Cellini J, Lipsitz SR, Kibel AS, Choudhury AD, 
Cone EB and Trinh QD. Systematic review of 
time to definitive treatment for intermediate 
risk and high risk prostate cancer: are delays 
associated with worse outcomes? J Urol 2021; 
205: 1263-1274.

[10]	 Awasthi S, Gerke T, Park JY, Asamoah FA, Wil-
liams VL, Fink AK, Balkrishnan R, Lee DI, Mal-
kowicz SB, Lal P, Dhillon J, Pow-Sang JM, Reb-
beck TR and Yamoah K. Optimizing time to 
treatment to achieve durable biochemical dis-
ease control after surgery in prostate cancer: a 
multi-institutional cohort study. Cancer Epide-
miol Biomarkers Prev 2019; 28: 570-577.

[11]	 Bernstein AN, Talwar R, Handorf E, Syed K, 
Danella J, Ginzburg S, Belkoff L, Reese AC, To-
maszewski J, Trabulsi E, Jacobs B, Singer EA, 
Raman J, Smaldone M, Uzzo R, Guzzo T and 
Correa A. Impact of COVID-19 on initial man-
agement and evaluation of prostate cancer. 
Urol Pract 2021; 8: 668-675.

[12]	 Cooperberg M, Brendel P, Lee D, Doraiswami 
R, Rajasekar H, Makarov D, Meeks W, Fang R, 
Roe M and Shelton J. The national impact of 
the Covid-19 pandemic on us prostate cancer 
community care. Journal of Urology 2021; 
206: E856-E856.

mailto:Michael.leapman@yale.edu
mailto:Michael.leapman@yale.edu


Disparities in prostate cancer treatment delays during COVID-19

315	 Am J Clin Exp Urol 2025;13(4):306-315

[13]	 Ng Hung Shin B, Tan S, Rhee H and Chung E. 
Impact of the COVID-19 pandemic on delivery 
of prostate cancer care in Australia: an inter-
rupted time series analysis. Int J Cancer 2024; 
154: 1003-1010.

[14]	 Mostafavi Zadeh SM, Tajik F, Gheytanchi E, Ki-
ani J, Ghods R and Madjd Z. COVID-19 pan-
demic impact on screening and diagnosis of 
prostate cancer: a systematic review. BMJ Sup-
port Palliat Care 2023: spcare-2023-004310.

[15]	 Abodunrin F, Adeoye O, Nelson N, Amadi NI, Sil-
berstein PT and Tupper C. Socioeconomic and 
demographic patterns associated with treat-
ment delay in prostate cancer: an analysis of 
the national cancer database. J Clin Oncol 
2023; 41.

[16]	 Sacramento RS, Simiao LJ, Viana KCG, An-
drade MAC, Amorim MHC and Zandonade E. 
Association of sociodemographic and clinical 
variables with time to start prostate cancer 
treatment. Cien Saude Colet 2019; 24: 3265-
3274.

[17]	 Halpern MT and Holden DJ. Disparities in time-
liness of care for U.S. Medicare patients diag-
nosed with cancer. Curr Oncol 2012; 19: e404-
413.

[18]	 Bilimoria KY, Ko CY, Tomlinson JS, Stewart AK, 
Talamonti MS, Hynes DL, Winchester DP and 
Bentrem DJ. Wait times for cancer surgery in 
the United States: trends and predictors of de-
lays. Ann Surg 2011; 253: 779-785.

[19]	 Khorana AA, Tullio K, Elson P, Pennell NA, 
Grobmyer SR, Kalady MF, Raymond D, Abra-
ham J, Klein EA, Walsh RM, Monteleone EE, 
Wei W, Hobbs B and Bolwell BJ. Time to initial 
cancer treatment in the United States and as-
sociation with survival over time: an observa-
tional study. PLoS One 2019; 14: e0213209.

[20]	 Mohler JL, Antonarakis ES, Armstrong AJ, 
D’Amico AV, Davis BJ, Dorff T, Eastham JA, 
Enke CA, Farrington TA, Higano CS, Horwitz 
EM, Hurwitz M, Ippolito JE, Kane CJ, Kuettel 
MR, Lang JM, McKenney J, Netto G, Penson DF, 
Plimack ER, Pow-Sang JM, Pugh TJ, Richey S, 
Roach M, Rosenfeld S, Schaeffer E, Shabsigh 
A, Small EJ, Spratt DE, Srinivas S, Tward J, 
Shead DA and Freedman-Cass DA. Prostate 
cancer, version 2.2019, NCCN clinical practice 
guidelines in oncology. J Natl Compr Canc 
Netw 2019; 17: 479-505.

[21]	 Papautsky EL and Hamlish T. Patient-reported 
treatment delays in breast cancer care during 
the COVID-19 pandemic. Breast Cancer Res 
Treat 2020; 184: 249-254.

[22]	 Kaur A, Pergolotti M, Battisti N, Krok-Schoen 
JL, Cabrera Chien L, Canin B, Malone MV, 
MacKenzie A, Ali I, Streck B, Shahrokni A, Plot-
kin E, Boehmer LB and BrintzenhofeSzoc K. 
Healthcare providers’ attitudes towards delay 
in cancer treatment during COVID-19 pandem-
ic. J Geriatr Oncol 2023; 14: 101438.

[23]	 Janczewski LM, Cotler J, Merkow RP, Palis BE, 
Nelson H, Mullett T and Boffa DJ. Effect of pan-
demic-related reductions in cancer care deliv-
ery on different US health systems. J Clin Oncol 
2023; 41.

[24]	 Beltran Ponce SE, Thomas CR and Diaz DA. So-
cial determinants of health, workforce diversi-
ty, and financial toxicity: a review of disparities 
in cancer care. Curr Probl Cancer 2022; 46: 
100893.

[25]	 Schaeffer EM, Srinivas S, Adra N, An Y, Baro-
cas D, Bitting R, Bryce A, Chapin B, Cheng HH, 
D’Amico AV, Desai N, Dorff T, Eastham JA, Far-
rington TA, Gao X, Gupta S, Guzzo T, Ippolito JE, 
Kuettel MR, Lang JM, Lotan T, McKay RR, Mor-
gan T, Netto G, Pow-Sang JM, Reiter R, Roach 
M, Robin T, Rosenfeld S, Shabsigh A, Spratt D, 
Teply BA, Tward J, Valicenti R, Wong JK, Shead 
DA, Snedeker J and Freedman-Cass DA. Pros-
tate Cancer, Version 4.2023, NCCN clinical 
practice guidelines in oncology. J Natl Compr 
Canc Netw 2023; 21: 1067-1096.


