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Abstract
Background: National Cancer Institute cancer centers (NCICCs) provide spe-
cialized cancer care including precision oncology and clinical treatment trials. 
While these centers can offer novel therapeutic options, less is known about 
when patients access these centers or at what timepoint in their disease course 
they receive specialized care. This is especially important since precision diag-
nostics and receipt of the optimal therapy upfront can impact patient outcomes 
and previous research suggests that access to these centers may vary by demo-
graphic characteristics. Here, we examine the timing of patients' presentation at 
Moffitt Cancer Center (MCC) relative to their initial diagnosis across several de-
mographic characteristics.
Methods: A retrospective cohort study was conducted among patients who pre-
sented to MCC with breast, colon, lung, melanoma, and prostate cancers between 
December 2008 and April 2020. Patient demographic and clinical characteristics 
were obtained from the Moffitt Cancer Registry. The association between patient 
characteristics and the timing of patient presentation to MCC relative to the pa-
tient's cancer diagnosis was examined using logistic regression.
Results: Black patients (median days = 510) had a longer time between diag-
nosis and presentation to MCC compared to Whites (median days = 368). Black 
patients were also more likely to have received their initial cancer care outside 
of MCC compared to White patients (odds ratio [OR] and 95% confidence in-
terval [CI] = 1.45 [1.32–1.60]). Furthermore, Hispanics were more likely to pre-
sent to MCC at an advanced stage compared to non-Hispanic patients (OR [95% 
CI] = 1.28 [1.05–1.55]).
Conclusions: We observed racial and ethnic differences in timing of receipt of 
care at MCC. Future studies should aim to identify contributing factors for the 
development of novel mitigation strategies and assess whether timing differences 
in referral to an NCICC correlate with long-term patient outcomes.
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1   |   INTRODUCTION

There are over 70 National Cancer Institute (NCI)-
designated cancer centers in the United States. These 
designations are awarded to institutes deemed by the NCI 
to meet rigorous standards for multidisciplinary cancer 
care.1 These centers are at the forefront of cancer care, 
and patients who seek care at these institutions may have 
access to cutting-edge treatments and therapies that may 
not be available elsewhere. Recent data has demonstrated 
improved outcomes for NCI cancer centers (NCICC) rel-
ative to non-NCI centers.2 For example, one study found 
that NCICC had lower adjusted surgical mortality rates 
than control hospitals for certain surgical procedures.2 
Other studies report superior overall survival for patients 
with newly-diagnosed cancers at NCICCs versus non-
designated centers.3,4 Access to clinical trials may contrib-
ute to this survival benefit.

In addition to access to clinical trials, data suggest that 
patients may receive care more guideline-based care at 
NCICCs compared to community settings,5–7 especially in 
cancers providing multidisciplinary care.5 One study using 
the Texas Cancer Registry found that care at a NCICC 
correlated with a higher rate of guideline-based care 
and a 39% relative risk reduction in mortality at 2 years 
from initial diagnosis.5 Another study using the Survival, 
Epidemiology, and End Results (SEER)-Medicare data-
base demonstrated improvements in long-term survival 
for patients undergoing surgery for colorectal cancer at 
NCICCs compared to non-designated centers.6 Other stud-
ies involving patients with genitourinary cancers,7 acute 
myeloid leukemia,8 breast or lung cancers,9 and ovarian 
cancer10 have observed improvements in survival/mortal-
ity and fewer postoperative complications among patients 
treated at NCICCs compared to those patients treated at 
non-NCICCs. Overall, the evidence suggests that patients 
treated at NCICC tend to have better outcomes,5–10 al-
though the degree of difference may vary depending on 
the type of cancer and other patient and treatment factors.

Relatively less is known about patient or disease char-
acteristics associated with the timing of care at these 
NCICCs. This is especially true for underrepresented mi-
norities for whom disparities in prevention and treatment 
remain stark.11 Furthermore, among patients who are 
ultimately treated at an NCICC, variation exists in when 
they receive care relative to their disease course. This is 

critical, as early care at an NCICC may be important for 
outcome.3 One population-based study demonstrated 
worse overall survival for cancer patients not receiving 
first course treatment at an NCICC.3 Possible reasons for 
improved outcomes associated with earlier care at NCICCs 
include more accurate cancer diagnoses, conducting next-
generation sequencing when appropriate to determine 
relevant treatments, and offering novel clinical trials for 
patients with a paucity of standard treatment options. 
Importantly, patients who seek their initial treatment out-
side of an NCICC may undergo lines of systemic therapy 
that render them ineligible for clinical trials. Furthermore 
while more recent data suggests there may be delays in 
time to treatment initiation at academic centers for cer-
tain cancer types, it is unclear whether there are specific 
patient characteristics associated with such delays.12

To evaluate possible disparities in early care at NCICCs, 
we sought to determine patient characteristics associated 
with receipt of care at our NCICC. Specifically, we exam-
ined the timing of patients' presentation to our center rel-
ative to their initial diagnosis across several demographic 
characteristics among patients with cancers.

2   |   MATERIALS AND METHODS

2.1  |  Study design and population

We conducted a retrospective study among Moffitt Cancer 
Center (MCC) patients to examine the association be-
tween patient characteristics and the timing of receipt of 
care at our NCICC relative to the patient's cancer diagno-
sis. Patients were included in the study if they (1) were 
diagnosed at aged ≥18 with any of the five screening-
detectable cancers that reflect the largest burden in the 
MCC catchment area (breast cancer, colon cancer, lung 
cancer, melanoma, or prostate cancer), (2) presented for 
the first time at MCC between December 2008 and April 
2020, and (3) received a diagnosis and/or active treatment 
at MCC. The final sample size included 41,539 patients 
comprising those with breast cancer (n = 12,334), colon 
cancer (n = 3086), lung cancer (n = 10,604), melanoma 
(n = 8821), and prostate cancer (n = 6694). The study ad-
heres to the tenets of the Declaration of Helsinki and was 
reviewed by the Advarra Institutional Review Board and 
determined to be exempt, Pro00044703.
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2.2  |  Data collection

Patient demographic and clinical characteristics were ob-
tained from the Cancer Registry including age at diagno-
sis, gender, race, ethnicity, county of residence at initial 
presentation to MCC, payment method, class of case, ciga-
rette smoking history, date of diagnosis, tumor stage at di-
agnosis, date of first presentation to MCC, and tumor stage 
at presentation. Cancer stages according to Surveillance, 
Epidemiology, and End Results (SEER) summary stag-
ing system were selected for the current analysis since it 
was available at both the time of diagnosis and presenta-
tion to MCC. Patients were categorized as living in the 
15-county MCC catchment area (2016–2021) at the time 
of presentation.

2.3  |  Measurements of the timing of 
receipt of care

Several approaches were taken to define groups of patients 
whose receipt of care at MCC could be considered “de-
layed”. First, the timing of presentation to Moffitt relative 
to the disease course was considered by assessing patients' 
class of case, as recorded in the Cancer Registry, includ-
ing analytic and non-analytic cases. Analytic cases were 
defined as a case in which the patient is diagnosed and/or 
receiving first course treatment at MCC (n = 32,608). Non-
analytic cases were defined as a case in which the patient's 
first contact at MCC follows prior treatment at a different 
facility (n = 8931). The stage at cancer diagnosis relative 
to the stage at presentation to Moffitt was considered, and 
the subgroup of patients whose tumor stage at presenta-
tion was more advanced than their original stage at diag-
nosis was identified and compared to those who had stage 
concordant at presentation. Finally, within non-analytics, 
length of time between date of diagnosis and date of pres-
entation was evaluated.

2.4  |  Statistical analysis

Demographic and clinical factors were cross tabulated by 
class of case, and associations between patient factors and 
class of case were estimated using logistic regression ad-
justed for cancer cohort. A multivariable logistic regres-
sion model was constructed to include cancer type and 
all factors that were significantly associated with class 
of case from the cohort-adjusted analysis. A backward 
elimination process was performed on the multivariable 
model to drop the factor with the largest p-value at each 
run until all factors remaining had p-values ˂0.05. Since 
Medicare is generally only available to patients aged ≥65, 

an interaction term for age and payment method was in-
cluded in the multivariable model.

Separately for analytic and non-analytic cases, the 
stage at presentation was plotted against the stage at di-
agnosis to identify four patient groups: (1) those whose 
tumor stage at presentation to MCC was the same as 
their tumor stage at initial diagnosis (concordant stage 
at presentation) (2) those whose tumor stage at presenta-
tion was more advanced than that at diagnosis, (3) those 
whose tumor stage at diagnosis was more advanced than 
that at presentation, and (4) those whose stage data were 
missing at either time point. Stage distributions were also 
stratified by types of cohort-defining cancer. Of note, the 
tumor stage at diagnosis could have been more advanced 
than the stage at presentation to Moffitt if the patient re-
ceived treatment elsewhere (prior to their presentation at 
Moffitt), resulting in a tumor stage that was less advanced 
at presentation than the original stage at diagnosis.

The characteristics of patients with more advanced 
stage at presentation were compared to the non-analytic 
patients who had concordant stage at presentation. 
Cohort-adjusted logistic regression was used to estimate 
the association between each characteristic and whether 
a patient had a more advanced stage at presentation. 
Subsequently, a backward elimination process was per-
formed on a multivariable logistic regression model in-
cluding cancer type and all factors that were significantly 
associated with a more advanced stage at presentation. An 
interaction term for age and payment method was also in-
cluded in the model. In addition, the univariable logistic 
regression models were stratified by cancer type.

The time between initial cancer diagnosis and presenta-
tion at MCC was also analyzed among non-analytic cases. 
The median and interquartile range of the number of 
days between the date of cancer diagnosis and the date of 
presentation were summarized for each group. Wilcoxon 
rank-sum and Kruskal–Wallis test were used to compare 
the lag time as appropriate. To further explore disparities 
in the time between initial cancer diagnosis and presen-
tation to MCC, analyses were conducted examining two 
sub-intervals: (1) time between cancer diagnosis and ini-
tiation of first course treatment and (2) time between the 
end of first course treatment and presentation to MCC. 
Patients were included in this exploratory analysis if they 
received any of the following treatment modalities as a 
part of their first course treatment outside of Moffitt: che-
motherapy, hormone therapy, immunotherapy, radiation, 
surgery, and organ transplantation. Time between cancer 
diagnosis and initiation of first course treatment was com-
pared across patient groups as defined by ethnicity using 
Wilcoxon rank-sum test and by race using Kruskal–Wallis 
test, followed by post hoc analysis with adjustment for 
multiple comparisons. The same methods were used to 
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compare time between the end of first course treatment 
and presentation to MCC. All analysis were performed 
using R version 4.0.2 (RRID: SCR_001905).

Lastly, a heatmap-like plot was generated to summa-
rize the associations between patient characteristics and 
each of the three proxy indicators of delayed receipt of 
care described previously.

3   |   RESULTS

3.1  |  Class of case

After adjusting for cancer type, patients ≥65 at time 
of cancer diagnosis were less likely to be non-analytic 
cases (odds ratio [OR] = 0.82; 95% confidence interval 
[CI] = 0.78–0.86) as compared with patients diagnosed 
before age 65 (Table  1). Further, an inverse trend was 
observed between age and non-analytic status when the 
age groups were further divided into 18–39, 40–64, and 
≥65. Males were more likely to be non-analytic cases as 
compared with females (OR [95% CI] = 1.19 [1.11–1.26]). 
Black patients had significantly higher odds of being 
non-analytic cases as compared with White patients 
(OR [95% CI] = 1.45 [1.32–1.60]) while Asian patients, 
and those of other race or multiple races did not differ 
significantly from White patients. Compared to patients 
with private/managed insurance, patients who self-paid 
(OR [95% CI] = 0.80 [0.67–0.95]) or were insured through 
Tricare/Veteran's Affairs (OR [95% CI] = 0.83 [0.68–1.00]) 
were less likely to be non-analytic whereas patients with 
Medicaid (OR [95% CI] = 1.30 [1.10–1.52]) or Medicare 
(OR [95% CI] = 1.10 [1.02–1.18]) were more likely to be 
non-analytic cases (Table  1). Interestingly, among pa-
tients aged 18–64, Medicare holders were 77% more likely 
to be non-analytic as compared to private/managed in-
surance holders, while the same association was weaker 
among patients aged ≥65 (OR [95% CI] = 1.25 [1.05–1.51]). 
Additionally, among patients <65, those with Medicaid 
(OR [95% CI] = 1.28 [1.08–1.51]) were more likely to 
be non-analytic as compared with those with private/
managed insurance, whereas among patients aged ≥65 
Medicaid users were less likely to be non-analytic (OR 
[95% CI] = 0.78 [0.30–1.70]). Current smokers (OR [95% 
CI] = 0.96 [0.90–1.01]) and former smokers (OR [95% 
CI] = 0.82 [0.75–0.90]) were less likely to be non-analytic 
as compared to those who never smoked. Patients who 
resided in the MCC 15-county catchment area (OR [95% 
CI] = 0.47 [0.44–0.50]) were less likely to be non-analytic 
cases as compared with those who resided outside the 
catchment area. The final multivariable model retained 
age, gender, race, payment method, 15-county catch-
ment area, and the interaction between age and payment 

(Table  1). Of note, the proportions of non-analytic pa-
tients varied by cancer type (breast = 15%, colon = 39%, 
lung =26%, melanoma = 14%, prostate = 29%).

Among analytic cases, 99% of the patients had the same 
tumor stage at diagnosis and at presentation while few 
patients had tumors that progressed to a more advanced 
stage at presentation as compared to their stage at diagno-
sis (Figure 1). However, only 72% of the non-analytic cases 
had tumors that remained at the same stage at presenta-
tion, whereas 20% of non-analytic cases had tumors that 
progressed to a more advanced stage from the time of di-
agnosis to the time of presentation (Figure 1). Among the 
1802 non-analytic cases whose tumor progressed between 
the two time points, 271 (15%) of the patients' tumors pro-
gressed from localized to regional, 594 (33%) progressed 
from localized to distant metastasis, while more than half 
(n = 933, 52%) progressed from regional to distant metas-
tasis. A similar pattern was observed when stratifying the 
stage distributions by cancer type, with most analytic pa-
tients having stage concordant at presentation regardless 
of cancer type (Appendix A).

3.2  |  Stage at cancer diagnosis relative 
to the stage at presentation to Moffitt

Among non-analytic cases, we examined the associa-
tion between patient characteristics and whether the 
patient had a more advanced stage at presentation while 
adjusting for cancer type (Table  2). Patients aged ≥65 
at diagnosis (OR [95% CI] = 0.85 [0.76–0.95]) were less 
likely to have a more advanced stage at presentation as 
compared to those who were younger. When dividing 
patients into age groups, we observed an inverse trend 
between age and the likelihood of having a more ad-
vanced stage at presentation. Race was not significantly 
associated with a more advanced stage at presentation 
while Hispanic patients were more likely to have a 
more advanced stage at presentation as compared with 
non-Hispanic patients (OR [95% CI] = 1.28 [1.05–1.55]). 
Particularly among patients aged 18–64 at diagnosis, 
those with Medicare (OR [95% CI] = 2.17 [1.49–3.11]) 
were twice as likely to have a more advanced stage at 
presentation as compared with those with private/man-
aged insurance. While not statistically significant, pa-
tients residing in the 15-county catchment area were 
less likely to have a more advanced stage at presenta-
tion (OR [95% CI] = 0.86 [0.71–1.04]).

Subsequently, patient characteristics that were sta-
tistically significant in the cohort-adjusted analysis 
were included in a multivariable logistic regression 
model (Table 2). All factors with the exception of eth-
nicity and 15-county catchment area were retained 

https://scicrunch.org/resolver/RRID: SCR_001905
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T A B L E  1   Association between patient characteristics and analytic case status among Moffitt Cancer Center patients (MCC) diagnosed 
with breast cancer, colon cancer, lung cancer, melanoma, and prostate cancer in 2008–2020.

Baseline characteristics

Class of case

Analytic cases Non-analytic cases

Odds ratio (95% confidence interval)

Cohort-adjusteda Multivariable

Age

18–64 16,453 (50.5) 4714 (52.8) 1.00 (reference) 1.00 (reference)

65 or higher 16,155 (49.5) 4217 (47.2) 0.82 (0.78–0.86) 0.81 (0.67–0.97)

Age

18–39 1505 (4.6) 390 (4.4) 1.00 (reference) Not includedb

40–64 14,948 (45.8) 4324 (48.4) 0.85 (0.75–0.96)

65 or higher 16,155 (49.5) 4217 (47.2) 0.70 (0.62–0.79)

Gender

Female 18,522 (56.8) 4113 (46.1) 1.00 (reference) 1.00 (reference)

Male 14,084 (43.2) 4817 (53.9) 1.19 (1.11–1.26) 1.21 (1.11–1.32)

Race

White 29,433 (90.6) 7835 (88.1) 1.00 (reference) 1.00 (reference)

Asian 447 (1.4) 124 (1.4) 1.06 (0.86–1.30) 0.98 (0.72–1.30)

Black 1608 (4.9) 668 (7.5) 1.45 (1.32–1.60) 1.26 (1.09–1.44)

Other/multiple 1011 (3.1) 264 (3.0) 0.93 (0.81–1.07) 0.83 (0.67–1.02)

Ethnicity

Non-Hispanic 30,288 (93.1) 8241 (92.9) 1.00 (reference) Not included

Hispanic or Spanish origin 2237 (6.9) 632 (7.1) 1.03 (0.94–1.13)

Payment method (all ages)

Private/Manage 13,029 (40.4) 1562 (36.2) 1.00 (reference) 1.00 (reference)

Self-pay/not insured 1533 (4.8) 150 (3.5) 0.80 (0.67–0.95) 0.77 (0.63–0.92)

Medicaid 1238 (3.8) 195 (4.5) 1.30 (1.10–1.52) 1.34 (1.13–1.59)

Medicare 15,331 (47.5) 2288 (53.0) 1.10 (1.02–1.18) 1.78 (1.54–2.05)

Tricare/VA 1118 (3.5) 122 (2.8) 0.83 (0.68–1.00) 0.80 (0.61–1.03)

Payment method (age 18–64)

Private/Manage 11,737 (72.3) 1417 (66.8) 1.00 (reference) Reference for interaction 
termSelf-pay/not insured 1429 (8.8) 138 (6.5) 0.78 (0.64–0.93)

Medicaid 1167 (7.2) 189 (8.9) 1.28 (1.08–1.51)

Medicare 1216 (7.5) 305 (14.4) 1.77 (1.54–2.03)

Tricare/VA 682 (4.2) 72 (3.4) 0.85 (0.66–1.09)

Payment method (age 65 and above) Interaction effect

Private/Manage 1292 (8.1) 145 (6.6) 1.00 (reference) (age: payment)

Self-pay/not insured 104 (0.6) 12 (0.5) 0.98 (0.50–1.78) 1.15 (0.57–2.16)

Medicaid 71 (0.4) 6 (0.3) 0.78 (0.30–1.70) 0.55 (0.19–1.31)

Medicare 14,115 (88.1) 1983 (90.3) 1.25 (1.05–1.51) 0.72 (0.57–0.91)

Tricare/VA 436 (2.7) 50 (2.3) 0.93 (0.65–1.30) 1.19 (0.77–1.84)

Cigarettes use

Never 12,172 (43.5) 3332 (41.2) 1.00 (reference) Dropped due to lack of 
significanceFormer 12,217 (43.7) 3791 (46.9) 0.96 (0.90–1.01)

Current 3594 (12.8) 967 (12.0) 0.82 (0.75–0.90)

(Continues)
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indicating that these factors were associated with a 
more advanced stage at presentation, while controlling 
for other characteristics.

No obvious patterns were observed across cancer types 
after stratification by cancer (Table 3). Certain characteris-
tics remained significantly associated with having a more 

Baseline characteristics

Class of case

Analytic cases Non-analytic cases

Odds ratio (95% confidence interval)

Cohort-adjusteda Multivariable

Whether address at diagnosis is within MCC catchment area (15 counties in FLc)

No 6447 (19.9) 1653 (34.1) 1.00 (reference) 1.00 (reference)

Yes 26,024 (80.1) 3188 (65.9) 0.47 (0.44–0.50) 0.48 (0.45–0.52)

Cohort

Breast 10,528 (32.3) 1806 (20.2) Not applicable 1.00 (reference)

Colon 1873 (5.7) 1213 (13.6) 3.04 (2.67–3.46)

Lung 7853 (24.1) 2751 (30.8) 2.17 (1.96–2.40)

Melanoma 7611 (23.3) 1210 (13.5) 0.80 (0.70–0.90)

Prostate 4743 (14.5) 1951 (21.8) 1.77 (1.55–2.02)
aThe estimated odds ratio and confidence interval were calculated using logistic regression adjusting for cancer types the patient diagnosed with.
bThe three-group age variable was not included in the multivariable analysis due to (1) not being significant in the univariable analysis, and (2) not being 
compatible with the binary age categorization used in the analysis of interaction between age and payment method.
cThe 15-county MCC catchment area included the following counties in Florida: Charlotte, Citrus, Desoto, Hardee, Hernando, Highlands, Hillsborough, Lake, 
Lee, Manatee, Pasco, Pinellas, Polk, Sarasota, or Sumter.

T A B L E  1   (Continued)

F I G U R E  1   The blue color indicates patients whose stage at presentation matched with the stage at diagnosis, whereas the red color 
indicates patients whose stage at presentation was more advanced than their stage at diagnosis. Most of the patients whose stage at 
presentation was more advanced were non-analytic patients which is reflective of the definition of non-analytic patients as being those who 
have their first course therapy completed before coming to MCC. Thus, the non-analytic status indicates delayed access to care at Moffitt 
(MCC), while the patients highlighted in red may represent a subset of extreme cases whose delayed access to care resulted in a more 
advanced stage when they presented at MCC.
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T A B L E  2   Association between patient characteristics and whether a patient's stage at presentation was more advanced than the stage 
at diagnosis among non-analytic cases at Moffitt Cancer Center (MCC) diagnosed with breast cancer, colon cancer, lung cancer, melanoma, 
and prostate cancer between 2008 and 2020.

Baseline characteristics Match
Stage at presentation 
more advanced

Odds ratio (95% confidence interval)

Cohort-adjusteda Multivariable

Age

18–64 3304 (51.5) 1056 (58.6) 1.00 (reference) 1.00 (reference)

65 or higher 3110 (48.5) 746 (41.4) 0.85 (0.76–0.95) 1.03 (0.52–1.85)

Age

18–39 244 (3.8) 117 (6.5) 1.00 (reference) Not includedb

40–64 3060 (47.7) 939 (52.1) 0.86 (0.68–1.09)

65 or higher 3110 (48.5) 746 (41.4) 0.74 (0.58–0.94)

Gender

Female 2892 (45.1) 920 (51.1) 1.00 (reference) Not included

Male 3521 (54.9) 882 (48.9) 1.09 (0.94–1.25)

Race

White 5650 (88.4) 1560 (87) 1.00 (reference) Not included

Asian 87 (1.4) 32 (1.8) 1.29 (0.84–1.94)

Black 466 (7.3) 145 (8.1) 1.13 (0.92–1.38)

Other/multiple 188 (2.9) 57 (3.2) 1.10 (0.80–1.48)

Ethnicity

Non-Hispanic 5947 (93.2) 1635 (91.3) 1.00 (reference) Dropped due to not 
significantHispanic or Spanish origin 432 (6.8) 156 (8.7) 1.28 (1.05–1.55)

Payment method (all ages)

Private/Manage 1332 (37.0) 143 (34.0) 1.00 (reference) 1.00 (reference)

Self-pay/not insured 119 (3.3) 20 (4.8) 1.49 (0.87–2.44) 1.47 (0.83–2.46)

Medicaid 159 (4.4) 17 (4.0) 1.03 (0.58–1.72) 1.00 (0.55–1.68)

Medicare 1887 (52.4) 232 (55.1) 1.20 (0.96–1.51) 2.17 (1.50–3.11)

Tricare/VA 104 (2.9) 9 (2.1) 0.91 (0.42–1.75) 0.97 (0.36–2.14)

Payment method (age 18–64)

Private/Manage 1214 (68.7) 131 (59.5) 1.00 (reference) Reference for 
interaction termSelf-pay/not insured 109 (6.2) 18 (8.2) 1.47 (0.83–2.46)

Medicaid 155 (8.8) 16 (7.3) 0.97 (0.54–1.64)

Medicare 228 (12.9) 49 (22.3) 2.17 (1.49–3.11)

Tricare/VA 61 (3.5) 6 (2.7) 0.98 (0.37–2.15)

Payment method (age 65 and above)

Private/Manage 118 (6.4) 12 (6.0) 1.00 (reference) 1.00 (reference)

Self-pay/not insured 10 (0.5) 2 (1.0) 1.72 (0.24–7.85) 1.17 (0.15–5.89)

Medicaid 4 (0.2) 1 (0.5) 3.21 (0.16–24.29) 3.02 (0.14–24.76)

Medicare 1659 (90.5) 183 (91.0) 1.04 (0.58–2.03) 0.48 (0.24–1.02)

Tricare/VA 43 (2.3) 3 (1.5) 0.78 (0.17–2.65) 0.81 (0.15–3.81)

Cigarettes use

Never 2337 (40.1) 734 (44.5) 1.00 (reference) Not included

Former 2754 (47.3) 750 (45.4) 1.09 (0.96–1.23)

Current 730 (12.5) 167 (10.1) 0.90 (0.74–1.09)

(Continues)
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advanced stage at presentation including age, Medicare 
insurance, and former smokers.

3.3  |  Length of time between date of 
diagnosis and date of presentation

Among non-analytic cases, we examined the time 
gap between date of diagnosis and date of presenta-
tion at MCC in association with patient characteristics 
(Table 4). Patients aged ≥65 (median = 296 days) had a 
significantly shorter gap in the two timepoints as com-
pared with those aged 18–64 (median = 455 days). Male 
patients (median = 400 days) showed a longer lag time 
as compared with female patients (median = 343 days). 
Differences were observed by race, with shorter gaps 
observed among Asians (median = 347 days) and 
Whites (median = 368 days) as compared to Blacks 
(median = 510 days) and those of other race or multi-
ple races (median = 475 days). Patients aged <65 with 
Medicare (median = 337 days) had a longer time gap 
between diagnosis and presentation as compared with 
patients using other payment methods (median = 76–
100 days). Ever smokers (median = 308–348 days) pre-
sented at MCC sooner as compared with never smokers 
(median = 433 days). Additionally, patients residing in 
the MCC 15-county catchment area (median = 80 days) 
had a shorter time gap as compared with those resid-
ing outside the catchment area (median = 151–204 days, 
Table 4). Lung cancer patients (median = 199 days) had 
the shortest lag time compared with patients diagnosed 
with other cancers.

Time between cancer diagnosis and the initiation of 
first course treatment was significantly longer among 
Black patients (median = 16.5 days) as compared to 
White patients (median = 9.5 days, p-value = 0.0003). 
No statistically significant differences were observed 
between White and Asian or other/multiple races or 
between Hispanic and non-Hispanic patients. Longer 
time intervals were observed between the end of first 
course treatment and presentation at MCC among ra-
cial minorities (Asian [median = 642 days], Black [me-
dian = 555.5 days], and other/multiple races [608 days]) 
as compared with White patients (median = 516.5 days). 
However, this result did not reach statistical significance 
(p-value = 0.095). The time between end of first course 
treatment and presentation to Moffitt was significantly 
longer among Hispanic patients (median = 604 days) 
compared to non-Hispanic patients (median = 519 days, 
p-value = 0.030).

In summary, patients aged ≥65 were associated with 
being an analytic case, having stage concordant at presen-
tation, and a shorter time between diagnosis and presenta-
tion (Figure 2). Males were more likely to be non-analytic 
cases and had longer time between diagnosis and presen-
tation as compared to females, with a similar pattern ob-
served for Black patients as compared with White patients 
(Figure 2). Medicare users, particularly among those aged 
18–64, were more likely to be non-analytic cases, to have 
more advanced stage at presentation, and to have longer 
time gap between diagnosis and presentation as compared 
with patients with private/managed insurance. Current 
smokers, as compared with those who never smoked, 
were more likely to be analytic cases with shorter gap in 

Baseline characteristics Match
Stage at presentation 
more advanced

Odds ratio (95% confidence interval)

Cohort-adjusteda Multivariable

Whether address at diagnosis inside MCC catchment area (15 counties in FLc)

No 1321 (33.3) 215 (40.3) 1.00 (reference) Dropped due to not 
significantYes 2644 (66.7) 319 (59.7) 0.86 (0.71–1.04)

Cohort

Breast 1185 (18.5) 506 (28.1) Not applicable 1.00 (reference)

Colon 857 (13.4) 273 (15.1) 1.66 (1.18–2.33)

Lung 2188 (34.1) 400 (22.2) 0.77 (0.57–1.05)

Melanoma 676 (10.5) 353 (19.6) 2.40 (1.74–3.33)

Prostate 1508 (23.5) 270 (15.0) 0.57 (0.39–0.83)
aThe estimated odds ratio and confidence interval were calculated using logistic regression adjusting for cancer types the patient diagnosed with.
bThe three-group age variable was not included in the multivariable analysis due to it not being compatible with the binary age categorization used in the 
analysis of interaction between age and payment method.
cThe 15-county MCC catchment area included the following counties in Florida: Charlotte, Citrus, Desoto, Hardee, Hernando, Highlands, Hillsborough, Lake, 
Lee, Manatee, Pasco, Pinellas, Polk, Sarasota, or Sumter.
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T A B L E  3   Association between patient characteristics and whether a patient's stage at presentation was more advanced than the stage at 
diagnosis among non-analytic cancer patients at Moffitt Cancer Center (MCC) diagnosed between 2008 and 2020, by cancer type.

Baseline characteristics

Odds Ratio (95% confidence interval)

Breast cohort Lung cohort
melanoma 
cohort Colon cohort Prostate cohort

Age

18–64 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

65 or higher 0.70 (0.55–0.90)a 0.87 (0.70–1.08) 0.71 (0.55–0.92) 1.14 (0.87–1.51) 0.94 (0.72–1.22)

Age

18–39 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) NA

40–64 0.75 (0.53–1.05) 2.01 (0.71–8.43) 0.82 (0.51–1.34) 1.17 (0.67–2.16) 1.00 (reference)

65 or higher 0.55 (0.38–0.80) 1.72 (0.61–7.22) 0.60 (0.38–0.97) 1.32 (0.75–2.45) 0.94 (0.72–1.22)

Gender

Female 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Male 0.62 (0.18–1.72) 1.11 (0.89–1.37) 1.01 (0.76–1.34) 1.18 (0.90–1.55) NA

Race

White 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Asian 1.16 (0.59–2.18) 2.02 (0.96–3.96) 0.96 (0.04–10.01) 0.17 (0.01–0.83) 4.08 (1.20–12.89)

Black 1.39 (1.01–1.89)a 0.97 (0.54–1.62) 0.32 (0.02–1.87) 0.96 (0.61–1.47) 1.08 (0.69–1.63)

Other/multiple 1.49 (0.91–2.39) 0.74 (0.28–1.61) 1.53 (0.38–5.81) 0.90 (0.41–1.78) 0.90 (0.41–1.76)

Ethnicity

Non-Hispanic 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Hispanic or Spanish origin 1.59 (1.16–2.18) 0.88 (0.54–1.37) 0.96 (0.44–1.95) 1.44 (0.91–2.23) 1.19 (0.69–1.94)

Payment method (all ages)

Private/Manage 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Self-pay/not insured 1.80 (0.59–4.58) 1.07 (0.31–2.84) 0.91 (0.20–2.99) 1.81 (0.61–4.73) 3.14 (0.46–13.18)

Medicaid 1.39 (0.54–3.09) 0.46 (0.11–1.32) 2.84 (0.36–17.80) 1.13 (0.36–3.01) NA

Medicare 1.28 (0.78–2.11) 0.89 (0.59–1.37) 1.17 (0.73–1.89) 1.30 (0.76–2.27) 2.09 (1.04–4.56)

Tricare/VA NA 0.56 (0.09–1.94) 1.60 (0.34–5.86) 0.90 (0.05–5.41) 2.76 (0.59–9.64)

Payment method (age 18–64)

Private/Manage 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Self pay/Not insured 1.47 (0.42–4.00) 1.31 (0.37–3.57) 0.67 (0.10–2.61) 1.87 (0.63–4.96) 2.99 (0.44–12.61)

Medicaid 1.23 (0.45–2.87) 0.49 (0.11–1.43) 2.92 (0.37–18.37) 1.06 (0.33–2.83) NA

Medicare 3.58 (1.78–6.96)a 1.50 (0.71–2.99) 2.05 (0.73–5.30) 1.66 (0.67–3.84) 2.76 (0.90–7.77)

Tricare/VA NA 1.35 (0.21–5.04) 1.25 (0.18–5.49) NA 2.99 (0.44–12.61)

Payment method (age 65 and above)

Private/Manage 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Self pay/Not insured NA NA 3.00 (0.10–94.48) NA NA

Medicaid 7.00 (0.22–239.93) NA NA NA NA

Medicare 0.56 (0.14–3.74) 0.68 (0.30–1.82) 0.78 (0.22–3.59) 3.04 (0.59–55.91) NA

Tricare/VA NA NA 3.00 (0.10–94.48) 5.33 (0.18–164.46) NA

Cigarettes use

Never 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Former 1.17 (0.93–1.48) 1.54 (1.11–2.19) 0.88 (0.66–1.18) 0.99 (0.73–1.35) 0.93 (0.71–1.23)

Current 1.28 (0.87–1.85) 1.01 (0.66–1.55) 0.94 (0.57–1.52) 0.82 (0.49–1.31) 0.68 (0.38–1.13)

(Continues)
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time between diagnosis and presentation. Generally, pa-
tients who lived in the MCC catchment area were associ-
ated with being an analytic case (Figure 2).

4   |   DISCUSSION

Cancer care has become increasingly complex over the 
last several years. Inherent to optimal cancer treatment 
is multidisciplinary care which can be difficult to in-
stitutionalize outside of an NCICC. Ensuring accurate 
pathologic diagnosis, selection of optimal first-line ther-
apies based on precision medicine findings, and access 
to novel clinical trials are all important in modern-day 
cancer care. Seamless connectivity between all these 
facets of care is obligatory to providing the best care 
and mitigating disparities. To our knowledge, this is the 
first use of cancer registry data to analyze referral tim-
ing differences among different demographic groups to 
an NCICC.

To this end, our data demonstrates a few notable re-
sults. First, our catchment area population was more 
likely to be analytic cases compared to the population 
residing outside of the catchment area. This is not 
surprising since prior data suggests travel time to a 
NCICC is one of the most influential determinants to 
receipt of care.13 In one study that surveyed a nation-
ally representative cohort of panel members recruited 
through the GfK method14 (n = 1016), most individu-
als stated they would be willing to travel significant 
amounts to access high-volume or high-quality cancer 
care. However, when participants were asked to iden-
tify specific logistical barriers that would prevent them 
from traveling 1-hour to access high-quality cancer 
care, participants cited barriers such as parking costs, 
drive time, and cost of lodging.15 Although our data 
does not ascertain etiology, distance along with phy-
sician referral patterns and the capacity of a specific 
area to care for a patient's complex cancer case likely 
contribute to this difference.

Interestingly compared to non-Hispanic White pa-
tients, Black patients were more likely to be non-analytic 
cases and have the longest time interval between diag-
nosis and presentation to MCC. Among non-analytic 
cases, Hispanic patients presented with more advanced 
stage compared to non-Hispanic patients and a longer 
time interval between end of first course treatment and 
presentation to MCC. While our study could not de-
termine the underlying reasons for these differences, 
it is possible that structural barriers including but not 
limited to lack of access to reliable transportation, in-
surance coverage, and other socioeconomic or geo-
graphic factors contributed to our findings. While to our 
knowledge no previous studies have examined racial 
and ethnic differences in the timing of receipt of care 
to an NCICC, studies have analyzed general patterns by 
different demographic groups, though the results are 
somewhat mixed. One study of the California Cancer 
Registry found no difference in utilization of NCICCs 
between Black and White patients, though there was 
an inverse association between Hispanic ethnicity and 
use of an NCICC.16 Another study using the SEER data-
base found improvements in overall survival for White 
patients with myeloma who received care at an NCICC, 
but these improvements were not observed among Black 
patients.17 Studying how quickly patients receive care at 
a center is critical to mitigating disparities in outcomes. 
Certain factors including advanced stage at presentation 
to an NCICC appear to be correlated with timing of care, 
which is a common surrogate of delayed referrals or 
other factors obstructing receipt of care. This is critically 
important as existing data suggests that certain minority 
groups initially present at a later stage compared to 
White patients.18 Regarding the observed racial dispar-
ities, expansive initiatives dedicated to increasing satel-
lite clinics and telehealth options which would establish 
a stronger link to an NCICC. Some data suggests that sat-
ellite clinics can increase healthcare access for different 
racial/ethnic groups including Native Americans and 
Asians, although less of a benefit was seen for Hispanic 

Baseline characteristics

Odds Ratio (95% confidence interval)

Breast cohort Lung cohort
melanoma 
cohort Colon cohort Prostate cohort

Whether address at diagnosis inside MCC catchment area (15 counties in FLb)

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 0.78 (0.52–1.19) 0.99 (0.68–1.44) 0.75 (0.50–1.11) 1.00 (0.63–1.61) 0.79 (0.45–1.43)
aFactors remained significant in a multivariable logistic regression with backward elimination process.
bThe 15-county MCC catchment area included the following counties in Florida: Charlotte, Citrus, Desoto, Hardee, Hernando, Highlands, Hillsborough, Lake, 
Lee, Manatee, Pasco, Pinellas, Polk, Sarasota, or Sumter.
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and Black patients.19 Increased telehealth visits at one 
NCICC resulted in significant cost-savings and reduction 
of financial toxicity for patients seeking cancer care.20 As 
these approaches to care delivery become a more routine 
part of cancer care, it will be important to evaluate the 
impact on access to guideline-based care or clinical trials 
for populations that have been less likely to access care 
at NCICCs (e.g., racial and ethnic minorities, those liv-
ing further away from NCICCs).

Additionally, Medicare and Medicaid patients were 
more likely to be non-analytic cases compared to pa-
tients with private/managed insurance, possibly reflect-
ing delays in insurance approvals of referrals. Of note, 
access to NCICC may be limited by federal marketplace 
plans. Only 41% of provider networks initially avail-
able on the federal marketplace through the Affordable 
Care Act included a NCICC.21 These restrictions may 
be particularly challenging for patients requiring com-
plex coordination of cancer care that is generally more 
readily available at an NCICC.22 Given the potential 
differences in outcome between patients who access an 
NCICC earlier in their disease course than others, this 
may represent an opportunity to accelerate insurance 
approvals.

Interestingly, males were more likely to be non-
analytic cases as compared with females in our study. Men 
are known to participate less in recommended cancer 

T A B L E  4   Association between patient characteristics and 
time between date of diagnosis and date of presentation at Moffitt 
Cancer Center (MCC) among non-analytic patients.

Baseline characteristics

Days from cancer diagnosis 
to presentation (among 
non-analytic cases)

Median (IQR) p-valuea

Age

18–64 454.5 (930.8) <0.001

65 or higher 296 (716.0)

Age

18–39 444.5 (794.2) <0.001

40–64 455 (946.5)

65 or higher 296 (716)

Gender

Female 343 (815.8) <0.001

Male 400 (856.2)

Race

White 368 (824.8) <0.001

Asian 346.5 (935.5)

Black 510 (861.8)

Other/multiple 475 (942)

Ethnicity

Non-Hispanic 377 (832.0) 0.136

Hispanic or Spanish origin 403 (838)

Payment method (all ages)

Private/Manage 72 (319.8) 0.861

Self pay/Not insured 85 (252)

Medicaid 100 (253)

Medicare 74.5 (336.0)

Tricare/VA 80.5 (333)

Payment method (age 18–64)

Private/Manage 76 (328.0) <0.001

Self pay/Not insured 95.5 (253.5)

Medicaid 100 (249)

Medicare 336.5 (906.2)

Tricare/VA 99 (388)

Payment method (age 65 and above)

Private/Manage 52 (185.5) 0.52

Self pay/not insured 19 (167.5)

Medicaid 29 (160.8)

Medicare 60.5 (268)

Tricare/VA 63 (71)

Cigarettes use

Never 433 (931.0) <0.001

Former 348 (819.0)

Current 308 (764.5)

(Continues)

Baseline characteristics

Days from cancer diagnosis 
to presentation (among 
non-analytic cases)

Median (IQR) p-valuea

Whether address at diagnosis inside MCC catchment area (15 
counties in FLb)

No 151 (501.5) <0.001

Yes 80 (364.5)

Cohort

Breast 488.5 (1056.8) <0.001

Lung 199 (465.5)

Melanoma 442 (844)

Colon 436 (711.2)

Prostate 575.5 (1217.5)
ap-values were calculated using Wilcoxon rank-sum test for binary factors 
and Kruskal–Wallis test for factors with more than two categories.
bThe 15-county MCC catchment area included the following counties 
in Florida: Charlotte, Citrus, Desoto, Hardee, Hernando, Highlands, 
Hillsborough, Lake, Lee, Manatee, Pasco, Pinellas, Polk, Sarasota, or Sumter.
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screenings,23 and since our study focused primarily on 
screen-detectable cancers, the fact that men were more 
likely to present to an NCICC later in their diagnosis is 
not unexpected.

Cancer registry data has many strengthens as it em-
ploys uniform case ascertainment, documented stage 
at presentation and at diagnosis. However, we acknowl-
edge several limitations. First, our analysis was limited to 
Moffitt Cancer Center, and our findings may not be gen-
eralizable to other NCICC's. However, other NCICC's can 
replicate our analysis using their own Cancer Registry data 
to examine demographic factors associated with receipt of 
care at their institutions, highlighting potential disparities 
most important to address locally. Second, cancer regis-
try data does not capture information on referral source 
or second opinion visits. Future analyses are planned to 
examine referral patterns using multiple institutional data 
sources beyond the Cancer Registry. Our analysis of social 
determinants of health was limited to insurance status, 
while other important variables such as transportation 
costs, childcare, or other issues that may make it difficult 
for a patient to receive care an NCICC were not available. 
Future studies will seek to elucidate the factors contribut-
ing to the observed differences in timing of receipt of care 
at an NCICC.

In summary, our study represents an innovative use 
of cancer registry data to analyze differences in timing 
of receipt of care at an NCICC. The use of cancer reg-
istry data can be leveraged for future studies assessing 
whether timing differences in referral to an NCICC cor-
relate with long-term outcomes will be important in un-
derstanding the translational impact of these observed 
disparities. Overall, our study underscores the utility 
of using cancer registry data to better understand dis-
parities in timing of access to cancer care at specialized 
centers and may help inform targeted interventions to 
improve access in the future.
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APPENDIX A
Distribution of stage at presentation and stage at diagnosis for Moffitt Cancer Center patients diagnosed 
with breast cancer, colon cancer, lung cancer, melanoma, and prostate cancer between 2008 and 2020, 
presented by cancer type and analytic status.

A similar pattern was observed for the distribution of stage at presentation and stage at diagnosis when stratifying the 
previous analysis by cancer type. The majority of analytic patients were found to have a concordant stage at presentation 
and at diagnosis. The proportions of non-analytic patients whose stage at presentation was more advanced than their 
stage at diagnosis varied by cancer site (breast = 28%, colon = 22.5%, lung = 14.5%, melanoma = 29.2%, prostate = 13.8%). 
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