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Abstract

Purpose Breast cancer outcomes are impaired by both delays and disparities in treatment. This study was performed to assess
their relationship and to provide a tool to predict patient socioeconomic factors associated with risk for delay.

Methods The National Cancer Database was reviewed between 2004 and 2017 for patients with non-metastatic breast cancer
managed with upfront surgery. Times to treatment were measured from the date of diagnosis. Patient, tumor, and treatment
factors were assessed with attention paid to sociodemographic variables.

Results 514,187 patients remained after exclusions, with 84.3% White, 10.8% Black, 3.7% Asian, and Hispanics comprising
5.6% of the cohort. Medicaid and uninsured patients had longer mean adjusted time to surgery (>46 days) versus private
(36.7 days), Medicare (35.9 days), or other governmental insurance (39.8 days). After adjustment, Black race and Hispanic
ethnicity were most impactful, adding 6.0 and 6.4 preoperative days, 10.9 and 11.5 days to chemotherapy, 11.1 and 9.1 days
to radiation, and 12.5 and 8.9 days to endocrine therapy, respectively. Income, education, and insurance, among other fac-
tors, also affected delay. A nomogram, including race and sociodemographic factors, was created to predict the risk of
preoperative delay.

Conclusion Significant disparities exist in timeliness of care for factors, including but not limited to, race and ethnicity.
Although exact causes cannot be discerned, these data indicate population subsets whose intervals of care risk being longer
than those specified by national quality standards. The nomogram created here may help direct resources to those at highest
risk of incurring a treatment delay.
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Introduction

Breast cancer is the most common malignancy in women.
Disparities in breast cancer care are widely documented and
associated socioeconomic and demographic factors have
been the focus of many studies [1-6]. The precise reasons
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effects on outcomes. We have previously found that both
disease specific and overall survival are adversely affected
by greater times between diagnosis and surgery, with overall
survival declining by 9-10% per month of delay and breast
cancer-specific mortality increasing by a relative 26% for
each 60-day delay. While not a focus of that study, we found
that minorities had greater times to surgery, suggesting that
this could be a contributor to the disparities seen elsewhere
[1].

This analysis was performed to clarify that observation
and to assess, in detail, the differences in the timeliness of
local and systemic therapies given for breast cancer in the
USA for those managed with upfront surgery. In order to
provide additional practical information to combat such dis-
parities, we created a nomogram to best predict individuals
at greatest risk for preoperative delay. There is no study, to
our knowledge, that allows accurate prediction of delay risk
for any particular patient. Identifying those at greatest risk
for longer preoperative intervals may assist the direction of
limited institutional and community resources.

Methods

After obtaining approval from the American College of Sur-
geons, de-identified data were retrieved from the National
Cancer Database (NCDB) from between 2004 and 2017.
The NCDB, a joint program of the Commission on Cancer
(CoC), the American College of Surgeons, and the American
Cancer Society, is an accumulation of nationally standard-
ized data collected from over 1500 CoC-accredited programs
at the state, regional, and national level [7] and which cap-
tures approximately 70% of all new cancer diagnoses nation-
ally. At the time of NCDB approval, the Fox Chase Cancer
Center IRB deemed NCDB studies as exempt due to their
de-identification. The selection map was based on predeter-
mined patient, tumor, and treatment factors felt to be contrib-
utors and all found in the NCDB Participant User File 2017
Data Dictionary. We reviewed patients diagnosed with breast
cancer managed with surgery first. Times to treatment were
measured from the date of diagnosis. Patients whose age,
sex, race, ethnicity, income, insurance, education, urban/
rural setting, and distance to facility were unknown were
excluded from our analysis. Patients with distant metastatic
disease and/or histology that was not defined were excluded
(Fig. 1).

The cohort was limited to patients who underwent sur-
gery as their initial treatment for homogeneity and to limit
confounding related to differing sequences of treatment.
Individuals undergoing neoadjuvant therapy, no surgery, or
no treatment were therefore excluded. Patients were lim-
ited to those having their breast cancer as their first cancer
diagnosis to avoid heterogeneity in the times to treatment
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that may occur when a patient experiences a recurrence, has
residual treatment that may be ongoing, and for those who
are already established with providers whose ease of access
may differ. All patients who had surgery were included,
except for those whose timing was unknown. Patients whose
treatment timing and sequence from diagnosis through sur-
gery, chemotherapy, radiation, immunotherapy, and endo-
crine therapies was unknown were excluded.

Adjusted mean and median time to respective treatments,
surgery, chemotherapy, radiation, and hormone therapy
were computed. All factors were adjusted for age, sex, race,
ethnicity, income, insurance status, education, urban/rural
location, distance to facility, Charlson Comorbidity Index,
histology, grade, clinical stage, and pathologic stage. Due to
a skewed distribution of times from diagnosis to respective
treatments, multivariable regression models were carried
out with log-transformed outcome in days to estimate delay
based on each of the patient and tumor factors. Differences
in estimated times to treatment, in days, were calculated
relative to the predetermined category referent. Statistical
analysis was performed using SAS 9.4 (SAS Institute Inc.,
Cary, NC). All tests were two-sided, and p values < 0.05
were considered statistically significant.

A nomogram was created to serve as a tool to predict
delays to surgery based on the logistics regression model.
Delay was defined for the nomogram as time > 60 days to
improve power and identify patients approaching the clini-
cally significant 90-day proposed national quality measure
[1]. In order to assign point values to the patient variables,
using the estimated regression coefficients, the predicted
effects were ranked disregarding statistical significance
and direction. The strongest predictor was determined and,
sequentially, the other predictive factors were assigned point
values, proportionally, relative to the most impactful vari-
able. The nomogram was evaluated by calculating the area
under the receiver operating characteristics curve (AUC).
Data were split into 70% training and 30% testing sets to
examine the predictive performance of the tool. The nomo-
gram (Fig. 2) was validated, internally in the training set and
externally in the validation set, by the area under the receiver
operating characteristics (ROC) curve with AUCs of 0.65
and 0.64, respectively (Supplemental Fig. S1).

Results

There were 514,187 patients after exclusions, with 99.3%
being female. 84.3% were White, 10.8% Black, and 3.7%
Asian. Hispanics comprised 5.6% of the cohort. Fifteen per-
cent had a median household income of < $40,277, while
41.7% made > $63,333. There were 7.4% of patients that
were either Medicaid insured or uninsured, while 1.3% lived
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Fig. 1 Cohort inclusion and
exclusion criteria—STROBE
diagram .

Patients with breast cancer (n=2,981,828)

Inclusion Criteria:

i

¢ Unknown sex or age <18 (n=96)

*  Unknown race or ethnicity (n=165,383)

*  Unknown % without high school diploma quartile (n=270,882)

* Unknown primary payor (insurance status) or income (n=52,324)
*  Unknown urban/rural status or great circle distance (n=55,678)

Patient Exclusions:

n=2,437,465

i

¢ Clinical/Pathologic metastatic disease (n=101,175)
*  Clinical/Pathologic/Analytic stage IV (n=2,389)
* Histology not ductal carcinoma, lobular carcinoma, other (n=29,026)

Tumor Exclusions:

n=2,304,875

*  No treatment administered or unknown days to treatment (n=932,936)

*  Prior cancer diagnosis (n=348,860)

*  Unknown surgical procedure, days to procedure or not first and only procedure (n=254,445)
*  Unknown radiation/surgery sequence (n=7)

*  Unknown radiation, days to radiation or neoadjuvant radiation (n=20,597)

*  Unknown systemic therapy/surgery sequence (n=141,635)

*  Unknown chemotherapy, days to chemotherapy (n=67,894)

*  Unknown immunotherapy, days to immunotherapy (n=907)

*  Unknown hormone therapy, days to hormone therapy (n=23,407)

Treatment Exclusions:

in a rural area. Only 5.6% lived > 50 miles from their treat-
ment facility (Table 1).

Table 2 and Supplemental Table 1 demonstrate the
mean and median times (in days) to each treatment modal-
ity by demographic factor adjusted for age, sex, race, eth-
nicity, income, insurance status, education, urban/rural
location, distance to facility, Charlson Comorbidity Index,
histology, grade, clinical stage, and pathologic stage. The
mean adjusted time from diagnosis to surgery for all
patients in the cohort was 37.1 days. White patients expe-
rienced the shortest mean times to surgery relative to those
of different races and non-Spanish/non-Hispanic patients
had shorter times than those of Spanish/Hispanic ethnic-
ity. Patients with no insurance or Medicaid were associ-
ated with a mean of 46 days or longer from diagnosis to
surgery. Communities with lower high school graduation
rates, those in metro areas, and those > 75 miles from their
point of care all had the greatest time from diagnosis to
surgery realized in their respective categories (Table 2).
Time from diagnosis to chemotherapy, radiation, and

n=514,187

hormone therapy demonstrated the same relationships
(Supplemental Table 1).

Time from diagnosis to surgery was > 30 days in 52.7%
of the cohort (n=270,706). There were 62,709 patients
(12.2%) that realized a time from diagnosis to surgical
treatment > 60 days and 3.3% of patients experienced a
delay > 90 days. In other words, 26.6% of those experienc-
ing time to surgery > 60 days ultimately underwent surgical
treatment > 90 days from diagnosis.

Multivariable analysis with log-transformed outcomes (in
days) are displayed in Table 3 and Supplemental Table 2,
relative to the referent categories. These log-transformed
outcomes represent the number of additional or fewer days
that this variable’s category is associated with relative to
that variable’s referent category. Time to surgery and chem-
otherapy was predicted significantly shorter for White as
compared to Non-White patients. The greatest disparity
was seen for Black versus White patients with additional
days to surgery, chemotherapy, radiation, and endocrine
treatments being 6.0, 10.9, 11.1, and 12.5 (all p’s <0.0001),
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Fig.2 Nomogram for risk of time from diagnosis to sur-
gery > 60 days. Each patient demographic category has variables with
corresponding point values. Once the points for a patient’s factors are
summed, the total point value has an associated risk of event value.

respectively. Hispanic ethnicity as well as living in areas
with a lower percentage of high school graduates was asso-
ciated with significant delays to all measured therapies.
Medicaid patients or those who were not insured had longer
mean adjusted times to surgery (>46 days) versus private
(36.7 days), Medicare (35.9 days), or other governmental
insurance (39.8 days). Likewise, the Medicaid patients and
those without insurance also realized significantly greater
estimated time intervals to surgery relative to patients in
the other aforementioned insurance categories. There was a
delay to surgery associated with higher median household
income (all p’s <0.0001). Living a distance > 50 miles from
their treatment facility, relative to < 25 miles, was associated
with a>5.6-day delay to surgery and chemotherapy admin-
istration. Metropolitan setting was also associated with
significant delays to local and systemic therapies. Lobular
carcinoma diagnosis was associated with > 2 additional days
to surgery relative to ductal carcinoma diagnosis. Poorly dif-
ferentiated tumor grade as well as more advanced clinical
stage were significantly associated with shorter times to sur-
gery (Table 3).

A nomogram (Fig. 2) was created to identify patients
most at risk to realize a time > 60 days from diagnosis to
surgery. The AUCs for internal and external validation of
the nomogram were 0.65 and 0.64, respectively (Supple-
mental Fig. 1). Patient factors within each of the following
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Risk of event is the probability of experiencing time from diagnosis
to surgery > 60 days. For example, a 0.6 risk of event portends a 60%
likelihood of incurring a time from diagnosis to surgery > 60 days

categories: sex, race, ethnicity, income, age, insurance,
education (percentage of community without a high school
diploma), clinical stage, urban—rural setting, and great cir-
cle distance (distance from home to treating facility) each
confer points. The point values per patient factor are noted
along the X-axis for each variable along the Y-axis. A sum-
mation of those points is then plotted on the total points
line at the bottom of the nomogram where the correspond-
ing risk directly below that value is shown for a preopera-
tive delay of > 60 days. This risk of event calculated is a
probability, so a patient with a risk score of 0.6 corresponds
to a 60% likelihood of incurring a delay from diagnosis to
surgery > 60 days.

Discussion

Disparities in breast cancer care are widely documented and
multifactorial. Contributions of sociodemographic, eco-
nomic, and biologic factors to treatment delays and breast
cancer outcomes have been the subject of prior investiga-
tions [1-6, 8-11]. A 2019 review by Coughlin evaluated
neighborhood disadvantage, racial discrimination, immi-
gration status, and social support for patients with breast
cancer and found that social determinants of health play
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Table 1 Cohort demographics

Total
n %

Total patients 514,187 100.0
Age (years)

<50 112,029 21.8

50-70 290,809 56.6

>70 111,349 21.7
Sex

Male 3552 0.7

Female 510,635 99.3
Race

White 433,625 84.3

Black 55,383 10.8

American Indian/Aleutian/Eskimo 1436 0.3

Asian 18,887 3.7

Hawaiian/Pacific Islander 426 0.1

Other 4430 0.9
Ethnicity

Non-Spanish/Non-Hispanic 485,630 94.5

Spanish/Hispanic 28,557 5.6
Income

<$40,277 77,120 15.0

$40,277-$50,353 102,471 19.9

$50,354-$63,332 120,072 234

>$63,333 214,524 41.7
Insurance

Uninsured 8279 1.6

Private insurance 283,716 55.2

Medicaid 29,676 5.8

Medicare 186,813 36.3

Other government insurance 5703 1.1
Percent without high school diploma

>17.6% 87,544 17.0

10.9%-17.5% 122,322 23.8

6.3%-10.8% 149,974 29.2

<6.3% 154,347 30.0
Urban/rural status

Metro 448,630 87.3

Urban 58,718 11.4

Rural 6839 1.3
Great circle distance (miles)

0-25.0 432,889 84.2

25.1-50.0 52,881 10.3

50.1-75.0 14,671 2.9

>75.0 13,746 2.7

an important role in both stage at diagnosis and eventual
outcome [2]. Because the interplay of sociodemographic
and economic factors with treatment delay is complex, the
nomogram presented here provides a novel clinical tool to

help identify those most likely to incur delays to surgical
treatment.

Sociodemographic and economic patient factors are often
found to be linked to treatment delays. Smith et al. in 2013
evaluated treatment delays in women aged 15-39 and found
a significant delay of > 6 weeks among Hispanic and Afri-
can American patients as compared to non-Hispanic Whites.
Lower socioeconomic status and patients with either Medic-
aid, other government-assisted insurance, or a lack of insur-
ance were found to have a significantly greater likelihood
of a> 6-week delay between diagnosis and treatment [3].
Reeder-Hayes et.al demonstrated on review of 2559 breast
cancer patients in the Carolina Breast Center Study that
Black women had 1.73 times higher odds of initiating treat-
ment > 60 days from diagnosis relative to White women [6].
A 2020 retrospective review of racial differences in time to
breast cancer surgery found that even within the US Military
Health System, where insurance and access should be uni-
form across beneficiaries, there was a significantly greater
time to surgery for Non-Hispanic Black women relative to
Non-Hispanic White women [4]. It is therefore not surpris-
ing that we found that Black race and Hispanic ethnicity
were each associated with a 6-day delay between diagnosis
and surgery when compared to White and Non-Hispanic
patients, respectively.

Differences in survival and the likelihood of an early
stage of diagnosis by race and ethnicity have also been
shown to be partially attributable to tumor biologic factors
[5]. Triple-negative breast cancer (TNBC) has an incidence
in African American women that is twice that for White
women and has been found to have a younger age distribu-
tion than other subtypes [10]. Success in directing resources
to eliminate disparities will only be achieved when we have
a complete understanding of the influence that social, eco-
nomic, demographic, environmental, and biologic factors
have on breast cancer outcomes.

Although times to each subspecialty treatment have been
presented for the reader, in this study, we chose to focus
our evaluation predominantly on delays from diagnosis to
surgery because timeliness in initiating treatment represents
one of the largest hurdles in receiving care for all patients
and may be even more challenging for disadvantaged groups
and those with poor healthcare access. This interval is also
important because a longer time between diagnosis and
surgery is associated with poorer outcomes. Like treatment
delay disparity, breast cancer survival has also been linked to
socioeconomics, race, education, poverty, and health insur-
ance status [2—4, 6]. We found that the mean adjusted time
to surgery in our cohort was 37.1 days, which, fortunately, is
far shorter than the 90-day proposed standard [1]. Polverini
and colleagues found in an NCDB cohort that patients with
stage I and II breast cancers realized a lower overall survival
when time to surgery exceeded 12 weeks [12]. We have also
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Table 2 Unadjusted and

. . Diagnosis to Surgery
adjusted time to surgery by

demographic factor Unadjusted Unadjusted Adjusted Adjusted
mean (days) median (days) mean (days) median
(days)
Total patients 37.5 27.3 37.1 35.8
Age (years)
<50 40.8 35.0 40.2 39.1
50-70 36.9 31.0 36.5 35.1
>70 359 30.0 35.6 34.5
Sex
Male 32.6 27.0 32.0 30.6
Female 37.5 32.0 37.2 35.8
Race
White 36.4 31.0 36.0 34.9
Black 44.7 36.0 44.4 43.4
American Indian/Aleutian/Eskimo 40.1 33.0 394 38.6
Asian 41.4 35.0 40.9 39.9
Hawaiian/Pacific islander 43.8 36.0 43.5 42.8
Other 43.5 36.0 43.0 42.8
Ethnicity
Non-Spanish/Non-Hispanic 37.0 320 36.6 354
Spanish/Hispanic 46.5 39.0 46.3 45.4
Income
<$40,277 39.1 33.0 38.8 38.3
$40,277-$50,353 37.2 31.0 37.0 35.6
$50,354-$63,332 37.2 32.0 36.8 355
>$63,333 37.3 32.0 36.8 354
Insurance
Uninsured 46.5 38.0 46.0 46.1
Private insurance 37.1 32.0 36.7 35.7
Medicaid 47.0 39.0 46.6 46.4
Medicare 36.2 30.0 359 34.7
Other government insurance 39.9 34.0 39.8 38.8
Percent without high school diploma
>17.6% 40.8 34.0 40.5 40.2
10.9-17.5% 37.9 32.0 37.7 36.4
6.3-10.8% 36.9 32.0 36.4 35.2
<6.3% 36.0 31.0 355 344
Urban/Rural status
Metro 38.1 33.0 37.7 36.2
Urban 33.7 29.0 335 32.8
Rural 32.7 28.0 32.0 31.5
Great circle distance (miles)
0-25.0 375 32.0 37.1 35.5
25.1-50.0 36.7 31.0 36.5 35.9
50.1-75.0 38.7 33.0 38.7 38.1
>75.0 39.9 34.0 39.6 39.0

Values enumerated have been adjusted for age, sex, race, ethnicity, income, insurance status, education,
urban/rural location, distance to facility, Charlson comorbidity index, histology, grade, clinical stage, and
pathologic stage
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Table 3 Multivariable analysis
of time from diagnosis to
surgery with log-transformed

Diagnosis to surgery

Estimated days *

95% Confidence Interval  p value

outcomes (in days)
Age (years)

<50 (ref)
50-70
>70
Sex
Male (ref)
Female
Race
White (ref)
Black
American Indian/Aleutian/Eskimo
Asian
Hawaiian/Pacific Islander
Other
Ethnicity
Non-Spanish/Non-Hispanic (ref)
Spanish/Hispanic
Income
<$40,277 (ref)
$40,277-$50,353
$50,354-$63,332
>$63,333
Insurance
Uninsured (ref)
Private insurance
Medicaid
Medicare
Other government insurance
Percent without high school diploma
>17.6% (ref)
10.9-17.5%
6.3-10.8%
<6.3%
Urban/Rural status
Metro (ref)
Urban
Rural
Great circle distance (miles)
0-25.0 (ref)
25.1-50.0
50.1-75.0
>75.0
Charlson comorbidity index
0 (ref)
1
2
3
Histology
Ductal (ref)

-23
-2.7

6.1

6.0
1.3
2.8
35
1.6

6.4

0.9
1.5
2.5

-39
1.5

=35
-2.0

-09
-1.8
-2.7

—44
-65

1.7
5.6
5.9

0.5
2.0
3.7

—-24
-29

5.1

5.6
0.1
24
1.3
0.9

59

0.6
1.3
22

-42
1.0

-3.8
-2.6

—1.1
-19
-2.8

—-4.5
-6.7

1.4
5.1
53

0.3
1.6
3.0

-22
-2.6

7.1

6.5
25
32
59
24

6.9

1.1
1.8
29

=35
22

=31
-13

-0.7
-1.6
-25

—4.4
-6.2

2.0
6.3
6.5

0.7
2.5
4.5

<0.0001
<0.0001

<0.0001

<0.0001
0.0305
<0.0001
0.0014
<0.0001

<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
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Table 3 (continued)

Diagnosis to surgery

Estimated days * 95% Confidence Interval  p value

Lobular 22 1.9 2.6 <0.0001

Other/unknown -1.1 -1.8 -03 0.0095
Grade

Well differentiated (ref) - - - -

Moderately differentiated 0.2 0.1 0.4 0.0029

Poorly differentiated -13 -14 —1.1 <0.0001

Undifferentiated/anaplastic -0.8 -1.6 0.1 0.0882
Clinical stage

0 (ref) - - - -

1 -5.6 -5.7 -54 <0.0001

2 -5.1 -53 —-4.8 <0.0001

3 -72 =175 -6.8 <0.0001
Pathologic stage

0 (ref) - - - -

1 0.7 0.2 1.1 0.0022

2 1.4 0.9 1.9 <0.0001

3 3.0 2.4 3.7 <0.0001

Estimated days to surgery are enumerated for each variable, relative to a referent category. For example,
Black race is associated with 6 additional days from diagnosis to surgery relative to White patients

Ref Referent category

*Relative to referent category

previously found, when evaluating both Surveillance, Epide-
miology, and End Results (SEER)-Medicare-linked database
and NCDB breast cancer cohorts, that time to surgery was
significantly associated with overall survival for stage I and
II disease in both datasets. In that study, a 3.1-4.6% absolute
decline in overall survival was seen with preoperative delays
of 90-120 days [1]. That prior study also found that>98% of
patients in the USA have surgery within 90 days of diagnosis
[1]. Although these studies suggested that an optimal maxi-
mum time from diagnosis to surgery should be <90 days, we
chose 60 days for this nomogram in order to provide a more
aggressive time frame and to direct concern to a wider group
of patients who may be at risk, especially as 1 in 4 patients
who realized a time to surgery of > 60 days had their surgical
treatment > 90 days from diagnosis.

The nomogram presented here includes sociodemo-
graphic factors and calculates a sum of contributions that
estimates the specific risk of delay > 60 days between diag-
nosis and surgery. The best use of this tool probably resides
in using it to compare risks between patients. So, for exam-
ple, if one were to calculate the individual risks of a set
of new patients presenting to a clinic, the nomogram can
objectively and uniformly identify specific patients at great-
est risk of delay who might benefit from greater attention
and follow-up using phone calls, scheduling efforts, or other
measures, to ensure that their care is not delayed. As can be
seen from the number of points contributed by each factor
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in the nomogram, some carry a greater weight for incur-
ring delay and may be predictable, such as Black race, His-
panic ethnicity, coverage by Medicaid, and a larger distance
from the treating facility, while others are not as intuitive.
For instance, we found that higher income predicted longer
preoperative intervals. Although the reasons are uncertain,
it may be explained by greater access to second opinions,
which are associated with delays [13]. Similarly, the asso-
ciation of lower clinical stage with delays may reflect less
urgency on the part of providers to expedite such patients.
Individuals in metropolitan locations may experience delays
because the institutions in those locations care for greater
numbers of patients relative to resources, limiting their abil-
ity to schedule and treat them expeditiously.

Our modeling suggests that resources to curb delays
may positively impact greater patient numbers when they
are focused on minorities and those with lower education
levels, Medicaid or no insurance, and those at greatest dis-
tance from their treatment facilities. Strategies to mitigate
delays to surgical treatment will vary on the locoregional
and institutional level based on resources and patient popu-
lation, but this national dataset provides a framework from
which regional differences can be refined.

The need for improvements in the preoperative period
stem not just from their potential to improve outcomes, but
because times to surgery have been noted to be increasing
[14]. Preoperative delays are also associated with delays in
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other treatment modalities, each of which have their own
timeliness standards in universally adopted quality meas-
ures [15]. The universally accepted standard for time from
diagnosis to treatment is 120 days for chemotherapy and
365 days for both radiation and endocrine therapies [16, 17].
While not the focus of our study, we have presented the
times from diagnosis to chemotherapy, radiation, and endo-
crine therapies (Supplemental Tables 1 and 2) for complete-
ness. The mean adjusted times from diagnosis to chemo-
therapy, radiotherapy, and endocrine therapy were 86.4 days,
120.7 days, and 154.9 days, respectively, demonstrating a
high degree of compliance with quality measures overall
[16]. We also found that the time to radiation and endocrine
therapy significantly increased for patients having tumors
of more advanced pathologic stage, which is expected and
consistent with the fact that such patients are more likely
to be recommended for adjuvant chemotherapy and have a
more complicated evaluation and treatment plan. Although
our analysis excluded patients receiving neoadjuvant chemo-
therapy because this was beyond the scope of our study,
further evaluation of that cohort is needed.

There may be confounding patient factors that were not
included in our analysis that contribute to how promptly
patients receive treatment. Even the complexity of the sur-
gery itself or skill of the operating surgeon can affect how
promptly patients have their operative procedures, although
this is not something typically available in any dataset.
Longer cases necessitating more operating room block time
may be more challenging to schedule [14]. Meanwhile, sec-
ond opinions, the addition of supplementary imaging, and a
need for multiple biopsies have also been found to lengthen
the preoperative interval [18, 19]. Even anxiety itself is asso-
ciated with delays, although this cannot be captured in most
datasets [20]. It must be noted that the Severe Acute Respira-
tory Syndrome Coronavirus-2 (SARS-CoV-2) pandemic of
2020, which brought with it widespread delays due to its
massive disruption to the healthcare system and concessions
to standard breast cancer management [21], occurred after
our cohort data were collected and is therefore not accounted
for by our nomogram. Although we know some of its effects
on patient populations, the impact on minority and disadvan-
taged segments of society is not yet clear.

In addition to the confounding factors and considerations
described above, there are further limitations that warrant
discussion. The NCDB is a national dataset and so local
or regional trends and practice patterns are not clearly dis-
cernable nor can they be determined by this or any national
nomogram. Clinicians should keep this in mind when imple-
menting the nomogram in practice, although this may serve
as a starting point for individual institutions. We also should
note that in constructing the tool, there were many patients
that needed to be excluded for even a single unknown data

point (Supplemental Table 3) in order to construct a valid,
applicable nomogram. It is possible that there were certain
patient variable combinations that were over- or under-rep-
resented in the nomogram due to this exclusion requirement,
although as shown in Supplemental Table 3, proportionally,
the various patient factor subsets are relatively unchanged
pre- and post-exclusion.

The strengths of our study include a large population
cohort, and although this study is a retrospective review, the
data are prospectively collected and represent approximately
70% of newly diagnosed malignancies in the US population,
as well as the combined experience of CoC centers. This
dataset also documents how patients are treated and includes
the associated biases that such individuals are subjected to
in the real world. Unfortunately, although we are able to
predict who is at risk for delay, the exact causes of delay
cannot be discerned from the dataset. Confounders from any
dataset, even one as large as the NCDB, do exist, and while
the NCDB is felt to be generalizable to the population at
large, there could be differences for individual subsets that
limit the application of the nomogram. We plan to imple-
ment the nomogram within our health system. We hope that
with application, further understanding of performance and
opportunities to improve the tool will result.

In conclusion, disparities in the timeliness of treatment
exist for minorities and those with socioeconomic disadvan-
tages. These disparities may affect breast cancer outcomes
in these groups and further attention is needed to limit the
magnitude and effect of delay on breast cancer mortality.
The nomogram created here has the potential to allow pro-
spective and objective prediction of what patients may be
most at risk for preoperative delay and improve compliance
with national quality standards. We hope this tool permits
providers to identify those at risk while paying attention to
local practice patterns and resources. We believe that the
nomogram should be used to help direct resources to those
with the greatest risk to minimize such disparities.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10549-021-06460-9.
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