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QUESTION ASKED: What factors are associated with delays in the time from initial diagnosis to

first systemic therapy among women with breast cancer in Vermont?

SUMMARYANSWER: Longer drive time from home to clinic, more invasive surgery, and breast

reconstruction are all associated with delays in chemotherapy initiation. Patients age younger than

65 years whose primary payer was Medicare had significantly longer average time to systemic

therapy compared with those with private or military insurance.

WHAT WE DID: We used Vermont Cancer Registry data and multivariable linear regression to

evaluate associations between time from initial diagnosis to first systemic therapy and patient,

tumor, treatment, and geographic variables for 702 female Vermont residents with stage I to III

breast cancer between 2006 and 2010 who received adjuvant chemotherapy.

WHAT WE FOUND: Most patients with stage I to III breast cancer are receiving adjuvant

chemotherapywithin the recommended timeframe; however, improvements are needed for certain

subgroups. Novel approaches for women with long drive times need to be developed and evaluated

in the community (Fig).

BIAS, CONFOUNDING FACTOR(S), DRAWBACKS: The study was dependent on the accurate
reporting of data fromhospitals to theVermontCancerRegistry regarding receipt of chemotherapy.

The study included a geographic area with nearly half of the study population living in rural towns.

Results may not be generalizable to urban settings, other cancer types, or other treatments received

for breast cancer (eg, radiotherapy).

REAL-LIFE IMPLICATIONS: Recent studies using large population databases describe the impact

of therapy delays (time to surgery and/or chemotherapy) on survival. Therefore, it is critical to

improve our understanding of what factors may influence the timing of breast cancer treatment.

Variation in time to chemotherapy by hospital, even after adjusting for patient, tumor, and

treatment factors, suggests opportunities for process improvement. There is an opportunity for

interventions that could reduce drive time for patients. Improved outreach and coordination and

novel approaches, including mobile chemotherapy units, increased use of patient navigators,

establishment of more guest housing near medical oncology practices, and recruitment of more

volunteers to drive patients to medical appointments, need to be developed and evaluated in the

community.

See the figure on the following page.
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FIG. Time from breast cancer diagnosis to initiation of chemotherapy. Histogram bars refer to number of patients, as indicated on left y-axis. Dashed line
indicates cumulative percentage of patients who received chemotherapy, as indicated by right y-axis.
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Abstract
Purpose
In the rural United States, there are multiple potential barriers to the timely initiation

of chemotherapy. The goal of this study was to identify factors associated with delays in

the time from initial diagnosis to first systemic therapy (TTC) among women with breast

cancer in Vermont.

Methods
Using data from the Vermont Cancer Registry, we explored TTC for 702 female Vermont

residents diagnosedwith stage I to III breast cancer between2006 and2010who received

adjuvant chemotherapy. Multivariable linear regression was used to evaluate the

associations between TTC and patient, tumor, treatment, and geographic variables.

Results
Mean TTC was 10.2 weeks. Longer drive time (P, .001), more invasive surgery (P = .01),

and breast reconstruction (P , .001) were each associated with longer TTC. Each

additional 15 minutes of drive time was associated with a 0.34-week (95% CI, 0.22 to

0.46weeks) increase in TTC. Participants age younger than 65 yearswhose primary payer

was Medicare (n = 27) had significantly longer average TTC, by 2.37 weeks (P = .001),

compared with those with private or military insurance. There was also substantial

variation in TTC across hospitals (P , .001).

Conclusion
Most female patients with stage I to III breast cancer in Vermont are receiving adjuvant

chemotherapy within the National Comprehensive Cancer Network–recommended

timeframe; however, improvements remain needed for certain subgroups. Novel

approaches for women with long drive times need to be developed and evaluated in the

community. Variation in TTC by hospital, even after adjusting for patient, tumor, and

treatment factors, also suggests opportunities for process improvement.

INTRODUCTION
Adjuvant chemotherapy for breast cancer
is a key component in the management of
patients at risk for systemic recurrence

andconveys a significant survival advantage
in appropriately selected groups.1 However,
the timing of administration of adjuvant
chemotherapy is not uniform.2 Several
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reports have demonstrated that the timeliness of adjuvant
chemotherapy for breast cancer has an impact on survival.3-8

Timeliness of appropriate care is one of the six aims for im-
provement promoted by the Institute of Medicine.9 The
American Society of Clinical Oncology and National Com-
prehensive Cancer Network (NCCN) quality measures rec-
ommend starting adjuvant chemotherapy within 120 days of
diagnosis for women age younger than 70 years with stage II
or III hormone receptor–negative breast cancer.10 However, a
recent study suggested that in certain high-risk breast cancers,
chemotherapy should not be delayed more than 60 days after
surgery.11

Prior studies have demonstrated rural versus urban dis-
parities in the timely initiation of chemotherapy; thesemust be
addressed to enhance outcomes and quality of care.12-15 The
availability and quality of cancer care in rural settings may be
influenced by structural barriers (eg, treatment facility hours
of operation, appointment wait times, and access to trans-
portation), physician factors, and patient factors (eg, health
literacy and perceptions about the health care system).16

Vermont is a predominantly rural state, with a goal of

increasing adherence to NCCN treatment standards,17 in-
cluding timeliness of care.18 In 2012, 89% of eligible women
treated at Commission on Cancer–accredited centers in
Vermont considered or received adjuvant chemotherapy
within 4months of breast cancer diagnosis.19 A task force was
convened to evaluate which factors influence time to che-
motherapy (TTC) in Vermont.

The goal of this study was to determine the distribution of
TTC amongVermont women diagnosed with breast cancer at
all facilities in Vermont and identify the possible barriers that
may contribute to delay in TTC, where TTC is defined as time
from initial diagnosis to first systemic therapy. We hypothe-
sized that timeliness of chemotherapy administration would
vary based on geographic barriers to access, such as drive time
to the treatment facility.

METHODS

Data Source
The Vermont Cancer Registry (VCR) is the statewide
population-based cancer surveillance system inVermont. The
registry collects information about all cancers (except non-
melanomaskincancersandcarcinomainsituof thecervix)and
all benign brain tumors diagnosed inVermont. TheVCRhas a
public health exemption to collect these data under theHealth

Insurance Portability and Accountability Act, and state law
provides the VCR with the authority to conduct and publish
studies of cancer using these data.20

Cohort Selection
The criteria for inclusion in the study were: female Vermont
residents with stage I to III breast cancer who were diagnosed
between 2006 and 2010, received chemotherapy, underwent
surgerybeforestartingsystemic therapy,andeither receivedno
radiotherapy or received radiotherapy after systemic therapy.
Patients missing data on one or more variables necessary to
determine study inclusion were excluded. One patient was
excluded because of an extreme TTC, 32.8 weeks, which was
morethan6weekspast thesecondto longestTTC(26.5weeks).
This left a final sample size for analysis of 702 participants.

Variable Definitions
Type of surgery to the primary site, which was performed as
part of the first course of treatment,was codedaccording to the
version of the Commission on Cancer Facility Oncology
Registry Data Standards manual applicable to the diagnosis

year. Each surgical code specified whether the surgical in-
tervention was followed by breast reconstruction.

Tumor stage was defined as the derived American Joint
CommitteeonCancer(AJCC)–6 stage group (for 2006 to 2009
diagnoses) or derived AJCC-7 stage group (for 2010 di-
agnoses) andwas coded according to Collaborative StageData
Collection System (version 02.04). The Collaborative Stage
Data Collection System was designed by an AJCC joint task
force to provide a single uniform set of codes and rules for
coding stage information tomeet the needs of all participating
standard setters.21 A computer algorithm provided the der-
ivation of T, N, M, and stage on the basis of the sixth and
seventh editions of the AJCC Cancer Staging Manual.

Primarypayerwas defined as the insurance plan at the time
of initial diagnosis and/or treatment. Primary payer was
grouped into five categories: insurance but no further in-
formation regarding type, any type of Medicare coverage,
Medicaid coverage, private or TRICARE insurance, and no
insurance or unknown insurance status.

Hospital was defined as the facility reporting the patient
case to the VCR. In the event that chemotherapy was ad-
ministered outside the hospital setting, the facility responsible
for reporting the treatment to the state was described as a
hospital. Hospital was assigned in the following order of
priority: first, if there was one reporting hospital, that hospital
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was used; second, if there was more than one reporting hos-
pital, and only one facility reported surgery, the hospital
reporting surgery was used; and third, if there was more than
one reporting hospital, and more than one facility reported
surgery, the largest facility (determined by the average annual
caseload of all cancers reported) was used. For records with an
unspecified out-of-state facility (n = 24), the largest reporting
facility of that state was used. Hospitals with fewer than 20
participants were combined into one group.

County was determined based on residence at time of
diagnosis. Two counties had few participants; they were di-
vided based on hospital service areas and assigned to an ad-
jacent county, which included the majority of the same
hospital service area.

Each patient’s geocoded town of residence was assigned
through a spatial join of their geocoded location (x and y
coordinates) and Vermont towns. Rural versus urban resi-
dence was determined by a spatial join between the town of
residence and towns with significant overlapping with Census
2010 urbanized areas of 50,000 or more people or urban
clusters of at least 2,500 but fewer than 50,000 people (Ap-

pendix Fig A1, online only).22

An origin–destination cost matrix analysis (ESRI ArcGIS
10.2.1 Network Analyst; http://www.esri.com/software/
arcgis/extensions/networkanalyst) was used to measure drive
time, where the origins were the patients’ geocoded residences
and destinations were the managing facilities. For each pa-
tient, the model calculated drive time as both distance and
travel time to all destinations, using Vermont road networks,
resulting in a drive time for each patient to each possible
hospital. A drive time to the hospital, determined as described,
was assigned to each patient. Ninety-six percent of patient
cases (n = 674) were geocoded to an address with number and
street; the remaining patient cases were geocoded to a town
centroid. Only 0.4% of records (n = 3) were excluded from the
drive time analysis because the hospital was out of state and
could not be located.

TTCwas calculated by subtracting thedate of first systemic
therapy from the date of initial diagnosis. During the study
period, the North American Association of Central Cancer
Registries required cancer registries to record the date of
initiation for systemic therapy; the data exchange standards
did not separate chemotherapy from hormonal agents or
other systemic therapies.23 Because chemotherapy preceded
hormonal therapy in the standard of care, it was assumed that
the date of first systemic therapy was the date of adjuvant

chemotherapy initiation. The date of diagnosis recorded in the
VCR is the date of initial diagnosis by a recognized medical
practitioner for the tumorbeing reported,whether clinically or
microscopically confirmed.23

Statistical Analyses
All statistical analyses were performed using SAS software
(version 9.3; SAS Institute, Cary, NC). An alpha of 0.05 was
used to determine statistical significance for all results.

The distribution of TTC was illustrated using Kaplan-Meier
failure curves. The log-rank test was used to assess univariable
differences in TTC Kaplan-Meier failure curves according to
independent variables. Linear regression was used to further
evaluate the association between each independent variable
andTTC,with both age and drive time analyzed as continuous
variables. In addition to univariable analyses, two multivariable
linear regression models were constructed. The first, hospital
adjusted, controlled for the effect of managing facility; the
second, multivariable adjusted, controlled for the effects of
tumor, patient, and treatment factors. Each variable related to
geographic location (hospital, county of residence, urban v

rural geography, and drive time) was added separately to the
multivariable-adjusted model. These four geographic vari-
ables had some colinearity and, as such, were not added to the
multivariable model together. To evaluate the effect of type of
insurance, an additional analysis was conducted that was
restricted to participants age younger than 65 years at the time
of diagnosis.

RESULTS
The demographic, tumor, and treatment characteristics of
participants are listed inTable 1. Amajority of the participants
were between the ages of 40 and 64 years; only 14% were age
65 years or older. Fifty-six percent of participants (n = 396)
had private or military health insurance; only 4% (n = 25) had
no insurance or an unknown insurance status. A majority of
the women underwent breast-conserving surgery (64%; n = 452),
and 10% (n = 72) underwent breast-reconstruction surgery. The
distribution of rural to urban residents was quite even (47% v
53%). A significant proportion of the study population (25%;
n = 177) had a drive time of 1 hour or more from their home
to the hospital managing their care.

Among the 702 participants, mean TTC was 10.2 weeks
(standard deviation, 3.99), and median TTC was 9.7 weeks
(Fig 1). Treatment factors were strongly associated with TTC
in multivariable linear regression analyses (Table 2). More
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invasive surgical intervention, such as total or other mas-
tectomy, was associated with longer TTC (0.64 weeks,
P = .106; 1.56 weeks, P = .003; overall P = .009), as was re-
constructive surgery (2.22weeks,P, .001). Increased agewas
nearly significantly associated with increased average TTC,
when adjusting for patient, tumor, and treatment factors
(P = .055).

Hospital and county of residence were both significant
predictors of TTC (both P , .001), even after adjusting for
patient, tumor, and treatment factors (results for individual
facilities and counties not shown). The specification of a
patient’s residence as urban or rural was not significantly
associated with TTC, although there was a nonsignificant
decrease of an average of 0.54 weeks in TTC among those
patients who lived in urban areas (P = .068). Increasing drive
time was significantly associated with an increase in TTC; an
additional 15 minutes of drive time was associated with a
0.34-week increase in TTC.

Laterality and year of diagnosis were not significant in
univariable or hospital-adjusted analyses and were not con-
sidered further (data not shown). Primary payer (type of in-
surance) was significant in univariable analyses but not
significant after adjusting for hospital (data not shown). This
was likely because of systematic differences between hospitals
in the level of detail provided to the VCR regarding patient
insurance and the fact that the primary payer for a majority of
patients age 65 years or older was Medicare.

Appendix Table A1 (online only) lists the results of a

multivariable model, with adjustment for patient, tumor, and
treatment factors, as well as hospital, which was restricted to
participants age younger than 65 years (n = 601) to remove all
those who had Medicare because of age. Patients whose
primary payer was Medicare (for a reason other than age;
n = 27) had significantly longer average TTC, by 2.37 weeks,
compared with those participants who had private or
TRICARE insurance (P = .001).

DISCUSSION
The mean TTC in our study for Vermont (10.2 weeks) was
similar to the TTC reported for the NCCN institutions
(12.0 weeks),23 which are generally large urban institutions.
Considering the logistic challenges patients with cancer face
in a small rural state with more limited resources, this finding
is reassuring.

As hypothesized, geographic variables were significantly
associated with longer TTC. Other factors associated with
longer TTC were hospital, more extensive surgery, and breast
reconstruction. It is not unexpected that northeastern and
southeastern counties had longer TTCs, given that these
areas have more rural roads and are farther away from large
highways. Notably, there were no differences in TTC as a
function of patient age or year of diagnosis. A delay in TTC
was also found for a small number of study participants age

Table 1. Demographic and Clinical Characteristics of Par-
ticipants Included in Analysis

Characteristic No. %*

Age, years
, 40 49 7
40-49 218 31
50-64 334 48
65-74 86 12
$ 75 15 2

Primary payer
No insurance or unknown 25 4
Insurance NOS 120 17
Medicaid 43 6
Medicare 118 17
Private, TRICARE, or VA 396 56

Urban or rural residence
Missing 1 , 1
Rural 328 47
Urban 373 53

Drive time, minutes
, 15 204 29
15-29 126 18
30-44 95 14
45-59 97 14
$ 60 177 25
Unknown 3 , 1

Tumor stage
I 249 35
II 341 49
III 112 16

Surgery
Radical mastectomy, mastectomy
NOS, or modified radical mastectomy

73 10

Total mastectomy 177 25
Partial mastectomy 452 64

Reconstruction†
Yes 72 10
No 630 90

Abbreviations: NOS, not otherwise specified; VA, Veterans Affairs.
*May not sum to 100% because of rounding.
†Among those who underwent surgery.
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younger than 65 years whose primary payer was Medicare.
There is a need to further investigate access to care among
patients with breast cancer who are covered by Medicare for
reasons other than age.

The findings of more invasive surgery and breast recon-
struction being associated with longer TTC were consistent
with previous research by Vandergrift et al,2 who found that
most observed variation in TTC among patients in the NCCN
Outcomes Database was related to use of appropriate ther-
apeutic interventions. This is expected, given that patients
with more extensive surgery may require longer recovery
periods. The fact that hospital was a significant predictor of
TTC, even after adjusting for patient, tumor, and treatment
factors, offers opportunities for process improvement, par-
ticularly relating to hospitals with patients who have longer
drive times on average.

There are several limitations to our research. The study is
dependent on the accurate reporting of data from hospitals to
the VCR regarding receipt of chemotherapy. We conducted an
exploratory analysis to investigate whether hospitals under-
reported chemotherapy, because facilities may have prioritized
reporting of incidence and stage over treatment data as a result
of the statutory requirements for timely reporting.20 We
followed back all potentially eligible patient cases of breast
cancer from one small community hospital that were not
included in the analysis because the patient case record in-
dicated no chemotherapy treatment. In all cases, we found
that provider and patient decision making resulted in no

chemotherapy treatment. This provides reassurance that
under-reporting of chemotherapy treatment was not frequent.
Furthermore, aDelaware study recently supported the validity
of central cancer registry data to evaluate timeliness of breast
cancer treatment, providing the ability to benchmark breast
cancer treatment timelines to national recommendations.24

The use of population-based data to evaluate access to breast
cancer care is an inclusive approach because women are
included regardless of residence or treating hospital.

There are recognized limitations with origin (patient res-
idence) and destination (hospital) in the drive time analysis. A
small number of patients (n = 24; 3%) received their care at an
out-of-state hospital about which we did not have enough
detail to determine a specific facility. In those instances, the
patients were attributed to the largest reporting facility for
that state. In the case where a hospital had a satellite medical
oncology practice, it was impossible to tell the geographic
location where chemotherapy was administered using the
reporting hospital code. When two or more hospitals were
involved in a patient’s care, and both facilities reported
surgery, we assigned the largest facility the role of hospital.
This affected 24% (n = 168) of patient cases (data not shown).
It is possible that the assignment rule could have resulted in
longer drive time estimates for some unknown portion of
these 24%.

A change in residence after diagnosis or use of short-term
housing near the hospital during treatment would not have
been recorded by the VCR. A small number of patients’
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FIG 1. Time from breast cancer diagnosis to initiation of chemotherapy. Histogram bars refer to number of patients, as indicated on left y-axis. Dashed line
indicates cumulative percentage of patients who received chemotherapy, as indicated by right y-axis.
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residences (n = 28; 6%) were geocoded to a town centroid. For
all of these patient cases, it is possible that the calculated drive
time was longer or shorter than the actual drive time. Only
0.4% of records (n = 3) were excluded from the drive time
analysis because the hospital was out of state and could not be
located. We would not expect these challenges to explain our
observation that TTC differed by drive time; rather, we would
expect any such misclassification of drive time to attenuate
the observed results.

The rural versus urban classification system used in this
study is helpful for disseminationof results amongcommunity
stakeholders, but it is a less accurate residential classification
thandrive timewhenconsidering factors fordelays in adjuvant
chemotherapy. The urban category could include rural study
participants because residents of rural areas of townswould be

designated urban if any part of the town contained a Census
2010 urban cluster.

Our study included a geographic area with nearly half of
the study population living in rural towns. It is unclear how
generalizable these results would be to more urban areas. Our
results should be generalizable to women undergoing che-
motherapy for breast cancer in rural settings; results may not
be generalizable to urban settings, other cancer types, or other
treatments received for breast cancer (eg, radiotherapy).

Most female Vermont patients with stage I to III breast
cancer are receiving adjuvant chemotherapy within the
NCCN-recommended timeframe. However, there are some
demographic, hospital, and treatment factors related to re-
duced timeliness in breast cancer treatment. Recent studies
using large population databases have described the impact

Table 2. Linear Regression Results for Models of TTC As Function of Various Patient, Tumor, Treatment, and Geographic
Variables

Variable

Unadjusted Hospital Adjusted Multivariable Adjusted*

Estimated
ΔTTC (weeks) 95% CI P

Estimated
ΔTTC (weeks) 95% CI P

Estimated
ΔTTC (weeks) 95% CI P

Stage .115 .052 .155
I Referent Referent Referent
II 20.32 20.97 to 0.34 .341 20.63 21.24 to 20.03 .041 20.60 21.24 to 0.04 .067
III 0.58 20.31 to 1.47 .202 0.13 20.70 to 0.95 .760 20.13 21.05 to 0.79 .784

Surgery , .001 .002 .009
Partial mastectomy Referent Referent Referent
Total mastectomy 1.39 0.71 to 2.08 , .001 1.06 0.42 to1.71 .001 0.64 20.14 to 1.42 .106
Other mastectomy or
unspecified mastectomy

1.84 0.86 to 2.81 , .001 0.94 20.01 to 1.89 .052 1.56 0.53 to 2.59 .003

Reconstruction , .001 , .001 , .001
No Referent Referent Referent
Yes 2.38 1.42 to 3.34 , .001 1.66 0.75 to 2.57 , .001 2.22 1.13 to 3.31 , .001

10-year increase in age 0.02 20.01 to 0.05 .124 0.16 20.12 to 0.43 .260 0.30 20.01 to 0.60 .055

Hospital , .001 , .001

County , .001 .100 , .001

Rural or urban (n = 701)† .061 .802 .068
Rural Referent Referent Referent
Urban 20.57 21.16 to 0.03 .061 0.07 20.49 to 0.64 .80 20.54 21.12 to 0.04 .068

Drive time (n = 699)† , .001 .207 , .001
15-minute increase 0.37 0.25 to 0.49 , .001 0.09 20.05 to 0.24 .207 0.34 0.22 to 0.46 , .001

NOTE. Results are presented as overall variable significance and individual estimates of change in TTC, measured in weeks, when comparing specific level of
variable with referent level, along with associated 95% CIs and P values.
Abbreviation: TTC, time to chemotherapy.
*Multivariablemodel adjusted for tumor subsite, tumor histology, tumor stage, type of surgery, use of breast reconstruction surgery, and patient age at time of
diagnosis.
†All 702 participants were included, except when model contained drive time, which could not be determined for three participants, or rural versus urban
geography variable, which was missing for one participant (also missing drive time).
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of therapy delays (time to surgery and/or chemotherapy) on
survival.12,25 Therefore, it is critical to improve our un-
derstanding of what factors may be influencing the timing of
breast cancer treatment.

Now that those factors have been identified, there is an
opportunity to research interventions that could reduce drive
time for patients. The delay in TTCwith increasing drive time
suggests this area is in need of targeted interventions. For
example, could patients going to larger hospitals for surgery
access chemotherapy at nearby hospitals? Could trans-
portationassistanceprogramsbedeveloped for these patients?
Could surgeons recommend that patients seek chemotherapy
at local hospitals? Referral patterns and hospital affiliations
would have to be considered in designing such interven-
tions. Improved outreach and coordination, such as with
Vermonters Taking Action Against Cancer, and novel ap-
proaches, includingmobile chemotherapyunits, increaseduse
of patient navigators, establishment of more guest housing
near medical oncology practices, and recruitment of more
volunteers to drive patients to medical appointments, need to
be developed and evaluated in the community.
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Appendix

Table A1. Results From Model Restricted to Patients Age , 65 Years (n = 601), Adjusted for Patient,
Tumor, and Treatment Factors and Hospital

Variable

Multivariable and Hospital Adjusted

Estimated ΔTTC (weeks) 95% CI P

Age, years .066
Add 10 years 0.36 20.02 to 0.74 .066

Hospital , .001

Payer .008
Private or TRICARE insurance (n = 391) Referent
Unknown or no insurance (n = 24) 1.13 20.38 to 2.64 .143
Insurance NOS (n = 116) 20.04 20.88 to 0.80 .924
Medicaid (n = 43) 20.45 21.60 to 0.70 .440
Medicare (n = 27) 2.37 0.97 to 3.78 .001

NOTE. Results are presented for three variables: age, hospital (overall significance only), and primary payer. Results are presented as
overall variable significance and individual estimates of ΔTTC when comparing specific level of variable with referent level, along with
associated 95% CIs and P values.
Abbreviations: NOS, not otherwise specified; TTC, time to chemotherapy.
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FIG A1.Urban and rural areas in Vermont according to Vermont 2010 Census. (*) Census Bureau identifies two types of urban areas: urbanized areas ($ 50,000
people) and urban clusters ($ 2,500 to , 50,000 people). Rural encompasses all populations, housing, and territories not included within urban areas.
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