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Abstract

Objectives: The objective of this study was to evaluate a patient navigation (PN) program that attempts to reduce
the time between a breast cancer screening abnormality and definitive diagnosis among medically underserved
populations of Tampa Bay, Florida.
Methods: The Moffitt Patient Navigation Research Program conducted a cluster randomized design with 10 primary
care clinics. Patients were navigated from time of a breast screening abnormality to diagnostic resolution. This paper
examined the length of time between breast abnormality and definitive diagnosis, using a shared frailty Cox
proportional hazard model to assess PN program effect.
Results: 1,039 patients were eligible for the study because of an abnormal breast cancer screening/clinical
abnormality (494 navigated; 545 control). Analysis of PN effect by two time periods of resolution (0-3 months and > 3
months) showed a lagged effect of PN. For patients resolving in the first three months, the adjusted Hazard Ratio
(aHR) was 0.85 (95% Confidence Interval [CI]: 0.64-1.13) suggesting that PN had no effect on resolution time during
this period. Beyond three months, however, navigated patients resolved more quickly to diagnostic resolution
compared with the control group (aHR 2.8, 95%CI: 1.30-6.13). The predicted aHR at 3 months was 1.2, which was
not statistically significant, while PN had a significant positive effect beyond 4.7 months.
Conclusions: PN programs may increase the timeliness of diagnostic resolution for patients with a breast cancer-
related abnormality. PN did not speed diagnostic resolution during the initial three months of follow up but started to
reduce time to diagnostic resolution after three months and showed a significant effect after 4.7 months.
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Introduction

Medically and historically underserved populations often
experience delays in breast cancer diagnosis and treatment,
more late-stage breast cancer diagnosis, and overall higher
breast cancer-related mortality and morbidity [1-3]. Studies
have found that diagnostic delays of three or more months can
reduce survival in patients with breast cancer [4,5]. While

detection and treatment of breast cancer in its early stage
improves long term survival [6], timely diagnostic care following
a symptom or screening abnormality can be impeded by
several factors including personal, logistical, and health system
barriers, as well as a lack of social support to obtain needed
care [7-9].

Patient navigation (PN) is a patient-centered health care
service delivery model that centers on reducing barriers to
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cancer care [10-13]. Most studies that have evaluated whether
PN is associated with better adherence to recommended
diagnostic care or more timely receipt of diagnostic care
following an abnormal screening mammogram or symptom of
breast cancer have found that PN is indeed a promising
strategy [14-17]. However, some of these studies had
limitations in research design, necessitating the conduct of
larger, controlled trials of PN. The National Cancer Institute
(NCI) and the American Cancer Society funded nine Patient
Navigation Research Program (PNRP) sites across the United
States to evaluate whether PN is associated with timely
adherence to recommended cancer care [18-20]. The Moffitt
Cancer Center PNRP (Moffitt PNRP) is one of the nine sites.
The Moffitt PNRP was a cluster randomized trial to evaluate
the efficacy of PN in improving timeliness of diagnostic
resolution of cancer related abnormalities among a vulnerable,
medically underserved population of racial and ethnic
minorities and migrant farm workers in Tampa Bay, Florida.

The efforts and goals of the Moffitt PNRP were further
enhanced through collaborative interactions with established
community partners of the Tampa Bay Community Cancer
Network (TBCCN). TBCCN represents a highly complementary
NCI funded community network program, comprised of 22
community partners, designed to address the cancer burden in
racial/ethnic minorities and other underserved across
populations by engaging community members through
Community-Based Participatory Research [21].

We reported that PN did not have a significant effect on
median time to diagnostic resolution among a combined
sample of patients with either breast or colorectal abnormality,
using a general linear mixed model approach [19]. Because
clinical care of persons with breast and colon abnormalities is
quite different, it is important to understand if the effectiveness
of PN differs in these two cancer conditions.

The objective of this study was to evaluate the efficacy of PN
among patients enrolled in the Moffitt PNRP study as a result
of a breast related abnormality using a more detailed analysis
of time-to-diagnostic resolution. Because other studies have
used less specific measures of the time to diagnostic resolution
(i.e., diagnostic resolution within three months versus six
months of abnormality), this investigation added new
information by examining whether a more precise
measurement of the timing of diagnostic resolution helped
clarify the efficacy of the PN program.

Methods

The protocol for this trial and supporting CONSORT checklist
are available as supporting information; see Checklist S1 and
Protocol S1. The Moffitt PNRP used a controlled cluster
randomized trial (CRT) design in which clinics were
randomized to either PN group or control group, and the
outcomes and variables were measured on patients within the
clinics. More detailed information about CRT (equivalently
group randomized trial) design appears in Lee et al. (2009)
[22].

Clinic Recruitment and Randomization
Project investigators approached Tampa Bay health care

organizations with community- based primary care clinics,
serving populations affected by health disparities in both urban
and rural areas. A total of 12 clinics from five health care
organizations agreed to participate in the study. Randomization
was stratified by health care organizations, as clinics within
each health care organization were relatively homogeneous.
Seven and five clinics were randomly assigned PN and control
groups, respectively, and they joined the study between
2/27/2006 and 6/27/2008. Randomization was conducted by
the study statistician using the procedure of PLAN in SAS.

Participant Population and Sample
Similar to the demographic characteristics of the Tampa Bay

region [23], the populations served by the primary care clinics
in this study were mostly Hispanic, African-American, and
White. Patients with an abnormality on clinical breast
examination, mammography (BIRADS 0, 3, 4, 5), ultrasound,
or magnetic resonance imaging that required additional
diagnostic imaging or referral to a specialist for further
evaluation were eligible to participate in the study. Participants
were also considered eligible for PN if they had pathologically
confirmed newly diagnosed breast cancer but had not yet
undergone initial treatment. Cancer patients were not included
in our analysis due to the primary outcome of time to definitive
resolution. Patients were excluded if they were cognitively
impaired, institutionalized, less than 18 years old, diagnosed
with a previous cancer within the past five years (excluding
non-melanoma skin cancer), or currently undergoing cancer
treatment.

Participant Identification and Recruitment
Participants were enrolled between 3/11/2006 and

12/15/2009. The last chart reviews were performed in 8/2010.
Eligible patients were identified through several methods
including mammography screening logs, information from
referral coordinators, identification/referral from clinical staff,
and computer searches of relevant diagnostic codes. The
medical records of participants at control clinics were reviewed
when it was determined that a patient met inclusion criteria.
Once participants were identified at navigation clinics and a
written referral was provided by the patient’s health care
providers, a patient navigator contacted the patient and
obtained informed consent for the study during an in-person
visit. The PN program did not attempt to change referral
patterns within participating clinics, and each clinic continued
their usual referral pattern that included community hospitals,
public hospitals, and a tertiary cancer center. Clinics generally
referred patients to centers that were geographically close.
Most clinics had a member of the office staff specifically
assigned to help implement patient referrals. The study was
approved by the Institutional Review Board of the University of
South Florida. As participation of control patients was limited to
medical record abstraction, informed consent was waived by
the IRB.

PN and Time to Diagnostic Resolution

PLOS ONE | www.plosone.org 2 September 2013 | Volume 8 | Issue 9 | e74542



Patient Navigation (PN) Intervention
The nation’s first PN program was initiated by Harold

Freeman at Harlem Hospital Center in New York City in 1990 in
an effort to close the health disparity gap and to enhance the
health experiences of patients [18,24]. Since then, the PN
programs are being increasingly adopted across the nation.
The goal of PN, as an intervention, is to promote the timely
care of an individual patient in a culturally sensitive manner by
eliminating barriers across all phases of the health care
continuum. The barriers that PN program are attempting to
overcome are specific to each patient navigated. Some
common barriers include difficulty with communication,
inadequate health literacy, and difficulties with arranging
transportation or scheduling an appointment. Therefore, the
core function of PN is achieved through a one-on-one
relationship between the patient navigator and the patient. As
one of nine national PNRP sites, the Moffitt PNRP was
designed to evaluate the efficacy of PN in timeliness of
diagnostic resolution for patients with breast or colorectal
abnormalities. The PN program was evaluated in four counties
among an ethnically and medically underserved population with
breast or colorectal abnormalities in the Tampa Bay area of
Florida. Five paid lay patient navigators provided PN services
in the Moffitt PNRP [19].

Control
Patients of clinics randomized to the control group did not

receive services of a PN, but was provided usual medical care,
which may include referral to specialty services for follow up of
the breast cancer screening abnormality.

Primary Study Outcome
The main outcome for this study (denoted as T1) was length

of time between the abnormal symptom or screening date and
date of definitive diagnosis. For patients who did not achieve
definitive diagnosis, the date of last follow-up was recorded.
Clinical follow-up of identified abnormalities occurred through
2/2010. Definitive diagnosis was defined as the point in time in
which a breast cancer was diagnosed or a non-breast cancer
diagnosis was rendered and no further immediate evaluation
was required. The definitive diagnosis could result from biopsy,
additional imaging, or other diagnostic tests, or by clinical
assessment of a medical specialist.

Recruited and Analytic Sample Sizes
Based on a priori sample size calculation, our protocol

targeted 1,400 eligible patients at 12 clinics with an average of
111 participants from each clinic [25]. After assessing patients
for trial eligibility, there were 1,368 patients randomized either
to PN intervention or to usual care [19]. See CONSORT
diagram (Figure 1) for enrollment, allocation, follow-up, and the
final analytic participants having breast cancer abnormalities.
For this study we excluded those patients who had colon
cancer abnormality (n=226). After reviewing their charts after
randomization, 32 patients were deemed ineligible and
excluded. We additionally excluded the following patients:
patients who had both breast and colorectal abnormalities

(n=5), had diagnosed cancer (n=26), had resolved on the very
day of their initial abnormality (n=17), did not provide a consent
form to have their chart reviewed (n=19), or were from one of
the two health care organizations having very few intervention
patients to be navigated (n=4). The final analytic sample size
included 494 participants from 5 clinics randomized to receive
patient navigation and 545 participants from 5 control clinics.

Statistical Analysis
Our analytic approach was based on the cluster randomized

trial (CRT) design [22] of the study in which participants may be
clustered by clinic. Demographic and clinical variables at
baseline were compared between the groups, using the
generalized linear mixed effects models in which the clinic was
treated as a random effect.

Survival analysis approaches were used for the time-to-
resolution outcome (T1) to assess the PN program effect.
Participants who had not achieved definitive diagnostic
resolution were censored at the time of last medical record
abstraction. The median resolution time and resolution rate at a
certain time point was summarized, using the Kaplan Meier
method. An examination of the overall survival curves showed
that the two curves crossed at 3 months. This implied the PN

Figure 1.  CONSORT flow diagram of Tampa PNRP and
Patients with Breast.  Cancer Screening Abnormalities. This
is partially modified from the previous our study report for the
different analytic data set (page 1665; Figure 1) [19].
doi: 10.1371/journal.pone.0074542.g001
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effect did not appear immediately after the inception of PN
program. In addition, from a statistical point of view this implies
that the constant proportional hazards assumption would be
invalid for this data. Therefore, a stratified analysis was
considered to examine the effect of patient navigation by two
time periods: 0 -<= 3 months and > 3 months from screening
abnormality to diagnostic resolution period.

Shared frailty Cox proportional hazards models were used to
estimate the PN effect. Each clinic was a cluster that
contributes multiple patients to the input data set. To account
for the expected intraclass correlation among patients within a
clinic, the clinic was treated as a normally distributed random
effect using a shared frailty. We included the following
covariates as potential confounders in the multivariable
models; ethnicity (Hispanic, non-Hispanic), language (English,
non-English), marital status (married, not-married), and
insurance (some form of health insurance, uninsured). The
proportional hazard assumption was tested using graphical and
numerical methods [26]. The predicted hazard ratio of PN at a
certain time point was calculated from a multiple Cox model
using a linear combination of the main effect of PN and the
interaction term between PN and time. The significance of each
predicted hazard ratio across time was tested using a Wald test
in the model. All tests were two-sided. Analyses were
conducted using SAS (version 9.3; SAS Institute, Cary, NC).

Results

Participant Characteristics
Overall, most participants were female (99.0%), Hispanic

(60.4%), non-English speakers (54.8%), had no health
insurance coverage (54.2%), had less than a high school
education (54.6%), and had household incomes of less than
$20,000 per year (88.3%). About half the participants were
married, with navigated patients being more likely to be married
(58.7%) than control patients (42%) and having no more than
an 8th grade education (46.2%) compared to control patients
(22.2%). Fewer navigated patients had a family history of
breast cancer compared to control patients (4.5% vs. 8.8%)
(Table 1). Participants were generally recommended to have
either additional imaging (ultrasound 51.3%, diagnostic
mammography 27.8%) or breast biopsy (17.4%) to determine
whether or not they had breast cancer. For patients receiving
PN, the median time from diagnostic abnormality to first contact
with PN was 19 days.

Characteristics of the Time to Diagnostic Resolution of
the Breast Abnormality (T1)

912 of the participants (88%) reached diagnostic resolution,
and 127 (12%) were censored (i.e. never resolved). The
distributions of time to diagnostic resolution (T1) were
examined for all participants and the histogram showed an
extremely skewed distribution. Kaplan-Meier curves suggested
that the median time between the screening abnormality and
diagnostic resolution was not different between the two groups,
although the PN group had a longer median time than the
control group (2.0 vs. 1.7 months). However, at about three
months the survival curves of the two groups crossed, and the

Table 1. Demographic and Social Economic Characteristic
of Patients by Groups at Baseline.

Variables: Levels
Control Group
N=545

Patient Navigation
Group N=494

P value
(1)

Age at diagnosis in years:
Mean (STD)

47.6 (13.0) 41.0 (11.4) 0.28

Gender    
Female 537 (98.7%) 491 (99.4%) 0.41
Male  7 (1.3%)  3 (0.6%)  
Race    
Black non Hispanic  78 (14.9%)  24 (4.9%) 0.28
White non Hispanic 185 (35.4%)  84 (17.1%)  
Hispanic/Latina 234 (44.7%) 378 (77.0%)  
Mixed/Other non Hispanic  26 (5.0%)  5 (1.0%)  
Ethnicity    
Not Hispanic/Latina 289 (55.3%) 113 (23%) 0.18
Hispanic/Latina 234 (44.7%) 378 (77%)  
Language    
English 323 (60%) 142 (29%) 0.14
Non-English 215 (40%) 348 (71%)  
Marital Status    
Married 198 (41.8%) 256 (58.7%) 0.02
Non-Married 276 (58.2%) 180 (41.3%)  
Education    
8th grade or less 49 (22.2%) 144 (46.2%) 0.04
Some high school 38 (17.2%)  60 (19.2%)  
High school
diploma(including
equivalency)

68 (30.8%)  72 (23.1%)  

Some college/vocational after
high school or Associate
degree or College graduate

66 (29.9%)  36 (11.5%)  

Income    
Less than $10,000 191 (60.1%) 153 (40.9%) 0.12
$10,000 to $19,999 101 (31.8%) 166 (44.4%)  
$20,000 to $29,999  17 (5.3%)  47 (12.6%)  
$30,000 or more  9 (2.8%)  8 (2.1%)  
Employment    
Employed full time  94 (24.2%) 120 (30%) 0.65
Not employed full time 295 (75.8%) 280 (70%)  
Health Insurance Status    
Coverage 335 (62%) 135 (27.8%) 0.20
No health insurance
coverage

205 (38%) 350 (72.2%)  

Insurance Type among
Those Insured

   

Private insurance  37 (11.1%)  17 (12.8%) 0.88
Medicaid(no private or
Medicare)

 85 (25.6%)  35 (26.3%)  

Medicare(no private)  56 (16.9%)  13 (9.8%)  
Other government
insurance(no private,
Medicare, or Medicaid)

154 (46.4%)  68 (51.1%)  

Family history of breast    
No 497 (91.2%) 472 (95.5%) 0.03
Yes 48 (8.8%) 22 (4.5%)  
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resolution rates showed a dramatic change. Specifically, prior
to three months the control group appeared to have quicker
diagnostic resolution than the PN group, but beyond three
months, those receiving PN seemed more likely to achieve
diagnostic resolution in less time (Figure 2a). This was also
confirmed by checking the adequacy of the Cox regression
model over time, i.e., the proportional hazard assumption for
the Cox model was violated for the PN effect (p<0.0001).

PN effect during 0-3 months.  All study participants
(n=1039) were included in this time period analysis. Patients
who resolved or were lost to follow-up after three months
(n=15) were censored at 3 months. The proportion of patients
who did not resolve at 1 month was 82% for PN group and
68% for control group (Figure 2b). The adjusted hazard ratio
(aHR) was 0.85 (0.64-1.13), indicating the resolution rate for
PN group was slower than the control group, although it was
not statistically significant (Table 2 upper panel). Marital status
was the only statistically significant variable in the model
(married women had faster resolution rates, aHR=1.39 95% CI:
1.16-1.67).

PN effect between > 3 months and the last follow-up.  For
this time period analysis, patients who resolved on or before 3
months were excluded (n=669), leaving 370 participants in the
analysis. Beyond three months, the PN group showed a
significantly shorter median time to resolution compared to the
control group: 6.2 months (95% CI: 5.5-7.1) and 12 months
(95% CI: 8.5-14.8), respectively (Figure 2c). The resolution rate
at 12 months was 79% and 50% for the PN and control groups,
respectively. The aHR was 2.83 (95% CI: 1.30–6.13),
indicating a significantly quicker resolution rate of PN
compared to the controls (Table 2 lower panel).

PN effect on time-to-resolution from multivariable model
across time.  Table 3 shows the results of the multivariable
shared frailty Cox analysis for T1 with an interaction term of PN
with time as well as the other covariates used above. The main
effect of PN was estimated with an aHR of 0.85 (95% CI:
0.57-1.29), which is the effect of PN when month was 0 or
when patients first had the abnormal symptoms. The PN effect
decreased the hazard of resolution by about 15%, although this
was not statistically significant. The interaction term, PN x
Time, was statistically significant at the 0.001 level, indicating
that the effect of PN varies with time.

Predicted PN effect to time-to-resolution.  To investigate
how the effect of PN changes over time we quantified the PN’s
effect for any given month from the estimated Cox model as

Table 1 (continued).

Variables: Levels
Control Group
N=545

Patient Navigation
Group N=494

P value
(1)

Charlson Comorbidity Index
score

   

0 441 (80.9%) 436 (88.3%) 0.67
1  80 (14.7%)  52 (10.5%)  
2+  24 (4.4%)  6 (1.2%)  

(1). Generalized Mixed Effects Model P Value for Variable vs. Control/Navigated
doi: 10.1371/journal.pone.0074542.t001

[-0.158 + 0.118 x Months] from Table 3. For example, at one
month from the abnormal symptom, the PN effect is
approximately 0. At three months the final PN effect, while
controlling for other covariates, was 0.20 (aHR=1.2; p=0.33). At
five months, the PN effect was 0.43 (aHR=1.5; p=0.034).
Finally at 6 months and 12 months the aHR were calculated as
1.7 (p=0.008) and 3.5 (p=0.0001), respectively. Figure 3
illustrates the predicted aHRs across time. It appears that PN
had no statistically significant effect on the hazard of resolution
during the first 4.6 months but a significant positive effect
beyond 4.7 months (p < 0.05).

Discussion

Previous studies found inconsistent results about PN on the
time to diagnostic resolution [6,14-17,27] ; while one study
found that PN had no effect on the time to diagnostic resolution

Table 2. Multivariable analysis for time to diagnostic
resolution among patients having breast cancer abnormal
symptoms by the resolution time period (prior- and post-3
month).

Period Variables
Adjusted Hazard
Ratio+ 95% CI

0 − <= 3 months PN vs. Control 0.85 0.64-1.13
 Hispanic vs. Non-Hispanic 1.15 0.88-1.51
 English vs. Non-English 1.01 0.77-1.34

 
Health Insurance vs. No Health
Insurance

1.01 0.83-1.23

 Married vs. not-married 1.39 1.16-1.67
> 3 months    
 PN vs. Control 2.83 1.30-6.13
 Hispanic vs. Non- Hispanic 1.31 0.84-2.04
 English vs. Non-English 0.65 0.41-1.03

 
Health Insurance vs. No Health
Insurance

0.95 0.68-1.31

 Married vs. not-married 1.04 0.78-1.38

+. Four covariates were adjusted for in the model: Ethnicity, Language, Marital
status, and Health Insurance.
doi: 10.1371/journal.pone.0074542.t002

Table 3. Multivariable analysis for time to diagnostic
resolution among patients having breast cancer abnormal
symptoms for all participants.

Variables
Parameter
Estimate

Standard
Error

Adjusted Hazard
Ratio (95% CI)+ p-value+*

Patient
Navigation (PN)

-0.158 0.210 0.85 (0.57-1.29) 0.454

PN x Time 0.118 0.020 1.13 (1.08-1.17) <0.001

+. Four covariates were adjusted for in the model: Ethnicity, Language, Marital
status, and Health Insurance.
*. The p-values were adjusted for the shared frailty random effect.
doi: 10.1371/journal.pone.0074542.t003
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Figure 2.  Kaplan-Meier estimates of time to diagnostic resolution: overall and 3 months cut-points.  A: All patients across
overall time period. B: Patients who resolved prior to 3 months. C: Patients who resolved beyond 3 months.
doi: 10.1371/journal.pone.0074542.g002
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of a breast cancer screening abnormality [28], several other
studies found that PN led to more timely diagnostic resolution
[14-17,27]. The results from our study may explain these
discrepancies. We found that PN exerted its significant and
positive effect after a certain time point. Among participants
who resolved beyond three months, those who received PN
were more likely to achieve diagnostic resolution in less time
than participants who received usual care. The benefit of PN,
therefore, seems to begin occurring around three months, and
by about 5 months, PN was superior to usual care in reducing
the time to diagnostic resolution of the screening abnormality.

There are several possible reasons for the lack of navigation
impact early in the follow up period. First, because this was a
research study there were requirements to receive formal
referral from primary care providers and obtain patient informed
consent before navigation could begin. For one-third of
navigated patients, formal navigation did not begin until more
than one month after the initial abnormality. Navigators thus
faced several logistic hurdles (awaiting formal referral,
contacting and consenting patients) that were not present in
the control group.

We found that the impact of PN was greater for persons with
delayed diagnostic resolution and PN impact appeared to
increase exponentially over follow-up time. Persons with
delayed resolution may have substantial barriers to care and
require greater assistance to reach resolution. Therefore, these
patients having personal, logistical, and health system barriers
may be the most likely to be lost to follow-up and in greatest
need of patient navigation. Our data suggest that the greater
the delays in diagnostic resolution the greater the impact of
patient navigation. Future research is needed to better define

Figure 3.  Predicted Hazard Ratio for PN across Time
(Months) and P-value.  
doi: 10.1371/journal.pone.0074542.g003

which patients are most likely to benefit from PN so that this
resource can be targeted.

Although not statistically significant, there were substantive
socio-demographic differences (ethnicity, language, health
insurance) between navigated and control patients that, based
on prior research, would tend to favor the control arm [29-33].
We also found evidence that providers tended to selectively
refer persons for PN that providers judged would have more
difficulty reaching diagnostic resolution [19]. This may have
biased our findings towards a null effect.

This study was conducted in clinics that are committed to
improving the lives of medically underserved persons. The
results of navigation may differ among other populations and in
other settings. Because of our limited sample size, we did not
examine other outcomes that are potentially important such as
cancer stage at diagnosis, patient satisfaction, the effect of PN
on treatment outcomes, and cost effectiveness. These
outcomes will be reported separately by the national PNRP
research group. Finally, our study focused on patients with
breast cancer related abnormalities and the effects of PN may
differ for other cancers.

In conclusion, the Moffitt PNRP found that PN reduced
overall time from screening abnormality to diagnostic resolution
for persons with delayed diagnosis. Our results also suggest
that benefits of navigation increase as diagnostic delay
increases. Further research is warranted to investigate the
specific reasons that cause diagnostic delays.

Supporting Information

Checklist S1.  CONSORT Checklist.
(DOC)

Protocol S1.  Trial protocol.
(DOC)

Acknowledgements

The authors would like to thank the health care organizations,
staff, navigators, and patients who contributed to the study and
the study Community Advisory Board. The authors had full
access to all the data in the study and take responsibility for the
integrity of the data and the accuracy of the data analysis.

Author Contributions

Conceived and designed the experiments: JHL RR CDM KW.
Performed the experiments: EC RR CM KW. Analyzed the
data: WF JHL. Wrote the manuscript: JHL RR CM KW WF.

References

1. Adams SA, Smith ER, Hardin J, Prabhu-Das I, Fulton J et al. (2009)
Racial differences in follow-up of abnormal mammography findings
among economically disadvantaged women. Cancer 115: 5788-5797.
doi:10.1002/cncr.24633. PubMed: 19859902.

2. Baquet CR, Commiskey P (2000) Socioeconomic factors and breast
carcinoma in multicultural women. Cancer 88: 1256-1264. doi:10.1002/
(SICI)1097-0142(20000301)88:5+ PubMed: 10705364

3. Jones BA, Dailey A, Calvocoressi L, Reams K, Kasl SV et al. (2005)
Inadequate follow-up of abnormal screening mammograms: findings
from the race differences in screening mammography process study
(United States). Cancer Causes Control 16: 809-821. doi:10.1007/
s10552-005-2905-7. PubMed: 16132791.

4. Richards MA, Westcombe AM, Love SB, Littlejohns P, Ramirez AJ
(1999) Influence of delay on survival in patients with breast cancer: a

PN and Time to Diagnostic Resolution

PLOS ONE | www.plosone.org 7 September 2013 | Volume 8 | Issue 9 | e74542

http://dx.doi.org/10.1002/cncr.24633
http://www.ncbi.nlm.nih.gov/pubmed/19859902
http://dx.doi.org/10.1002/(SICI)1097-0142(20000301)88:5
http://dx.doi.org/10.1002/(SICI)1097-0142(20000301)88:5
http://dx.doi.org/10.1007/s10552-005-2905-7
http://dx.doi.org/10.1007/s10552-005-2905-7
http://www.ncbi.nlm.nih.gov/pubmed/16132791


systematic review. Lancet 353: 1119-1126. doi:10.1016/
S0140-6736(99)02143-1. PubMed: 10209974.

5. Arndt V, Stürmer T, Stegmaier C, Ziegler H, Dhom G et al. (2002)
Patient delay and stage of diagnosis among breast cancer patients in
Germany-a population based study. Br J Cancer 86: 1034-1040. doi:
10.1038/sj.bjc.6600209. PubMed: 11953844.

6. McLaughlin JM, Anderson RT, Ferketich AK, Seiber EE, Balkrishnan R
et al. (2012) Effect on Survival of Longer Intervals Between Confirmed
Diagnosis and Treatment Initiation Among Low-Income Women With
Breast Cancer. J Clin Oncol (>published ahead of print) on November
19 2012. PubMed: 23169521.

7. Allen JD, Shelton RC, Harden E, Goldman RE (2008) Follow-up of
abnormal screening mammograms among low-income ethnically
diverse women: findings from a qualitative study. Patient Educ Couns
72: 283-292. doi:10.1016/j.pec.2008.03.024. PubMed: 18490127.

8. Wujcik D, Fair AM (2008) Barriers to diagnostic resolution after
abnormal mammography: a review of the literature. Cancer Nurs 31:
E16–E30. doi:10.1097/01.NCC.0000305764.96732.45. PubMed:
18772653.

9. Zapka J, Taplin SH, Price RA, Cranos C, Yabroff R (2010) Factors in
Quality Care—The Case of Follow-Up to Abnormal Cancer Screening
Tests—Problems in the Steps and Interfaces of Care. JNCI
Monographs 2010: 58-71

10. Dohan D, Schrag D (2005) Using navigators to improve care of
underserved patients. Cancer 104: 848-855. doi:10.1002/cncr.21214.
PubMed: 16010658.

11. Wells KJ, Battaglia TA, Dudley DJ, Garcia R, Greene A et al. (2008)
Patient navigation: State of the art or is it science? Cancer 113:
1999-2010. doi:10.1002/cncr.23815. PubMed: 18780320.

12. Paskett ED, Harrop J, Wells KJ (2011) Patient navigation: An update
on the state of the science. CA: A Cancer Journal for Clinicians.

13. Freeman HP, Muth BJ, Kerner JF (1995) Expanding access to cancer
screening and clinical follow-up among the medically underserved.
Cancer Practice 3: 19–30. PubMed: 7704057.

14. Battaglia TA, Roloff K, Posner MA, Freund KM (2007) Improving follow-
up to abnormal breast cancer screening in an urban population. Cancer
109: 359-367. doi:10.1002/cncr.22354. PubMed: 17123275.

15. Ell K, Vourlekis B, Lee PJ, Xie B (2007) Patient navigation and case
management following an abnormal mammogram: a randomized
clinical trial. Prev Med 44: 26-33. doi:10.1016/j.ypmed.2006.08.001.
PubMed: 16962652.

16. Ferrante JM, Chen PH, Kim S (2008) The effect of patient navigation
on time to diagnosis, anxiety, and satisfaction in urban minority women
with abnormal mammograms: a randomized controlled trial. J Urban
Health 85: 114-124. doi:10.1007/s11524-007-9228-9. PubMed:
17906931.

17. Psooy BJ, Schreuer D, Borgaonkar J, Caines JS (2004) Patient
navigation: improving timeliness in the diagnosis of breast
abnormalities. Can Assoc Radiol J 55: 145-150. PubMed: 15237774.

18. Wells KJ, Meade CD, Calcano E, Lee JH, Rivers D et al. (2011)
Innovative Approaches to Reducing Cancer Health Disparities. J
Cancer Educ, 26: 1-9. PubMed: 21573740.

19. Wells KJ, Lee JH, Calcano ER, Meade CD, Rivera M et al. (2012) A
cluster randomized trial evaluating the efficacy of patient navigation in

improving quality of diagnostic care for patients with breast or colorectal
cancer abnormalities. Cancer Epidemiol Biomarkers Prev 21:
1664-1672. doi:10.1158/1055-9965.EPI-12-0448. PubMed: 23045541.

20. Freund KM, Battaglia TA, Calhoun E, Dudley DJ, Fiscella K et al.
(2008) National cancer institute patient navigation research program.
Cancer 113: 3391-3399. doi:10.1002/cncr.23960. PubMed: 18951521.

21. Meade CD, Menard JM, Luque JS, Martinez-Tyson D, Gwede CK
(2011) Creating community-academic partnerships for cancer
disparities research and health promotion. Health Promot Practice 12:
456-462. doi:10.1177/1524839909341035. PubMed: 19822724.

22. Lee JH, Schell MJ, Roetzheim R (2009) Analysis of group randomized
trials with multiple binary endpoints and small number of groups. PLOS
ONE 4: e7265. doi:10.1371/journal.pone.0007265. PubMed: 19844579.

23. US Census Bureau (2011) State and County Quick Facts: Tampa,
Florida.

24. Freeman HP (2012) The Origin, Evolution, and Principles of Patient
Navigation. Cancer Epidemiol Biomarkers Prev 21: 1614-1617. doi:
10.1158/1055-9965.EPI-12-0982. PubMed: 23045534.

25. Donner A, Klar N (2001) Design and analysis of cluster randomization
trials in health research. Maladies chroniques au Canada: 33.

26. Lin DY, Wei LJ, Ying Z (1993) Checking the Cox model with cumulative
sums of martingale-based residuals. Biometrika 80: 557-572. doi:
10.1093/biomet/80.3.557.

27. Ell K, Vourlekis B, Muderspach L, Nissly J, Padgett D et al. (2002)
Abnormal cervical screen follow-up among low-income Latinas: Project
SAFe. J Womens Health Gend Based Med 11: 639-651. doi:
10.1089/152460902760360586. PubMed: 12396896.

28. Clark CR, Baril N, Kunicki M, Johnson N, Soukup J et al. (2009)
Addressing social determinants of health to improve access to early
breast cancer detection: results of the Boston REACH 2010 Breast and
Cervical Cancer Coalition Women’s Health Demonstration Project. J
Womens Health 18: 677-690. doi:10.1089/jwh.2008.0972. PubMed:
19445616.

29. Fedewa SA, Edge SB, Stewart AK, Halpern MT, Marlow NM et al.
(2011) Race and ethnicity are associated with delays in breast cancer
treatment (2003–2006). J Health Care Poor Underserved 22: 128-141.
PubMed: 21317511.

30. Gwyn K, Bondy ML, Cohen DS, Lund MJ, Liff JM et al. (2004) Racial
differences in diagnosis, treatment, and clinical delays in a population-
based study of patients with newly diagnosed breast carcinoma.
Cancer 100: 1595-1604. doi:10.1002/cncr.20169. PubMed: 15073845.

31. Wernli KJ, Aiello Bowles EJ, Haneuse S, Elmore JG, Buist DSM (2011)
Timing of follow-up after abnormal screening and diagnostic
mammograms. Am J Manag Care 17: 162–167. PubMed: 21473665.

32. Angus J, Paszat L, McKeever P, Trebilcock A, Shivji F et al. (2007)
Pathways to breast cancer diagnosis and treatment: exploring the
social relations of diagnostic delay. Texto & Contexto-Enfermagem 16:
591-598.

33. Richardson LC, Royalty J, Howe W, Helsel W, Kammerer W et al.
(2010) Timeliness of breast cancer diagnosis and initiation of treatment
in the National Breast and Cervical Cancer Early Detection Program,
1996-2005. Am J Public Health 100: 1769–1776. doi:10.2105/AJPH.
2009.160184. PubMed: 20019308.

PN and Time to Diagnostic Resolution

PLOS ONE | www.plosone.org 8 September 2013 | Volume 8 | Issue 9 | e74542

http://dx.doi.org/10.1016/S0140-6736(99)02143-1
http://dx.doi.org/10.1016/S0140-6736(99)02143-1
http://www.ncbi.nlm.nih.gov/pubmed/10209974
http://dx.doi.org/10.1038/sj.bjc.6600209
http://www.ncbi.nlm.nih.gov/pubmed/11953844
http://www.ncbi.nlm.nih.gov/pubmed/23169521
http://dx.doi.org/10.1016/j.pec.2008.03.024
http://www.ncbi.nlm.nih.gov/pubmed/18490127
http://dx.doi.org/10.1097/01.NCC.0000305764.96732.45
http://www.ncbi.nlm.nih.gov/pubmed/18772653
http://dx.doi.org/10.1002/cncr.21214
http://www.ncbi.nlm.nih.gov/pubmed/16010658
http://dx.doi.org/10.1002/cncr.23815
http://www.ncbi.nlm.nih.gov/pubmed/18780320
http://www.ncbi.nlm.nih.gov/pubmed/7704057
http://dx.doi.org/10.1002/cncr.22354
http://www.ncbi.nlm.nih.gov/pubmed/17123275
http://dx.doi.org/10.1016/j.ypmed.2006.08.001
http://www.ncbi.nlm.nih.gov/pubmed/16962652
http://dx.doi.org/10.1007/s11524-007-9228-9
http://www.ncbi.nlm.nih.gov/pubmed/17906931
http://www.ncbi.nlm.nih.gov/pubmed/15237774
http://www.ncbi.nlm.nih.gov/pubmed/21573740
http://dx.doi.org/10.1158/1055-9965.EPI-12-0448
http://www.ncbi.nlm.nih.gov/pubmed/23045541
http://dx.doi.org/10.1002/cncr.23960
http://www.ncbi.nlm.nih.gov/pubmed/18951521
http://dx.doi.org/10.1177/1524839909341035
http://www.ncbi.nlm.nih.gov/pubmed/19822724
http://dx.doi.org/10.1371/journal.pone.0007265
http://www.ncbi.nlm.nih.gov/pubmed/19844579
http://dx.doi.org/10.1158/1055-9965.EPI-12-0982
http://www.ncbi.nlm.nih.gov/pubmed/23045534
http://dx.doi.org/10.1093/biomet/80.3.557
http://dx.doi.org/10.1089/152460902760360586
http://www.ncbi.nlm.nih.gov/pubmed/12396896
http://dx.doi.org/10.1089/jwh.2008.0972
http://www.ncbi.nlm.nih.gov/pubmed/19445616
http://www.ncbi.nlm.nih.gov/pubmed/21317511
http://dx.doi.org/10.1002/cncr.20169
http://www.ncbi.nlm.nih.gov/pubmed/15073845
http://www.ncbi.nlm.nih.gov/pubmed/21473665
http://dx.doi.org/10.2105/AJPH.2009.160184
http://dx.doi.org/10.2105/AJPH.2009.160184
http://www.ncbi.nlm.nih.gov/pubmed/20019308

	Patient Navigation and Time to Diagnostic Resolution: Results for a Cluster Randomized Trial Evaluating the Efficacy of Patient Navigation among Patients with Breast Cancer Screening Abnormalities, Tampa, FL
	Introduction
	Methods
	Clinic Recruitment and Randomization
	Participant Population and Sample
	Participant Identification and Recruitment
	Patient Navigation (PN) Intervention
	Control
	Primary Study Outcome
	Recruited and Analytic Sample Sizes
	Statistical Analysis

	Results
	Participant Characteristics
	Characteristics of the Time to Diagnostic Resolution of the Breast Abnormality (T1)

	Discussion
	Supporting Information
	Acknowledgements
	Author Contributions
	References


