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Abstract 
Background: Evidence suggests that cancer patients with increased travel burden to 
treatment centers may have limited treatment options. Purpose: To investigate the 
association between travel distance to a treatment facility and initial treatment choice 
among young men with low-risk prostate cancer in a rural state. Methods: A retros-
pective medical charts review was conducted of young men (65 years or younger) 
newly diagnosed with low-risk prostate cancer from January 1, 2005 through De-
cember 31, 2014 who were treated with either active surveillance, radical prosta-
tectomy, or brachytherapy at either of the two major hospital systems in Bismarck, 
ND, USA. Results: Information on a random sample of 242 patients was studied. 
The majority of patients (66%) received radical prostatectomy. Patients who received 
radical prostatectomy were significantly younger (p-value < 0.001). PSA at diagnosis, 
clinical stage, and Gleason score were not associated with treatment choice (p-value 
= 0.06; p-value = 0.1794; and p-value = 1.00; respectively). Adjusting for age at diag-
nosis, PSA at diagnosis, and treatment facility, treatment choice was not associated 
with travel distance (p-value = 0.309). Patients treated at St. Alexius facility were 
more likely to undergo radical prostatectomy than Sanford health patients (p-value < 
0.0001). Conclusions: We found no association between travel distance and treat-
ment choice for low-risk prostate cancer. Treatment choice was associated with in-
stitution which may suggest institutional bias in patterns of care. 
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1. Introduction 

Prostate cancer is the most common cancer among men in the United States, and is one 
of the leading causes of cancer deaths among men. It is estimated that 180,890 men in 
the United States (US) will be diagnosed with prostate cancer in 2016, with an asso-
ciated 26,120 deaths [1]. Eighty-one percent of men have disease confined to the pros-
tate gland (clinically localized disease). 

Men with low-risk prostate cancer have a choice between three definitive treatment 
options: radical prostatectomy (RP), external beam radiation therapy (EBRT), or bra-
chytherapy. Active surveillance (AS) is also an option, particularly among elderly pa-
tients or young patients wishing to delay the side effects of definitive therapy [2]. There 
are no data from randomized clinical trials that compare these approaches in young 
men with low-risk prostate cancer. In 2012, a large phase III trial (PREFERE) was in-
itiated to compare prostate cancer survival after RP, EBRT, brachytherapy, and AS. 
This trial will be completed in 2029 [3]. Therefore, the current choice of therapy de-
pends on patient-specific informed decision-making.  

Access to treatment centers may be difficult due to travel burden resulting from dis-
tance and the lack of public transportation systems in rural areas. These barriers could 
affect treatment choice for rural patients diagnosed with cancer [4] [5]. Rural residents 
tend to make fewer trips per day, but travel 38% more miles than people living in urban 
areas [6]. Socio-economically disadvantaged people in rural areas travel 59% more 
miles per day than their urban counterparts. Poverty level and rural location have been 
shown to decrease the numbers of physician visits for chronic care [7]. Transportation 
barriers to care are also associated with reduced adherence to cancer screening [8]. Ru-
ral residents were more likely to travel 30 miles or longer for care than urban residents 
(21.4% versus 4.5%, p < 0.0001) and rural trips took about 31% longer than urban trips 
[9]. Muralidhar et al. [10] found that the distance between a patient’s residence and 
their treatment facility significantly influenced the rate at which patients received radi-
ation compared with surgery for localized prostate cancer. Furthermore, patients living 
in rural areas were one-third as likely to receive radiation if they lived >75 miles com-
pared with ≤25 miles from the treatment facility. Others have reported that rural pa-
tients with early-stage prostate cancer were significantly less likely than urban patients 
to receive radical prostatectomy, daily external beam radiation, and brachytherapy [11]. 

North Dakota (ND), with a total population of approximately 756,927 [12] is the 4th 
least populous and the 4th least densely populated state in the US. “Rural” is generally 
defined as having a population center of less than 50,000 persons. Major population 
centers (Bismarck: 71,167; Fargo: 118,523; and Grand Forks: 70,916) have 34% of the 
state population. Therefore, ND is one of the most rural states in the US, with almost 
2/3 of its population living outside metropolitan areas. 

The primary objective of this study was to describe the initial treatment patterns for 
low-risk prostate cancer in young men; to determine the clinical and patient characte-
ristics associated with initial treatment; and assess the association between travel dis-
tance to a treatment facility and initial treatment choice in a rural state. 



C. Hellekson et al. 
 

658 

2. Methods and Materials 

A hospital and cancer center based retrospective charts review was conducted of young 
(65 years or younger) men (242) with a new diagnosis of low-risk prostate cancer (PSA 
10 or less, Gleason 6, clinical T stage 2a or lower) from January 1, 2005 through De-
cember 31, 2014 who received treatment at one of two major hospital systems: Sanford 
Health or St. Alexius Medical Center/Mid Dakota Clinic, both located in Bismarck, ND, 
USA and affiliated with the Bismarck Cancer Center, which was the sole radiation pro-
vider for patients included in this study.  

Men resided primarily in western and central North Dakota, with a smaller number 
of patients from north-central South Dakota. Ages ranged from 45 - 64 years. Non- 
white men and those with prior cancer diagnoses were excluded. Demographic, clinical, 
and treatment data included: age at diagnosis, zip code, CT stage at diagnosis, initial 
treatment choice, treatment with hormone therapy, institution, Gleason Score, PSA at 
diagnosis, date of diagnostic biopsy, season of diagnosis, and tobacco use history. Sur-
gery consisted exclusively of radical retropubic prostatectomy, with or without nerve 
sparing technique. Radiation treatment consisted exclusively of brachytherapy. Initially, 
data were gathered on patients receiving external beam radiation, however, only 2 pa-
tient received external beam radiation out of the dataset. Therefore, this variable was 
not analyzed as part of this study.  

The outcome is the initial treatment choice which consisted of three modalities. 
The exposure variable was road distance traveled to the treatment facility. Distance 

was recorded as miles along roads from a starting location (which may be home, work 
or other) to the facility. The Zip code using Google measures one-way distance to facil-
ity.  

We performed sensitivity analysis on the exposure by considering distance as a con-
tinuous variable and as a categorical variable.   

As reported elsewhere [13] [14], we used 30 miles as a measure suggesting a “high” 
travel burden. We also chose 50 miles as the cutoff distant travel, representing ap-
proximately 1 h of travel time as done by others [15]. 

All variables underwent bivariate statistical analysis. Median values and range were 
calculated for all the continuous variables and frequency distributions were calculated 
for all the categorical variables. The comparisons of the initial treatment choice and 
demographics and clinical variables were performed using Kruskal-Wallis test for the 
continuous variables and with Chi-square test or Fisher’s exact test for the categorical 
variables. Associations between distance traveled and initial treatment choice was ana-
lyzed using multivariable logistic regression models with generalized logit function ad-
justing for age at diagnosis, PSA at diagnosis, and the treatment facility. Statistics were 
performed using SAS (SAS Institute, Cary, NC, USA; Version 9.4 Users Guide). All the 
statistical tests were two-tailed with p < 0.05 considered to be significant. 

3. Results 

Medical records from 258 patients were initially reviewed. Six patients did not meet in-
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clusion criteria due to receipt of primary treatment out of state. Other reasons for ex-
clusion were non-white race (n = 4), incorrect prostate cancer risk category (n = 3), in-
sufficient medical records (n = 2), and receipt of external beam radiation therapy 
(EBRT; n = 1). Final analysis included medical records of (n = 242) 147 and 95 patients 
from St. Alexius and Sanford, respectively (Figure 1). 

There was no significant association between initial treatment choice and mean tra-
vel distance to Bismarck Cancer Center (BCC). Whether or not a patient resided within 
the Bismarck/Mandan metro area was not significantly associated with initial treatment 
choice. Furthermore, when patients who did not live in the Bismarck/Mandan metro 
area were grouped according to distance from the BCC (≤75 miles, 76 - 150 miles, and 
≥151 miles), there was no significant association between distance group and initial 
treatment choice (Table 1). 

Mean (standard deviation, SD) age at diagnosis among patients who received active 
surveillance, radical prostatectomy, or brachytherapy was 59.36 (4.11), 57.50 (4.24), and 
59.42 (4.41), respectively (p < 0.01). Those treated at St. Alexius accounted for 14 of 36 
(39%), 117 of 159 (74%), and 16 of 47 (34%) patients who received active surveillance, 
radical prostatectomy, or brachytherapy, respectively. Conversely, patients treated at 
Sanford accounted for 22 (61%), 42 (26%), and 31 (66%), respectively (p < 0.01). Over-
all, 117 of 147 of patients treated at St. Alexius underwent radical prostatectomy, com-
pared to 42 of 95 at Sanford Health (79.6% vs 44.2%, p < 0.01). 

Approximately 51% of patients treated with brachytherapy also received hormone 
therapy, while only 6% of patients receiving active surveillance and 4% of patients 
treated with radical prostatectomy received hormone therapy (p < 0.01, Table 1). There 
was no significant association between initial prostate cancer treatment choice and race, 
tobacco use, or season at diagnosis. Additionally, prognostic indicators at diagnosis, in-
cluding Gleason score, PSA, and clinical T stage, were not significantly associated with 
treatment choice.  

 

 
Figure 1. Study design. 
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Table 1. Patient characteristics by initial treatment choice. 

Patient characteristics by initial treatment choice 

Continuous variable   
(mean ± SD) 

 
Treatment (n = 242) 

 
p-value Active surveillance  

(n = 36) 
Radical prostatectomy 

(n = 139) 
Brachytherapy  

(n = 47) 

Age 59.36 ± 4.11 57.50 ± 4.24 59.42 ± 4.41 p = 0.001* 

PSA 5.75 ± 2.08 5.28 ± 1.72 6.04 ± 1.72 p = 0.055 

Distance from 
BCC** 

101.98 ± 39.41 112.47 ± 46.68 113.26 ± 39.41 p = 0.563 

Categorical  
variable, n (%)    

Chi-square 

Hormone therapy 2 (5.56) 7 (4.40) 24 (51.06) p < 0.0001* 

Institution 
    

St. Alexius 14 (38.89) 117 (73.58) 16 (34.04) 
p < 0.0001* 

Sanford 22 (61.11) 42 (26.42) 31 (65.96) 

Residence 
    

Bismarck metro 18 (50.00) 68 (42.77) 16 (34.04) 
p = 0.33 Not bismarck 

metro 
18 (50.00) 91 (57.23) 31 (65.96) 

Distance from BCC 
    

0 - 75 miles 24 (66.67) 88 (55.35) 22 (46.81) 

p = 0.43 76 - 150 miles 9 (25.00) 56 (35.22) 18 (38.30) 

>151 miles 3 (8.33) 15 (9.43) 7 (14.89) 

Season 
    

Winter 4 (11.11) 43 (27.04) 11 (23.40) 

p = 0.33 
Spring 16 (44.44) 49 (30.82) 12 (25.53) 

Summer 8 (22.22) 39 (24.53) 12 (25.53) 

Fall 8 (22.22) 28 (17.61) 12 (25.53) 

Tobacco use 
    

Never 21 (60.00) 74 (50.00) 25 (56.82) 

p = 0.32 Former (>1 yr) 5 (14.29) 46 (31.08) 10 (22.73) 

Current 9 (25.71) 28 (18.92) 9 (20.45) 

Gleason score 
    

5 0 (0) 2 (1) 0 (0) 
p = 1.0 

6 36 (100) 157 (99) 47 (100) 

Clinical stage 
    

T1a 1 (3) 2 (1) 0 (0) 

p = 0.18 
T1b 0 (0) 1 (1) 0 (0) 

T1c 30 (83) 149 (94) 42 (89) 

T2a 5 (14) 7 (4) 5 (11) 
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4. Discussion 

Our results indicate that travel distance to the treatment facility was not associated with 
initial treatment choice. The results also indicate a possible institutional treatment bias 
favoring radical prostatectomy. It is unknown whether the patients who received sur-
gery consulted with a radiation oncologist.  

Our data contrast previous reports that have linked increased travel distance with 
decreased likelihood of receipt of radiation therapy for several different types of cancer 
[4] [5] [16]-[19]. Recently, Muralidhar et al. used the National Cancer Database to 
identify over 200,000 men diagnosed with low, intermediate, or high-risk prostate can-
cer treated with either prostatectomy or radiation. They report that patients living in 
urban or rural areas were less likely to receive radiation compared to surgery if they 
lived farther from the treatment facility, regardless of prostate cancer risk status and af-
ter adjusting for geographic location in the US [10].   

The discrepancy between our results and the national trend suggests that in Bis-
marck, ND, factors other than travel distance may be relatively more influential in pa-
tient decision-making regarding treatment for low-risk prostate cancer. One such factor 
we identified was the institution at which patients were treated (p < 0.01). Cooperberg 
et al. used a national registry of over 10,000 men with low-risk prostate cancer diag-
nosed between 1990 and 2013 to evaluate trends in management. They showed that na-
tional rates of radical prostatectomy decreased from around 60% in 2005 to around 
50% in 2013 [19]. Rates of radical prostatectomy at St. Alexius for patients with 
low-risk prostate cancer in our analysis approached 80%, well above the national rate 
during the same time period. On the other hand, the rate of radical prostatectomy at 
Sanford was approximately 44%, slightly below the national average. Alternatively, it is 
possible that unaccounted for variables, like socioeconomic status or race affect stage 
and risk category of disease at presentation, and tend to correlate with travel burden on 
a broader national, but not universally local scale. 2014 median household income na-
tionally in the US was $53,657, while North Dakota’s median household income was 
$55,579 [20]. Our study’s homogenously white population (only 4 of 257 patients were 
excluded for non-white race) and high median income may offset some effect burden of 
travel. This may be a topic of interest for future inquiry. 

Patients treated with radical prostatectomy were, on average, almost two years 
younger than patients who received brachytherapy or active surveillance, which is con-
sistent with national trends [21]. A potential explanation for this finding is that as pa-
tients age, they are less likely to be surgical candidates due to medical comorbidities. 
However, in this study, we did not collect data on patients’ comorbidities, so a confi-
dent explanation for this observation cannot be provided.  

A large prostate gland makes the technical aspects of brachytherapy implantation less 
feasible. Thus, a common clinical technique is to use neoadjuvant androgen suppres-
sion (i.e. “hormone therapy”) to cytoreduce large prostates, despite several large re-
trospective studies failing to show improved cancer control outcomes with this tech-
nique [22]. The use of this practice likely explains the higher rate of receipt of hormone 
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therapy observed among patients treated with brachytherapy in our study. Additional-
ly, this study included only patients diagnosed with low-risk prostate cancer, which is 
defined by D’Amico criteria as: T-stage cT1a-cT2a; PSA ≤ 10; Gleason score ≤ 6 [23]. 
Given these strict criteria, there was little variability in each of these measures among 
all patients who met our inclusion criteria, which explains why our analysis did not re-
veal significant association between any of the prognostic indicators and initial treat-
ment choice.  

Our possible institutional bias toward radical prostatectomy at one of the 2 regional 
institutions included in the study highlights the discrepancy between institutional pat-
tern of practice and national trends, and should serve to reinforce the consensus that 
the results of single-institution studies ought to be interpreted with caution. This bias 
may have resulted from the practice pattern of a single physician who was seeing most 
of the prostate cancer cases during the period of study analysis.   

The retrospective nature of this study renders several limitations, including selection 
bias. Furthermore, there may be confounding factors affecting patient choice of treat-
ment, such as medical comorbidities. In future studies, collection of comorbidity data 
would be useful in order to assess such potential confounding factors. As we demon-
strated, institutional bias affected treatment choice. The use of zip code centroids for 
estimation of distance traveled rather than exact addresses underestimates road dis-
tances by 20% - 30% [24]. 

Individual preferences play a central role in the decision whether to treat or to pur-
sue active surveillance [25]. Treatment decision involvement was not available in the 
medical charts, therefore it is unknown who was responsible for the management deci-
sion: the patient alone; mainly the physician or both the patient and the doctor. Finally, 
compared with individuals living in urban areas, rural residents reported longer travel 
time to see a physician, particularly specialists [26]. This is particularly relevant to ND 
where extreme weather conditions in long winters and the rural roads can significantly 
inflate estimated travel times. The travel time information, as another proxy for travel 
burden, was unavailable to assess its impact on initial treatment choice.  

5. Conclusion 

In conclusion, our data did not show a relationship between treatment choice and tra-
vel distance in a rural state in men <60 years old diagnosed with low-risk prostate can-
cer. In addition, we found a possible institutional bias toward radical prostatectomy 
which could be physician specific. 
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