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A B S T R A C T

Purpose
The volume-outcomes relationship has led many to advocate centralization of cancer procedures
at high volume hospitals (HVH). We hypothesized that in response cancer surgery has become
increasingly centralized and that this centralization has resulted in increased travel burden
for patients.

Patients and Methods
Using 1996 to 2006 discharge data from NY, NJ, PA, all patients � 18 years old treated with
extirpative surgery for colorectal, esophageal, or pancreatic cancer were examined. Patients and
hospitals were geocoded. Annual hospital procedure volume for each tumor site was examined,
and multiple quantile and logistic regressions were used to compare changes in centralization and
distance traveled.

Results
Five thousand two hundred seventy-three esophageal, 13,472 pancreatic, 202,879 colon, and
51,262 rectal procedures were included. A shift to HVH occurred to varying degrees for all
tumor types. The odds of surgery at a low volume hospital decreased for esophagus, pancreas
and colon: per year odds ratios (ORs) were 0.87 (95% CI, 0.85 to 0.90), 0.85 (95% CI, 0.84 to
0.87), and 0.97 (95% CI, 0.97 to 0.98). Median travel distance increased for all sites:
esophagus 72%, pancreas 40%, colon 17%, and rectum 28% (P � .0001). Travel distance was
proportional to procedure volume (P � .0001). The majority of the increase in distance was attributable
to centralization.

Conclusion
There has been extensive centralization of complex cancer surgery over the past decade. While
this process should result in population-level improvements in cancer outcomes, centralization is
increasing patient travel. For some subsets of the population, increasing travel requirements may
pose a significant barrier to access to quality cancer care.

J Clin Oncol 27:4671-4678. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Over the past 30 years, a wealth of publications
documenting relationships between hospital
procedure volume and clinical outcomes has
emerged.1,2 Most recently, there is increasing fo-
cus on the volume-outcome relationships for can-
cer care.3-6 The evidence documenting an inverse
relationship between mortality and hospital pro-
cedure volume for pancreatic and esophageal sur-
gery has caused many to advocate centralization
of these procedures at high volume hospitals
(HVH).3,7-12 Others worry centralization may
create access problems for a substantial portion of
patients and worsen existing disparities between
those who are treated at HVH versus low volume
hospitals (LVH).2,13-23 Despite general accep-

tance of the volume-outcome relationships for
complex cancer operations, little is known about
how patterns of care in the United States have
changed in response to recently published studies.24-28

In this observational study, we do not attempt
to reconfirm the volume-outcome relationships for
cancer surgery, but rather we examine changes in the
distribution of cases among hospitals with differing
procedure volumes and document how this has
evolved over time. We address the impact changes
have had on travel distance for patients with cancer
and investigate whether existing disparities have
been exacerbated by centralization of cancer sur-
gery. We hypothesize that centralization has sub-
stantially increased the travel distance for patients
and has exacerbated existing disparities relating to
treatment at high versus low volume centers.
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PATIENTS AND METHODS

A secondary data analysis was performed using discharge data from NJ, NY,
and PA. Available data included demographic information (including race as
documented in the medical record), clinical diagnoses, procedure codes,
length of stay, disposition at discharge, and hospital charges.

All patients � 18 years of age undergoing procedures in the service area
(NJ, NY, PA) from 1996 to 2006 were included. From 1996 to 1999, only NY
and PA data were available. Starting in 2000, procedures from all three states

were included. The most common primary gastrointestinal malignancies were
chosen for study. International Classification of Diseases 9th revision proce-
dure codes captured all pancreatectomies, esophagectomies, colectomies, and
proctectomies, as well as local surgical excision of masses at these sites (ie,
transanal excision of rectal mass). Endoscopic resections were excluded. The
study group was further limited to cases with an International Classification of
Diseases 9th revision diagnosis code for neoplasm.

Cases were geocoded to zip code centroid and linked to publicly available
area-based sociodemographic data. Hospitals were geocoded to actual street
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Fig 1. Procedure volume over time. (A) Median procedure volume. Values should be interpreted as volume for the 50th percentile of all cases. For example, in 1996,
half of all resections for esophageal cancer were performed at a hospital that did � 5 such procedures that year. In contrast, in 2006, half of all esophageal cancer
resections were performed at a hospital that did � 26 resections. (B) Distribution of procedures among volume categories based on 1996 quintile cut points.
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address. Straight-line distance was calculated between cases and the hospitals
at which the procedures were performed as well as between cases and the
nearest HVH or very high volume hospital (VHVH).29

Hospital procedure volume of extirpative procedures for each organ site
was calculated for each year individually, allowing for the possibility that
volume at a given hospital could change over time. Five roughly equal-sized
groups of patients were created for each organ site in 1996 based on procedure
volume of the treating hospital. These quintiles were designated very low, low,
medium, high, and very high volume. The 1996 cut points were then applied to
each subsequent year in order to determine changes in the distribution of
patients among volume categories. Similarly, 1996 tercile cut points were
created for each organ site. Multiple logistic regressions provided estimates of
the odds of receiving care at a hospital in the lowest tercile over time, examin-
ing year as a continuous variable and controlling for the overall number of
cases performed in the study area annually. Using the same data set, annual
market-wide in-hospital mortality was calculated for each organ site.

We used multiple quantile regressions to investigate median time trends
in distance traveled. We added an indicator variable of treatment in the highest
volume tercile to investigate if coefficients of the year main effects and inter-
action terms changed after controlling for high volume tercile. We used similar
multiple quantile regressions to investigate if time trends in distance varied by
rurality status and to investigate the relationship between median distance and
the number of available HVH.

Using multiple logistic regressions, we investigated the association be-
tween sociodemographic factors and the odds of having a surgery at a LVH in
1996 to 1997 and 2005 to 2006. Interaction models were used to investigate if
the strength of associations changed between the two time points.

All hypothesis tests were two sided, and the criterion for statistical signif-
icance was a P � .05. Data were deidentified, and the study was approved by
the institutional review board of Fox Chase Cancer Center.

RESULTS

Two hundred seventy-two thousand eight hundred eighty-six proce-
dures met criteria for inclusion (5,273 esophagus, 13,472 pancreas,
202,879 colon, 51,262 rectum). Inward border crossers (patients re-
siding outside the study area who had surgery within the study area)
comprised 1.8% of the study population: esophagus 7.2% (382 of
5,273), pancreas 4.9% (666 of 13,472), colon 1.4% (2,857 of 202,879),
rectum 2.0% (1,014 of 51,262).

Centralization

A shift from LVH to HVH occurred to varying degrees for esoph-
ageal, pancreatic, and colon cancer procedures (Figs 1A, 1B). For
esophageal and pancreatic procedures, this process is ongoing without
evidence of abating. In contrast to the other organ sites, the distribu-
tion of rectal cancer procedures between volume groups did not
change substantially over time.

To accommodate the centralization, there was an increase in the
number of HVH and VHVH (Fig 2) as well as an increase in the
number of procedures performed at existing HVH and VHVH. Aver-
age procedure volume for the top five HVH for pancreatic cancer
surgery increased from 62.8 to 125 cases/year from 2000 to 2006.
Similarly, for esophageal cancer, average procedure volume for the top
five HVH increased from 36.6 to 60 cases/year from 2000 to 2006.

Adjusting for population-wide changes in organ site-specific
procedure volume over time, the odds of surgery at a LVH decreased
annually for esophageal (� 3/year) and pancreatic (� 4/year) proce-
dures: per year odds ratio (OR) of 0.87 (95% CI, 0.85 to 0.90) and 0.85,
respectively (95% CI, 0.84 to 0.87). There were small changes in the
odds of having surgery at a LVH for colon (� 37/year) and rectal
(� 11/year) cancer procedures, as well: per year OR 0.97 (95% CI 0.97
to 0.98) and 1.02 (95% CI, 1.01 to 1.03), respectively. Over the entire
study period, this translated to substantial decreases in the likelihood
of surgery at a LVH for esophageal (OR, 0.25) and pancreatic (OR,
0.20) procedures. In absolute terms, the number of esophagectomies
performed at LVH (� 3/year) decreased from 36% (130 of 362) to
14% (92 of 681), and the number of pancreatectomies performed at
LVH (� 4/year) decreased from 36% (280 of 777) to 12% (209
of 1,718).

Mortality

For the study area, in-hospital mortality for esophageal resections
declined from 8.15% to 3.12% from 1996 to 2006 (P � .038). Simi-
larly, in-hospital mortality for pancreatic resections declined from
7.31% to 3.84% (P � .001). In-hospital mortality declined from
3.33% to 2.64% (P � .002) for colon cancer surgery. Mortality for
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rectal resections was very low and did not change significantly over
time (1.84% in 1996, 1.57% in 2006; P � .703).

Travel Distance

Throughout the study period, travel distance was propor-
tional to hospital procedure volume (Table 1). For each site, an
increase in median travel distance, roughly proportional to the
degree of centralization, was observed over time: esophagus 72%
(P � .001), pancreas 40% (P � .001), colon 17% (P � .001), and
rectum 28% (P � .001; Fig 3).

The 10.2% of patients (27,848 of 271,986) who lived in rural
counties traveled further than other patients for all disease sites. In
1996 to 1997, rural patients traveled a median 35.9, 35.9, 5.4, and 6.2
miles further than nonrural patients for esophageal, pancreatic, colon,
and rectal resections, respectively (P � .001 in all cases). In 2005 to
2006, the differences between rural and nonrural travel were 38.9,
35.9, 6.5, and 9.4 miles, respectively (P � .001 in all cases). The
increasing effect of rurality on travel distance over time was significant
for all sites, except pancreas (esophagus P � .028; pancreas P � .977;
colon P � .001; rectum P � .001).

We performed additional analyses to examine whether the in-
crease in travel distance could be attributed directly to centralization.
The median distance traveled increased by 0.73 miles from 1996 to
1997 to 2005 to 2006 for rectal cancer (P � .001), 5.02 miles for
esophageal cancer (P � .001), 3.14 miles for pancreatic cancer
(P � .001), and 0.47 miles for colon cancer (P � .001). After
controlling for treatment in the highest volume tercile, distance trav-

eled still increased by 0.83 miles for rectal cancer (P � .001), but only
1.16 miles for esophageal cancer (P � .001), and 0.25 miles for colon
cancer. After controlling for treatment at a HVH, the median distance
traveled for pancreatic cancer actually decreased 0.48 miles between
1996 to 1997 and 2005 to 2006 (P � .025). The attenuation of the year
effect after controlling for volume was statistically significant in all
cases (P � .001), providing strong evidence for a causal relationship
between centralization and the increasing travel distance.

For each organ site, a substantial portion of patients (esophagus
14.8%, pancreas 13.3%, colon 22.6%, rectum 17.5%) treated at LVH
or VLVH in 2006 traveled equal or further distance to reach that
hospital than they would have had to travel to reach the nearest
existing HVH or VHVH in the study area. The majority of patients
(esophagus 54%, pancreas 59%, colon 62%, rectum 55%) who had
surgery at a LVH or VLVH in 2006 could have reached an existing
HVH or VHVH by traveling � 10 additional miles. For patients
treated at LVH and VLVH, the median travel distance to the nearest
HVH or VHVH in the study area was less than 15.5 miles (esophagus
15.3, pancreas 12.5, colon 10.1, rectum 14.6 miles; Fig 4). Still, in 2006,
a modest percentage of all patients from the study area lived � 60
miles from the nearest HVH or VHVH. The less common the proce-
dure, the greater the percentage of patients who lived � 60 miles from
the nearest HVH or VHVH: esophagus 11.9% (75 of 628), pancreas
9.0% (146 of 1,631), colon 1.4% (258 of 18,928), rectum 5.5% (217
of 3,925).

Disparities

For each organ site, there were differences in race, payer, socio-
economic status, and rurality between patients treated at LVH and
those treated at higher volume hospitals (Table 2). In general, patients
at LVH were more likely to be black, have Medicaid, Medicare, or no
insurance, be from nonmetropolitan areas, and be from areas with
higher poverty than patients treated at higher volume hospitals. No
consistent pattern of improvement or deterioration over time could
be identified.

DISCUSSION

Centralization of cancer care has been documented to varying degrees
throughout Canada and Europe,31-34 but little information has previ-
ously been available regarding the degree to which cancer surgery has
been centralized in the United States.24-28 We demonstrated that over
the past decade in the United States, the majority of procedures for

Table 1. Distance Traveled (miles) by Hospital Procedure Volume (1996 to 2006)

Organ

Volume

P

Very Low Low Medium High Very High

Median IQ Range Median IQ Range Median IQ Range Median IQ Range Median IQ Range

Esophagus 3.6 1.7-9.9 6.2 2.5-14.6 11.4 4.4-30.7 22.7 9.0-46.0 29.8 13.4-57.5 � .001
Pancreas 3.5 1.6-8.3 4.7 2.1-9.9 7.0 3.0-18.0 13.4 6.3-30.4 20.4 9.6-43.4 � .001
Colon 3.2 1.3-8.3 3.3 1.5-8.1 4.3 1.9-9.3 4.6 2.1-9.1 5.9 2.9-11.9 � .001
Rectum 3.6 1.4-8.9 4.3 1.9-9.2 4.8 2.2-9.9 6.4 3.0-14.3 10.3 4.8-24.5 � .001

Abbreviation: IQ, interquartile.
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esophageal and pancreatic cancer have been centralized to HVH.
Meanwhile for colorectal cancer, there has been little change.

The volume-outcome relationships for esophagectomy and pan-
createctomy have received more consistent national and international
attention than the volume-outcome relationships for colorectal sur-
gery, possibly one explanation for the differing degrees to which
these procedures have been centralized.8,9,33,34 The focus of studies
addressing the more complex procedures has been differences in peri-
operative mortality,2,4,5,35,36 while most of the compelling data for
colorectal surgery have addressed intermediate outcomes such as
nodal yield,17,37-39 complication rates,40-42 length of stay,41,42 ostomy
rates,17,37,42-44 and local recurrence rates.43,45 Stakeholders have
placed more emphasis on minimizing perioperative mortality than on
improving other clinical outcomes.8,9

The degree to which cancer surgery has become centralized is
likely dependent on many factors. For example, the scope of practice
for surgeons, in general, is narrowing.46 Less frequent, more complex
operations are increasingly deferred to a small group of subspecialists,
while more common operations, such as colectomy, remain the pur-
view of a larger group of surgeons, including general surgeons, surgical
oncologists, minimally invasive surgeons, and colorectal surgeons. As
a result, surgeons, themselves, may be an influential force behind the
degree to which cancer care is centralized.

Other difficult to quantify factors also contribute to the process.
Health care systems encourage referral to in-system providers as a
means of maintaining market share; physicians establish referral pat-
terns, based on factors such as ease of referral and likelihood of retain-
ing patients after surgery; and, payers designate preferred in-network
providers. Each of these factors may alternately promote or impede
referral to HVH depending on the situation. Ultimately, individual
patient choice is only one of many factors influencing where a proce-
dure is performed, and quality improvement initiatives need to be
targeted accordingly.

An unresolved issue is the question of where to set the bar.47,48

Studies have been unable to determine threshold volumes above
which outcomes are generally regarded as acceptable. While few
would contend that one to two esophagectomies or pancreatectomies
per year is adequate volume, it is possible that eight proctectomies or
25 colectomies may be sufficient, even though these numbers would
have placed hospitals in the very low volume category for this study. In
addition, which clinical outcomes should be used to determine bench-
mark volume standards needs to be determined. While perioperative
mortality is easy to study and suitable for some procedures, other
outcomes (ie, local control or morbidity) may be more appropriate
for procedures with low expected mortality. The Leapfrog group set
volume standards for pancreatectomy (11/year) and esophagectomy
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(13/year).9 If national quality initiatives set similar volume standards
for colorectal surgery, increased centralization of these more common
procedures might ensue. In contrast, if studies demonstrate that the
bar does not need to be set high to achieve acceptable clinical out-
comes, then adequate volume may be achieved by many hospitals
without the need for major changes in cancer care delivery. Until
validated minimum volume standards are established, the need for
and appropriateness of further centralization cannot be fully assessed.

Previous studies speculate about changes in travel distance
using existing hospital volume and location measurements. These
methods do not account for changes in hospital volume over time
and may underestimate or misjudge the quantity and distribution of
HVH.21,49,50 In this observational study, we documented that the
number of hospitals meeting HVH criteria changed considerably over
time. However, even with significant increases in HVH, overall travel
distance for pancreas and esophageal cancer patients increased sub-
stantially with centralization. While most patients remaining at LVH
could reach an existing HVH with little to no increase in travel, there
are a modest number of patients who travel or would have to travel
very long distances (� 60 miles) to reach the nearest HVH. Thus far,
travel distance has not prevented centralization of esophagectomy or
pancreatectomy, but the implications of increasing distance should
not be ignored. Even small increases in distance may impose a sub-
stantial barrier for subsets of the population. As the cost of travel
increases, the extent to which travel distance serves as a barrier to
cancer care is likely to increase.

Centralization has the potential to introduce a capacity problem.
To accommodate more patients at HVH without increasing wait
times, existing HVH need to increase capacity or new HVH need to be
developed. Figure 2 demonstrates that for esophageal and pancreatic
cancer, the number of HVH is increasing. Meanwhile the caseload of
the existing HVH also increased over time. Although wait times need
to be monitored, previous work suggests that extensive centralization
is possible without increases in wait time.32

As reported in previous studies, the majority of patients remain-
ing at LVH could reach an existing HVH with minimal increase in
travel distance.49 Other barriers aside from travel distance have been
consistently demonstrated.2,13-19 We found marked differences in
race, socioeconomic status, and payer among patients treated at HVH
versus LVH. We hypothesized that centralization would exacerbate
existing disparities as empowered patients shifted to HVH leaving
only disadvantaged patients at LVH, where volume would decrease
further over time. While the data do not support this a priori hypoth-
esis, the significance of existing disparities should not be understated.

Our study included all hospital discharges for a large geographi-
cally diverse area. Consequently, we were able to study shifts in pat-
terns of care over time. Since the examined area was a large,
contiguous geographic region with little border crossing, the influence
of adjacent, noncaptured centers was negligible. While these are
strengths of the data, there are limitations. For example, only 10% of
our study population lived in counties designated as rural. As a result,

Table 2. Sociodemographic Differences in Odds Ratios of Having Surgery at Low Volume Hospital

Variable

Rectum Colon Esophagus Pancreas

1996 to 1997 2005 to 2006 1996 to 1997 2005 to 2006 1996 to 1997 2005 to 2006 1996 to 1997 2005 to 2006

Metropolitan
Yes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Non-metropolitan 4.42�† 2.86�† 4.54� 4.95� 0.70 1.07 1.62‡ 0.86

Race
White 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Black 1.47§ 1.48� 1.36� 1.36� 0.93� 3.22�� 1.61� 2.16��
Asian 0.89 0.72 0.96 1.29‡ 0.50 1.25 1.60 0.89
Unknown 1.29�¶ 0.97¶ 0.83�† 1.26�† 0.93 1.17 1.42§ 1.18

Insurance
Private insurance 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Medicaid 2.20� 2.01� 1.96� 1.97� 1.39 1.82 3.61� 2.78�

Medicare 1.26� 1.44� 1.26� 1.31� 1.39 1.58‡ 1.27‡ 1.35‡
Uninsured 2.34� 1.70‡ 2.57�¶ 3.85�¶ 2.42 2.71 3.22§ 4.51�

Unknown insurance 1.08� 1.94§� 1.97� 1.83� 1.28 2.59 0.55 3.04§
Sex

Female 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Male 1.09 1.04 0.99 1.02 0.95 0.74 0.94 1.09

Poverty, %#
0-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6-20 1.46� 1.50� 1.70� 1.69� 1.23 1.61‡ 1.26 1.38‡
� 20% 1.68� 1.72� 1.71�† 2.23�† 3.20� 2.39§ 0.86 1.13

NOTE. Multivariable analysis examining odds of having surgery at a low volume hospital (1996 tercile cutpoints) in 1996 to 1997 compared with 2005 to 2006 for
various sociodemographic factors.

�Odds ratio is significant (P � .001) compared to referent category for given site and year.
†Change in odds ratio for category is significant (P � .001) over time for given site.
‡Odds ratio is significant (P � .05) compared to referent category for given site and year.
§Odds ratio is significant (P � .01) compared to referent category for given site and year.
�Change in odds ratio for category is significant (P � .05) over time for given site.
¶Change in odds ratio for category is significant (P � .01) over time for given site.
#Percentage of residents in census tract living at or below 100% poverty line.
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this study may underestimate the impact of centralization on travel
distance for patients from more rural areas of the country.

Since discharge data do not provide staging information, we were
unable to examine the likelihood of receiving standard of care therapy.
It is possible that patients facing long travel distances may have been
more likely to forgo or delay surgery. Since only patients who under-
went surgical resection were examined, this study cannot completely
assess the degree to which travel burden served as a barrier to care.

Straight-line distance is an adequate proxy for travel time,52,53

but these measurements are known to underestimate road distance by
at least 20% to 30%.29,54 Examining a random sample of all patients
from our study, we estimate that straight-line distance underestimated
true travel distance by 35% to 40%. Consequently, for this study, travel
distance should be viewed in terms of relative mileage differences and
percent change over time, rather than absolute mile measurements.

This study was not designed to identify a causal relationship
between centralization of cancer surgery and clinical outcomes. As a
result, one cannot know whether population-wide improvements in
perioperative mortality are due directly to centralization of care. How-
ever, there have been significant improvements in in-hospital mortal-
ity for complex cancer procedures coincident with increasing
centralization of cancer surgery, and it is quite plausible that these
gains are attributable to centralization.

Although there is no uniform consensus regarding what surgical
volumes are sufficient for adequate clinical outcomes, the wealth of
published literature supports a relevant relationship between proce-
dure volume and outcomes for cancer surgery. Accordingly, there has

been extensive centralization of complex cancer surgery over the past
decade. Centralization continues without evidence of remitting.
While this process can be expected to result in population level im-
provements in cancer outcomes, centralization is substantially in-
creasing the travel distance for patients with cancer. Thus far, travel
burden has not prevented centralization of complex cancer surgery;
however, the impact of increasing travel distances needs to be moni-
tored. The persistence of other sociodemographic barriers to HVH
also needs to be addressed. The challenge remains to find ways to
improve access to high quality cancer care for all patients.
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