
Abstract. About 1% of all cancers are soft tissue sarcomas
(STS); about 60% of these occur in the extremities. Post-
treatment surveillance programs are designed to identify
recurrence, new primary cancers, and complications of therapy
early enough to increase survival duration and quality of life.
The intensity of surveillance varies among surgeons. We
hypothesized that geographic factors would account for
much of this variation. The 1,592 members of the Society
of Surgical Oncology were surveyed regarding their personal
postoperative STS surveillance strategy using standardized
clinical vignettes and a questionnaire based on the vignettes.
Practice patterns were analyzed by US Census Region,
Metropolitan Statistical Area (MSA), and managed care
organization (MCO) penetration rate, using repeated measures
analysis of variance. The study end-point was surveillance
intensity. Mean follow-up intensity for the 12 surveillance
modalities on the questionnaire was highly correlated with
tumor size, grade, and year post surgery. Controlling for tumor
stage, grade, and year post surgery, the practice location of
the surgeon infrequently impacted surveillance intensity.
MSA was a significant (p<0.05) predictor only of office visit
frequency. MCO penetration rate significantly predicted only
the frequency of urinalysis and tumor-site MRI. US Census
Region significantly predicted only the frequency of LFTs.
Geographic factors do not generally predict self-reported
surveillance practice patterns for patients after curative-intent
STS surgery. The overall variation in follow-up intensity
appears to reflect factors not evaluated, such as the absence
of high-quality evidence supporting any particular strategy
and the quality of patients' insurance.

Introduction

Only 1% of all newly diagnosed cancers are soft tissue
sarcomas (STS), of which 59% originate within an extremity.
Following potentially curative treatment, one-third of patients
suffer recurrence, typically within two years (1-4). However,
recurrence after five years is not unknown (1,5-7). It is there-
fore essential that a follow-up program be implemented to
reassure patients of their disease-free status or to identify
recurrences or new primaries (1,7,8). Various groups, such
as the National Comprehensive Cancer Network (NCCN),
have recommended various follow-up protocols for STS.
However, there remains a lack of compliance with these
recommendations and follow-up intensity varies worldwide
(8-10). Geographical factors could account for variation in
posttreatment surveillance. Such variation would suggest that
services are either overutilized or underutilized (11-13). 

Past research performed to analyze the effect of geographic
location on follow-up strategies utilized have used stratification
by metropolitan statistical area (MSA), state, county and
US Census Region (11-13). MSAs are areas with adequate
population to be considered primary census areas by the US
Bureau of the Census as defined by the Office of Management
and Budget (14). Comparisons of MSAs and small towns and
rural areas allow differences in test utilization by geographical
locations to be identified (14-17). 

Enrollment into managed care organizations (MCOs)
has been increasing steadily since the 1980s. MCOs use
numerous payment and management mechanisms to control
costs, which include revenues flowing to healthcare providers,
such as hospitals (18,19). Thus, the greater the penetration
rate of MCOs in particular geographical locations, the more
likely hospital revenues and profits are to be constrained. As
a result, hospitals then have more incentive to control costs.
This has raised much debate over the quality of care MCOs
provide. 

Therefore, it is reasonable to question whether physicians
in areas with higher managed-care enrollment rates use
fewer tests during follow-up than physicians in areas with
low enrollment rates. 

A survey was conducted recently to identify the surveil-
lance strategies chosen by members of the Society of Surgical

INTERNATIONAL JOURNAL OF ONCOLOGY  38:  233-239,  2011 233

Patient surveillance after treatment for soft-tissue sarcoma

FRANK E. JOHNSON1,2,  KEITA SAKATA2,  SUCHIRA SARKAR3,  RICCARDO A. AUDISIO3,  

WILLIAM G. KRAYBILL4,  JOHN F. GIBBS4,  ALAN L. BEITLER4 and KATHERINE S. VIRGO1,2

1Department of Surgery, Saint Louis University Medical Center, 3635 Vista Avenue, P.O. Box 15250, St. Louis, 

MO 63110-0250; 2Surgical Service, Department of Veterans Affairs Medical Center, 915 North Grand Blvd., 

Saint Louis, MO 63106, USA;  3University of Liverpool, Department of Surgery, St. Helens 

and Knowsley University Hospitals NHS Trust, Liverpool, UK;  4Department of Surgery, Roswell Park 

Cancer Institute, Roswell Park Cancer Institute, Elm & Carlton Streets, Buffalo, NY 14263, USA

Received June 24, 2010;  Accepted September 6, 2010

DOI: 10.3892/ijo_00000843

_________________________________________

Correspondence to: Dr Frank E. Johnson, Department of Surgery,
Saint Louis University Medical Center, 3635 Vista Ave. at Grand
Blvd., P.O. Box 15250, St. Louis, MO 63110-0250, USA
E-mail: frank.johnson1@va.gov

Key words: current practice patterns, geographic variation,
surveillance, sarcoma

233-239.qxd  19/11/2010  01:06 ÌÌ  ™ÂÏ›‰·233



Oncology (SSO) in the management of patients with extremity
soft tissue sarcoma following potentially curative treatment
(20). Results obtained from the survey showed that intensity
of surveillance following primary treatment varied immensely.
Previous analyses of the study data have tested whether the
variation in utilization of tests is linked to tumor size and
grade or to physician age (21,22). The focus of the current
analysis was to assess the influence of geographical location
(MSA and US Census Region) and MCO penetration rate on
the utilization of follow-up modalities.

Materials and methods

All 1,592 members of the SSO were surveyed regarding their
follow-up strategies for patients with extremity STS after
potentially curative treatment. The participants were mailed a
cover letter outlining the purpose of the study along with a
six-page survey and a self-addressed, stamped return envelope.
Details of the methods and main results have already been
published (20). Each member was asked to report the frequency
of his or her personal follow-up evaluation for each of 12
follow-up modalities. Vignettes describing a low-grade small
tumor (≤5 in diameter), a low-grade large tumor (>5 cm in
diameter), a high-grade small tumor and a high-grade large
tumor during years 1-5 and year 10 posttreatment were created. 

The modalities used in the survey were office visit, com-
plete blood count, liver function tests, serum electrolyte
levels, urinalysis, erythrocyte sedimentation rate, chest X-ray,
chest CT, X-ray of the tumor site, CT of the tumor site, MRI
of the tumor site, and bone scan. One of the modalities was
categorized as ‘other’ in case a physician used a test which
was not noted in the survey. Because many advanced statistical
methods require independence of observations, correlation
analysis was used to determine if an individual's response
for year 1 for a particular modality was independent of the
response given for years 2-5 and 10 for that same modality.
Similarly, correlation analysis was used to determine if an
individual's response for a particular follow-up modality for a
patient with a low-grade small tumor was independent of
the response given for that modality for a patient with a
low-grade large tumor. 

Survey responses were grouped and analyzed by the MSA,
US Census Region and MCO penetration rate corresponding
to the area from which each reporting physician had responded.
Because the number of MSAs is large and the number of
respondents per MSA was often small, each MSA with fewer
than 15 respondents was placed in the category ‘other MSA’.
All respondents from non-MSAs (small towns and rural areas)
were grouped into a separate category. Non-US respondents
were labeled as foreign and placed in a separate group. 

To broaden the analysis to one based on larger geographic
regions, survey responses were then regrouped based on the
U.S. Census Regions. The standard Census Regions were
modified slightly to include Puerto Rico in the South Atlantic
Region. In addition, the results obtained from surgeons in the
Mountain and Pacific Regions were combined due to the
small number of respondents from each Region. This combined
Region was categorized as Pacific Region. A tenth Region
was created to include responses from SSO members from
outside the US.

Lastly, MCO penetration data for cities and states (obtained
from the National Research Corp.) were added to the database
(23). Based on a frequency analysis of MCO penetration rates
by state, a categorical variable was created that corresponded
to 0.00-29.3, 29.4-37.7, 38.3-42.2 and 44.9-57.1% enrollment.
Repeated-measures analysis of variance was used to compare
practice patterns by MSA, US Census Region and MCO
penetration rates across STS grade, size and postoperative
years. Statistical significance was set at p<0.05.

Results

Of the 1,592 SSO members who received the survey, 714
(45%) responded. A total of 343 of the 714 (48%) performed
sarcoma surgery; 318 of these 343 (93%) conducted surgery
and provided long-term follow-up, which equates to 44%
of respondents (318/714) who provided the evaluable data
reported below. The demographic profile of the respondents
has already been published (20). 

Correlation analysis revealed that mean follow-up intensity
for the majority of modalities was highly correlated across
tumor grade, size, and year post surgery. This means that
the strategy used for follow-up by an individual respondent
in year 1 was highly correlated with the strategy selected for
year 2, which was also highly correlated with the strategy
selected for year 3, and so on. Similarly, the strategy imple-
mented by given respondent for follow-up of a patient with a
lesion of particular size and grade was highly correlated across
the entire follow-up period and was also highly correlated
with the responses for lesions of other sizes and grades. In
addition, the modalities used by a specific surgeon for
surveillance of a patient with a sarcoma of a particular size
and grade were highly correlated across all post surgery years
with the modalities chosen by that surgeon for sarcomas of
other sizes and grades. 

Six MSAs had 15 or more respondents. Table I lists the
means and standard deviations for each of the commonly
used modalities by MSA for a high-grade STS >5 cm in
diameter and year 1 post surgery. Commonly employed
modalities were office visit, chest X-ray, complete blood count
and liver function tests. Surveillance varied only modestly
among grades, sizes, and years, so only data for this particular
vignette and year 1 post surgery is shown. Buffalo-Niagara
Falls and New York City were consistently the MSAs with
the highest frequency of utilization of the seven most common
modalities across grades, sizes, and post surgery years.
Non-MSA regions also recorded a high frequency of use
for the common modalities. The Houston and Los Angeles
MSAs had consistently low-frequency users of the commonest
modalities. Although the Philadelphia MSA respondents
used office visits infrequently, they used the other modalities
frequently. For the uncommon modalities (not shown on
the table), very small means and standard deviations were
observed. 

Significant main effects (p<0.05) were obtained for grade,
size, and year for all modalities except electrolytes, urinalysis,
erythrocyte sedimentation rate, site X-ray, site CT and bone
scan. The effect of MSA was only significant for office visit,
urinalysis, erythrocyte sedimentation rate, site X-ray and site
CT. A number of two-way interactions had significant main
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effects. The interactions of grade and MSA was significant
for urinalysis and electrolytes. The size and year interaction
was significant for chest X-ray and site MRI. There were
significant grade and year main effects for office visit, liver
function tests, chest X-ray and chest CT. Finally, the two-way
interactions of grade and size was significant for liver function
tests and bone scan. Three-way interactions of size, year and
MSA were significant for urinalysis, site MRI and bone scan;
the interaction of grade, year and MSA for erythrocyte
sedimentation rate and other tests and the interactions of
grade, size, and MSA for bone scan were also significant.

The mean and standard deviation for all modalities by MCO
penetration rates for large high-grade STS in post surgery
year 1 are listed in Table II. Respondents from states with
MCO penetration rates of 29.4-37.7 and 44.9-57.1% had
the highest frequency of usage for the common modalities,
such as office visit, CBC and chest X-ray. Surgeons from
states with MCO penetration rates of 38.3-42.2% reported
the highest usage for uncommon modalities. 

This analysis only disclosed significant main effects of
MCO penetration rate for office visit, urinalysis and site MRI.
The grade, size, and year main effects were significant for
all modalities with the exception of electrolytes, urinalysis,
erythrocyte sedimentation rate, site X-ray, site MRI and
‘other’ tests. The analysis also found two-way and three-way
interactions but no four-way interactions. The interaction of
grade and year was significant for the common modalities.
The interaction of size and year and the interaction of grade
and size were only significant for modalities that were used
infrequently. The interaction of year and MCO penetration
rate was only significant for urinalysis and bone can. Two
three-way interactions were significant. Grade, size and year
were significant for electrolytes and site CT scan while the
interaction of grade, size and MCO penetration rate was
significant for site MRI only. 

Table III lists the mean and standard deviation for each of
the commonly used follow-up modalities by US Census Region
for large high-grade STS and year 1 post surgery. The Mid-
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Table I. Frequency of test utilization analyzed by MSA in postoperative year 1 after surgery for high-grade (TNM Stage II-III) 
soft tissue sarcoma of the extremity measuring >5 cm (n=282).a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Modality (mean ± standard deviation)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
MSA Office visitb CBC LFTs Electrolytes UA ESR
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Buffalo, Niagara Falls 4.3±0.8 2.1±1.7 2.1±1.7 0.8±1.4 0.1±0.4 0.0±0.0

Non-MSAc 3.9±1.3 1.2±1.8 1.4±1.8 0.3±0.9 0.1±0.6 0.0±0.0

New York City 3.8±0.9 0.7±1.1 0.7±1.1 0.1±0.2 0.2±0.5 0.0±0.0

Other MSAd 3.8±1.0 1.0±1.4 1.2±1.4 0.4±1.1 0.1±0.6 0.0±0.3

Chicago 3.6±0.7 0.7±1.2 0.9±1.3 0.6±1.4 0.0±0.0 0.0±0.0

Los Angeles 3.6±1.0 0.5±1.0 0.8±1.1 0.4±1.0 0.1±0.3 0.1±0.3

Philadelphia 3.4±0.9 1.3±1.4 1.8±1.6 0.1±0.3 0.3±0.5 0.1±0.4

Houston 3.3±1.2 1.3±0.6 1.3±0.6 0.0±0.0 0.0±0.0 0.0±0.0

Total 3.8±1.0 1.0±1.4 1.2±1.4 0.4±1.0 0.1±0.6 0.0±0.3
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Modality (mean ± standard deviation) high grade >5 cm
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

MSA CXR Chest CT Site X-ray Site CT Site MRI Bone scan
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Buffalo, Niagara Falls 2.0±1.3 0.1±0.4 0.0±0.0 0.1±0.4 0.1±0.4 0.0±0.0

Non-MSAc 1.7±1.5 1.0±1.3 0.4±1.0 0.8±1.3 0.7±1.1 0.1±0.2

New York City 1.9±1.5 0.8±1.1 0.2±0.6 0.5±0.8 0.3±0.6 0.1±0.5

Other MSAd 1.9±1.1 0.7±1.0 0.1±0.4 0.4±0.8 0.6±0.9 0.1±0.4

Chicago 1.6±1.4 1.0±1.3 0.1±0.5 0.6±0.8 0.5±0.7 0.1±0.3

Los Angeles 1.9±1.1 0.6±1.1 0.3±1.0 0.4±0.7 0.5±1.1 0.0±0.0

Philadelphia 1.4±0.7 0.4±0.7 0.0±0.0 0.6±0.9 1.3±0.9 0.1±0.4

Houston 1.7±0.6 0.0±0.0 0.0±0.0 0.0±0.0 0.7±0.6 0.0±0.0

Total 1.8±1.2 0.7±1.0 0.1±0.6 0.4±0.9 0.6±0.9 0.1±0.4
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
MSA, metropolitan statistical area; TNM, tumor, node, metastasis; CBC, complete blood count; LFTs, liver function tests; UA, urinalysis;
ESR, erythrocyte sedimentation rate; CXR, chest X-ray; CT, computed tomography; MRI, magnetic resonance imaging. The value in each
cell represents the number of times the practitioner requests each test or other modality. aRestricted to U.S. respondents only due to lack of
MSA data for foreign respondents. bp<0.05. Significant differences exist among the cells in the column. cRural areas and small towns with
no MSA code. dMSAs with <15 responses.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Atlantic Region generally recorded the highest frequency
of use for many of the modalities used although West South
Central Region respondents also recorded a high frequency
of utilization. Respondents from the New England and East
South Central Regions reported the least frequent use of the
common modalities.

US Census Region had a significant effect only for liver
function tests and chest X-ray. There were also significant
main effects of tumor grade, posttreatment year and tumor
size for all modalities. There were few significant two-way
and three-way interactions. The interaction of grade and
year was significant for all modalities with the exception of
electrolytes, urinalysis, site X-ray and ‘other’ tests. The two-
way interaction of year and size was significant for CBC,
chest X-ray, site CT and site MRI. Posttreatment year and
Census Region had significant main effects on chest X-ray
also. Few three-way interactions were identified. The three-
way interaction of grade, year and Region had a significant
main effect for site CT only, while the interaction of grade,
size and year were significant for CBC. 

Discussion

STSs are uncommon and affect about 5,000-6,000 people
in the US each year. Approximately 50% of these occur in

the extremities (1,6,9). Despite optimal treatment of primary
tumors, about a third of patients with extremity tumors
experience local or distant recurrence at a median disease-
free interval of 18 months (1,9,13). Various studies have
shown that these recurrences can be treated with good results,
providing a compelling rationale for surveillance testing. The
purposes of such regimens include providing reassurance
to patients that no recurrence has occurred and identifying
recurrence with the premise that early recognition and
treatment can prolong survival (1). The follow-up procedures
now utilized in routine clinical practice or in research protocols
have been developed without stringent clinical studies.
Nonetheless, advisory guidelines have been produced by
the National Comprehensive Cancer Network (NCCN) for
routine surveillance testing following curative-intent treatment,
but compliance with these guidelines is poor, as our data
confirm. One reason for this variation may be the geographical
locations of the practicing physicians. Health care services
vary in cost, quality, accessibility, and other dimensions
across the world and within countries and are frequently
changing. It appears that there are differences in practices
among physicians as well. They are due to such factors as
availability of resources, guidelines for their applications,
differences in training of physicians, and variation in patient
expectations. 
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Table II. Frequency of test utilization analyzed by Managed Care Organization (MCO) penetration rate in postoperative year 1
after surgery for high-grade (TNM Stage II-III) soft tissue sarcoma of the extremity measuring >5 cm (n=282).a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Modality

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
MCO 
penetration 
rates (%) Office visit CBC LFTs Electrolytes UAb ESR
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0.00-29.3 3.8±1.0 0.8±1.2 1.0±1.3 0.3±0.8 0.0±0.1 0.0±0.1

29.4-37.7 3.8±1.0 1.2±1.6 1.3±1.6 0.4±1.1 0.1±0.4 0.1±0.5

38.3-42.2 3.5±1.1 1.0±1.3 1.3±1.4 0.4±1.0 0.3±0.8 0.0±0.2

44.9-57.1 3.8±1.0 1.0±1.5 1.1±1.5 0.5±1.2 0.2±0.8 0.1±0.5

Total 3.6±1.0 1.0±1.4 1.2±1.4 0.4±1.0 0.1±1.0 0.1±0.4
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Modality
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

MCO 
penetration 
rates (%) CXR Chest CT Site X-ray Site CT Site MRIb Bone scan
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0.00-29.3 1.8±1.1 0.5±0.9 0.1±0.6 0.3±0.7 0.5±0.8 0.0±0.2

29.4-37.7 1.9±1.1 0.7±1.1 0.1±0.3 0.5±1.0 0.6±0.9 0.1±0.6

38.3-42.2 1.7±1.1 1.0±1.2 0.2±0.7 0.6±0.9 0.9±1.0 0.1±0.4

44.9-57.1 1.9±1.4 0.7±1.0 0.2±0.9 0.4±0.7 0.6±0.9 0.1±0.3

Total 1.8±1.2 0.7±1.0 0.1±0.6 0.4±0.8 0.6±0.9 0.1±0.4
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
TNM, tumor, node, metastasis; CBC, complete blood count; LFTs, liver function tests; UA, urinalysis; ESR, erythrocyte sedimentation rate;
CXR, chest X-ray; CT, computed tomography; MRI, magnetic resonance imaging. The value in each cell represents the number of times the
practitioner requests each test or other modality. aRestricted to US respondents only due to non-applicability of the MCO penetration rate
concept to foreign responses. bp<0.05. Significant differences exist among the cells in the column.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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This study compared the effect of MCOs, MSAs and U.S.
Census Regions on the utilization of surveillance modalities
following resection of extremity STSs. Our analysis suggests
that regional variations in the costs of various tests, distribution
of specialists and MCO restrictions have only a modest effect
on the variation in the utilization of different tests for follow-up
extremity STS. 

For our MSA analysis, it was assumed that physicians only
treat patients from the MSA in which their office is located
and that there is little cross over among MSAs. Comparison
was conducted among 8 MSAs, which all provided 15 or
more respondents, an ‘other’ MSA category consisting of all
remaining MSAs with less than 15 respondents, a non-MSA
representing respondents from small towns and rural areas,
and lastly a ‘foreign’ category for respondents outside the
US. Means among nine MSA categories varied minimally,

indicating that surveillance patterns were not greatly dependent
upon geographic factors. 

MCOs have changed in many ways since their introduction
in the early 1980s. The aim of managed care has been described
as cutting the cost of health care while maintaining quality,
yet the evidence that it has been able to achieve these aims is
decidedly mixed. The current investigation shows that areas
with MCO penetration rates 81.9-96.9% reported some of
the highest rates for utilization of common tests. Common
modalities may be used more frequently than dictated by
published guidelines due to the perception that these tests are
inexpensive. Therefore, inexpensive surveillance modalities
were used at least as often and generally more often in areas
of high penetration rates compared to those with lower
penetration rates. However, the means differed little among
between our four MCO penetration-rate categories for
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Table III. Frequency of test utilization analyzed by US Census Region in postoperative year 1 after surgery for high-grade
(TNM Stage II-III) soft tissue sarcoma of the extremity measuring >5 cm (n=318).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Modality (mean ± standard deviation)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

MSA Office visit CBC LFTsa Electrolytes UA ESR
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
West North Central 3.9±1.4 0.8±1.1 1.0±1.4 0.4±0.9 0.3±0.9 0.1±0.3

Pacific 3.4±1.0 0.8±1.3 1.1±1.2 0.4±1.1 0.1±0.4 0.0±0.2

Mid Atlantic 3.8±1.0 1.2±1.5 1.4±1.6 0.4±0.9 1.2±0.6 0.0±0.2

West South Central 3.8±1.0 1.4±1.7 1.4±1.7 0.5±1.4 0.0±0.0 0.2±0.9

East North Central 3.8±0.9 0.8±1.3 1.1±1.3 0.3±1.0 0.0±0.0 0.0±0.0

South Atlanticb 3.7±1.2 1.0±1.4 1.2±1.4 0.4±0.9 1.2±0.6 0.0±0.1

East South Central 3.7±1.1 0.6±1.1 0.6±1.1 0. 3±0.6 0.1±0.2 0.0±0.0

Foreign 3.6±0.9 0.8±1.3 0.8±1.2 0.4±1.1 0.2±0.5 0.1±0.4

New England 3.5±0.8 0.4±1.1 0.5±1.1 0.3±1.0 0.1±0.2 0.0±0.0

Total 3.8±1.0 0.9±1.4 1.1±1.4 0.4±1.0 0.1±0.5 0.0±0.3
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Modality (mean ± standard deviation)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Region CXR Chest CT Site X-ray Site CT Site MRI Bone scan
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
West North Central 2.3±1.2 1.0±1.4 0.3±1.2 0.5±1.2 0.8±1.4 0.3±0.5

Pacific 1.8±1.2 0.6±0.9 0.2±0.7 0.3±0.6 0.6±0.9 0.1±0.2

Mid Atlantic 1.9±1.3 0.6±1.0 0.2±0.8 0.5±0.9 0.4±0.7 0.1±0.3

West South Central 1.9±1.2 0.7±1.3 0.0±0.0 0.4±0.9 0.7±1.0 0.1±0.2

East North Central 1.8±1.2 0.7±1.1 0.1±0.3 0.5±0.8 0.5±0.7 0.0±0.2

South Atlanticb 1.8±1.2 0.7±1.1 0.2±0.7 0.4±0.8 0.7±0.9 0.0±0.2

East South Central 1.7±0.8 0.4±1.0 0.1±0.3 0.5±1.0 0.4±1.0 0.2±0.9

Foreign 2.4±1.4 0.6±0.9 0.1±0.4 0.8±1.0 0.7±0.9 0.1±0.4

New England 1.7±1.2 0.9±1.2 0.1±0.5 0.4±0.7 0.8±0.9 0.1±0.5

Total 1.9±1.2 0.7±1.0 0.1±0.6 0.5±0.8 0.6±0.9 0.1±0.4
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
TNM, tumor, node, metastasis; CBC, complete blood count; LFTs, liver function tests; UA, urinalysis; ESR, erythrocyte sedimentation rate;
CXR, chest X-ray; CT, computed tomography; MRI, magnetic resonance imaging. The value in each cell represents the number of times the
practitioner requests each test or other modality. ap<0.05. Significant differences exist among the cells in the column by US Census Region.
bRespondents from Puerto Rico were grouped in the South Atlantic Region.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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uncommon modalities, suggesting that expensive surveillance
modalities were being used at least as often and generally
more often in areas of higher MCO penetration rates than in
MCOs with lower penetration rates. 

The analysis by US Census Regions allows comparison
by location only. The analysis showed minimal variation
among the 10 Regions. This implies that surveillance strategies
do not differ significantly clinically across the US. Since it is
clear that the distribution of SSO members across the US is
not uniform, perhaps the observed pattern is a reflection of
the similarity in medical education programs across the US.
It may also be due to the increasing influence of planned
continuing medical education events and activities intended
to improve the knowledge base of physicians in the US
(24,25). Rydholm provides an example of the effectiveness
of continuing medical education (26). In a Swedish center
guidelines were formulated, based on epidemiological data,
for surgical referral of all patients with soft tissue tumors.
Repeated lectures were given at local hospitals explaining the
advantages of the guidelines. The same information was
given to all medical students during pathology coursework and
again during coursework in general surgery and orthopedics.
Doctors who referred patients with STS before surgery were
sent personal letters outlining the specific advantages for
their patients. Over a 10-year period, this resulted in a change
in referral patterns, such that 80% of all patients in the Region
with a deep-seated STS of the extremity were referred to the
designated center before treatment. 

The percentage of non-US respondents was 14% of the
total number of respondents. Though oversampled, non-US
respondents constituted only a small portion of the total
respondents and were not a large enough group to analyze by
country or continent. Altogether, the study revealed that
there was no clinically significant variation in the utilization
of surveillance modalities among MSA, MCO and US Census
Regions, with the exception of office visits, urinalysis,
electrolytes, site MRI, site X-ray and site CT. 

Office visits and urinalyses were both statistically signifi-
cantly different among MSAs and MCOs while electrolytes,
site X-rays and site CTs were statistically significantly
different among MSAs. The differences in surgeon practice
among MSAs, MCOs and US Census Regions for the use of all
surveillance modalities were all clinically small. These results
imply that there is a general agreement among physicians from
different MSAs, MCOs and US Census Regions regarding
the use of available follow-up tests despite the lack of either
a strong evidence base or consensus-based guidelines around
the world. This is in agreement with studies for other tumor
types. However, although there appears to be a general
consensus among experts regarding the frequency of use of
the common modalities, this does not hold well for uncommon
modalities. The current study has obvious limitations. It was
sent only to members of the Society of Surgical Oncology.
Also, though extremity STSs are mainly treated via surgical
procedures and surgeons tend to monitor their patients
personally, some may be sent back to their referring doctors
or other specialists such as medical oncologists for surveillance.
This limits the generalizability of the results above. Another
limitation is that the study data are based on self report. It is
well known that physicians have a tendency to overreport. As

well, surgeons other than SSO members operate on patients
with STS.

In conclusion, our survey indicates that MSA and MCO
penetration rates have only a minimal effect on the variation
in the use of follow-up modalities by sarcoma surgeons. US
Census Region appeared to have no effect on the utilization
of surveillance modalities. Of the most commonly used tests,
only the use of office visit seemed to be influenced by MSA
and MCO penetration rates, while there was a variation in
the utilization of urinalysis, electrolytes, site X-ray and site
CT among surgeons practicing in different MSAs and among
those practicing in areas with different MCO market share.
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