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ABSTRACT

Background: Pulmonary surveillance protocols
following sarcoma excision based on clinical evi-
dence and outcomes are limited in current litera-
ture. The purpose of this study was to determine
the method, frequency, and reasoning behind pul-
monary surveillance strategies in patients treated
for sarcoma among members of the Musculoskel-
etal Tumor Society (MSTS).

Methods: SurveyMonkey, an online survey tool,
was used to create and distribute a questionnaire
to 211 members of the MSTS in 2011. The 16
questions focused on current pulmonary surveil-
lance algorithms and their reasoning.

Results: Of the surveyed members of the MSTS,
65% follow high-grade sarcoma with routine chest
CT scans. Most disagreement involved low-grade
sarcomas, where radiographs (34%), routine CT
(33%), or selective CT scans (31%) were evenly
distributed. Selective CT scans in low-grade lesions
were warranted with an indeterminate nodule on
prior CT (81%), local recurrence (40%), or large/
deep tumor characteristics (31%). Most protocols
were based on continuation of training protocols
(46%), clinician’s interpretation of the current
literature (23%), or personal experience (14%).

Conclusions: Significant clinician variability ex-
ists in terms of pulmonary surveillance of sarco-
mas, most notably in low-grade lesions. The results
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of this study represent an area in need of further
study to develop an evidence-based protocol for
sarcoma pulmonary surveillance.

INTRODUCTION

Following excision of primary musculoskeletal sar-
coma, patients are routinely monitored for evidence of
distant metastasis, which is the most common cause of
cancer-related mortality, affecting 30-50% of patients with
high-grade sarcoma!. Most metastases occur in the first
two years following treatment of the primary tumor??,
with the lungs representing the most common site of
distant disease. The early identification of pulmonary
metastatic disease is thought to be important as surgi-
cal removal of limited disease can result in a survival
benefit. For example, 25-40% of patients undergoing
complete resection of metastatic disease confined to the
lungs will survive long-term, compared to 17% who do
not have a complete resection*”.

The two most commonly used imaging techniques
for pulmonary surveillance are chest radiographs (CXR)
and computed tomography (CT). Radiographs are quick,
accessible, and inexpensive but cannot unequivocally
detect subcentimeter pulmonary nodules. While CT
scans provide greater detail and information, they are
more expensive and expose the patient to two orders
of magnitude higher doses of radiation than plain radio-
graphs®. Recent reports have raised concerns about a
causative effect with excessive radiation exposure from
CT scans and subsequent development of malignancy®°.
Therefore, the elimination of unnecessary CT scans may
be beneficial to both patient safety and healthcare costs.

The National Comprehensive Cancer Network
(NCCN) provides guidelines for follow-up and surveil-
lance of extremity sarcoma, but these guidelines do not
differentiate between chest radiographs and CT scans
in terms of pulmonary surveillance*'?. For low-grade
soft tissue sarcoma (American Joint Committee on
Cancer [AJCC] stage IA and IB), the NCCN® simply
recommends to “consider chest imaging every 6-12
months.” For AJCC stage II, III, and IV disease, the
NCCN recommends “chest imaging [plain radiograph or
chest CT] every 3-6 months for 2-3 years, then every 6
months for next 2 years, then annually.” Several authors
have reported on surveillance protocols and strategies
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Figure 1. Results illustrating the difference in surveillance methods
and frequency between low-grade and high-grade sarcomas.

following excision of primary sarcoma'®?, with no clear
consensus obtained. Given the large disparities among
musculoskeletal oncologists in both method of pulmo-
nary surveillance and frequency, we designed a survey
to determine the scope of the disagreement and identify
potential questions for further investigation.

MATERIALS AND METHODS

We used SurveyMonkey (www.surveymonkey.com),
an online survey tool, to create and distribute a ques-
tionnaire to 211 members of the Musculoskeletal Tumor
Society (MSTS). Sixteen questions were created focus-
ing on current algorithms, patient concerns regarding
radiation exposure, personal interest in further research,
and clinical experience.

The survey was designed by the senior author (BJM)
and reviewed prior to distribution by two fellowship-
trained musculoskeletal oncologists (MTS, CPG)
(Appendix A). The questions were intended to be
hypothesis-generating, and focused on the current pref-
erences of individual surgeons in the means and timing
of chest imaging, the reasoning behind their personal
protocol, concerns about radiation from medical imag-
ing expressed by their patients, and their perceptions
on the overuse or underuse of imaging for pulmonary
surveillance. The current membership of the MSTS was
then sent two emails in February 2011 with a link to
the survey and explanation of the project. The results
were compiled and percentages calculated according to
responses of the participating surgeons.
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What reasoning do you use to supportyour protocols?

Opinions of colleagues and experts -

Continuation of the protocol used during my training —
My own personal experience H

My own interpretation of the literature _
Recommendations from published data NN
|
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Figure 2. Most respondents reported that their current surveillance
protocols were a continuation of the methods used during training.
Less than 10% based their protocols on recommendations from
published data.

RESULTS

Of the 211 active members of the MSTS in 2011, 118
members (55.9%) completed the survey. The complete
survey questionnaire and associated results are dis-
played in Appendix A.

The most apparent disagreement involved surveil-
lance of low-grade sarcomas. In terms of surveillance
method, there was a nearly equivalent distribution
among chest radiographs, selective use of CT scans
(generally chest radiographs with CT scans reserved for
particular clinical scenarios), and routine use of CT scans
(Figure 1). There was also an equivalent distribution in
the frequency of monitoring, with half of respondents
electing to monitor more frequently than twice per year
and half choosing to monitor every 6 months initially
and decreasing over time.

In contrast, there was less disagreement in both the
method and frequency of surveillance for high-grade
sarcoma (Figure 1). Nearly 65% of respondents indicated
preference for chest CT scans for surveillance, while
nearly 23% use primarily chest radiographs with select
CT scans for certain patients. Frequency of monitoring
high-grade sarcoma was more consistent, with over 90%
of MSTS members electing to monitor more than twice
a year initially, with decreasing frequency over time.

Most respondents (45.6%) indicated that their surveil-
lance protocols were a continuation of the practices used
during training (Figure 2). Less common reasons for an
individual’s surveillance protocols were the physician’s
own interpretation of the literature (22.8%), personal
experience (14.0%), and opinions of colleagues and ex-
perts (9.6%). Interestingly, only 7.9% of respondent’s
based their surveillance protocols on recommendations
from published data. Two-thirds of respondents felt that
chest CT scans are currently overused for monitoring of
low-grade sarcomas, while one-third felt chest CT scans
were overused for monitoring of high-grade sarcomas.

The presence of an indeterminate nodule found on a
previous chest CT scan was the most common clinical
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What clinical scenarios would you use CT scan, rather than
radiographs, to monitor a low-grade lesion (choose all that apply)?

Suboptimal margins following resection ‘
Tumor is large and decp
Certain histologic subtypes
Indeterminate nodule on prior CT

Local recurrence

None of above ‘

0% 20% 40% 60% 80% 100%

Figure 3. The most common clinical scenario in which respondents
elect to monitor low-grade lesions with CT is an indeterminate nodule
from a previous CT scan (81%), followed by local recurrence (39.7%)
and if the tumor is large and deep (31%).

scenario for monitoring a low-grade lesion using CT
scans (81.0%) (Figure 3). Less frequently cited reasons
for use of CT scan for surveillance of low-grade lesions
included local recurrence (39.7%), large and deep tumors
(31.0%), certain histologic subtypes (24.1%), and subop-
timal resection (15.5%). Most MSTS members indicated
similar monitoring protocols for both bone and soft tissue
sarcomas (82.8%).

Of the participating respondents, 62.9% indicated that
they have had patients express concerns regarding the
health risks from radiation exposure in CT scans within
the past year, while 19.0% have had patients express this
concern at some point in their career (Figure 4). Greater
than 75% of clinicians cited limiting radiation exposure
as a reasonable justification to reduce the number of CT
scans performed for pulmonary surveillance. In fact,
60.9% felt that CT scans are not always necessary for
routine surveillance and 45.2% reported cost savings as
reasonable justifications for reduction in CT scans for
pulmonary surveillance of sarcomas. In contrast, 19.1%
of respondents felt that the number of chest CT scans
should not be reduced as the risk of missing metastatic
disease outweighs any potential benefit of reducing the
number of CT scans performed.

Lastly, most MSTS members felt there is a need
for further studies regarding appropriate protocols for
pulmonary surveillance (93.0%) and nearly all were will-
ing to contribute their patients to research efforts to
further investigate the issue of pulmonary surveillance
for sarcomas (98.2%).

DISCUSSION
Current guidelines for pulmonary surveillance of soft
tissue sarcoma (STS) do not specify a specific imaging
modality or periodicity, leading to controversy regarding
both the method and frequency of pulmonary surveil-
lance among practicing orthopedic oncologists. With

Have any of your patients expressed concern regarding
health risks from radiation exposure in CT scans?

Yes, within the past year

Yes, sometime in my career

No

0% 10% 20% 30% 40% 50% 60% T0%

Figure 4. Nearly two-thirds of clinicians had patients express con-
cerns in the last year over health risks due to radiation exposure
from CT scans.

concerns about secondary effects of radiation from CT
scans, many have questioned the need for advanced
imaging for routine surveillance purposes, especially
for lower-grade lesions with minimal risk of metastases.
Additionally, reports from other solid tumor types chal-
lenge the usefulness of multiple follow-up imaging and
laboratory studies in terms of cost-effectiveness, efficacy,
and survival benefit'®?*%". The results of this survey of
MSTS members highlight the lack of evidence-based
recommendations for pulmonary surveillance strategies,
with the surveillance of low-grade sarcomas representing
the largest area of disagreement.

The lungs are the most common site of STS meta-
static disease, and most new metastases occur within
two years following treatment of the primary tumor,
although current guidelines recommend surveillance for
at least 5-10 years or longer. However, these guidelines
do not specify a specific imaging modality or periodic-
ity, and controversy exists among practicing orthopedic
oncologists regarding both the method and frequency
of pulmonary surveillance.

While chest CT scans provide greater detail and
information, concerns over excessive radiation, health-
care costs, and unnecessary interventions prompted by
incidental discovery of benign lesions have led many to
question the necessity of advanced imaging for routine
surveillance purposes, specifically in lower-grade lesions
with a minimal risk of metastatic spread. Additionally,
reports from other solid tumor types challenge the
usefulness of multiple follow-up imaging and labora-
tory studies in terms of cost-effectiveness, efficacy, and
survival benefit (18, 24-27). Given the disagreement and
lack of widely-accepted guidelines regarding appropriate
surveillance strategies for STS, this survey was designed
to define the scope of the problem and determine the
current state of practice and controversy for pulmonary
imaging.
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The results from the current report indicate that
surveillance of low-grade sarcoma represents the most
apparent area of disagreement amongst members of
the MSTS, with a nearly even split between chest x-ray,
chest CT, and selective CT scans. Additionally, roughly
half of respondents prefer to initially monitor these
patients twice per year, with the remainder electing for
more frequent clinic visits initially (a higher frequency
than the current NCCN guidelines'?). There was less
discrepancy with respect to high-grade sarcomas, as
a majority of respondents preferred chest CT scans
for routine surveillance, with a lower number electing
chest CT scans for select patients. Likewise, over 90% of
MSTS respondents elect to initially follow patients with
high-grade sarcoma more than twice per year, consistent
with the NCCN recommendations.

Previous surveys of surgical oncologists have at-
tempted to better understand practice patterns. In a 1997
survey on surveillance strategies among members of
the Society of Surgical Oncology, Beitler et al. reported
that office visits and chest radiographs were the most
frequently used modalities during each year of follow-up®.
While 74% believed routine follow-up testing would result
in detection early enough to institute potentially curative
treatment, only 26% believed that current literature sup-
ported a survival benefit to follow-up testing. Reanalyzing
the same survey data, Sakata et al. reported tumor grade
and size significantly impacted physician practice patterns
in postoperative treatment follow-up®. In another survey,
Gerrand et al. found that clinic visits and radiographs
were the most commonly used method of surveillance,
and most respondents based their follow-up protocol on
the perceived risk of local or systemic relapse®.

Previous reports suggest chest radiography may be
sufficient for pulmonary surveillance following primary
treatment of extremity STS with reported positive and
negative predictive values of surveillance chest radio-
graph of 92% and 97%, respectively”"182022 Cool et al.
concluded that the vast majority of metastasis detected
by routine surveillance/CXR or restaging has proved
successful in identifying pulmonary metastases before
they became clinically apparent in 67% of cases'. Puri
et al. randomized 500 non-metastatic patients to demon-
strate non-inferiority with primary end point of overall
survival at 3 years and disease free survival at 3 years?.
CXR as an imaging modality did not lead to worsened
survival and was not inferior to CT scan in terms of de-
tecting pulmonary metastases. While most studies did
not find added benefit with routine chest CT scans for
pulmonary surveillance, Cho et al. reported a significant
survival advantage at 2 and 4 years in patients followed
with routine chest CT after surgical treatment of primary
extremity sarcoma'¥. However, no survival benefit was
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seen at 5 years. They concluded that serial monitoring
with chest CT could give rise to early detection of pul-
monary metastases, providing a chance for pulmonary
lesion excision and survival advantage.

With most reports suggesting recurrent or metastatic
disease occurs within the first two years following pri-
mary surgical treatment of soft tissue sarcoma, more
aggressive follow-up and surveillance methods should be
weighted during this time period>"!%18, Several authors
advocate risk stratification, with more frequent and
intense follow-ups for high-risk patients!®'®!, Another
potential area of disagreement among surgical oncolo-
gists is length of follow-up, which was not specifically
addressed in the current study. Sawamura et al. noted
that 95% of metastases developed by 7.3 years and the
rate of metastases was extremely high for high-grade
tumors during the first two years®. The authors suggest
that follow-up beyond 10 years does not yield a sufficient
number of local recurrences or metastases to warrant
further monitoring.

The health risks secondary to the accumulation
of low-dose radiation from medical imaging deserve
specific discussion and several reports have addressed
these concerns®?*3!. Extrapolating upon data reported in
previous studies, Brenner and Hall estimated that 1.5-2%
of all cancers in the United States were caused by radia-
tion exposure in medical imaging®. Patients are aware of
these risks, with nearly two-thirds of survey respondents
having patients express concerns regarding repeated
radiation exposure. Patient concerns over accumulated
radiation exposure are legitimate, and a discussion of
potential risks and benefits from additional imaging stud-
ies should be standard practice for treating clinicians.

Inherent limitations are unavoidable with any study
based on questionnaire to survey a large group of
individuals. There are uncertainties and difficulties in
interpreting responses. Inherent to this specific survey
is the difficulty in categorizing follow-up protocols into
a select few choices, as some clinicians likely perform
additional testing based on results of physical examina-
tion or previous clinical data. There is also no way of
knowing whether the results obtained in this survey
actually translate into clinical practice. Additionally, this
is a limited sampling of orthopedic oncologists, and
should be generalized to other sarcoma specialists with
care. Finally, the relatively low rate of MSTS member
participation (118/211) was another limitation of this
study.

The disagreements amongst members of the MSTS
are secondary to variations in personal opinion in com-
bination with lack of high-quality, evidence-based rec-
ommendations. As it was evident that most orthopedic
oncologists were likely to monitor patients in a similar
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manner to their fellowship training, it is not surprising
that surveillance protocols are not uniform. This issue
is complex with theoretically dramatic consequences.
Certainly it is a justifiable goal to limit “unnecessary”
imaging studies. This would result in cost savings, less
radiation from medical imaging, and no consequence for
overall survival. However, this decision is based on risk-
stratification and a judgment of the “likelihood” of meta-
static disease, and it is conceivable that a less intensive
surveillance protocol would result in delayed detection
of treatable metastatic disease in select patients.

What is clear from these data is that the current level
of knowledge is not adequate to reflect a consensus
opinion of pulmonary surveillance. Encouragingly, the
overwhelming majority of those surveyed think that
further research would be meaningful, and they would
be willing to contribute patients to a society-wide effort.
Our hope is that this simple report will stimulate further
conversation and thought into determining the ideal
protocol that balances metastatic risk, medical imaging
radiation dose minimization, cost consciousness, and
detection of asymptomatic disease that can be treated
for a survival benefit.

In conclusion, evidence-based recommendations on
pulmonary surveillance strategies are lacking in the
literature and this is highlighted by the results of this
survey. The largest disagreement among clinicians
involves surveillance of low-grade sarcomas and most
strategies are a continuation from protocols used in
training. Based upon these results, we believe a prospec-
tive, multi-center, comparative study design focusing on
low-grade sarcoma would be the most informative and
supported effort.
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Appendix A - Results of Pulmonary Surveillance Questionnaire

‘What method do you use for pulmonary
surveillance of low-grade soft tissue sarcoma?

No surveillance 2.6%
Chest radiographs 33.6%
Select CT scans 31.0%
Primarily CT scans 32.8%

PET scans | 0.0%

0% 10% 20% 30% 40%

How frequently do you typically monitor patients
with low-grade soft tissue sarcoma?

More tha_n twice per year, 47 4%

initially

Twice per year, initially 48.3%
Annually 3.4%

Less than once per year | 0.9%

0% 10% 20% 30% 40% 50% 60%

What reasoning do you use to support your protocols?

Recommendations from published
data

My own interpretation of the
available literature

My own personal experience

Continuation of the protocol used

duri . 45.6%
uring my training

Opinions of colleagues and experts 9.6%

0% 10% 20% 30% 40% 50%

‘What method do you use for pulmonary
surveillance of high-grade soft tissue sarcoma?

No surveillance
Chest radiographs
Select CT scans

Primarily CT scans 64.9%

PET scans 4.4%

0% 20% 40% 60% 80%

In what clinical scenarios would you use CT scans, rather
than radiographs, to monitor a low-grade lesion (choose
all that apply)?
Suboptimal margins following resection
Local recurrance
Indeterminate nodule on prior CT 81.0%
Certain histologic subtypes

Tumor is large and deep

None of above

0% 50% 100%

How frequently do you typically monitor patients
with high-grade soft tissue sacoma?

More thap Fv‘vice per year, 90.5%

initially

Twice per year, initially 9.5%
Annually | 0.0%

Less than once per year | 0.0%

0% 20% 40% 60% 80% 100%

When do you obtain baseline chest CT scans?

Always 79.1%

Always in high-grade lesions,

- ; . 19.1%
sometimes in low-grade lesions

Always in high-grade lesions,

. ; | 1.7%
never in low-grade lesions

Sometimes, depending on the

0,
patient 0.0%

Never 0.0%

0% 20% 40% 60% 80% 100%

Do you feel that, in general, chest CT scans are currently
overused in low-grade tumors?

No 33.6%

Yes 66.4%

0% 10% 20% 30% 40% 50% 60% @ 70%
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Appendix A - Results of Pulmonary Surveillance Questionnaire (cont’d)

Do you, in general, monitor bone and soft tissue
sarcomas similarly?
No 17.2%
Yes 82.8%
0% 20% 40% 60% 80% 100%
Do you think there is a need for further studies
regarding the most appropriate protocols for
pulmonary surveillance?
Yes 93.0%
No 7.0%
0% 20% 40% 60% 80% 100%
Do you feel that, in general, chest CT scans are
currently overused in high-grade tumors?
No 64.3%
Yes 5.7%
0% 20% 40% 60% 80%
Would you be willing to contribute your patients
to a sarcoma registry to further investigate the
issue of pulmonary surveillance?
Yes 8.2%
No 1.8%
0% 20% 40% 60% 80% 100%
How many sarcomas do you personally treat
each year?
Less than 10 12.1%
Between 10 and 30 25.9%
More than 30 62.19
0% 20%  40% 60%  80%
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In your opinion, what are reasonable justifications to
reduce the number of chest CT scans performed for
pulmonary surveillance in sacroma patients (Choose all
that apply)?

The cost savings

Limiting radiation exposure

They are not always necessary

We should not as the risk of
missing a metastasis outweighs any

5.7%

benefit
Other
0% 20% 40% 60%  80%
Have any of your patients expressed concern regarding
health risks radiation exposure in CT scans?
Yes, within the past year 62.9%
Yes, sometime in my career 19.0%
No 18.19

O:% 1(;% ZOI% 30I% 40I% 50I% 6(;% 70%

How long have you been in practice?

0-5 years
6-10 years
11-15 years
16-20 years
>20 years 32.8%
0% 5% 10% 15% 20% 25I% 3(;% 35%






