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Abstract

Background The potential for local recurrence and pul-
monary metastasis after treatment of primary bone
sarcomas necessitates careful patient followup; however,
minimal data exist regarding the incidence and timing of
these events, and therefore an evidence-based surveillance
protocol has not been developed.

Questions/purposes The purposes of this study were to
(1) describe the frequency and timing of local recurrence
by histologic grade over time; (2) describe the frequency
and timing of metastasis by histologic grade and diagnosis
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over time; and (3) use these data to either justify current
surveillance schedules and/or propose modifications that
may improve the rate of new pulmonary metastatic events
detected per examination.

Methods A retrospective review was performed of all
patients who underwent resection of a primary, non-
metastatic bone sarcoma (excluding chordoma) at a single
tertiary oncology center from 1989 to 2010. Of the 680
patients identified, 15 were excluded for loss of followup in
the first 2 years, leaving 665 eligible for study. Of these,
437 patients were alive with no evidence of disease at the
conclusion of the study (mean followup, 136 months;
range, 25-321 months). Cox regression analysis was per-
formed to evaluate and control for patient age, tumor size,
tumor location, and surgical margins. With patients strati-
fied by sarcoma grade, Kaplan-Meier survival curves were
constructed for the endpoints of local recurrence and
metastasis, and log-rank tests were used to compare the
rates of these events between grades and diagnoses. The
number of new pulmonary metastatic events per patient-
year was calculated for each sarcoma grade over the time
intervals used in current surveillance protocols (0-2, 2-5,
5-10, and > 10 years) to facilitate development of a
surveillance schedule that would maximize events detected
per imaging study performed. In addition, to determine the
effect of disease type, subset analysis was performed for
osteosarcoma (OSA) and chondrosarcoma because these
were the only diagnoses with sufficient numbers to support
individual statistical analysis.

Results  With the numbers available for study, the overall
local recurrence-free survival did not differ between sar-
coma grades at any time points (p = 0.864). Metastasis-free
survival curves differed between sarcoma grades (p <
0.001), and the pattern of Grade 2 OSA metastasis was
more consistent with other Grade 3 sarcomas, so it was
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subsequently classified as high grade. No metastases of
Grade 1 sarcomas occurred after 3 years, whereas Grade 2
and 3 sarcomas continued to metastasize until 10 years and
rarely thereafter. According to the number of new pul-
monary metastatic events per patient-year in each group,
we propose that chest surveillance be performed according
to the following schedule: annually only until 5 years for
low-grade sarcomas; every 3 months for 2 years and
annually from 2 to 10 years for intermediate-grade sarco-
mas; and every 3 months for 2 years, every 6 months from
2 to 5 years, and annually from 5 to 10 years for high-grade
sarcomas.

Conclusions Pulmonary screening beyond 5 years may
not be necessary for Grade 1 tumors but should be con-
tinued until 10 years for Grade 2 and 3 bone sarcomas. The
surveillance frequency listed here, which is based on the
number of new pulmonary metastatic events per patient-
year in each grade, would increase the number of such
events detected per examination performed.

Level of Evidence Level III, therapeutic study.

Introduction

After treatment for primary bone sarcoma, patients remain
at risk for development of local and systemic disease
recurrence, the latter occurring most commonly in the form
of pulmonary metastasis. Although the importance of fol-
lowing patients with sarcoma is widely accepted, frequent
surveillance is time-consuming for both patients and
physicians, increases healthcare expenditures [11, 21, 22],
and, with respect to the use of CT scans, exposes patients to
ionizing radiation [4]. Furthermore, limited evidence exists
to support the intervals, modalities, or duration of moni-
toring [3, 9, 11].

The European Society for Medical Oncology (ESMO)
recommends bone sarcoma followup with periodic clinical
history, physical examination, and radiographic assessment
of the tumor site as well as chest imaging (radiograph or

CT scan) for low- and high-grade sarcomas (Table 1) [8].
However, the authors also acknowledge that “strict rules
cannot be provided in the absence of any formal valida-
tion,” and the British Sarcoma Group echoes that “there is
an urgent need for research” [12]. The National Cancer
Institute recommends some form of chest imaging as fol-
lowup but specifies neither modality nor timing. The only
other guidelines available in the literature were issued by
the National Comprehensive Cancer Network (NCCN),
again based on scarce or no literature [18, 25]. In an effort
to establish a basis of evidence to support these recom-
mendations, two recent publications [18, 21] described the
incidence and timing of local recurrence and distant
metastasis in soft tissue sarcomas, confirming more fre-
quent early disease progression in higher grade tumors
[21]; to our knowledge, however, no such information on
bone sarcomas has been published.

Thus, although some form of monitoring for local
recurrence and pulmonary metastasis in bone sarcoma is
universally practiced, it is based on minimal evidence and
remains highly variable. The purpose of our study therefore
was to address this issue by defining the risk of disease
progression in terms of frequency, timing, and location and
thereby providing guidance for development of an optimal
surveillance schedule in these patients. We asked the fol-
lowing questions: (1) What is the frequency and timing of
local recurrence by histologic grade over time? (2) What is
the frequency and timing of metastasis by histologic grade
and diagnosis over time? (3) Based on these findings, can
we propose a surveillance schedule that maximizes events
detected per examination?

Patients and Methods

The study cohort consisted of all patients who underwent
surgical resection of a nonmetastatic primary bone sarcoma
at a single tertiary oncology center from 1989 to 2010. This
retrospective study queried a longitudinally maintained

Table 1. Summary of ESMO and NCCN guidelines for bone sarcoma surveillance intervals as well as the protocol used at our institution over

the course of this study

Guideline Grade 0-2 years 34 years 5-10 years > 10 years
ESMO Low 6 months 12 months

High 2-3 months 2-4 months 6 months 6-12 months
NCCN Low 6-12 months 12 months

High 3-6 months 12 months
Study protocol Low 6 months 12 months

High 3 months 6 months 12 months

ESMO = European Society for Medical Oncology; NCCN = National Comprehensive Cancer Network.
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institutional sarcoma database for patient age and gender,
sarcoma grade and histologic diagnosis (as determined by a
board-certified pathologist), and location and timing of any
disease progression. Chordoma was excluded as a result of
its unique biology and patterns of treatment. Of the
remaining 680 patients with primary, nonmetastatic bone
sarcomas in our database, only 15 were excluded for less
than 2 years of followup, leaving 665 available for the
study. Histologic diagnoses included osteosarcoma (OSA;
281), chondrosarcoma (CSA; 245), Ewing’s sarcoma (40),
undifferentiated pleomorphic sarcoma (31), leiomyosar-
coma (19), malignant giant cell tumor (GCT; seven),
fibrosarcoma (13), adamantinoma (10), angiosarcoma
(seven), and others (12). Three hundred twenty-three
patients received chemotherapy and 35 were treated with
radiotherapy (18 CSA, eight OSA, six Ewing’s, and one
each of fibrosarcoma, undifferentiated pleomorphic sar-
coma, and other) [10]. There were 390 males (59%) and
275 females (41%) with 121 axial (18%) and 544 appen-
dicular (82%) tumors.

Patients with low-grade sarcomas were followed every 6
months until 5 years, then annually, whereas those with
intermediate- or high-grade sarcomas were followed every
3 months for the first 2 years, then every 6 months until 5
years, and annually thereafter. Each visit consisted of a
clinical history, physical examination, and chest imaging.
Patients with bone sarcoma who were treated with
chemotherapy (intermediate- and high-grade tumors except
CSAs) had CT chest imaging until 2 years and chest
radiographs thereafter, whereas all other patients were
followed with chest radiographs. Any suspicious findings
on chest radiographs were then investigated with CT scans.
Plain radiographs of the primary surgical site were typi-
cally obtained at each followup appointment, and cross-
sectional imaging was only requested based on suspicious
findings on clinical examination or local radiographs. All
imaging studies were reviewed by a board-certified radi-
ologist in addition to the treating orthopaedic oncologist.
At the conclusion of the study, 437 patients were alive with
no evidence of disease (ANED), 20 were alive with evi-
dence of disease, 168 had died of their disease, and 40 had
died of unrelated causes. Of the ANED group, the mean
followup was 136 months (range, 25-321 months); 24
patients had 2 to 5 years of followup, 167 had 5 to 10 years,
and 263 had > 10 years.

Kaplan-Meier curves were constructed for each sarcoma
grade using local recurrence and lung metastasis as end-
points. Observed rates of disease progression were
calculated, and the Breslow Day test was used to compare
estimated survival between grades. Subgroup analyses
were performed for development of metastatic disease in
patients with OSA and CSA because these were the two
most common diagnoses and were hypothesized to have
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distinct patterns of disease progression as a result of their
differing pathophysiology and treatment protocols. Cox
regression stratified by grade was also performed with
patient age, tumor location (axial or appendicular), tumor
size, and surgical margins (negative, microscopically pos-
itive, or grossly positive) analyzed as potential risk factors
for lung metastasis. Analysis by diagnosis was not per-
formed for local recurrence because of limited statistical
power resulting from the lower incidence of these events.
The overall Cox regression model for lung metastasis
demonstrated only borderline significance for an alpha of
0.05 (chi square = 11.025, df =5, p = 0.051), and log minus
log testing confirmed that the proportional hazard
assumption was met for all variables. In addition, crude
differences between sarcoma grades in the Kaplan-Meier
analysis were examined in the risk-adjusted Cox regression
model, confirming that these differences did not result from
confounding.

The number of new pulmonary metastatic events per
patient-year was calculated for each sarcoma grade over
the time intervals used in current surveillance protocols (0—
2, 2-5, 5-10, and > 10 years). Incidence of metastases was
then used to develop a potential surveillance protocol based
on relative frequency of events to suggest a surveillance
schedule that would maximize events detected per imaging
study performed. Based on our findings, we proposed a
followup protocol using the following criteria: chest
imaging every 3 months for patients with 0.5 to 1.0 inci-
dence of new pulmonary metastasis per patient-year, every
6 months for 0.1 to 0.5 incidence, every 12 months for 0.01
to 0.1 incidence, and no imaging for incidence < 0.01. The
resulting schedule was then compared with currently rec-
ommended protocols to identify any potential
modifications that may improve the number of new pul-
monary metastatic events detected per examination
performed.

Statistical analysis was performed using SPSS software
(Version 19.0; SPSS Inc, Chicago, IL, USA).

Results

With the numbers available for study, the observed local
recurrence-free survival did not vary with increasing sar-
coma grade at 2 years (Table 2). The log-rank test for
overall local recurrence-free survival was not different
among these three groups (p = 0.864) (Fig. 1). Late local
recurrences were uncommon with only three cases in the
fifth year, two in the sixth, one in the eighth, and one in the
ninth year. Only one local recurrence occurred later than 10
years: an intermediate-grade CSA, which developed local
recurrence 187 months after initial treatment and was fol-
lowed shortly thereafter by development of lung
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Table 2. Observed local recurrence-free and metastasis-free survival at 2, 5, and 10 years compare rates between sarcoma grades and diagnoses

with associated 95% confidence intervals

Survival Grade 2-year % (95% CI) S-year % (95% CI) 10-year % (95% CI)
Local recurrence-free survival, all diagnoses 1 97.1 (£ 2.7) 91.8 (£ 4.7) 89.02 (£ 5.3)
2 94.3 (£ 2.9) 90.7 (£ 3.9) 89.1 (£ 4.3)
3 90.5 (£ 3.95) 90.0 (£ 3.7) 88.5 (£ 4.1)
Metastasis-free survival, all diagnoses 1 98.5 (£ 2.0) 95.5 (£ 3.5) 95.5 (£ 3.5)
2 85.3 (£ 4.5) 83.0 (£ 4.9) 76.3 (£ 5.9)
3 64.6 (£ 5.7) 58.1 (£ 5.9) 549 (£ 6.1)
Metastasis-free survival, OSA 1 979 (£ 4.1) 98.1% (£ 3.7) 98.1% (£ 3.7)
2 719 (£ 11.4) 88.5 (£ 5.1) 81.9 (£ 6.5)
3 60.9 (+ 7.4) 51.4 (£ 16.3) 51.4 (£ 16.3)
Metastasis-free survival, CSA 1 100 (£ 0) 87.3 (£ 11.6) 87.3 (£ 11.6)
2 91.3 (£ 4.5) 81.1 (£ 16.7) 67.8 (£ 22.1)
3 57.1 (£ 15.9) 67.5 (£ 10.6) 62.7 (£ 11.8)
Metastasis-free survival, all other diagnoses 1 96.9 (£ 5.9) 979 (£ 4.1) 979 (£ 4.1)
2 81.1 (+ 16.7) 70.1 (£ 11.6) 65.5 (£ 12.5)
3 76.1 (£ 9.4) 55.0 (£ 7.6) 51.8 (£ 7.8)
Metastasis-free survival, Grade 2 OSA as high grade Low 98.5 (£ 2.0) 95.5 (£ 3.5) 95.5 (£ 3.5)
Intermediate 90.0 (£ 4.5) 87.6 (£ 4.9) 80.1 (£ 6.5)
High 66.0 (£ 5.1) 60.2 (£ 5.3) 56.8 (£ 5.5)
CI = confidence interval, OSA = osteosarcoma; CSA = chondrosarcoma.
Fig. 1 Kaplan-Meier analysis Grade:
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metastases. Axial tumor location was associated with
higher rates of local recurrence compared with appendic-
ular locations (hazard ratio [HR], 3.022; p < 0.001; 95%
confidence interval, 1.644-5.554); no other variables in the
model were statistically significant.

Observed rates of metastasis for all diagnoses increased
with sarcoma grade at 2, 5, and 10 years for the entire study
population as well as for the subgroups of OSA, CSA, and
other diagnoses (Table 2). The majority of metastases were
pulmonary (n = 139 [77%]), whereas other less common
sites included bone (n = 22 [12%]), soft tissue (n =4 [2%]),
lymph nodes (n = 3 [2%]), brain (n = 2 [1%]), and multiple
areas (n = 10 [6%]). Only three Grade 1 sarcomas metas-
tasized (one fibrosarcoma in GCT, one malignant GCT,
and one malignant peripheral nerve sheath tumor of bone)
with the latest event at 39 months (3 years). In both
intermediate- and high-grade tumors, the rate of metastasis
was greatest during the first 2 years, after which events
continued at lower rates until 10 years; very late onset of
pulmonary metastasis after 10 years occurred in only two
cases, and both were associated with local recurrence. One
patient was initially treated for a Grade 2 CSA that recurred
locally at 187 months and metastasized at 191 months (16
years). The other patient underwent resection of a Grade 3
OSA that recurred locally at 19 months and metastasized at
215 months (18 years). Although tumor size was associated
with metastasis (p = 0.029), the HR was quite small (HR,
1.041), indicating that it may not be clinically relevant; and
no other variables in the Cox model were statistically
significant. There was no detectable difference between the
pattern and rate of metastasis to all sites compared with the
subset of patients with metastasis only to the lungs.
Because the majority of metastases are pulmonary and
most of these are initially asymptomatic, our analysis
focused only on lung metastasis to address the clinical
issue of chest surveillance. Kaplan-Meier analysis with
log-rank test confirmed worse metastasis-free survival in
higher grade sarcomas (p < 0.001) (Fig. 2A). The pro-
portion of patients who developed pulmonary metastasis
was statistically different between Grade 2 and 3 CSA (log-
rank p < 0.001) but similar between Grade 2 and 3 OSA
(log-rank p = 0.010). In addition, for Grade 2 sarcomas, the
proportion of patients with pulmonary progression was
greater in those with OSA compared with CSA (log-rank p
= 0.006), particularly in the first 2 years (Fig. 2B—C). The
numbers available for study were not sufficient to draw
further definitive conclusions regarding other specific his-
tologic diagnoses, although when grouped together, they
followed similar patterns (Fig. 2D). These findings suggest
that the metastatic behavior of Grade 2 OSA is more
aggressive than other intermediate-grade sarcomas; there-
fore, we included Grade 2 OSA with other Grade 3
sarcomas as ‘“high-grade” tumors for the remainder of the
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analysis, including calculation of survival rates for these
adjusted groups (Table 2) and the development of our
surveillance protocol (Fig. 3). The proportion of metastasis
was significantly increased in high- compared with inter-
mediate-grade sarcomas (log-rank p < 0.001), suggesting
that these groups should therefore be followed according to
distinct schedules.

Comparing the incidence of new pulmonary metastasis
per patient-year between grades generally supported cur-
rent surveillance guidelines but did identify certain
modifications that may increase the number of new pul-
monary metastases detected per imaging examination
performed (Table 3). The proportion of metastasis was
substantially increased in high- compared with intermedi-
ate-grade sarcomas, suggesting that these groups should be
followed at different intervals. Based on relative incidences
of new pulmonary metastatic events per patient-year in
these groups, we propose that chest imaging be performed
as follows: annually only until 5 years for low-grade sar-
comas; every 3 months for 2 years and annually from 2 to
10 years for intermediate-grade sarcomas; and every 3
months for 2 years, every 6 months from 2 to 5 years, and
annually from 5 to 10 years for high-grade sarcomas
(Table 4). This differs from current guidelines in that it
increases the surveillance interval for intermediate-grade
sarcomas between 2 and 5 years after treatment from 3 to 6
months, whereas the interval for high-grade sarcomas
remains 3 months. To support this change, Fisher’s exact
test was performed to evaluate the difference between the
incidences of new pulmonary metastases in intermediate-
versus high-grade sarcomas at 2 to 5 years after treatment,
which was found to be significant (p = 0.026).

Discussion

Because of the potential for development of local recur-
rence and distant metastasis after resection of a primary
bone malignancy, ongoing surveillance is considered an
essential aspect of sarcoma management. However, the
potential benefits of early disease detection must be
weighed against the missed work days, healthcare expen-
ditures, and radiation exposure that increase with frequency
of followup. Routine surveillance has been shown to
improve survival in some malignancies [24] but not others
[7, 8, 15, 16], and its role in sarcoma has not been firmly
established [5, 13, 19].

Our study was limited by several factors, including the
number of patients and low incidence of disease progres-
sion in our population. This combination resulted in an
insufficient sample size to effectively compare rates of
local recurrence between sarcoma diagnoses and rates of
metastasis between diagnoses other than OSA and CSA. It
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Fig. 2A-D Kaplan-Meier analysis of pulmonary metastasis by grade
and diagnosis compares (A) all sarcomas by grade, (B) OSA by grade,
(C) CSA by grade, and (D) all other sarcomas (non-OSA or CSA) by
grade. Rates of metastasis were greater in higher grade sarcomas (log-

is also possible that delayed disease progression may occur
beyond the period of observation; however, if our sample is
representative, these very late events are so rare that
ongoing surveillance is likely not indicated. Although we
could not feasibly provide 10-year followup on all patients,
the Kaplan-Meier analysis was designed to minimize the
resulting bias by censoring patients, and patient-years of
followup were used as the denominator for calculating
event rates. Finally, our study was not designed to address
the relative efficacy of imaging modalities (ie, chest

rank p < 0.001) and in Grade 2 OSA compared with Grade 2 CSA
(log-rank p = 0.006)

radiographs versus CT scans or local ultrasound versus
MRI) nor the survival benefit of early detection, but to
propose a surveillance schedule that would maximize the
identification of new events per examination performed.
With the numbers of patients available for study, we
could not detect a difference in local recurrence between
the grades of sarcomas during the first 5 years despite the
appearance of a slight increase in the first 2 years after
treatment for the high-grade sarcomas. Local recurrence
after 5 years was rare. Given that these events are often
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Table 3. Number and rates of new pulmonary metastatic events by grade across standard surveillance time intervals*

Sarcoma grade  Years posttreatment New lung metastasis

events/patient-year

Number of patients needed to screen to
detect 1 new metastatic event/year

Proposed screening frequency

Low 0-5 0.023 44
5-10 0 -
> 10 0 -

Int. 0-2 0.52 2
2-5 0.029 35
5-10 0.026 39
> 10 0.0038 264

High 0-2 0.66 2
2-5 0.11 10
5-10 0.018 56
> 10 0.0012 834

12 months
None
None

3 months
12 months
12 months
None

3 months
6 months
12 months
None

* The number of patients needed to be screened to detect one patient with new metastasis per year is listed.

detected on physical examination, performance of routine
local imaging for the purpose of disease surveillance may
not be beneficial, at least for most cases of extremity
tumors. The limited data published on bone sarcomas
suggest that local radiographs are not effective for
surveillance [13, 23]. Previous studies also suggest that
routine MRIs are not beneficial for soft tissue sarcomas
with 89% to 97% of local recurrences detected by patients
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[26, 27]. Whether the effectiveness of self-monitoring is
generalizable to bone sarcomas remains undetermined, but
theoretically it may be even greater because these tumors
are more frequently symptomatic. However, we also
observed an increased local recurrence rate for axial
tumors, which are more difficult to detect on physical
examination. Thus, although all patients should be edu-
cated regarding the potential for local recurrence and
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Table 4. Proposed surveillance schedule for patients with bone sarcoma stratified according to rates of metastatic progression by grade and

diagnosis

Grade 0-2 years 2-5 years 5-10 years
Low grade (Grade 1) 12 months None
Intermediate grade (Grade 2 excluding OSA) 3 months 12 months

High grade (Grade 2 OSA and Grade 3) 3 months 6 months 12 months

OSA = osteosarcoma.

instructed in self-examination, local imaging and/or more
frequent followup should be considered after resection of
axial tumors.

Pulmonary metastases are the most common manifes-
tation of recurrent disease and tend to remain
asymptomatic until reaching an advanced state. Prior work
suggests that, if detected early, such disease may be more
easily treatable and, in some cases, even curable with
complete metastasectomy [1, 2]. Some studies conclude
that more aggressive pulmonary screening may facilitate
earlier detection of lung metastases and improve survival
for soft tissue sarcoma, particularly for higher risk patients
[5, 6]; others, however, either failed to confirm this
advantage or demonstrated that less frequent scans are
more appropriate for lower risk patients [13, 17, 20].
Although the optimal imaging frequency and modality to
maximize survival remain unknown, it is generally agreed
that patients with sarcoma require some form of surveil-
lance that should be designed to maximize the number of
recurrences detected per examination performed; therefore,
understanding the frequency and timing of these events is
necessary to determine optimal followup schedules.

Our findings suggest that pulmonary surveillance pro-
tocols could be adjusted according to the relative
frequencies of new metastatic events based on sarcoma
grade, diagnosis, and years since treatment. The incidence
and timing of metastatic progression in the first 2 years
were directly related to histologic grade, justifying more
frequent chest imaging in higher grade sarcomas during
that time period. However, the systemic recurrence pattern
of Grade 2 OSA was more consistent with Grade 3 OSA
than other Grade 2 diagnoses, suggesting that these patients
would be most effectively followed according to high-
grade protocols. Pulmonary metastasis of Grade 1 sarco-
mas was not observed after 39 months (3.25 years); thus,
routine chest radiographs may be of limited use for these
patients after 5 years of followup, and our protocol would
have eliminated 10 imaging studies per patient (42%
reduction). By contrast, metastasis in intermediate- and
high-grade sarcomas decreased after 2 years but continued
until 10 years with only two events thereafter, both asso-
ciated with local recurrence. We did note a difference in

the incidence of new pulmonary metastasis between these
two groups, and our proposed protocol, which distinguishes
between the two, would have decreased the number of
chest studies by six per patient over 10 years (32%
reduction compared with our previous protocol). Although
performing a survival or cost-benefit analysis was beyond
the scope of this study, the theoretical advantages of
reducing unnecessary testing include decreased healthcare
expenditures, radiation exposure, number of office visits,
and time away from work for sarcoma survivors. We
observed only two cases of very late disease progression
beyond 10 years, both associated with local recurrence,
illustrating the value of continued long-term clinical fol-
lowup. Any new patient symptoms deserve investigation
and serious consideration and, if local recurrence is
detected, restaging should be performed and surveillance
reinitiated.

Although our study may have limitations, it offers the
only published data on metastatic patterns in patients with
bone sarcoma and the only surveillance protocol based on
evidence beyond expert opinion. ESMO states that “strict
rules cannot be provided in the absence of any formal
validation” and the committee therefore only provides
suggestions for followup with no referenced literature [8].
Similarly, the NCCN guidelines for surveillance of soft
tissue sarcomas offer no supporting evidence, stating
instead that “very limited data is available in the literature
on effective surveillance strategies” [25]. Finally, the
NCCN guidelines for bone cancer cite a single publication
on a cohort of patients with CSA, the primary objective of
which was to identify prognostic factors for survival rather
than report patterns of metastases [14]. Thus, our study,
although imperfect, offers stronger data, which allowed
development of an evidence-based surveillance protocol
than currently exists for sarcoma.

In conclusion, it is apparent that more studies with larger
patient numbers are needed to develop an evidence-based
followup protocol for patients with bone sarcoma. We
propose a guideline that differs from the ESMO and NCCN
guidelines and will reduce the number of chest images for a
given patient over a 10-year period. We do not suggest that
this is the optimal protocol nor that it will detect local or
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distant metastases sooner or more accurately than other
regimens. We hope that a data-driven approach for fol-
lowup will encourage other groups to use or modify this
protocol, eventually developing a more rational guideline
that enhances early detection of recurrence, reduces radi-
ation exposure, and lowers cost of surveillance.
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