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Abstract

Background: Since 2015, the American College of Radiology (ACR) has recom-

mended staging for lung metastasis via chest computed tomography (CT) without

contrast for extremity sarcoma staging and surveillance. The purpose of this study

was to determine our institutional compliance with this recommendation.

Methods: This was a retrospective chart review of patients diagnosed with sarcoma

in the extremities who received CT imaging of the chest for pulmonary staging and

surveillance at our institution from 2005 to 2023. A total of 1916 CT studies were

included for analysis. We scrutinized ordering patterns before and after 2015 based

on the ACR‐published metastasis staging and screening guidelines. An institutional

and patient cost analysis was performed between CT modalities.

Results: The prevalence of CT scans ordered and performed with contrast was

greater than those without contrast both prior and post‐ACR 2015 guidelines.

Furthermore, 79.2% of patient's final surveillance CTs after 2015 were performed

with contrast. A cost analysis was performed and demonstrated an additional

$297 704 in patient and institutional costs.

Conclusions: At our institution, upon review of CT chest imaging for pulmonary

staging and surveillance in patients with extremity sarcoma the use of contrast has

been routinely utilized despite a lack of evidence for its necessity and contrary to

ACR guidelines.

K E YWORD S

sarcoma, surveillance chest imaging, extremity sarcoma, sarcoma guideline based care

1 | INTRODUCTION

It has been well established that the most common site of distant

metastasis for bone and soft tissue sarcoma of the extremity is the

lungs.1 As a result, National Comprehensive Cancer Network (NCCN)

guidelines recommend chest imaging (which often is computed

tomography [CT]) for surveillance in patients diagnosed with bone

and soft tissue sarcomas. Furthermore, these guidelines state that CT

without contrast is preferred, but CT with contrast can be used if

“clinically indicated.”2‐5 In these guidelines, the term “chest imaging”

is utilized due to the controversy surrounding the clinical utility of

chest CT over chest radiographs for sarcoma surveillance, which is
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being scrutinized in The Surveillance After Extremity Tumor Surgery

trial.6 While sarcoma surgeons in the United States are most likely to

refer to the NCCN guidelines for chest imaging of staging and

screening for bone and soft tissue sarcoma, the guidelines lack the

specificity of which modality should be ordered. This can lead to

confusion as to whether a CT of the chest with contrast is “indicated”

and can lead to improper practice guidelines.7,8

On the other hand, the American College of Radiology (ACR)

has a much more specific recommendation for surveillance

studies. Their published guidelines from 2015 recommended

staging for lung metastasis with CT without contrast both at the

time of diagnosis and in the 3–6‐month period following systemic

treatment or surgery.9 These recommendations are based on the

opinion that CT with contrast is unnecessary because bone and

soft tissue sarcomas rarely metastasize to nonpulmonary loca-

tions in the chest such as the mediastinum, where traditionally

the use of contrast may provide benefit in the identification of

soft tissue masses including lymphadenopathy or solid organ

involvement.2,10 The use of contrast is also not without risk,

including the risk of impaired renal function, allergic reactions,

and potential additional costs with its use.10 Following the

recommendations of the NCCN and ACR, other international

review boards, such as the Indian College of Radiology, have

adopted these same recommendations.11 We have anecdotally

observed that there is relatively high utilization of contrast when

ordering CT scans for staging and surveillance studies in patients

with extremity sarcomas despite these national and international

recommendations against its regular use.

Currently, there is no definitive evidence to demonstrate any

clinical or diagnostic benefit for the routine use of contrast‐enhanced

CT chest imaging in the management of patients with extremity

sarcomas. The primary benefit of contrast in CT chest imaging

traditionally has been to further characterize vascular and pleural

diseases, both of which do not have significant clinical relevance to

the management of sarcomas.12

In addition to a lack of evidence for its routine use, there may be

additional financial costs and logistical scheduling considerations

when ordering CT chest examinations with contrast. There is a

paucity of research that directly compares the efficacy of CT without

contrast to CT with contrast for screening purposes in the sarcoma

population.13,14

The purpose of this study is to evaluate the frequency of

ordering chest CT with and without contrast at our institution for

both staging and surveillance studies in patients with extremity

sarcomas. A secondary aim of our study was to determine the

potential added cost of the use of contrast routinely in CT chest

imaging. Our hypothesis is that there would be high utilization of

contrast‐enhanced CT chest imaging despite the lack of support for

this practice in the national guidelines and literature with no

additional benefit. Furthermore, we hypothesized that this would

increase costs to the healthcare system while decreasing the

efficiency in addition to adding burden to the patient.

2 | METHODS

Institutional Review Board approval was obtained before the start of

this retrospective chart review of extremity sarcoma patients at our

institution from 2005 to June 2023. The initial cohort of patients

included 703 patients at our institution diagnosed with extremity

bone or soft tissue sarcoma. The inclusion criteria were a diagnosis of

extremity bone or soft tissue sarcoma, a history of chest CT for

staging and at least once for surveillance performed at our institution,

and an age greater than 18 years old at the time of diagnosis. There

was no minimum follow‐up requirement for inclusion in this study.

Exclusion criteria included patients with low‐grade sarcoma, patients

with a chest CT from an outside institution, CT studies that included

the abdomen/pelvis (which automatically receive contrast), and

patients with the diagnosis of myxoid liposarcoma or atypical

lipomatous tumor/well‐differentiated liposarcoma (the management

of these differs from the norm). After the application of our inclusion

and exclusion criteria, a total of 269 patients (38.3%) were included

for further analysis (Figure 1). Diagnosis of sarcoma was confirmed

with a prior biopsy in 250 of the 269 patients included.

Descriptive statistics were analyzed for basic patient demo-

graphics, and the sarcoma histologic subtype for each patient was

determined via chart review. Current Procedural Terminology codes

were used for identifying staging and surveillance procedures

between the ordering and final provider and comparing with and

without contrast. We further stratified the imaging data by the year it

was ordered to determine patterns of use with the release of the ACR

sarcoma screening guidelines (2015) and after the initiation of the

present study (2020). Additionally, to better describe CT interpreta-

tions, imaging for all patients was reviewed for pulmonary nodules by

the authors of the present study. Pulmonary nodules that were

described as “metastasis” were further explored to include plurality,

size, common descriptors, and evidence of enhancement.

Our secondary analysis explored costs and adverse events.

Referencing our institution's master charge list, we determined that a

CT of the chest without contrast costs $3979, whereas a CT of the

chest with contrast costs $4178. Using this information, we calculated

the total cost incurred to both the individual patient and the institution

during the study period based on the total number of CT chest obtained

without comparing with contrast for each patient. In addition, we

identified any adverse events associated with the use of non‐ionic

contrast, including rash, renal injury, and anaphylaxis.15,16

Primary analysis of all data was completed with descriptive

statistics. Evaluation of CT scans by year was completed between

three time periods (pre‐2015, 2015–2019, and 2020‐present)

utilizing one‐way analysis of variance (ANOVA) and post hoc Tukey

tests for significance. Given the low frequency of identification of

enhancement or indeterminate nodules, we were unable to use this

metric for comparison of the efficacy of the imaging modalities when

characterizing pulmonary nodules in our cohort. Additional testing for

significance included utilizing χ2, Fischer‐exact tests, or independent

t‐tests depending on the appropriate variable. All analyses were
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completed with SAS® Studio software (SAS Institute Inc.), with

significance being calculated at a p‐value of 0.05.

3 | RESULTS

Within our population, the vast majority (79.2%) of CT imaging for

staging/screening was ordered with contrast (Table 1). Over the

study period, 2005 to June 2023, there was a continual decrease in

the percentage of CT scans ordered with contrast; a year‐by‐year

summary of all CT scans ordered between is shown in Figure 2.

Overall, the mean number of total chest CT exams ordered (with and

without contrast) was 7.1 per patient. Upon further analysis, the

mean number of chest CTs with contrast was 5.6 per patient

compared to a mean number of chest CTs without contrast of 1.6 per

patient. When the cohort was analyzed, we found that 247 patients

(91.8% of the total) had at least one chest CT with contrast during the

study period. The most frequent biopsy‐proven diagnosis in our

F IGURE 1 Study cohort inclusion and exclusion criteria. CT, computed tomography.

TABLE 1 Overall CT criteria, 2005–2023.

Criteria Number patients Relative percentage (%), N = 268

Patients staging CT ordered with contrast 213 79.2

Patients staging CT ordered without 56 2.8

Patients receiving contrast, any CT 247 91.8

Note: This table describes the total number of patients receiving CT with contrast at any point during staging or surveillance. It also compares the initial
staging CT modality being ordered with or without contrast.

Abbreviation: CT, computed tomography.
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cohort was undifferentiated pleomorphic sarcoma (29.6%), the next

most common were myxofibrosarcoma and soft tissue leiomyosar-

coma, 14.0% and 9.2%, respectively (Table 2).

Imaging study ordering tendencies were then stratified into three

periods: (1) 2005–2014, before the ACR screening guidelines, (2)

2015–2019, after the ACR screening guidelines but before this study,

and (3) 2020–2023, after initiation of the present study. According to

these, 85.4% (“05–”14), 78.4% (“15–”19), and 58.2% (“20–”23) of all

CTs were ordered with contrast, including 7.76, 5.39, and 2.75

average per patient, respectively. The difference between these

groups was significantly different by one‐way ANOVA, p = <0.001.

Additionally, the Tukey post hoc tests showed that the average

number of CT scans with contrast was significantly higher in the pre‐

2015 group, when compared to the “14–”19 and “20–”23 groups

(p = 0.022, <0.001). This analysis also showed that the “14–”19 group

was significantly higher than the “20–”23 group (p = 0.017). Con-

versely, the average CT without contrast per patient for these groups

was not statistically significant at 1.32, 1.48, and 1.97, respectively.

Lastly, when analyzing the ACR guidelines and this study as

interventions, both periods (“14–”19 vs. “05–”14 and “20–”23 vs.

“05–”19) saw a significant decrease in the number of CTs ordered

with contrast (ACR guides, p = 0.021; present study, p = <0.001; see

Table 3) but not without. Lastly, we recorded imaging tendencies for

CT screen orders and the final CT provided.

Finally, an analysis of order alteration from noncontrast to

contrast studies was completed. We found that 13 initial CT orders

were overridden from CT without contrast to CT with contrast by a

F IGURE 2 A year‐by‐year summary of CT scans. These figures demonstrate CT ordering tendencies from 2005 to 2023 as a percentage of
CTs with contrast and its associated trendline. ACR, American College of Radiology; CT, computed tomography.

TABLE 2 Frequency of tumor diagnoses.

Histological diagnosis Frequency
Percent of total (%),
N = 250

Undifferentiated pleomorphic
sarcoma

74 29.6

Myxofibrosarcoma 35 14.0

Soft tissue leiomyosarcoma 23 9.2

Extremity synovial sarcoma 23 9.2

Ewing's sarcoma 21 8.4

Osteosarcoma 19 7.6

Dedifferentiated liposarcoma 15 6.0

Malignant peripheral nerve

sheath tumor

6 2.4

Myxoid chondrosarcoma 6 2.4

Angiosarcoma 5 2.0

Chondrosarcoma 4 1.6

High‐grade soft tissue sarcoma 3 1.2

Epithelioid sarcoma 3 1.2

Undifferentiated spindle cell

sarcoma

3 1.2

Note: This table describes the frequency of various biopsy‐proven
extremity soft tissue sarcoma types within our patient population.

Missing 11 characterized cancer types as there were no biopsies affiliated
with these patients.
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provider in the radiology department when protocolling the study.

This led to the protocol of subsequent CT studies being altered from

without contrast to with contrast by radiology attending or resident

57 times throughout the study period. The findings of these changes

as described by our three study periods are shown in Figure 3.

In the present study, 120 patients were noted to have a nodule

on CT imaging, and 78.3% of these were imaged with contrast

however, this was not significant (p = 0.437). Fifty two of the patients

had a nodule < 5mm, with 77.6% of these imaged with contrast

(p = 0.308). Finally, 85 patients were noted to have multiple

metastases, with 77.6% of these imaged with contrast (p = 0.903,

Table 4). Radiology interpretations were also reviewed to attempt

radiologist characterization of nodules on the basis of contrast

enhancement, but this did not appear clinically valuable as the data

collected contained sparse mention of any characteristics other than

size, including density or shape (Table 5). Only 32 patients had

subcentimeter nodules on their initial CT, and only 4 of these patients

(12.5%) were later diagnosed with sarcoma metastasis. Most patients

(87.5%) with indeterminate nodules identified on initial imaging did

not develop documented metastatic disease within our observational

study period. All the patients who ultimately were identified as

having metastatic disease did undergo chest CT with contrast.

Importantly, there was no specific mention of indications for needing

a contrast‐enhanced study as necessary to better characterize any

TABLE 3 Comparison of CT scans within three time periods.

Mean ± SD p

With contrast

2005–2014 7.76 ± 8.53 <0.001

2015–2019 5.39 ± 4.68

2020–2023 2.75 ± 2.64

Without

2005–2014 1.32 ± 3.27 0.336

2015–2019 1.48 ± 3.24

2020–2023 1.97 ± 2.2

Intervention comparison

2015–2019 vs. 2005–2014 With 0.021

Without 0.736

2020–2023 vs. 2005–2019 With <0.001

Without 0.152

Note: Initial comparison completed with one‐way analysis of variance.
Intervention comparison completed with independent t tests.

Abbreviation: CT, computed tomography.

F IGURE 3 Initial versus final CT orders over three different time periods. A comparison of ordering habits over three timelines:
(1) 2005–2015: before the ACR guidelines were published. (2) 2016–2019: after guidelines published. (3) 2020–2023: after initiation of this
study. ACR, American College of Radiology; CT, computed tomography.

TABLE 4 Description of chest CT nodules.

Description With contrast Without p

Nodule visualized on CT 78.3% (94/120) 21.7% (26/120) 0.437

Nodule size < 5mm 82.7% (43/52) 17.3% (9/52) 0.308

Multiple metastasis
visualized

77.6% (66/85) 22.4% (19/85) 0.903

Note: Analysis includes comparing nodules called metastasis as visualized
on review of previous radiology interpretation, both with and without

contrast, according to any diagnosis, nodule called, nodule size < 5mm, or
multiple metastases noted. α = 0.05.

Abbreviation: CT, computed tomography.

PRIESTER ET AL. | 527

 10969098, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jso.27510 by U

niversity O
f C

alifornia - D
avis, W

iley O
nline L

ibrary on [12/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



lesion. More specifically, in any patient with pleural or mediastinal

nodules, it was never specified that CT with contrast was ordered to

enhance the characterization of these lesions.

In a subsequent analysis, we found that a total of three contrast‐

related adverse events were noted in the entire study period, all

being rashes. No patient ever experienced anaphylaxis or acute renal

injury. The results of this analysis were not determined to be

statistically significant due to the lack of overall events included for

analysis. Of note, no patient had a documented history of contrast

allergy in the EMR before administration of contrast and the

subsequent development of a rash. Further, no patient who under-

went CT without contrast had an indication listed as any variation of

“unable to undergo CT with contrast due to renal insufficiency.”

For our secondary analysis, the total cost of imaging with and

without contrast was compared (Table 6). Overall, the base cost

difference between chest CT without vs with contrast was deter-

mined to be $199 based on pricing at our institution. We were able to

extrapolate the average potential unnecessary incurred cost per

patient ($1107) by combining the cost difference of adding contrast

only between protocols and using the frequency of protocol‐specific

imaging per patient data. Importantly, this does not consider

additional laboratory studies or personnel needs that would normally

be required for contrasted studies. Furthermore, the calculated total

institutional cost incurred by ordering 1496 chest CTs with contrast

was around $297 704 (Table 6).

4 | DISCUSSION

This study was conducted to characterize the ordering patterns of

the utilization of contrast in chest CT imaging for metastasis staging

and screening with chest CT studies for patients diagnosed with

extremity bone and soft tissue sarcomas at our institution. We

hypothesized that there was an unnecessary frequency of ordering

chest CTs with contrast that did not comply with the 2015 ACR

recommendations published on extremity sarcoma metastasis

screening at our institution. Importantly, we could not find any

published studies demonstrating efficacy or even evaluating contrast

utilization in chest imaging for patients with extremity sarcomas. The

present study found a 79.2% rate of ordering CT scans with contrast

at our institution, even after the publication of the 2015 ACR

recommendations. Additionally, while our study was not specific to

detecting the efficacy of contrast in sarcoma surveillance, we did not

detect any notable benefit to the use of contrast in terms of nodule

characterization. Instead, the practice of ordering chest CTs with

contrast likely only adds unnecessary direct and indirect, unrealized

costs to hospital systems and patients.

In the present study, before 2015, most of the patients in our cohort

(91.8%) had at least one CT with contrast, and 79.2% of the cohort's

initial screening chest CT was ordered with contrast. Furthermore, with

the release of the ACR recommendations in 2015, a significant difference

was notable statistically but did only mildly affect total percentages

(Figure 3). To further understand these numbers, we also explored the

specialty of providers' CT orders, which is represented in Figure 4. The

high utilization of contrast was not limited to one department with most

providers across all specialties ordering a chest CT with contrast for

staging purposes at our institution. This represents an area that our

institution could specifically target to improve compliance with ACR

guidelines, although this did not account for most contrast studies

performed. Importantly, this speaks to the idea that the guidelines

published by both the ACR and NCCN were not regularly referenced

when providers were ordering these studies. Additionally, there is an

opportunity to significantly reduce the unsupported use of contrast with

chest CT scans for sarcoma surveillance.

In an era in healthcare where cost utilization is of increasing

importance, the results of our value analysis demonstrate that

improving compliance with the ACR guidelines at our institution

could represent an area for cost‐of‐care improvement, not only for

our patients but also for the institution. Importantly, we found that

the initiation of the present study was significantly associated with

fewer orders of CT scans with contrast, 83.2% (before) and 55.6%

(after) for STS surveillance. In exploring the costs further, our analysis

found that over the period of our study, institution and individual

patients may have incurred up to $ 297,704 in unnecessary costs

over the study period. Additionally, there are likely unrealized costs

due to the increased burdens on schedule and patients due to lower

efficiency in scheduling scans that require the personnel and

equipment for contrast administration. This also does not account

for costs associated with additional laboratory exams, such as

personnel time, delayed scheduling, or patient satisfaction.

TABLE 5 Common descriptions of nodules as noted by the
radiologist interpretation.

Common nodule descriptors n = 120

Ground‐glass 7

Round 6

Well‐circumscribed 6

Irregular 5

Solid 5

Triangular 5

Calcified 4

Indeterminate 4

TABLE 6 Cost analysis of CT scans.

Modality Total studies Facility cost

CT with contrast 1496 $4178

CT without contrast 420 $3979

Total cost to the institution: $297 704

The average cost to the patient: $1107

Note: A cost analysis of unnecessary costs incurred to both the individual
patient and the institution, at the assumption that CTs with contrast cost
on average $199 more than CTs without.

Abbreviation: CT, computed tomography.
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As described, no prior study has demonstrated the superiority of

CT with contrast for extremity sarcoma staging or screening.17 In

fact, the National Cancer Institute performed the National Lung

Screening Trial to determine the most effective dose of radiation for

lung metastasis screening regardless of cancer type and all studies

were performed without contrast.18 There have been studies that

have established the ability of low‐dose CT to detect pulmonary

nodules compared to traditional “high dose” studies, but there was no

comparison of with and without contrast.19 Furthermore, in this

study, there were very few mentions of “enhancement” and the

modality of imaging did not impact the interpretation of any nodules

interpreted on CT exams, including those less than 5mm in size.

Our study does have limitations. First, it is an isolated

retrospective review of a single institution, which was primarily

based on existing radiology interpretations rather than overreads by

the authors. This also means the present study was not powered to

statistically analyze the efficacy of contrast utilization in the

screening and surveillance of extremity sarcomas. Second, the

uneven distribution of imaging modalities at our institution limited

the type of statistical analyses that we could perform, which

included an overall lack of many non‐contrast chest CTs to compare

assessment of nodules between imaging modalities. Nodule char-

acteristics are important to consider in future studies, as even

indeterminate nodules (<5 mm) have been shown to progress to

metastatic disease.20 Third, our analysis of contrast‐related adverse

events was limited by a small incidence of adverse events, and

therefore, we were unable to determine any significance from these

events. Fourth, our secondary analysis of cost‐related considerations

is limited to the direct costs realized in contrast materials, which do

not include patient, personnel, hospital system, or insurance

considerations. Although we believe our study shows adequate

evidence for the reduction in utilizing contrast in chest CTs for

extremity sarcomas, future studies would need to examine

additional costs and the efficacy of nodule identification with and

without contrast.

5 | CONCLUSION

This single‐institution study demonstrated high utilization of contrast

in chest CT imaging in extremity sarcoma patients, which is against

recommendations established in 2015 by the ACR. We demonstrated

minimal change in the ordering patterns after the release of the ACR

guidelines, which was significantly improved after the initiation of the

present study. The results of our study represent an area for

improvement that may have a significant impact on reducing

healthcare utilization at other institutions, where multidisciplinary

education should be conducted to improve guideline adherence.

Future prospective multicenter studies are required to definitively

show the noninferiority of noncontrasted versus contrast chest CT

imaging in the staging and surveillance of extremity sarcoma

metastasis with chest CT.
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