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Abstract

Background: The tendency of myxofibrosarcoma (MFS) to have a non-nodular appearance on magnetic resonance imaging (MRI)
may present a challenge in detection of local recurrence. Appropriate index of suspicion of expected imaging appearance can alle-
viate this challenge.
Objectives: Our objectives were to determine if: 1) imaging pattern at recurrence is associated with delayed diagnosis, and 2) ap-
pearance at recurrence can be predicted based on appearance at presentation.
Patients and Methods: A retrospective cohort study was performed. Two analysis groups were used: patients with recurrence
captured on MRI (objective 1) and patients with MRI prior to resection and at recurrence (objective 2). Three radiologists scored
images independently and in consensus as infiltrative (tail-like spread), focal (absence of spread), or mixed. Consensus results were
used for analysis with Fisher’s exact test.
Results: There was substantial agreement among the 3 readers (k = 0.72, 95% confidence interval: 0.59 - 0.85). Half of all infiltra-
tive cases were associated with a delay in diagnosis, compared to 10% of mixed or focal cases; however, there was no statistically
significant association between infiltrative pattern at recurrence and delayed diagnosis (P = 0.08). In 70% of cases, recurrence had
the same appearance as presentation, suggesting a trend; however, there was no association between appearance at baseline and
recurrence (P = 0.1).
Conclusion: Imaging appearance at baseline does not reliably predict imaging appearance at recurrence. Therefore, a high index
of suspicion for the infiltrative pattern is required in assessment of post-operative MRIs in patients with MFS.
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1. Background

Myxofibrosarcoma (MFS, previously myxoid malig-
nant fibrous histiocytoma) is a soft-tissue sarcoma of fi-
broblastic origin with myxoid matrix that affects patients
in the sixth to eighth decades of life (1-3). Typical imaging
features of MFS have been described (4, 5) and can be seen
in Figure 1. The lesions have a heterogeneous appearance
on T1- and T2-weighted images (WI) and can have ill-defined
infiltrative margins (more below). On T1-WI, the lesions
are typically isointense to muscle, but can have areas of
mild hyperintensity. On T2-WI, MFS has high signal owing
to its myxoid content and can have fluid-fluid levels. Post-
contrast images reveal heterogeneous enhancement with
variable peripheral nodular enhancement and the feather-
like enhancement typically seen with myxoid neoplasms.

MFS has a propensity for repeated local recurrence,
even after wide excision (3, 6), with local recurrence rates of
up to 79% (7-9). The high rate of local recurrence is thought
to be related to the infiltrative nature of these tumors (10-

12), which can be reflected in their unusual appearance on
magnetic resonance imaging (MRI): In contrast to the focal
and mass-like appearance of most soft tissue sarcomas (13),
MFS can present as an infiltrative lesion with variable pres-
ence of a well-defined mass (4, 9, 14). This range of imaging
appearance can be classified as infiltrative, focal, or mixed
(Figure 1).

In our experience, the infiltrative pattern has pre-
sented a challenge in detection of recurrent disease follow-
ing surgery because of its similarity to post-operative in-
flammation and the expectation of radiologists for nodu-
lar enhancement to indicate recurrence. However, the as-
sociation of imaging appearance with delayed diagnosis of
recurrence has not been systematically studied (objective
1, see below).

The difficulty in detection of recurrent disease may be
alleviated if the radiologist could adjust her index of sus-
picion for recurrence based on the imaging appearance at
presentation. While it is thought that imaging appearance
at recurrence follows that of the primary tumor (5), this as-
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Figure 1. Imaging patterns of myxofibrosarcoma (MFS). A-C, Infiltrative pattern in the distal forearm, with tail-like multidirectional spread along fascial planes (arrows)
beyond the tiny nodule (*). A, Short-axis T1-WI shows the mass has intermediate T1 signal, hyperintense to muscle. Tail-like extensions (arrows) can be faintly seen. B, Short-axis
T2-WI with fat suppression shows the lesion to have high signal, close to that expected for fluid. The tail-like extensions can be seen more clearly. C, Short-axis post-contrast
T1-WI with fat suppression shows the mass and the tail-like extensions to enhance avidly. D-F, Focal mass (*) in the distal thigh, with minimal to no spread along fascial planes
(arrow) and good demarcation of the tumor by a thin rim. D, Axial T1-WI shows an intermediate signal mass (*) with areas of subtle increased signal compared to muscle
located in the posterior compartment of the thigh. Tail-like extension is not well seen. E, Sagittal T2-WI with fat suppression shows the dominant multiloculated mass (*)
with high signal internally and multiple low-signal septations. A long tail (arrow) can be seen extending proximally. F, Axial post-contrast T1-WI with fat suppression shows a
mass (*) with peripheral nodular and central feather-like pattern of enhancement typically seen with myxoid neoplasms. A small lateral tail can be seen laterally. G-I, Mixed
pattern, with a dominant mass (*) and extensive surrounding infiltration (arrows). G, Sagittal T1-WI shows a mass in the posterior compartment of the thigh with a higher
signal component distally (*). H, Axial PD fat suppressed image at the distal thigh shows a high-signal mass (*) and areas of extension (arrows) in the adjacent tissues. I, Axial
T1-WI with fat suppression shows a mass (*) with central feather-like pattern of enhancement typically seen with myxoid neoplasms and enhancing infiltration (arrows) of the
adjacent tissues.

sociation has not been systematically studied, and the re-
ported association remains anecdotal (objective 2, see be-
low).

Our central hypotheses are that 1) The infiltrative pat-
tern at recurrence is associated with a higher rate of de-
layed diagnosis than the focal or mixed patterns, and 2) The
imaging appearance at recurrence can be predicted based
on the appearance at presentation.

2. Objectives

As noted above, the objectives of this study are:

1) To determine the association of imaging appearance
at time of recurrence with the rate of delayed diagnosis.

2) To determine whether the imaging appearance at
baseline can reliably predict the imaging appearance at re-
currence.
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3. Patients andMethods

Waiver of consent was obtained from the institutional
review board as mandated by institutional policy for this
retrospective cohort study. The study protocol conformed
to the ethical guidelines of the 1975 Declaration of Helsinki
(15) as reflected in a priori approval by our institution’s hu-
man research committee/institutional review board. Two
hundred forty six patients with a suspected diagnosis
of MFS or myxoid malignant fibrous histiocytoma were
identified through search of the radiology and pathology
databases (16, 17). Inclusion criteria included confirmed
diagnosis of MFS after review by a sarcoma pathologist
(WLW), local control with surgery (excluding amputation),
and presence of recurrent disease on no earlier than the
third post-operative MRI. This last criterion was required
in order to ensure that a missed diagnosis could be reason-
ably quantified. For example, it would not be reasonable
to conclude that recurrence was missed on the first post-
operative MRI, since it is usually not possible to separate
recurrent disease from expected inflammation, even in the
case of typical soft tissue sarcomas with a nodular appear-
ance. In addition, while it would be possible to detect re-
currence on the second post-operative MRI, it would not be
possible to determine if the lesion was present on the prior
study in order to determine that a delay in diagnosis had
occurred.

3.1. Data Collection

The following data were obtained from the electronic
medical record: length of follow-up, treatment modality
(e.g., surgery, radiation, chemotherapy), and reported date
of recurrence. Start time for determination of time to re-
currence was defined as surgery date or end date of post-
operative radiation therapy, whichever occurred later. The
final diagnosis, tumor grade, and surgical margins were
obtained by review of the pathology reports and, when
necessary, the histopathological slides.

3.2. Image Acquisition and Analysis

Images were acquired on a variety of scanners between
2002 and 2014, all at 1.5-T field strength. The majority
of MRIs were performed in-house on GE Signa scanners
(GE Healthcare, Madison, USA). Images obtained at outside
facilities were imported into the local PACS for analysis.
These outside scans were obtained on GE Signa, Siemens
Trio, Avanto, and Symphony (Siemens Healthcare, Malvern,
USA), Philips Intera (Philips Healthcare, Best, The Nether-
lands), and Marconi Eclipse (London, UK).

Images were reviewed by two readers (CD and BA) in
consensus to determine if a lesion met inclusion criteria.

Images prior to the reported date of recurrence were re-
viewed to determine the true date of recurrence. Local
recurrence was defined as disease within a 5 cm shell of
the resection bed. Growth of gross residual disease after
surgery and radiation therapy was not considered local re-
currence. In cases where symptomatic local recurrence
was not prospectively detected on MRI, the date the contra-
diction was resolved was used as the time of recurrence. In
cases where asymptomatic local recurrence was missed on
MRI but detected on another modality (e.g., positron emis-
sion tomography), a conservative estimate was made that
the recurrence would have been detected at the next sched-
uled MRI based on the post-operative follow-up pattern for
soft tissue sarcomas at our institution (every 3 months for 2
years; every 4 months for 1 year; every 6 months for 2 years;
once a year for 5 years; then as needed) (18).

Patients that met inclusion criteria were divided into
two groups (Table 1). Group 1 consisted of patients with re-
current disease captured on MRI and was used to assess the
association between imaging pattern at recurrence with
delay in diagnosis (objective 1). If multiple recurrences oc-
curred, each recurrence captured on MRI was included for
analysis. Group 2 consisted of patients with recurrent dis-
ease captured on MRI and the availability of pre-therapy
MRI. This group was used to assess the association between
imaging appearance at presentation and at recurrence (ob-
jective 2). If there were multiple recurrences, only the first
recurrence was selected for analysis in this group.

A training set of images was prepared by a muscu-
loskeletal attending radiologist (BA) from images not used
in either test group. This studies used for analysis were
first randomized (using microsoft excel’s rand function
(19) and then rearranged to ensure that studies from the
same patient at different time points (i.e., at presentation
and recurrence) did not appear in close sequence in order
to reduce the memory effect present in repeated radiologic
observations (20). Three readers, two musculoskeletal at-
tending radiologists (BA and JEM) and one musculoskele-
tal fellow (CD) then scored the lesions. This was done inde-
pendently first, and then in consensus. The imaging pat-
tern was classified as infiltrative (tail-like multidirectional
spread along fascial planes), focal (absence of spread and
good demarcation of the tumor by a thin rim), or mixed
(Figure 1) as modified form (14).

3.3. Statistical Analysis

Statistical analysis was performed using R software
package for windows (21). The consensus scores for the pa-
tients was used for analysis. Fisher’s exact test (22) was used
to assess the association between imaging pattern at pre-
sentation and recurrence and the association between de-
lay in diagnosis and imaging pattern at recurrence. Inter-
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Table 1. Patient Demographics and Group

Patient ID MRI ID Age Sex Group 1a Group 2b

5 1 59 M Y

2 Y

7 3 51 F Y

4 Y

10 5 53 M Y

13 6 46 F Y

19 7 46 F Y

22 8,9 65 M Y

23 10,11 72 F Y Y

12 Y

13 Y

35 14 51 M Y

42 15,16 69 F Y Y

45 17,18 60 F Y Y

46 19,20 82 F Y Y

53 21 85 M Y

61 22,23 79 F Y

72 24 67 M Y

77 25,26 55 F Y Y

27 Y

94 28,29 73 M Y

100 30,31 80 M Y

102 32,33 52 M Y Y

103 34,35 44 F Y Y

113 36,37 47 M Y Y

114 38 73 M Y

117 39,40 78 F Y Y

136 41 82 M Y

Abbreviations: M, male F, female MRI, magnetic resonance imaging.
aPatients in group 1 had at least one MRI (at recurrence), with or without MRI prior to surgery.
bPatients in group 2 had 2 MRIs: at presentation (prior to surgery) and at recurrence.

observer agreement was assessed using kappa statistics
(23). For the purposes of determining positive and nega-
tive predictive values (PPV and NPV, respectively) and pos-
itive and negative likelihood ratios (LR+ and LR-, respec-
tively), infiltrative lesions were compared to the combined
set of mixed/focal lesions. The reference standard was lon-
gitudinal follow-up.

4. Results

A total of 41 MRI studies in 23 patients (Table 1) were
used in the final analyses. The imaging pattern was as-
sessed individually and then in consensus by three readers
(CD, JEM, and BA) and scored as infiltrative, focal, or mixed
(Figure 1). There was substantial inter-observer agreement
(Kappa = 0.72; 95% confidence interval (CI): 0.59 - 0.85).

Analysis of group 1 was performed next to determine
association of imaging pattern at recurrence with delay in
diagnosis. There were 24 recurrences in 20 patients (14 in-
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filtrative, 6 mixed, and 4 focal). Delay in diagnosis ranged
from 90 to 218 days and was seen in 8 cases. Half (7) of the
14 infiltrative recurrences had a delay in diagnosis with a
median of 92 days. None of the 6 mixed cases had a delay
in diagnosis, and 1 out of the 4 focal recurrences was asso-
ciated with a delay in diagnosis (105 days). The majority
(88%) of cases associated with a delay in diagnosis had the
infiltrative pattern; however, there was only a trend for as-
sociation between imaging pattern at recurrence and the
presence of a delay in diagnosis (P = 0.08).

Analysis of group 2 was performed next in order to
determine association of imaging pattern at presentation
and recurrence. Out of the 13 patients in this group, 9
(70%) had the same imaging appearance at presentation
and recurrence (3 infiltrative, 4 mixed, and 2 focal); how-
ever, there was no significant association between imaging
pattern at presentation and recurrence (P = 0.1).

All 3 infiltrative cases recurred as infiltrative, with a PPV
of 100% for the infiltrative pattern (LR+ could not be calcu-
lated). One of the 3 focal cases recurred as infiltrative, and
2 of the 7 mixed cases recurred as infiltrative, with a NPV
of 70% and LR- of 0.50 (95% CI: 0.22 - 1.11) for the infiltrative
pattern.

5. Discussion

Our anecdotal experience prior to this investigation
suggested that the tendency of MFS to recur with an in-
filtrative pattern (which mimics post-operative inflamma-
tion) would present a challenge in interpretation and lead
to an increase in delayed diagnosis. In addition, it has been
suggested that the imaging pattern at presentation would
predict the imaging pattern at recurrence (5). If true,
this would provide radiologists with an easy way to adjust
their threshold for separating recurrent disease from post-
operative inflammation.

The first objective of our study was to determine if our
impression of the difficulty in interpreting these studies
was supported by evidence of an increase in misdiagno-
sis rate associated with the infiltrative pattern of recur-
rence. The second objective of our study was to determine
if the imaging pattern at recurrence was associated with
the imaging pattern at presentation.

Regarding objective 1, our results showed a trend for as-
sociation between the infiltrative pattern and a delay in di-
agnosis of local recurrence. Exactly half of the 14 infiltra-
tive recurrences were not prospectively diagnosed (com-
pared to only 10% of the focal or mixed lesions). In addition
7 out of the 8 cases associated with a delayed diagnosis of
recurrence had the infiltrative pattern at recurrence. How-
ever, no significant difference was found in the presence

of a delay in diagnosis when infiltrative lesions were com-
pared to the mixed and focal lesions (P = 0.08). It must be
noted, however, that this result may have been affected by
the trepidation of interpreting radiologists at our institu-
tion when faced with post-operative MRIs of patients with
MFS, and may not apply to other institutions that do not
have the same experience in the follow-up of these lesions.

Regarding objective 2, our results suggest that while
an infiltrative pattern at presentation was always associ-
ated with an infiltrative pattern at recurrence (PPV = 100%),
the inverse was not true (i.e., the focal or mixed lesions did
not reliably recur as focal or mixed). Indeed the NPV for
an infiltrative pattern at recurrence based on the pattern
at presentation was only 70% with a poor LR- of 0.5. There-
fore, a high index of suspicion is warranted for areas of lin-
ear signal abnormality on post-operative MRIs regardless
of the imaging appearance at presentation. This recom-
mendation is obviously challenging to implement on im-
mediate post-operative MRI; however, persistent or grow-
ing areas of linear signal abnormality on subsequent MRIs
should not be dismissed as inflammation or granulation
in patients with MFS.

Our study has several limitations. The most impor-
tant issue is inherent to its retrospective design, which
will inevitably lead to selection bias (24) and treatment
and follow-up heterogeneity. Unfortunately, a prospective
study for rare malignancies such as MFS would be imprac-
tical, and imaging-only studies would have difficulties re-
cruiting patients due to absence of direct benefit to pa-
tients (25).

Another important limitation is the small size of our
study. Even though 246 patients with a preliminary di-
agnosis of MFS were identified through keyword searches
of radiology and pathology databases, less than 10% were
suitable for final analysis due to failure to meet inclusion
criteria. These included incorrect reported pathological di-
agnosis on radiology reports or due to changes in termi-
nology and classification and absence of pre-therapy MRI
(e.g., in the setting of unplanned excision).
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