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Solitary fibrous tumors are an uncommon sarcoma type characterized by NAB2–STAT6 gene fusion. While
solitary fibrous tumors metastasize in 5–25% of cases, it has historically been challenging to determine which
specific tumor and patient characteristics predict aggressive behavior. We previously reported on a novel risk
stratification scheme for solitary fibrous tumors incorporating patient age, tumor size, and mitotic activity to
predict risk of metastasis. Herein we validate this risk stratification scheme in an independent, lower-risk
population of 79 patients with primary non-meningeal solitary fibrous tumors, and propose incorporating tumor
necrosis as a fourth variable to further improve the risk score. Fifty-seven percent of cases were considered low
risk, 29% intermediate risk, and 14% high risk for metastasis. Of 50 patients with sufficient clinical follow-up data,
no metastases developed in the low-risk patients (n=23), while there was a 7% 10-year metastatic risk in the
intermediate risk group (n= 17), and a 49% 5-year metastatic risk for the high-risk patients (n= 10). When tumor
necrosis was added as a fourth variable to the model, predictive power was enhanced. Under the revised
stratification, the proportion of tumors identified as low risk increased to 66%, with no metastasis at 10 years,
intermediate risk cases comprised 24% with 10% risk of metastasis at 10 years, and high risk comprised 10% of
cases with 73% risk of metastasis at 5 years. In Kaplan–Meier analysis, this fourth-variable stratification provided
significant discrimination between the risk groups (P= 0.0005). These findings confirmed the clinical utility of our
previously published risk stratification model and support the inclusion of necrosis as a fourth variable in
the model.
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Solitary fibrous tumors are mesenchymal neoplasms
showing fibroblastic differentiation, and character-
ized by a recurrent intra-chromosomal paracentric
inversion involving the long arm of chromosome 12,
resulting in NAB2–STAT6 gene fusion.1,2 They are
known for having an indolent course, with relatively
infrequent metastasis.3 Aside from cases, which have
overt sarcomatous transformation (anaplasia/dedif-
ferentiation) that tend to behave aggressively like

other high-grade sarcomas,4 the behavior of solitary
fibrous tumors has been difficult to predict, despite
histopathologic criteria for malignancy proposed by
England et al.5 in 1989. Unlike sarcomas such as
leiomyosarcoma or undifferentiated pleomorphic
sarcoma, conventional sarcoma grading schemes
such as those devised by the Fédération Nationale
des Centres de Lutte Contre le Cancer or National
Cancer Institute have shown to be poorly applicable
to solitary fibrous tumors. Moreover, sarcoma staging
systems such as those incorporated into the recent
American Joint Committee on Cancer staging manual
(eighth edition)6 have not been validated for use
in predicting the behavior of solitary fibrous tumors
and appear to be better suited for traditional
sarcomas. A better model for behavior and risk
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stratification in solitary fibrous tumors may be
provided by the example of gastrointestinal stromal
tumors (GIST), for which several competing risk
stratification schemes exist, each with their own
strengths and weaknesses in predicting tumor
behavior.7 In keeping with the GIST model, in recent
years a number of studies backed by more rigorous
statistical analysis than the initial descriptive series
have attempted to refine risk criteria and identify
those which are most relevant in risk prediction in
solitary fibrous tumors.8–12 Nevertheless, the
reported findings are conflicting.

In our initial study of 103 patients with resected
primary solitary fibrous tumors of non-meningeal
sites, we re-evaluated reported histopathological
factors and found that tumor size, age, and mitotic
activity were prognostic for the development of
metastasis, as was necrosis, but not cellularity or
pleomorphism.9 In addition, we proposed a risk
stratification model combining age, tumor size, and
mitotic activity to predict patient outcomes, analo-
gous to the systems commonly used for GIST. In
contrast, the largest study of extra-thoracic, non-
meningeal solitary fibrous tumor (n=243) reported
that only mitotic activity, cellularity, and pleo-
morphism were adverse prognostic features, and
quite counterintuitively, that large tumor size, was in
fact a good prognostic feature.8 van Houdt et al.11
examined 81 patients and found that size and mitotic
activity correlated with metastasis. A third series,
which also included meningeal solitary fibrous
tumor as well as extra- and intra-thoracic solitary
fibrous tumor, found site and malignant histologic
features (by the England criteria) to be predictors of
outcome.10 It is important to note that different
studies use different measures of outcome, including
recurrence-free survival, disease-specific survival,
metastasis-free survival, and overall survival, con-
founding the ability to directly compare these series.

Given the conflicting information in the literature,
we sought to validate our risk stratification model in
an independent cohort of solitary fibrous tumors
from a different patient population from our original
series, and if possible, further refine our model.

Materials and methods

Patients and Tumor Tissues

Upon Institutional Review Board approval, the pathol-
ogy archives of Mount Sinai Hospital (Sinai) were
searched for diagnoses of ‘solitary fibrous tumor,’ and
‘hemangiopericytoma’ diagnosed between 1996 and
2015. All available slides and blocks were retrieved
and subjected to expert pathology review by EGD
(n=201). The electronic medical record and, where
available, microfilm records were reviewed for clinical
information on patient treatment and outcome (local
recurrence, metastasis and survival). Cases not meeting
diagnostic criteria for solitary fibrous tumor after expert

review (n=36) were excluded. Other exclusions
included meningeal origin, recurrent or metastatic
disease, cases with unknown tumor status, tumors that
were not resected at Sinai, and patients with no data on
primary tumor size or patient age. After all exclusions,
the patient population included 82 patients with
primary solitary fibrous tumor. Three of these patients
presented with synchronous metastases and were also
excluded from further analysis.

Pathology Review

For patients with multiple biopsies, or re-excisions
after incomplete initial excision, tumor size was taken
as the largest gross tumor measurement on the resected
specimen. For five tumors resected piecemeal, the
largest aggregate dimension was used, unless radiologic
measurements were available. Patient age was calcu-
lated at date of tumor resection. Mitotic counts were
performed in the most mitotically active area of the
tumor. At least 50 high-power fields (HPF) were
counted where tumor size and available slides allowed,
and the single highest count per 10 consecutive fields
used. For patients with multiple specimens (biopsy,
resection, and re-resection) the highest count from any
one specimen was used. Presence of tumor necrosis
was scored as positive when involving 10% or more of
the tumor, but hemorrhage or hyalinization was not
tabulated. Cellularity and nuclear pleomorphism were
scored as low, moderate, or high as previously
defined.5 The presence of anaplasia/dedifferentiation
was noted separately, if present.

Risk Prediction Model

Metastatic risk scores were calculated using our
previously published model.9 Patient age was scored
as 0 if o55 years and 1 if ≥ 55 years. Mitotic activity
was scored as 0 if o1 mitotic figure/10 HPF, 1 if 1–3
mitotic figures/10 HPF, or 2 if ≥ 4/10 HPF. Tumor
size was scored as 0 if o5 cm, 1 if 5 to o10 cm, 2 if
10 to o15 cm, or 3 if ≥ 15 cm). Total scores were
summed, and scores of 0–2 were considered low
risk, 3–4 as intermediate risk, and 5–6 as high risk.

Immunohistochemistry

Immunohistochemical study for STAT6 was per-
formed in a CLIA-approved clinical lab using anti-
body against the C-terminal of STAT6 (S-20, SC-621,
1:250 dilution; Santa Cruz, Dallas, TX, USA) using
a Ventana autostainer (Ventana Medical Systems,
Tucson, AZ, USA) on a previously constructed
solitary fibrous tumor tissue microarray13 or on
whole sections as part of routine diagnosis.

Statistical Analysis

Patient outcomes were calculated from date of
primary resection, and were assessed using the
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Kaplan–Meier method, with significance evaluated
using the log-rank test. Outcomes included risk of
metastasis, in which death is censored, overall
survival, and disease-specific survival. For out-
comes, an alpha of Po0.05 was considered statisti-
cally significant. Where possible, univariable Cox
proportional hazards models were used to determine
prognostic significance of individual risk factors.
Comparisons of continuous variables (age, mitotic
count, tumor size, and risk sum) between anatomic
sites was performed using analysis of variance
testing with post hoc Tukey’s test to compare
individual sites. Po0.01 was considered significant
to take into account multiple hypothesis testing.
Comparisons of categorical variables were performed
using the Fisher exact test.

To develop the modified risk stratification scheme,
clinicopathologic and outcome data were retrieved
from the original The University of Texas M. D.
Anderson (MD Anderson) data set.9 Presence of
tumor necrosis was scored as 0 (o10%) or 1
(≥10%) and added to the risk scores generated by
summation of age, mitotic rate, and size scores.
Receiver-operating characteristic (ROC) curves for
risk score correlation with development of metasta-
sis were generated to compare the model with and
without inclusion of necrosis, and used to select
optimum score cutoffs for low- and high-risk
patients. The selected cutoff scores were then
validated in the Sinai data set.

Results

Clinicopathologic features of 79 solitary fibrous
tumors meeting criteria for study inclusion are
presented in Table 1. Briefly, men comprised 53%
of the cohort. Median age at presentation was 59
years (range 5 months–88 years). The plurality of
tumors (46%) arose within the thorax, while head
and neck was the second most common site, with
19% of cases, reflecting an active head and neck
surgical service at our institution. In contrast to the
initial series from MD Anderson, intra-abdominal
tumors (including visceral, retroperitoneal, and
pelvic sites) accounted for only 10%. As such, the
majority of tumors were small, with a median of
5.0 cm. Similarly, mitotic activity was low. Over half
of the cases (57%) were scored as low risk, 29% as
intermediate risk, and only 14% as high risk. Two
cases were considered to have at least focal anapla-
sia/dedifferentiation. One of these was a high risk,
14 cm tumor with a o2 cm focus of anaplasia,
arising in the neck of an 86-year-old man, while
the other was an intermediate risk 8.5 cm tumor with
more extensive anaplasia arising in the chest wall of
a 61-year-old man. STAT6 immunohistochemistry
was available in 68 cases, and was positive in 62
(91%). Histologic review confirmed the diagnosis in
negative cases; in most cases loss of staining was

consistent with decreased antigenicity in old tissue
blocks, as previously described.13

There were some significant differences in tumors
based on site (Table 1). Tumors arising within the
abdominal cavity were significantly larger (median
11.7 cm) than tumors of the head and neck and trunk
(median 4.2 cm, P=0.0004 and 4.0 cm, P=0.008,
respectively), while intra-abdominal and pleural
tumors arose at an older age than tumors of the
trunk (median 71 and 64, respectively, vs 44 years,
P=0.005). Mitotic activity was similar regardless of
site. Risk scores were higher in intra-abdominal
tumors relative to head and neck, extremity, or trunk
(Po0.005). Although size and mitotic activity were
shown to be independent risk factors in our prior
series, mitotic score and tumor size did correlate to
some extent. All tumors ≥10 cm had some degree of
mitotic activity (14 with 1–3 mitotic figures/10 HPF
(61%), and 9 with ≥ 4 mitotic figures/10 HPF (39%),
compared to 12 tumors smaller than 10 cm without
mitosis (22%), 31 with 1–3 (56%), and 12 (22%) with
≥4 mitotic figures/10 HPF, P=0.02). Presence of
necrosis was also more frequent in larger and more
mitotically active tumors (P=0.0001 and 0.023,
respectively), just as it was in the original MD
Anderson data set (P=0.0001 and 0.0026,
respectively).

Treatment and Outcomes

All patients underwent primary surgical resection
with curative intent. Clinical follow-up was available
in 50 patients with median time of 44 months
(interquartile range (IQR) 15–81 months). Two
patients underwent re-resection within 2 months of
initial surgery due to positive margins, and one
patient was treated with post-operative radiation for
positive margins. One patient received pre-operative
radiation. One patient with an intra-abdominal tumor
received neo-adjuvant chemotherapy, but developed
local recurrence after resection; the tumor subse-
quently metastasized locally throughout the abdom-
inal cavity. An additional three patients developed
metastatic disease only (within the pleural cavity, to
bone, or to lung and liver). Risk of metastasis was
calculated to be 13% at 5 and 10 years (Figure 1). The
dedifferentiated/anaplastic tumor arising in the chest
wall was among those cases that metastasized, while
the tumor with focal anaplasia in the neck had not
recurred at 4 months follow-up.

In Kaplan–Meier analysis, mitotic activity of
≥4/10 HPF was correlated with risk of metastasis
(P=0.027), as was necrosis (P=0.0023), and tumor
size ≥ 15 cm (P=0.0041). Age ≥ 55, high cellularity,
and nuclear pleomorphism were not significant. In
univariate Cox proportional hazards models, high
mitotic activity trended to predict metastasis (HR
8.5, 95% CI 0.9–81.8, P=0.065), while size ≥ 15 cm
was an adverse risk factor (HR 13.1, 95% CI 1.4–
126.9, P=0.026). Although a higher proportion of
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Table 1 Clinicopathologic data

All
Cases with clinical
follow-up only

Site

Intra-thoracic Head and neck Trunk Extremity
Intra-
abdominal

Total 79 50 36 15 11 9 8
M 42 24 20 8 6 3 5
F 37 26 16 7 5 6 3

Age at presentation, median
(range)

59 years
(5 months–88
years)

61 years
(5 months–88 years)

64 years
(31–82 years)

52 years
(5 months–88 years)

44 years
(26–63 years)

47 years
(33–81 years)

71 years
(46–88 years)

Site, n (%)
Intra-thoracic 36 (46) 20 (40)
Head and neck 15 (19) 9 (18)
Trunk 11 (14) 8 (16)
Extremity 9 (11) 5 (10)
Intra-abdominal 8 (10) 8 (16)

Risk class
Low 45 (57%) 23 (46%) 18 (50%) 13 (87%) 8 (73%) 6 (67%) 0
Moderate 23 (29%) 17 (34%) 12 (33%) 1 (7%) 3 (27%) 3 (33%) 4 (50%)
High 11 (14%) 10 (20%) 6 (17%) 1 (7%) 0 0 4 (50%)

Tumor size, median (range) 5.0 cm (0.4–30) 6.5 cm (1–30) 5.8 cm (1–23) 4.2 cm (0.4–14) 4 cm (1.8–15.5) 5 cm (2–10) 11.7 cm (7–30)
Mitotic figures/10 HPF,
median (range)

2 (0–102) 3 (0–102) 2 (0–33) 2 (0–17) 2 (0–102) 2 (0–5) 4 (2–17)

Necrosis 15 (19%) 14 (28%) 6 (17%) 0 3 (27%) 1 (11%) 5 (63%)
Local recurrence 1 (2%) 0 0 0 0 1
Metastasis 4 (8%) 1 0 1 0 2

Metastatic sites
Peritoneum 1 1
Pleura 1 1
Lung 1a 1a
Bone 1 1
Liver 1a 1a

aSame patient.
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clinically aggressive tumors arose in extra-thoracic
soft tissue (3/30, 10% vs 1/20, 5%), this difference
was not statistically significant; site did not provide
additional prognostic information in Kaplan–Meier
analysis.

Survival follow-up was available for 62 patients
with median time of 46 months (IQR 15–87 months).
Estimated 5- and 10-year overall survivals were 88%
and 76%, respectively (Figure 1). Of eight deaths,
only one was definitely attributable to metastatic
solitary fibrous tumor, while three were from other
causes and four were of unknown etiology in
patients who were lost to follow-up.

Validation of the Metastatic Risk Score

Clinical follow-up data were available for 23 low-risk
tumors, 17 moderate-risk, and 10 high-risk solitary
fibrous tumors. No metastases were seen in low-risk

cases during the course of follow-up (median
36 months, IQR 8–96 months), while moderate-risk
patients had a 7% risk of metastasis at 5 and 10
years. In contrast, high-risk solitary fibrous tumors
had a 49% risk of metastasis at 5 years (Figure 2a).
This difference was statistically significant; log-rank
P=0.014. No statistically significant differences in
overall survival were present based on risk score
(P=0.34; Figure 2b).

Refinement of the Metastatic Risk Score

Although we were unable to show that necrosis was
an independent risk factor for development of
metastasis in our previous series due to lack of
adequate sample size for full multivariable Cox
proportional hazards models, necrosis was a sig-
nificant risk factor in univariate analyses in both that
series and in the current data set. We therefore
inquired whether addition of tumor necrosis to the
risk stratification model would better delineate
benign from malignant tumors. To test this, we
returned to our previously published data set and
calculated new risk sums with the inclusion of
≥10% tumor necrosis as a fourth variable. We
calculated sensitivity and specificity for history of
metastasis at each cutoff score (Table 2), and
generated ROC curves comparing the original three-
variable risk stratification model with the four-
variable model (Figure 3). The area under the curve
was similar for both the three-variable model (0.906)
and four-variable model (0.901), indicating their
relative comparability and strong association with
metastatic risk.

As in the original model, low risk was defined as
the range of scores in which no metastasis occurred,
and high risk was defined as having at least 80%
specificity for malignancy (≤ 20% false positive rate).

Figure 2 Validation of the three-variable risk stratification score. (a) Kaplan–Meier plot for time to metastasis by risk group. (b) Kaplan–
Meier plot for overall survival.

Figure 1 Clinical outcomes for 50 solitary fibrous tumors with
follow-up. Kaplan–Meier plot shows overall survival and time to
first metastasis.
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In the new four-variable model, a risk score of 0–3
was defined as low risk and a score of 6–7 as high
risk, while scores of 4–5 were considered as
intermediate risk (Table 3). By adding necrosis to
the model, 37 (45%) patients in the test set were
considered low risk, with no risk of metastasis at 5–
10 years, while 30 (37%) fell into the intermediate
risk group, with 31% and 50% 5- and 10-year
metastatic risk, respectively. The high-risk group
comprised 15 patients (18%) with 100% risk of
metastasis by 5 years (Table 4). In Kaplan–Meier
analysis (Figure 4a), this difference was statistically
significant (log-rank Po0.0001).

We then applied this four-variable model to our
validation set of patients, and found that 52 patients
(66%) would now be considered low risk, 19 (24%)
intermediate risk, and 8 (10%) high risk. Among the 50
patients with clinical follow-up, 28 low-risk patients

had no risk of metastasis at 5–10 years, the 15 inter-
mediate-risk cases had only a 10% risk of metastasis at
5 and 10 years, and the 7 patients in the high-risk class
had a 73% risk of metastasis at 5 years (Table 4). In
Kaplan–Meier analysis, this refined risk stratification
system was significantly associated with differences in
metastatic risk (log-rank P=0.0005; Figure 4b).

Sensitivity and specificity of the risk scores for
malignancy in the validation set were similar to the
initial series (Table 5), with the exception that in the
validation set there were no malignant tumors in the
group of cases with modified risk score of 4. The
addition of necrosis as a fourth variable therefore
increased the percentage of patients correctly defined
as low risk, and more precisely identified a high-risk
group with rapid development of metastasis.

While the four-variable model was also correlated
with differences in overall survival and disease-
specific survival in the test set (log-rank P=0.0002
and Po0.0001, respectively, data not shown), there
was only a trend to associate with disease-specific
survival in the validation set (log-rank P=0.054, with
only one death attributable to metastatic solitary
fibrous tumor), and no statistically significant asso-
ciation with overall survival (log-rank P=0.3).

Comparability of Risk Score Calculated on Core Biopsy
and Resection Specimens

We compared mitotic counts and necrosis scores
between core biopsy and subsequent primary resec-
tion specimen for 32 cases among the initial
and validation series for which both core biopsy

Table 3 Modified four-variable risk stratification model for
development of metastasis in solitary fibrous tumors

Risk factor Score

Age
o55 0
≥55 1

Tumor size (cm)
o5 0
5 to o10 1
10 to o15 2
≥15 3

Mitotic count (/10 high-power fields)
0 0
1–3 1
≥4 2

Tumor necrosis
o10% 0
≥10% 1

Risk class Total score

Low 0–3
Intermediate 4–5
High 6–7

Figure 3 ROC curves for three- and four-variable risk stratification
scores. Numbers indicate the risk scores for each plotted data
point. Area under curve for three-variable score is 0.906. Area
under curve for four-variable score is 0.901.

Table 2 Predicted sensitivity and specificity of original and
modified risk stratification models for development of metastasis
in solitary fibrous tumors

Sum

Sensitivity Specificity

Three-
variable
model

Four-
variable
model

Three-
variable
model

Four-
variable
model

0 1 1 0.02 0.02
1 1 1 0.17 0.16
2 1 1 0.44 0.40
3 0.95 1 0.65 0.59
4 0.74 0.89 0.86 0.71
5 0.47 0.58 1 0.94
6 0.00 0.37 1 1
7 — 0 — 1

In the initial study, low risk was defined as cutoff score having a
sensitivity of 100% (all malignant tumors falling above the cutoff) and
high risk as having a 100% specificity. Using the same criteria for the
modified score, low risk includes scores 0–3 and high risk 6–7.
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specimens and resection specimens were avail-
able. Mitotic counts were lower in 20 of the core
biopsies compared to the resection (63%), and
necrosis showed discrepant scoring in 10 biopsies
compared to resection specimens (31%). In 9 of 30
paired cases (30%) for which risk score was
calculated, these discrepancies resulted in lower
final risk score in the core biopsy relative to the
resection (5 low risk on biopsy/intermediate risk on
resection, and 4 intermediate risk on biopsy/high
risk on resection). In 5 cases, the core biopsy showed
greater mitotic activity or necrosis than the resection,
but the risk score remained the same on resection.

Discussion

Our findings successfully validate our previously
published risk assessment score for solitary fibrous

tumors, which was developed specifically to predict
metastatic risk in solitary fibrous tumor.9 We further-
more present and validate a refinement on the model
that incorporates the presence of tumor necrosis into
the risk stratification scheme, resulting in improved
ability to identify solitary fibrous tumors at low risk
for metastasis, and more precisely delineate the
patients most at risk for aggressive behavior.

Our validation patient population was different
in a number of ways from our initial data set. The
previous MD Anderson cohort was comprised of
similar numbers of pleural and intra-abdominal
tumors, with relatively fewer head and neck,
extremity, and trunk solitary fibrous tumors, while
the present series was largely composed of pleural
solitary fibrous tumors, with head and neck repre-
senting the second most frequent site. Moreover, the
tumors in the present series were smaller than in the
initial series, in particular pleural tumors (median 15

Figure 4 The modified four-variable risk stratification score is significantly associated with metastatic risk in both the test and validation
populations. (a) Kaplan–Meier plot for four-variable risk stratification score and time to metastasis in the 82 patients in the test set.
(b) Kaplan–Meier plot for the four-variable risk stratification score and time to metastasis in the 50 patients in the validation set.

Table 4 Risk class sizes and relative outcomes of original and modified risk stratification models

Risk group Score

Test set (n=82) Validation set (n=50)

N (%)

Metastasis-free

N (%)

Metastasis-free

5 years 10 years 5 years 10 years

Three-variable model
Low risk 0–1 28 (34) 100% 100% 23 (46) 100% 100%
Intermediate risk 3–4 31 (38) 77% 64% 17 (34) 93% 93%
High risk 5–6 23 (28) 15% 0% 10 (20) 49% —

Four-variable model
Low risk 0–3 37 (45) 100% 100% 28 (56) 100% 100%
Intermediate risk 4–5 30 (37) 69% 50% 15 (30) 90% 90%
High risk 6–7 15 (18) 0% 0% 7 (14) 27% —
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vs 5.8 cm) and extremity solitary fibrous tumors
(median 8.7 vs 5 cm). These differences likely reflect
the position of MD Anderson as a tertiary cancer
referral center, handling more complex and
advanced cases than typically present to a primary
hospital such as Mount Sinai. On the other hand,
patients in the validation series were older, with
intra-abdominal tumors in particular presenting at a
much more advanced age in the present series (71 vs
51 years). Tumors in the present series were in
general less aggressive than our initial series, with a
lower rate of metastasis, and only one case with
local recurrence. Our validation set most likely is a
more accurate reflection of the biology of solitary
fibrous tumors seen at most institutions, as our
metastatic rate is similar to that seen in several other
series,10,14–16 while the higher incidence of metas-
tasis in our original series is similar to that reported
at other tertiary referral centers.11

The present cohort is somewhat smaller than our
original series, with limited follow-up available,
particularly for low-risk tumors, though it is still
sizable considering the difficulty in generating large
data sets of rare mesenchymal tumors in single-
institution series. Despite these limitations, our risk
score was able to identify those cases at risk of
metastasis with 100% sensitivity, with all metastatic
tumors falling into moderate- and high-risk cate-
gories, and no metastases developing in low-risk
cases. Thus, our findings show that despite varia-
tions in clinical settings and patient populations, our
risk score provides reproducible results based on
simple, relatively objective criteria, which are easy to
identify from pathology reports and clinical data.

It must be emphasized that this risk score varies from
most other solitary fibrous tumor studies in that it was
specifically designed to assess metastatic risk/malig-
nant potential, and is not intended to predict local
recurrence, defined as tumor recurrence in or adjacent
to the tumor bed/site of prior excision. In neither of our
series were local recurrences frequent, and local recur-
rences were usually thought to be due to incomplete
resection, rather than any underlying tumor biology.

Unfortunately, the contribution of margin status to
local recurrence risk could not be definitely proven in
either of our data sets due to incomplete clinical data
and infrequent local recurrence.

This risk score also is not validated for prediction of
survival outcomes. While both our three- and four-
variable model were associated with disease-specific
survival in the test population, there was only
one death attributable to disease in the validation
series and we were unable to confirm this correlation.
Given the older age at which solitary tumors typically
arise, and the relative indolence of even metastatic
tumors, patients often die of other causes before
tumor recurrence, or even after tumor recurrence.

A caveat of our risk model is that it is designed
and validated using primary tumors, and ideally
intended for use on resection specimens. As with
other sarcoma risk assessment and grading schemes,
evaluation of core biopsies may result in inappro-
priately lower risk scores, due to sampling bias.17–19
In our experience, the variability between biopsy and
resection did not result in any change to the risk
score for patients with tumors, which were otherwise
low risk (tumor o10 cm and age o55 years), and
one could be more confident in applying the risk
model to core biopsies in this scenario. However, in
larger tumors in older patients, low mitotic counts
and absence of necrosis on core biopsy should be
interpreted with caution, and such results might best
be interpreted as the minimal or ‘at least’ level of risk
given the potential for underestimation. Full appli-
cation of the risk stratification system would be
reserved for carefully sampled resection specimens.

Three recent series have emphasized tumor cellu-
larity and nuclear pleomorphism as prognostic
features;8,10,11 results we have not been able to
replicate—with the exception of anaplastic solitary
fibrous tumor, which also typically have high mitotic
rates and often are of large size, as were the two cases
in our series. While we agree that anaplasia is likely
a risk factor for aggressive behavior, the subjective
nature of determinations of cellularity and pleo-
morphism render them poorly reproducible and as
such, we do not recommend relying upon them for
routine patient care.

Our initial model did not incorporate the presence
of tumor necrosis as a risk factor due to our inability
to prove that it was an independent risk separate
from tumor size and mitotic activity, two variables
with which it was significantly correlated. However,
necrosis was a strong prognostic factor in univariable
analyses, and we revisited the question of whether or
not addition of necrosis to the model could provide
additional prognostic information. Indeed, we found
that the inclusion of necrosis as a variable in our risk
model allowed us to better predict both benign (non-
metastatic) and malignant behavior. This new model
was also validated using our independent data set.

Importantly, our revised model takes into account
multiple interrelated aspects of tumor histology.
Traditionally, mitotic activity of ≥ 4/10 HPF has

Table 5 Sensitivity and specificity of original and modified risk
stratification models for development of metastasis in the
validation series of solitary fibrous tumors

Sum

Sensitivity Specificity

Three-
variable
model

Four-
variable
model

Three-
variable
model

Four-
variable
model

0 1 1 0.00 0.00
1 1 1 0.22 0.22
2 1 1 0.50 0.50
3 1 1 0.65 0.61
4 0.75 1 0.85 0.74
5 0.50 0.75 0.98 0.91
6 0 0.50 1 1
7 — 0 — 1
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been the single most frequent criteria used to define
malignancy in solitary fibrous tumors. Our data
consistently show that mitotic activity alone is not
enough to accurately discriminate aggressive tumors,
and is just one factor in the assessment equation.
Moreover, while our original three-variable model is
effective in identifying a majority of benign tumors,
it too showed that it could be refined by the
inclusion of additional variables to result in criteria
that more narrowly define malignancy in solitary
fibrous tumor. As yet, our classification scheme only
takes into account readily identifiable clinicopatho-
logic features, but does not address molecular factors
driving the behavior of solitary fibrous tumor. Initial
studies of NAB2–STAT6 fusion types had suggested
that the specific exons present in the chimeric fusion
gene might influence solitary fibrous tumor beha-
vior, with NAB2 exon 4-STAT6 exon 2 or 3 fusions
thought to be less aggressive than NAB2 exon 6-
STAT6 exon 16–18 fusions,20 but subsequent studies
have not been as supportive of this finding.21,22 More
recently, TERT promoter mutations, reported to be
present in ~22% of solitary fibrous tumors14,23–26
have emerged as another potential driver of aggres-
sive behavior in solitary fibrous tumor,14,23 but the
initial series have been small and require validation.

While the hope for molecular predictors of
behavior for solitary fibrous tumor remains, the fact
is that routine molecular analyses for prognostica-
tion of rare tumors remain out of reach for many
practices. It is therefore important to develop simple
reproducible guidelines for risk assessment in
solitary fibrous tumors to provide appropriate clin-
ical guidance. The ability to reliably predict aggres-
sive behavior in solitary fibrous tumors would allow
the majority of patients to be reassured of a curative
surgical procedure, while truly high-risk patients
could receive appropriate counseling and follow-up.
Our modified risk stratification model fulfills these
criteria, being both easy to use, and having repro-
ducible results as proven in this validation series,
despite the marked differences in the patient
population between the initial and present studies.
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