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Becoming the paradigm for 
clinical trial enrollment

T
he previous issue of The Sar-
coma Journal focused on find-
ings from numerous clinical 
trials in sarcomas of various 

histologies presented at ASCO’s annu-
al meeting. This issue features a study 
on enrollment issues that surround 
clinical trials in sarcoma and sheds 
light on patient perceptions on clinical  
trial enrollment.

Clinical trials and their investigators 
are frequently impacted by enrollment 
issues, such as the limited number of el-
igible patients and the wide variations 
in time it can take to reach complete 
enrollment. For example, the phase 3 
ANNOUNCE trial of olaratumab in soft 
tissue sarcoma completed its accrual 
of 509 patients in a record 10 months, 
while the trial of temozolomide by the 
European Pediatric Soft Tissue Sarco-
ma Study Group took 6 years to enroll 
120 patients. Recruitment difficulties 
may even hamper the investigators’ 
and sponsors’ ability to bring a trial to a 
meaningful conclusion.

An interesting finding from the study 
published in this issue is the correlation 
between knowledge about trials and the 
positive attitude towards participating 

in them. People who had participated in 
clinical trials had higher levels of knowl-
edge and developed more favorable at-
titudes towards clinical trials. One of 
the goals of the Sarcoma Foundation of 
America (curesarcoma.org) is to increase 
awareness of the numbers and types of 
ongoing clinical trials in sarcoma, ben-
efitting patients and investigators alike. 
The SFA operates the Clinical Trial Nav-
igating Service, which offers patients, 
caregivers, and health care profession-
als up-to-date information about sarco-
ma clinical trials throughout the United 
States and Canada. The service, provid-
ed in collaboration with EmergingMed, 
helps patients search for clinical trial op-
tions that match their specific diagnosis 
and treatment history.

The paper published in this issue 
suggests that, through patient education 
and careful trial design, sarcoma could 
become a paradigm for trial enrollment 
in other therapeutic areas. Together—as 
physicians, investigators, patients, trial 
sponsors, and anyone interested in cur-
ing sarcoma—we may be able to accom-
plish this. It’s certainly worth a try.

William D. Tap, MD
Editor-in-Chief

› EDITORIAL‹ VIEWS AND NEWS 
BY WILLIAM D. TAP, MD | Editor-In-Chief

›  CLINICAL 
TRIALS AND THEIR 
INVESTIGATORS 
ARE FREQUENTLY 
IMPACTED BY 
ENROLLMENT ISSUES.
—William D. Tap, MD
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ORIGINAL RESEARCH

Overcoming barriers to clinical trial 
enrollment in patients with bone and  
soft tissue sarcoma: a paradigm for  
an increasingly heterogeneous  
cancer population

ORIGINAL RESEARCH

Background: Clinical trials remain a cornerstone in the development of new cancer 
therapies. Patients diagnosed with bone and soft tissue sarcoma typically have com-
paratively low rates of trial participation, which may contribute to lack of progress. This 
cross-sectional survey study was designed to characterize patient attitudes, knowledge, 
perceived ability (ie, self-efficacy), receptivity, and willingness to participate in trials. 
As well, we explored perceptions related to tumor molecular profiling (TMP).

Methods: Patients with sarcoma who were evaluated at Northwestern Medicine (NM) 
between 2012 and 2017 were identified through the Enterprise Data Warehouse 
(NMEDW). A link to an online self-administered survey was emailed to patients. Data 
were analyzed using Spearman correlations and the Mann-Whitney test.

Results: Surveys were emailed to 750 patients, of which 20 emails bounced back 
and 309 were opened; 283 patients completed at least a portion of the survey and 
this population was used in this analysis (37.7% of total and 91.6% of opened). Of 
the responding patients, median age was 56 years, 59.4% were female, and 26.8% 
reported metastatic disease. Greater knowledge of trials correlated with increased 
positive attitudes toward trial participation (r=0.5; P<0.001) and positive attitudes 
correlated with greater trial perceived ability (r=0.4; P<0.02). Patients with metastatic 
disease had more positive attitudes compared with patients with non-metastatic dis-
ease (P=0.03). Trial enrollment was associated with greater knowledge (P=0.002) and 
positive attitudes (P=0.001). Among patients who reported knowledge of TMP (n=46), 
65% credit TMP with a >50% chance of isolating a targetable result. Of patients who 
had TMP performed (n=18), important considerations included wanting to live as long 
as possible and helping future cancer patients, but not wanting to be part of research.

Conclusions: Increasing awareness, knowledge, and attitudes towards trials among 
patients with sarcoma may lead to increased trial enrollment and greater progress in 
cancer treatment. Patient-focused interventions and research-site optimization are 
critical to maximizing accrual rates and biomarker-driven therapeutics. Lessons from 
a sarcoma patient population can be used to optimize trial enrollment in an era of 
increasingly heterogeneous cancer populations.

Ari Rosenberg, MD,a Sheetal 
Kircher, MD,a,b Elizabeth A. 
Hahn, MA,b,c,d Karl Bilimoria, 
MD, MS,b,d,e Jeffrey D. Wayne, 
MD,b,e,f Alfred Rademaker, PhD,b,c 
Al Benson III, MD,a,b John Hayes, 
MD,b,g Terrance Peabody, MD,b,h 
Samer Attar, MD,b,h Mark Agul-
nik, MDa,b

aDivision of Hematology and 
Oncology, Department of 
Medicine, Feinberg School 
of Medicine of Northwestern 
University; bRobert H. Lurie 
Comprehensive Cancer Center, 
Northwestern University; 
cDepartment of Preventive 
Medicine, Feinberg School 
of Medicine of Northwestern 
University; dNorthwestern 
Institute for Comparative 
Effectiveness Research in 
Oncology (NICER-Onc), Lurie 
Comprehensive Cancer Center, 
Northwestern Medicine, North-
western University; eDepart-
ment of Surgery, Northwestern 
University; fDepartment of 
Dermatology, Northwestern 
University; gDepartment of Ra-
diation Oncology, Northwestern 
University; and hDepartment of 
Orthopedic Surgery, North-
western University, Chicago, IL 
60611
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INTRODUCTION
The development of new cancer therapies 
relies on the successful development and 
completion of clinical trials. While clini-
cal trials have led to significant improve-
ments in cancer treatment, the success is 

dependent upon patient enrollment and 
participation. Unfortunately, fewer than 
5% of adult patients enroll in trials.1-3 
This represents a significant barrier to the 
development and approval of new can-
cer treatments. Reasons for low accrual 

ABSTRACT



  VOL 3, NO 4  |  WINTER 2019  |  THE SARCOMA JOURNAL    9    MDEDGE.COM/SARCOMAJOURNAL

OVERCOMING BARRIERS TO 

CLINICAL TRIAL ENROLLMENT

into trials are multifactorial, but include 
structural barriers (eg, clinic access), 
clinical barriers (eg, eligibility criteria), 
and physician and patient attitudes to-
wards trial enrollment.4,5 One study at 
the University of California Davis Cancer 
Center reported 49% of patients declined 
participation despite meeting eligibility 
criteria,3,6 suggesting that psychosocial 
barriers such as knowledge of trials and 
attitudes towards clinical research are a 
major impediment to accrual.7-9

Bone and soft tissue sarcoma repre-
sent a heterogeneous group of tumors 
of mesenchymal origin that are an im-
portant cause of morbidity and mortali-
ty. Local disease is often treated with a 
multidisciplinary approach including 
surgery, radiation, and systemic thera-
py. Metastatic disease is predominantly 
treated palliatively with systemic thera-
py.10 Given its rarity and heterogeneity, 
trial accrual is of particular importance 
in sarcoma and often requires multiple 
sites to enroll adequate numbers of pa-
tients. While sarcoma represents <1% of 
adult malignancies overall, it constitutes 
~15% of malignancies in the adolescent 
and young adult (AYA) population (15-
39 years old).11,12 Sarcoma represents 
a patient population in which low trial 
accrual has been correlated with lack 
of progress in cancer-related outcomes 
in both the adult and AYA popula-
tions.13 The reasons for low accrual rates 
among patients with sarcoma are poorly  
understood.

Sarcomas represent a molecularly 
and biologically heterogeneous group 
of malignancies with over 100 different 
subtypes.12 As a result, there has been 
significant interest in performing molec-
ular profiling, or genetic sequencing, to 
identify “targetable” mutations. Targeta-
ble mutations refer to a specific genetic 
change identified within the tumor mo-
lecular profile for which there is a spe-
cific drug that may demonstrate activi-
ty against a particular tumor. Given the 
widespread utilization of this technology 
in sarcoma, identifying and understand-
ing patient perceptions with regard to 
molecular profiling is critically import-
ant in this disease.14

In this study, we use a cross-section-
al design to describe patient perceptions 
of trial enrollment among patients with 
bone and soft tissue sarcoma through 
validated measures, including attitudes 
towards clinical trials, knowledge of 
clinical trials, and perceived ability (ie, 
self-efficacy) to carry out actions in-
volved in making an informed decision 
about clinical trial participation, recep-
tivity to learning more about clinical tri-
als, and willingness to participate in clin-
ical trials.6 In addition, we describe this 
patient cohort’s perceptions of molecular 
profiling, as current and future trials are 
increasingly driven by molecular or other 
biomarkers.

METHODS
This was a cross-sectional electronic sur-
vey study of patients with bone and soft 
tissue sarcoma treated at Northwestern 
Medicine (NM) over a 5-year period. NM 
Enterprise Data Warehouse (NMEDW) is 
a single, comprehensive, and integrated 
repository of all clinical and research 
data sources within NM.  The study was 
approved by the Northwestern Universi-
ty Institutional Review Board.

SURVEY
The investigators designed a self-admin-
istered, online survey, which was built 
using Research Electronic Data Capture 
(REDCap). The survey consisted of three 
sections that were answered using skip 
logic—a custom path through the survey 
that varied based on patients’ answers: 
(1) Patient demographic information 
and trial perceptions (answered by all 
patients); (2) Thoughts about molecu-
lar profiling (answered by patients who 
answered “yes” to the question, “Have 
you heard about molecular profiling of 
tumors?”); and (3) Considerations to un-
dergo molecular profiling (answered by 
patients who answered “yes” to the ques-
tion, “Have you undergone profiling of 
your cancer?”).

Clinical trial perceptions included 
questions assessing (1) patient knowl-
edge about trials; (2) patient attitudes 
toward trials; (3) perceived ability (ie, 
self-efficacy) to carry out actions in-

› THE REASONS FOR 
LOW ACCRUAL RATES 
AMONG PATIENTS WITH 
SARCOMA ARE POORLY 
UNDERSTOOD.
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volved in making an informed decision 
about trial participation; (4) receptivi-
ty to learning more about trials; and (5) 
willingness to participate in trials. These 
outcome measures had been previously 
developed and pilot tested for reliability 
and validity (TABLE 1).6

Thoughts about molecular profiling of 
tumors were assessed using nine items 
(TABLE 1). Of these, items assessing po-
tential benefit or harm of molecular pro-
filing were assessed using a 7-step Likert 
scale. Items assessing maximal benefit or 
harm of therapy, importance of quality vs 
length of life, and concern about the cost 
of molecular testing were assessed using 
a 5-step Likert scale. The study team de-
veloped and piloted these questions be-
cause there is no validated survey assess-
ing these domains.

Considerations to undergo molecular 

profiling were assessed using 17 items. 
Items were in response to the question, 
“To what extent did you consider the fol-
lowing issues or concerns at the time you 
decided to get molecular testing of your 
cancer?” Responses were assessed using 
a 5-point Likert scale. 

Data collection
Patients 18 years and older evaluated at 
NM between November 20, 2012, and 
November 20, 2017, with a diagnosis of 
sarcoma were identified by query of the 
NMEDW by ICD-10 codes (C40, C41.9, 
C44.99, C45-49, C55, C71.9, D48, D49.9, 
and M12.20) or equivalent ICD-9 codes. 
Patients were subsequently excluded if 
they did not have a diagnosis of bone or 
soft tissue sarcoma, no e-mail address 
listed, had died, or had not been eval-
uated at an NM clinic in the previous 5 

TABLE 1  Study measures6

Study measure Definition Sample question
Knowledge Measured using 13 items. Response 

options were true, false, or don’t know. 
Total score represented the number of 
items answered correctly (range 0-13)

“Only very sick patients are asked to take 
part in a clinical trial (T/F)”

Positive attitudes Measured using 20 items with response 
options ranging from strongly agree (1) to 
strongly disagree (5). After reverse cod-
ing negatively worded items, an average 
score was calculated (range 1-5)

Positive: “being in a clinical trial benefits 
other patients” 
Negative: “being in a clinical trial is 
likely to cause a patient harm”

Perceived ability (ie, self-efficacy) to 
carry out actions to make an informed 
decision

Measured using 8 items1 with response 
options ranging from strongly agree (1) to 
strongly disagree (5). After reverse cod-
ing negatively worded items, an average 
score was calculated (range 1-5)

“I think I could get the information I 
need to decide whether to be in a clini-
cal trial”

Receptivity to learning more about 
clinical trials

Measured using 1 item, with response 
options ranging from definitively yes (1) 
to definitely no (5). Scores were reverse 
coded, so higher scores indicate greater 
receptivity (range 1-5)

“If you were offered a cancer clinical 
trial, would you be willing to hear more 
information about it?”

Willingness to participate in clinical 
trials

Measured using 1 item, with response 
options ranging from definitely yes (1) 
to definitely no (5). Scores were reverse 
coded so higher scores indicate greater 
receptivity (range 1-5)

“If a cancer clinical trial were offered to 
you, would you agree to take part in it?”

Thoughts about molecular profiling of 
tumors

Measured using 9 individual items “What do you think the chances are that 
a ‘targetable’ result will be found?”

Considerations to undergo molecular 
profiling of tumor

Measured using 17 individual items “To what extent did you consider the 
following issues or concerns at the time 
you decided to get molecular testing of 
your cancer?”

1While the validated measure included 9 items, our survey inadvertently excluded one item.
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years. Patients with a diagnosis of gas-
trointestinal stromal tumor and Kaposi’s 
sarcoma were also excluded.

A personalized contact e-mail was 
sent to patients containing an explana-
tion of the survey and an internet link to 
the electronic survey through REDCap 
from January 2018 to March 2018. If pa-
tients did not respond to the survey, two 
follow-up reminder e-mails were sent 2 
and 4 days following the initial survey. 
The link was protected so that each pa-
tient could complete the survey only 
once. Responses were collected through 
the REDCap platform. Patients read and 
signed an electronic consent form prior 
to completing the survey.

Upon completion of the survey, pa-
tients were offered a $50 VISA gift card 
as compensation, with an option to do-
nate their compensation to the Robert H. 
Lurie Comprehensive Cancer Center Sar-
coma Research Fund.

Over the described survey period, 
open clinical trials for patients with bone 
and soft tissue sarcoma available at NM 
were evaluated. The number of patients 
screened and accrued to each trial were 
recorded.  

Statistical analysis
Responses were separated from the per-
sonal data for complete anonymization. 
Descriptive statistical analysis was per-
formed for demographics and disease 
variables and were summarized using 
frequencies and percentages. Median 
and range were used for age. Correla-
tions between continuous variables were 
analyzed using Spearman correlations. 
Scores were compared between sub-
groups using the Mann-Whitney test. 
Descriptive statistics for knowledge, at-
titude, and ability scores include means 
and 95% confidence intervals. Correla-
tions were interpreted as small (r=0.10), 
medium (r=0.30), or large (r=0.50).15 Sta-
tistical significance was indicated when 
P<0.05.

RESULTS
Patients
Seven hundred fifty patients were eligible 
to participate in the survey and received 

the initial and two follow-up e-mails. 
Twenty e-mailed surveys bounced back. 
Three hundred nine patients opened the 
initial e-mail and 283 patients (37.7% of 
total and 91.6% of opened) completed at 
least a portion of the survey, with 182 pa-
tients completing the entire survey (FIG-
URE 1). Data for analysis were used from 
patients who completed at least a portion 
of the survey.

Baseline characteristics of patients 
who responded can be seen in TABLE 
2. Patients had a median age of 56, the 
majority were female (59.4%), white 
(88.2%), and most had college or univer-
sity graduate degrees or higher educa-
tional level (69.0%). Patients had various 
different histological subtypes, with the 
most common being liposarcoma (16.5%) 
and leiomyosarcoma (16.0%). Slightly 
more than a quarter (26.8%) of patients 
had metastatic disease, and 84.2% had 
never been enrolled in a clinical trial. 
Previous treatments included surgery 
(91.1%), radiation (53.2%), and chemo-
therapy (51.6%). Prior to completing the 
survey, 85.4% reported being receptive to 
a cancer clinical trial, while 60.7% of pa-

FIGURE 1. CONSORT diagram.
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TABLE 2  Patient demographics and clinical characteristics
Characteristic No.  Percent (%) Total Count (n) 
Age (years)    283

Median  56   

Min  20   

Max  88   

Gender    217

Male 88  40.6  

Female 129  59.4  

Marital status    220

Single, never married 45  20.5  

Married or domestic partner 141  64.1  

Other 34  15.5  

Race    220

White 194  88.2  

Nonwhite 21  9.5  

Prefer not to answer 5  2.3  

Ethnicity    216

Hispanic 13  6.0  

Non-Hispanic 194  89.8  

Prefer not to answer 9  4.2  

Education    203

College or university graduate or higher 140  69.0  

No college degree 63  31.0  

Income    206

Greater than $100,000 80  38.8  

Less than $100,000 101  49.0  

Prefer not to answer 25  12.1  

Disease stage    190

Metastatic 51  26.8  

Non-metastatic 124  65.3  

Not sure 15  7.9  

Clinical trial enrollment    190

Currently enrolled in clinical trial 7  3.7  

Previously enrolled in clinical trial 23  12.1  

Never been enrolled in clinical trial 160  84.2  

Sarcoma histology    200

Liposarcoma 33  16.5  

Leiomyosarcoma 32  16.0  

Synovial 19  9.5  

Osteosarcoma 14  7.0  

Rhabdomyosarcoma 13  6.5  

Ewing’s sarcoma 10  5.0  

Angiosarcoma 10  5.0  

CONTINUED
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tients reported willingness to participate 
in a clinical trial.

Knowledge, attitudes, and perceived ability
A statistically significant correlation was 
observed between greater knowledge of 
trials and more positive attitudes towards 
trials (P<0.001; r=0.5, FIGURE 2A). In relating 
patient attitudes with perceived ability, 
again a significant correlation was seen 
(P<0.001; r=0.4, FIGURE 2B). In contrast, 
knowledge had a weak correlation with 
perceived ability (P=0.024; r=0.2, FIGURE 

2C). There was no difference regarding pa-
tient knowledge, attitudes, or perceived 
ability by age, gender, race, or income.

Knowledge, attitudes, perceived ability, 
and clinical trial enrollment
Thirty patients reported clinical trial ex-
perience (either previously or current-
ly enrolled in trials) and 160 patients 
were never enrolled. Of the 30 patients 
with trial experience, 7 reported being 
currently enrolled, while 23 reported 
previous enrollment. Of these patients, 

TABLE 2  Patient demographics and clinical characteristics Cont’d
Characteristic No. Percent% Total Count (n)
Pleomorphic sarcoma 10  5.0  

Other 59  29.5  

Previous treatments    190

Surgery 173  91.1  

Radiation 101  53.2  

Chemotherapy 98  51.6  

Receptivity to enroll in a clinical trial    206

Definitely yes 107  51.9  

Probably yes 69  33.5  

Unsure 26  12.6  

Probably no 3 1.5

Definitely no 1 0.5

Willingness to enroll in a clinical trial    190

Definitely yes 27  13.1  

Probably yes 98  47.6  

Unsure 74  35.9  

Probably no 7 3.4

Definitely no 0 0.0

FIGURE 2. Intercorrelations among knowledge, perceived ability, and attitude scores. Spearman correlations 
reported.
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16 had metastatic disease, while 12 had 
non-metastatic disease, and 2 were un-
sure whether or not they had metastatic 
disease.

Patients with previous clinical trial 
exposure (currently or previously en-
rolled in clinical trials) demonstrated sig-
nificantly greater trial knowledge, with a 
mean knowledge score of 9.3 (CI 8.5-10.0) 
compared with 7.7 (CI 7.3-8.1) among pa-
tients without trial exposure (P=0.002; 
FIGURE 3A). Similarly, patients with trial ex-
perience also had statistically significant 
more positive attitudes towards trials as 
compared with patients with no trial ex-
perience, with a mean attitude score of 3.8 
(CI 3.6-4.0) and 3.5 (CI 3.4-3.6), respective-
ly (P=0.001; FIGURE 3B). While numerically 
patients with trial experience have greater 
perceived ability compared with patients 

with no trial experience, with a mean 
score of 4.4 (CI 4.2-4.6) and 4.2 (CI 4.1-4.3), 
respectively, this difference did not reach 
statistical significance (FIGURE 3C).

Knowledge, attitudes, perceived ability, 
and disease stage
An analysis was performed comparing 
patients with metastatic vs non-met-
astatic disease. It was observed that 
patients with metastatic disease had 
similar knowledge of trials compared 
with non-metastatic patients, with a 
mean knowledge score of 8.4 (CI 7.7-
9.1) and 7.9 (CI 7.5-8.4), respectively, 
(P=0.3; FIGURE 4A). In contrast, patients 
with metastatic disease had more posi-
tive attitudes compared with non-met-
astatic patients, with a mean score of 
3.7 (CI 3.5-3.8) and 3.5 (CI 3.4-3.6), re-

FIGURE 3. Comparison of knowledge, attitudes, and perceived ability scores based on clinical trial enroll-
ment status. Mean and 95% confidence interval reported.

FIGURE 4. Comparison of knowledge, attitudes, and perceived ability scores based on disease stage. Mean 
and 95% confidence interval reported.
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spectively, which was statistically sig-
nificant (P=0.03; FIGURE 4B). There was 
no difference in perceived ability in 
metastatic vs non-metastatic patients  
(FIGURE 4C).

Thoughts about molecular profiling
Of the total number of patients, 46 pa-
tients had heard of molecular profiling 
and were presented with questions re-
garding their thoughts (TABLE 3). Approx-
imately two-thirds (65.2%) thought there 
would be a 50% or greater likelihood of 
finding a targetable result in their tumor 
molecular profile. A majority (71.7%) of 
patients thought that a new experimen-
tal therapy chosen based on a patient’s 
tumor molecular profile would have at 
least a 50% chance of controlling the can-
cer. Somewhat less than a third (30.4%) 
of patients thought that total cure is the 
maximal benefit a patient could experi-
ence as a result of a treatment on a clin-
ical trial using a drug chosen based on 
molecular tests. About half (52.2%) of 
patients agreed with the statement, “I am 
concerned about the cost of the test to 
molecularly profile my cancer.”

Considerations to undergo molecular 
profiling
Eighteen patients had undergone molec-
ular profiling of their tumor. These pa-
tients were posed the question, “To what 
extent did you consider the following 
issues or concerns at the time you decid-
ed to get molecular testing of your can-
cer?” (TABLE 4). A majority (83.3%) of pa-
tients stated that wanting to live as long 
as possible was important, and 72.2% 
of patients stated that quality of life was 
important. A majority (83.3%) of patients 
stated that hope for a cure was an ex-
tremely or quite a bit important consid-
eration. Helping future cancer patients 
was extremely or quite a bit important for 
77.8% of patients, while wanting to be a 
part of research was not at all or of little 
importance in 50.0% of patients.

Clinical trials at NM
Twenty-four clinical trials were avail-
able at NM between the years 2012 and 
2017 for patients with bone and soft tis-

sue sarcoma. Of these trials, 3 of 24 were 
for non-metastatic patients, while the re-
maining 21 were open only to metastatic 
patients. The median number of patients 
screened per trial was 11 (range 0-66) and 
the median number of patients accrued 
per trial was 9 (range 0-58). Of the 24 
trials, 17 were not subtype specific (13 
included soft tissue sarcoma alone while 
4 included both bone and soft tissue sar-
coma). The remaining 7 trials were sar-
coma subtype specific (eg, angiosarcoma, 
liposarcoma, etc). Trials available at NM 
during this period are included in TABLE 
5. There were 318 patients screened and 
262 patients accrued to sarcoma trials 
over this time period, with a screen fail-
ure rate of 17.6% overall.

DISCUSSION
Our study sought to describe perceptions 
of clinical trial enrollment among pa-
tients with bone and soft tissue sarcoma 
in order to elucidate and overcome bar-
riers to enrollment, which to the best of 
our knowledge had not been previously 
described. Using previously validated pa-
tient-reported outcomes in the literature,6 
our data reveal a correlation between 
knowledge of trials and more positive at-
titudes towards trials. This underscores 
the importance of awareness and educa-
tional strategies in this cancer population 
as a whole. Interventions should focus 
on patient perceptions that contribute to 
lack of participation, such as fear of side 
effects, loss of control (eg, idea of placebo 
or randomization), logistical challenges 
(eg, additional time or convenient loca-
tion), and cost.3,5,7,16,17 For example, pa-
tients concerned about randomization 
should be educated on equipoise and 
other ethical considerations in trial de-
sign.5 Previous research has suggested 
that a multimedia psychoeducational in-
tervention was effective in improving at-
titudes toward trials.6 Educating patients 
on the essential role of trials in oncology 
care, as demonstrated by the vast number 
of new drug approvals in recent years, is 
an essential strategy to improve attitudes, 
and subsequently leads to higher patient 
accrual rates. 

In our study, both knowledge and at-

› USING PREVIOUSLY 
VALIDATED PATIENT-
REPORTED OUTCOMES 
IN THE LITERATURE, 
OUR DATA REVEAL A 
CORRELATION BETWEEN 
KNOWLEDGE OF TRIALS 
AND MORE POSITIVE 
ATTITUDES TOWARD 
TRIALS.
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TABLE 3  Thoughts on molecular profiling
(n=46 patients who had heard of molecular profiling)

 n (%)

Question >90% 
chance

75%-90% 
chance

50%-74% 
chance

25%-49% 
chance

10%-24% 
chance

<10% 
chance

0% 
chance

In patients who undergo molecular 
profiling of tumor, what do you 
think the chances are that a “targ-
etable” result will be found?

0 (0.0) 16 (34.8) 14 (30.4) 12 (26.1) 3 (6.5) 1 (2.2) 0 (0.0)

Consider if you were enrolled on 
a study with a new experimental 
therapy for your cancer that was 
chosen based on your molecu-
lar test. What do you think the 
chances are it would control your 
cancer?

2 (4.3) 20 (43.5) 11 (23.9) 9 (19.6) 4 (8.7) 0 (0.0) 0 (0.0)

The experimental therapy you were 
offered is associated with several 
potential side effects. If you were 
to receive a therapy chosen based 
on your molecular test, what do 
you think are the chances you 
would experience a severe side 
effect? 

3 (6.5) 9 (19.6) 14 (30.4) 12 (26.1) 6 (13.0) 2 (4.3) 0 (0.0)

Now consider if you were being 
offered standard therapy (chemo-
therapy). What do you think the 
chances are it would control your 
cancer?

3 (6.5) 12 (26.1) 14 (30.4) 9 (19.6) 6 (13.0) 1 (2.2) 1 (2.2)

The standard chemotherapy you 
were offered is associated with 
several potential side effects. If 
you were to receive a therapy cho-
sen based on your molecular test, 
what do you think are the chances 
you would experience a severe side 
effect?

4 (8.7) 8 (17.4) 18 (39.1) 12 (26.1) 2 (4.3) 2 (4.3) 0 (0.0)

In your opinion, what is the maxi-
mum benefit any patient with your 
type and stage of cancer might ex-
perience as a result of a treatment 
on a clinical trial using a drug 
chosen based on your molecular 
tests?

Cancer 
cured

14 
(30.4%)

Partial 
response1 

9 (19.6%)

Stable 
disease2 

7 (15.2%)

Improve 
symptoms3 

0 (0.0%)

Not appli-
cable

6 (13.0%)

Refused

0 (0.0%)

Don’t know 
or unsure

10 (21.7%)

To what extent do you agree or  
disagree with the following 
statement: I am concerned about 
the cost of testing to molecularly 
profile my cancer.

Strongly 
agree

7 
(15.2%)

Agree

17 
(37.0%)

Neutral

8 (17.4%)

Disagree

11 (23.9%)

Strongly 
disagree

1 (2.2%)

Don’t know or unsure

2 (4.3%)
1Defined as “Reduction in number or size of tumors”
2Defined as “Cancer is controlled (e.g. does not look worse, ‘stable disease’)”
3Defined as “Will not shrink tumor, but improve symptoms”

titudes were increased in patients with 
previous trial exposure. This suggests 
that either patients with greater knowl-
edge and more positive attitudes are 

more likely to enroll in trials, or that pa-
tients with direct trial exposure are more 
knowledgeable and develop more pos-
itive attitudes. Our patient population 
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was overall receptive to learning more 
about clinical trials (85.4%) and willing 
to participate (65.8%). At the same time, 
our study demonstrated low to medi-
um correlations between attitudes and 
perceived ability to take steps towards 
making an informed decision to enroll 
in a trial (r=0.4), which may partially be 
explained by the absence of a tangible 
trial opportunity. While we did not as-
sess specifically whether patients in our 
study were offered a trial, there was a 
substantial trial menu at NM with limit-
ed screen failures and decent trial accru-
al over the time frame of our study. This 
underscores the importance not only of 
patient-focused strategies to increase ed-
ucational and attitudinal resources, but 
also a need to focus on research-site op-
timization that includes opening of mul-
tiple trials in various settings, systematic 
pre-screening of patients, and eligibility 
criteria that are inclusive and rational.5

The patient population with metastat-
ic disease demonstrated more positive at-

titudes towards enrolling in clinical trials. 
This cohort accrued well to clinical trials 
with 21 of 24 trials enrolling specifically 
patients with metastatic disease. Of the 
patients who responded to our survey, pa-
tients with previous trial exposure were 
enriched for patients with metastatic dis-
ease (53.3% metastatic among previous 
trial exposure versus 26.8% metastatic 
overall). These observations are likely 
reflective of the need for novel therapies 
in this disease setting. At the same time, 
approximately 25% of patients with lo-
calized soft tissue sarcoma will develop 
distant metastatic disease after successful 
treatment of their primary tumor, which 
increases to 40% to 50% in larger and 
higher-grade tumors.18 Three of 24 trials 
were open for patients with non-meta-
static disease, of which one managed to 
accrue patients. Patients with non-meta-
static disease had more negative attitudes 
towards trial enrollment. These dispro-
portionate findings suggest a need for in-
terventions to increase patient awareness 

TABLE 4  Factors related to interest in undergoing molecular testing
 Level of consideration, n (%)

Consideration   Extremely Quite a bit Moderately A little bit Not at all
Not wanting further treatment 0 (0) 0 (0) 2 (11.1) 2 (11.1) 14 (77.8)

Side effects of future treatment 2 (11.8) 1 (5.9) 3 (17.6) 2 (11.8) 9 (52.9)

Wanting to live as long as possible 15 (83.3) 0 (0) 1 (5.6) 0 (0) 0  (0)

Quality of life 13 (72.2) 2 (11.1) 1 (5.6) 1 (5.6) 1 (5.6)

Help future cancer patients 7 (38.9) 7 (38.9) 2 (11.1) 1 (5.6) 1 (5.6)

Inconvenience of getting treatment 0 (0) 2 (11.1) 5 (27.8) 2 (11.1) 9 (50.0)

Family preference or concerns 3 (17.6) 2 (11.8) 2 (11.8) 2 (11.8) 8 (47.1)

Trust in the physician to recommend molecular 
profiling

5 (27.8) 8 (44.4) 1 (5.6) 3 (16.7) 1 (5.6)

Trust in the research doctor to  
recommend molecular profiling

 4 (22.2) 7 (38.9) 1 (5.6) 2 (11.1) 4 (22.2)

Trust in the hospital 4 (22.2) 8 (44.4) 1 (5.6) 2 (11.1) 3 (16.7)

Treatment’s effect on your being  
able to care for yourself

6 (33.3) 4 (22.2) 2 (11.1) 0 (0) 6 (33.3)

Out-of-pocket cost for treatment 2 (11.1)  3 (16.7) 3 (16.7) 3 (16.7) 7 (38.9)

Hope for cure 11 (61.1) 4 (22.2) 2 (11.1) 0 (0) 1 (5.6)

Hope for some other medical benefit 9 (50.0) 4 (22.2) 1 (5.6)  1 (5.6) 3 (16.7)

Better quality of life 9 (50.0) 3 (16.7) 3 (16.7) 3 (16.7) 2 (11.1)

Wanting to be part of research  2 (11.1) 3 (16.7) 4 (22.2) 3 (16.7) 6 (33.3)

Not having a better option 4 (22.2) 5 (27.8) 3 (16.7) 1 (5.6) 5 (27.8)
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and attitudes towards trial enrollment 
among this patient population and the 
importance of research-site optimiza-
tion for trial opportunities across disease 
states. 

Molecular profiling of tumors and bio-
marker identification has become a criti-
cal component of further characterizing 
cancer subtypes. In our study, a majority 
(65.2%) thought there would be a 50% 
or greater likelihood of finding a targe-
table result in their molecular profile. 
Molecular data on 5,749 bone and soft 

tissue sarcomas suggested that 9.5% of 
tumors demonstrate a “targetable result,” 
defined as a new molecular finding for 
which there is an FDA-approved drug 
for malignancies other than sarcoma (eg, 
BRAF V600E, Her2, etc.),19 suggesting 
an overestimation in our patient cohort 
of the likelihood of benefit of molecular 
profiling. These results highlight that the 
growing use of molecular profiling has 
increased the need for educational and 
supportive resources to help patients 
understand the utility of molecular pro-

TABLE 5  Clinical trials at NM from 2012-2017
Trial Eligible Sarcoma 

Subtype
Setting Accrued (n) Screened (n)

Alliance A091102 STS Metastatic 5 7

COG AEWS1031 Ewing’s sarcoma Non-metastatic 0 0

COG ARST1321 Nonrhabdo STS Non-metastatic 1 1

DRUG AP23573-07-302 STS and Bone 
Sarcoma

Metastatic 12 12

DRUG E7389-G000-309 STS Metastatic 3 3

NCI 8121 STS and Bone 
Sarcoma

Metastatic 10 10

DRUG ET743-SAR3007 Liposarcoma, 
leiomyosarcoma

Metastatic 10 10

DRUG GPX-150-002 STS Metastatic 5 6

DRUG I5B-EW-JGD1 STS Metastatic 9 12

DRUG IMCL CP15-0806 STS Metastatic 11 15

DRUG IPM 2002 STS Metastatic 15 18

DRUG IPM 3001 STS Metastatic 15 18

Drug MORAB-004-203-STS STS Metastatic 7 12

DRUG MV-0109DP001 All Sarcoma Non-metastatic 15 17

DRUG P3 STS-01 STS Metastatic 13 19

DRUG TH CR 406 STS Metastatic 11 16

NU04S1 Angiosarcoma Metastatic 9 9

NU12S02 STS Metastatic 31 35

NU13S02 Angiosarcoma Metastatic 9 12

NU14S03 STS and Bone 
Sarcoma

Metastatic 58 66

NU FC11S02 Angiosarcoma Metastatic 1 2

NU SARC 14S01 Liposarcoma, 
Osteosarcoma, Ewing 
sarcoma, Rhabdomyo-
sarcoma

Metastatic 4 7

NU W15S01 STS Metastatic 5 8

KCP 330 020 Liposarcoma Metastatic 3 3

Total   262 318
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filing and aid in shared decision-making 
surrounding the results.  

At the same time, the importance of 
identifying a targetable mutation in pa-
tients with sarcoma cannot be understat-
ed. As a recent example of this paradigm, 
tumors that harbor fusions with the neu-
rotrophic receptor tyrosine kinase 1, 2, or 
3 (NTRK1, 2, and 3) have a high response 
rate (~75%) to drugs that target these fu-
sions, such as larotrectinib and entrec-
tinib.13 Molecular profiling and identifi-
cation of predictive biomarkers in small 
patient subsets has led to great challenges 
in trial design and research-site optimi-
zation. Novel designs that incorporate 
molecular profiling,20 such as the Lung-
MAP trial21 and NCI’s Molecular Analy-
sis for Therapy Choice (MATCH) trial,22 
are emerging to identify new therapies 
for small patient subsets. As a rare and 
increasingly heterogeneous cancer, sar-
coma represents a paradigm to provide 
insight into optimizing patient percep-
tions and research enterprises to maxi-
mize clinical trial enrollment.

Some limitations of our study include 
a homogeneous and selected patient 
population that was predominantly Cau-
casian and highly educated. Therefore, 
these findings should not be extrapolated 
to other populations with barriers to trial 
accrual, such as lower socioeconomic or 
minority populations. The low response 
rate and failure of some to complete the 
survey may have introduced some bias. 
Additionally, our data include self-re-
ported outcomes, which could have af-
fected our results. Finally, the limited 
number of patients who had undergone 
or heard of molecular profiling limited 
our ability to draw definitive conclu-
sions, and should be assessed in larger 
patient cohorts.

While our paper addresses a unique 
population—the sarcoma patient—simi-
lar themes and issues pertain to all on-
cology patients. A recent review was 
published in the American Society of 
Clinical Oncology Educational Book23 

looking at methods to overcome barriers 
to clinical trial enrollment. Their paper 
clearly illustrates mechanisms to assist 
with overcoming financial burdens as-

sociated with cancer clinical trials, over-
coming barriers as they relate to patient 
and clinician difficulty in coping with 
the uncertainty inherent in clinical tri-
al participation, and highlight the role 
of a patient navigator in clinical trial  
participation.

CONCLUSIONS
Interventions aimed at increasing aware-
ness, knowledge, and attitudes towards 
clinical trials among sarcoma patients 
may lead to increased trial enrollment 
and greater progress in cancer treatment 
in this population. In addition to pa-
tient-focused interventions, thoughtful 
and strategic clinical trial designs that 
allow for the development of biomark-
er-driven therapeutics, while at the same 
time optimizing patient accrual rates, 
should be developed. Evaluation of bar-
riers to clinical trial enrollment and mo-
lecular profiling of tumors among bone 
and soft tissue sarcoma patients at an 
academic center can serve as a paradigm 
to overcome barriers to enrollment in the 
era of an increasingly heterogeneous can-
cer population. TSJ

ACKNOWLEDGMENT
This work was supported by the Northwestern 
University Cancer Biostatistics Core and a Cancer 
Center Support Grant (NCI CA060553), the Jeff 
Hugo Foundation for Osteosarcoma Research, and 
the Brett Armin Sarcoma Foundation.

CORRESPONDING AUTHOR

Mark A Agulnik, MD, mark.agulnik@nm.org

REFERENCES
1.  Go RS, Frisby KA, Lee JA, et al. Clinical trial 

accrual among new cancer patients at a com-
munity-based cancer center. Cancer. 2006; 
106(2):426-433.

2.  Murthy VH, Krumholz HM, Gross CP. Par-
ticipation in cancer clinical trials: Race-, 
sex-, and age-based disparities. JAMA. 2004; 
291(22):2720-2726.

3.  Lara PN Jr, Higdon R, Lim N, et al. Prospective 
evaluation of cancer clinical trial accrual pat-
terns: identifying potential barriers to enroll-
ment. J Clin Oncol. 2001;19(6):1728-1733.

4.  Unger JM, Cook E, Tai E, Bleyer A. The role of 
clinical trial participation in cancer research: 
barriers, evidence, and strategies. Am Soc Clin 
Oncol Educ Book. 2016;35:185-198.

5.  Cancer Action Network American Cancer So-

› WHILE OUR PAPER 
ADDRESSES A UNIQUE 
POPULATION—THE 
SARCOMA PATIENT—
SIMILAR THEMES AND 
ISSUES PERTAIN TO ALL 
ONCOLOGY PATIENTS.



20    THE SARCOMA JOURNAL  |  WINTER 2019  |  VOL 3, NO 4

OVERCOMING BARRIERS TO 

CLINICAL TRIAL ENROLLMENT

MDEDGE.COM/SARCOMAJOURNAL

ciety. Barriers to patient enrollment in thera-
peutic clinical trials for cancer. 2018: https://
www.fightcancer.org/policy-resources/clini-
cal-trial-barriers#figures. Accessed March 14, 
2019.

6.  Jacobsen PB, Wells KJ, Meade CD, et al. Effects 
of a brief multimedia psychoeducational inter-
vention on the attitudes and interest of patients 
with cancer regarding clinical trial participa-
tion: a multicenter randomized controlled tri-
al. J Clin Oncol. 2012;30(20):2516-2521.

7.  Meropol NJ, Buzaglo JS, Millard J, et al. Barri-
ers to clinical trial participation as perceived 
by oncologists and patients. J Natl Compr Canc 
Netw. 2007;5(8):655-664.

8.  Cox K, McGarry J. Why patients don’t take part 
in cancer clinical trials: an overview of the lit-
erature. Eur J Cancer Care (Engl). 2003;12(2): 
114-122.

9.  Mills EJ, Seely D, Rachlis B, et al. Barriers to 
participation in clinical trials of cancer: a me-
ta-analysis and systematic review of patient-re-
ported factors. Lancet Oncol. 2006;7(2):141-148.

10.  National Comprehensive Cancer Network. 
Soft Tissue Sarcoma (Version 4.2019).  https://
www.nccn.org/professionals/physician_gls/
pdf/sarcoma.pdf. Accessed October 30, 2019.

11.  Nass SJ, Beaupin LK, Demark-Wahnefried W, 
et al. Identifying and addressing the needs of 
adolescents and young adults with cancer: 
summary of an Institute of Medicine work-
shop. Oncologist. 2015;20(2):186-195.

12.  Wilky BA, Villalobos VM. Emerging role for 
precision therapy through next-generation se-
quencing for sarcomas. JCO Precision Oncol. 
2018(2):1-4.

13.  Bleyer A, Montello M, Budd T, Saxman S. 
National survival trends of young adults with 
sarcoma: lack of progress is associated with 
lack of clinical trial participation. Cancer.  

2005;103(9):1891-1897.
14.   Gornick MC, Cobain E, Le LQ, et al. Oncol-

ogists’ use of genomic sequencing data to in-
form clinical management. JCO Precision On-
col. 2018(2):1-13.

15.   Cohen J. Statistical Power Analysis for the Be-
havioral Sciences. 2nd ed. Hillsdale, NJ.: L. 
Erlbaum Associates; 1988.

16.   Unger JM, Hershman DL, Albain KS, et al. 
Patient income level and cancer clinical trial 
participation. J Clin Oncol. 2013;31(5):536-
542.

17.   Javid SH, Unger JM, Gralow JR, et al. A pro-
spective analysis of the influence of older age 
on physician and patient decision-making 
when considering enrollment in breast can-
cer clinical trials (SWOG S0316). Oncologist. 
2012;17(9):1180-1190.

18.   Singhi EK, Moore DC, Muslimani A. Metastat-
ic soft tissue sarcomas: a review of treatment 
and new pharmacotherapies. P T. 2018;43(7): 
410-429.

19.   Gounder MM, Ali SM, Robinson V, et al. Im-
pact of next-generation sequencing (NGS) 
on diagnostic and therapeutic options in 
soft-tissue and bone sarcoma. J Clin Oncol. 
2017;35(15_suppl):abstr 11001.

20.   Woodcock J, LaVange LM. Master protocols to 
study multiple therapies, multiple diseases, or 
both. N Engl J Med. 2017;377(1):62-70.

21.   Steuer CE, Papadimitrakopoulou V, Herbst 
RS, et al. Innovative clinical trials: the LUNG-
MAP study. Clin Pharmacol Ther. 2015;97(5): 
488-491.

22.   McNeil C. NCI-MATCH launch highlights new 
trial design in precision-medicine era. J Natl 
Cancer Inst. 2015;107(7).

23.   Nipp RD, Hong K, Paskett ED. Overcoming 
barriers to clinical trial enrollment. Am Soc 
Clin Oncol Educ Book. 2019;39:105-114.

› Call for Papers
The Sarcoma Journal is a quarterly, peer-reviewed journal. 

We are seeking papers in the following categories: 

• Original Research   • Reviews   • Case Reports

For more information and to submit a paper, email eriley@mdedge.com
Erilyn Riley, Managing Editor

CallForPapers ad.indd   5 6/13/19   11:16 AM



  VOL 3, NO 4  |  WINTER 2019  |  THE SARCOMA JOURNAL    21    MDEDGE.COM/SARCOMAJOURNAL

Metastatic angiosarcoma arising in 
a patient with long-standing  
treatment-refractory hemangioma

A
ngiosarcomas are malignant tu-
mors of the vascular endotheli-
um and are typically idiopath-
ic. These tumors comprise 2% 

of all soft tissue sarcomas and have an 
estimated incidence of 2 per million.1,2 
Known causes of angiosarcoma include 
genetic syndromes—such as von Hip-
pel-Lindau, Chuvash polycythemia, Ban-
nayan-Riley-Ruvalcaba, Cowden, and 
hamartomatous polyposis syndromes—
chronic lymphedema, and exposure to 
radiation.3 Vinyl chloride, arsenicals, and 
thorotrast are known to increase the inci-
dence of angiosarcoma of the liver.4

Malignant transformation of heman-
gioma is rare. We describe metastatic an-
giosarcoma in a patient with a large, long-
term treatment-resistant subcutaneous 
hemangioma, illustrating such a possibil-
ity. We review similar cases and discuss 
the value of determining pathogenesis in 
such patients.

CASE PRESENTATION AND  
SUMMARY
A 55-year-old female with a long-stand-
ing childhood hemangioma of the left 
lower extremity was referred to Ochsner 
Medical Center for tissue diagnosis of 
new pulmonary nodules. Her medical 
history included a 7 pack-year smok-
ing history; she had quit 3 years prior. 
Her family history included a sister who 
died from breast cancer. The patient ini-
tially had a progressive, intermittently 
bleeding tumor in the left foot at age 7. 
She was diagnosed with hemangioma 
in her twenties. At that point, her tu-
mor began to involve the posterior calf 

and femur, causing deformity. She had 
multiple surgical resections but report-
edly all pathology demonstrated benign 
hemangioma. She received radiation for 
pain, a routine treatment at the time, 
but developed a focus of progression in 
the heel. Above-knee amputation was 
considered but could not be performed 
when hemangioma was discovered in 
the hip area. She was lost to follow-up 
between 2001 and 2015. Lower extrem-
ity magnetic resonance imaging in 2015 
was stable with imaging prior to 2001. 
A repeat biopsy in 2016 demonstrated 
hemangioma. The patient then received 
radiation to a wider field, including the 
femur, with minimal response. She com-
pleted a course of steroids as well. Bev-
acizumab was started in 2017 and im-
proved foot deformity. She also briefly 
trialed pazopanib for 4 weeks in 2018 in 
an attempt to switch to oral medications. 
Despite partial response, she discontin-
ued both agents in July 2018 because 
of toxicity and the burden of recurrent  
infusions.

Four months later, she presented with 
2 months of intermittent hemoptysis and 
18 months of metallic odors. Additional-
ly, she lost 25 pounds in 3 months, which 
she attributed to a diet plan. At this visit, 
her left lower extremity exhibited multi-
ple subcutaneous tumors and nodules. 

Computed tomography (CT) with 
contrast demonstrated innumerable pul-
monary nodules, the largest measuring 
2.2 cm in the right lower lobe superior 
segment. Positron emission tomography 
(PET)/CT revealed 2 nodules with mild 
hypermetabolic activity; the largest nod-
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ule had a maximum standardized uptake 
value of 2.7. Bronchoalveolar lavage stud-
ies showed intra-alveolar hemorrhage 
with hemosiderin-laden macrophages. 
No malignancy, granuloma, or dysplasia 
was found in transbronchial needle as-
pirate of the largest nodule. The patient 
had no lymphadenopathy. 

At this hospital, surgical resection 
by video-assisted thoracoscopic surgery 
confirmed multifocal malignant epithe-
lioid neoplasm suspicious for angiosar-
coma. Multiple areas showed prolifer-
ation of atypical epithelioid-to-spindle 
cells. There were prominent associated 
hemosiderin-laden macrophages, fresh 
red blood cells, and dilated blood-filled 
spaces. Cells demonstrated hyperchro-
masia with irregular nuclear contours, 
prominent nucleoli, and mitoses (FIGURE 

1). Additionally, there were areas of fo-
cal organizing pneumonia. For atypical 
cells, staining was CD31-positive and 
CD34-negative. Staining was strongly 
positive for ERG. There was increased 
Ki-67 with retained INI expression and 
patchy weak reactivity for Fli-1. 

Next-generation sequencing was per-
formed. Specimen tumor content was 
15%. Genomic findings included IDH1 
p.R132C mutation, with variant allele 

frequency <10%. Testing was inconclu-
sive for MSI and TMB mutations. PD-L1 
assessment could not be performed. Un-
fortunately, the patient did not qualify 
for any clinical trials, as there were no 
matching alterations. This patient was 
lost to follow-up.

DISCUSSION
Angiosarcoma accounts for 2% of soft 
tissue sarcomas.1 Cutaneous angiosar-
comas most commonly occur in the 
face and scalp of the elderly, or in sites 
of chronic lymphedema. Angiosarcoma 
also develops following radiation ther-
apy.5 For breast cancers and tumors of 
the head and neck, irradiation has <1% 
risk of inducing secondary malignancy, 
including angiosarcoma.6 

This patient had a new diagnosis of 
angiosarcoma in the setting of long-stand-
ing benign hemangioma with history of 
radiation treatment. Thus, it is unclear 
whether this angiosarcoma was primary, 
radiation-induced, or secondary to trans-
formation from the preexisting vascular 
tumor. Post-irradiation sarcoma carries a 
less favorable prognosis compared to de 
novo sarcoma; however, reports conflict 
on whether this holds for angiosarcoma 
subtypes.6 Determining etiology may 

› DETERMINING 
ETIOLOGY 
MAY BENEFIT 
PATIENTS FOR 
PROGNOSTICATION 
AND POSSIBLY 
INFORM FUTURE 
SELECTION OF 
TREATMENT 
MODALITIES.

FIGURE 1. Areas of angiosarcoma under 10x (left) and 40x (right) magnification with dilated blood-filled spaces, fresh red 
blood cells, and intraluminal invasion. Cells demonstrate hyperchromasia with irregular nuclear contours and prominent 
nucleoli. Mitoses were present.
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TABLE 1  Cases with malignant disease progression in patients with benign vascular disease
Authors Year Age Sex Dx 1 Location Rad Sx Dx 2 Latency Extent IHC

Adult Mandahl 1990 90 M HA Face / NS AS Cc Local VIII+

McRae 1990 24 F HA Larynx / 5y AS 5y Local N/A

Tohme 1991 36 F HA Liver N/A N/A AS Cc Local N/A

Chalet 1993 32 F HA Heart / 12y AS 12y Local VIII+

Obana 1996 44 F HA Vertebra 80Gy 2y AS 2y Local N/A

Tsukagoshi 1998 46 F HA Liver / 1y a Cc Spleen CD31+,C-
D34+,VIII+

Fukuroku 1999 55 M HE UE N/A N/A HE, AS N/A Distant N/A

Yamamoto 2001 71 M HA LE Bomb 5mo AS Cc Local VIII+

Rossi 2002 73 M HA/
VM

LE / 9mo AS Cc Local b

Rossi 2002 65 M HA/
VM

Parotid / 1y AS Cc Local b

Rossi 2002 61 F HA/
VM

LE / NS AS Cc Local b

Rossi 2002 69 F HA/
VM

Vertebra / 2y AS Cc Local b

Antosz 2010 44 F DHE LE / 5y AS 18mo Distant CD34+,VIII+

Nathenson 2014 40 F HA LE / 10y EHE, 
AS

Cc Local CD31+

Huerta-Orozco 2015 41 M HA Liver / / AS 6mo Distant CD31+,CD34+

Pediatric McCarthy 1950 15 F HA LE Yes N/A AS 18y Local N/A 

Pedlashuk 1972 2 F HA Cheek 48Gy N/A AS 12y Local N/A

Ward 1977 5mo M HA Scalp 10Gy N/A AS 18y Local N/A

Bennett 1978 1 M HA Cheek Yes N/A AS 30y Local N/A

Kim 1978 7 M HA LE 71Gy NS AS 30y NS N/A 

Sarrat 1980 N/A N/A HA N/A N/A N/A AS N/A N/A N/A

Strate 1984 3mo M HE Liver N/A N/A AS 4y N/A N/A

Davidson 1985 N/A N/A HA N/A N/A N/A AS N/A N/A N/A

Handfield-Jones 1988 Cg F AL Face 26Gy 24y AS 23y Local VIII+

Sironi 1988 2 N/A HA UE Needles N/A AS 14y N/A N/A

Costello 1990 3 N/A HA LE 8Gy N/A AS 33y Local N/A

Cancellieri 1991 Cg F AL Chest Yes NS AS 22y Local VIII+

Cancellieri 1991 Cg F AL Scapula 15Gy NS AS 16y Local VIII+

Caldwell 1995 Cg F HA LE 55Gy 15y AS 29y Local VIII+

benefit patients for prognostication and 
possibly inform future selection of treat-
ment modalities. 

The mutational signature in radia-
tion-associated sarcomas differs from 
that of sporadic sarcomas. First, radia-
tion-associated sarcomas demonstrate 
more frequent small deletions and bal-

anced translocations. TP53 mutations are 
found in up to 1/3 of radiation-associated 
sarcomas and are more often due to small 
deletions than in sporadic sarcomas.7 
High-level MYC amplification occurs in 
54%-100% of secondary angiosarcomas, 
compared to 0-7% in sporadic angiosar-
comas. Co-amplification of FLT4 occurs 

CONTINUED
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in 11%-25% of secondary angiosarco-
mas.8 Additionally, transcriptome anal-
ysis revealed differential expression of a 
135-gene signature compared to non-ra-
diation-induced sarcomas.7 Although 
this patient was not specifically analyzed 
for such alterations, such tests may dif-
ferentiate post-irradiation angiosarcoma 
from sporadic etiologies.

In this patient, the R132C IDH1 mu-
tation was identified and may be the first 
reported case in angiosarcoma. Typically, 
this mutation occurs in chondrosarcoma, 
myeloid neoplasms, gliomas, and cholan-
giocarcinomas. It is also found in spindle 
cell hemangiomas but not in other vascu-
lar tumors.9 The clinical significance of 
this mutation is uncertain at this time.

There are approximately 36 report-
ed cases of malignant disease arising in 
patients with less aggressive vascular tu-
mors (TABLE 1). Of these, 25 of 36 involve 
angiosarcoma arising in patients with 
hemangioma. Four cases of angiosarcoma 
were reported in patients with hemangio-
endothelioma, 1 case of hemangioendo-
thelioma in a patient with hemangioma, 
1 case of Dabska tumor in a patient with 
hemangioma, and 1 case of angiosarcoma 
in a patient with Dabska tumor. Fifteen 
cases involved initial disease with adult 
onset and 21 involved initial disease 

with pediatric onset, suggesting even dis-
tribution. Malignant disease mostly oc-
curred in adulthood, in 26 out of 33 cas-
es. Latency to malignancy ranged from 
concurrent discovery to 54 years. Mean 
latency, excluding cases with concurrent 
discovery, was shorter with adult-onset 
initial disease, at 4.2 years, compared to 
16 years among patients with onset of 
initial disease in childhood. Longer la-
tency in the pediatric-onset population 
correlated with longer latent periods for 
radiation-induced angiosarcoma follow-
ing benign disease, which is reported to 
average 23 years.10 Thirteen of 19 cases 
with pediatric onset disease had a history 
of radiotherapy, while 2 of 13 cases with 
adult onset disease did. Sixteen cases in-
volved tumor in the bone and soft tissue, 
as in this patient. Notably, 4 of these cas-
es involved long-standing hemangioma 
for 10 years or more, as in this patient, 
suggesting a possible correlation between 
long-standing vascular tumors and malig-
nant transformation. Angiosarcoma aris-
ing in non-irradiated patients suggests 
that malignant transformation and de 
novo transformation may compete with 
radiation-induced mutation in tumori-
genesis. Further, 8 cases involved angio-
sarcoma growing within another vascular 
tumor, demonstrating the possibility of 

TABLE 1  Cases with malignant disease progression in patients with benign vascular disease 
Cont’d

Authors Year Age Sex Dx 1 Location Rad Sx Dx 2 Latency Extent IHC
Pediatric Quecedo 1996 Cg M HA LE / 18y DHE 18y Local CD34+,VIII-

Cabo 1998 Cg M HA Cheek Yes 10y AS 54y Local CD31+,VIII+

Damiani 2004 14 F HA Parotid / 8y AS 8y Local CD31+,CD34+ 

Drager 2005 NS F HA UE Yes NS AS NS Local CD31+,CD34+

Nazir, Pervez 2006 Cg F HE Back, 
scalp, liver

/ / No bx Cc Distant No bx

Jeng 2014 5mo M HA Skin, lung, 
liver

/ / AS 45mo Distant NS

Kamath 2015 2 M HE Liver / / AS 1mo Distant CD34+

Present Study 2019 7 F HA LE Yes 48y AS 48y Distant CD31+,CD34-

a - Sarcomatoid changes not otherwise specified
b - Cases were positive for 2 of 3 markers
AL = angiomatous lesion, AS = angiosarcoma, Bomb = atomic weapon explosion, Bx = biopsy, Cc = concurrent, Cg = congenital, DHE = Dabska hemangioendothelio-
ma, Dx = diagnosis, EHE = epithelioid hemangioendothelioma, Gy = gray, HA = hemangioma, HE = hemangioendothelioma, IHC = immunohistochemistry, LE = lower 
extremity, N/A = article not available, NS = not stated, Rad = radiation, Sx = duration of symptomatic disease, UE = upper extremity, VM = venous malformation, / = 
None
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malignant transformation. Dehner and 
Ishak described a histological model for 
quantifying such a risk; a validated mod-
el may be particularly useful in patients 
with long-standing hemangioma.11

Etiology of tumorigenesis in cases of 
angiosarcoma arising in patients with a 
history of benign hemangioma may ben-
efit prognostication and inform treatment 
selection in the future. Owing to long la-
tent periods, radiation-associated angio-
sarcoma incidence may rise, as radiation 
therapy for benign hemangioma was re-
cently routine. Future research may pro-
vide insight into disease progression and 
possibly predict the risk of angiosarcoma 
in patients with long-standing benign 
disease.  TSJ
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› LONGER LATENCY 
IN THE PEDIATRIC-
ONSET POPULATION 
CORRELATED WITH 
LONGER LATENT 
PERIODS FOR 
RADIATION-INDUCED 
ANGIOSARCOMA 
FOLLOWING BENIGN 
DISEASE.




