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Soft tissue sarcoma is a challenging tumour to treat not
the least because its heterogeneity underlies a behaviour
that is characterized by varying levels of local and systemic
aggression. Moreover, its response to traditional modalities
of treatment continues to confound surgeons as well as
medical and radiation oncologists. This issue of Sarcoma sees
the incorporation of work related to a number of key areas,
which have drawn attention to how little is known about
this tumour and the eﬀorts currently being made to improve
survival and progress disease control.
J. M. Liberal et al. have explored the genetics of sarcomas
to highlight the emerging field of targeted therapies. In
their paper, they expand on the numbers of unique and
typical molecular aberrations, which typify this class of
tumour. They provide a considered perspective on how
these aberrations provide novel targets for genetic and small
molecule manipulation. A. Avdalyan et al. have examined
the microvascularity of the tumour as a prognostic indicator.
This underscores the importance of standard immunohistochemical approaches to delineating cellular characteristics
that provide an insight into behaviour and thus prognosis.
The very challenging area of functional assessment in
adolescents and young adults is examined by M. Clayer
et al. who have expanded on the well-described extremity
scoring system from Toronto for analyzing postoperative
functional assessment. M. H. Tang et al., who have identified
quality of life assessments as a key area requiring further
attention, complement this work. Indeed, the psychosocial
aspect of response to sarcoma is an area poorly understood
and yet critical because of the impact of disease that attacks
the independence and mobility of young and middle-aged
patients.

Finally, the work by D. Grinsell et al. highlights the
advances in soft tissue reconstructions and in particular,
the role of innervated myocutaneous free flaps as functional
reconstructions after wide resections.
Peter Choong
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The Toronto Extremity Salvage Score (TESS) is widely used for the functional assessment of patients following surgery for
musculoskeletal tumours. The aim of this study was to determine if there are gender and/or age-specific changes, unrelated to
surgery, that may influence this score and the appropriateness of the questions. The TESS for lower limb was carried out in two
diﬀerent countries to see if there was variation between them. There were no statistically significant diﬀerences between the scores
obtained between the respondents from Australia or Britain either in total or between the corresponding age groups. There were
statistically significant diﬀerences in the TESS obtained between age groups with a lower score at older age groups but there was
no diﬀerence between the sexes. Patients in the age group 70+ were more likely to record activities as “not applicable” and also
have a lower score. This study has shown that age is the major factor in determining the TESS in both an Australian and British
populations of otherwise healthy people. As there were no diﬀerences between the two populations, it supports the TESS as an
international scoring system. There may be also an argument for age-specific questions.

1. Introduction
The function of patients after treatment is an important consideration in the management of tumors of the extremities.
In this context, function has been conceptualized in various
ways. Examiner-dependent clinical measures and patientreported outcomes are the most common. Some authors
have used clinical measures, such as range of motion and
muscle strength [1, 2] or a combination of symptoms and
mobility [3, 4]. Others have used patient-reported outcomes
such as the sickness impact profile [5] and the Toronto
Extremity Salvage Score (TESS) [6, 7]. The TESS was based
on the definitions of disability, impairment, and handicap
as documented by the World Health Organization [8]. The
TESS has been used for patients after surgery for extremity
sarcoma [7, 9–11], and has been tested for validity and
reliability (6,12) but a standard of what constitutes “normal”
has not been undertaken. The questions then arise: does age
make a diﬀerence to the score; does gender make a diﬀerence
to the score and does cultural background aﬀect the score

achieved? These questions may be relevant as sarcoma
classically aﬀects specific ages; bone sarcomas generally aﬀect
those in the first and second decades of life whereas soft
tissue sarcomas more commonly aﬀect those in the sixth and
seventh decades of life. What then constitutes a normal TESS
score?
This study was developed to answer these questions and
also to assess whether the questions asked are appropriate
across ages and genders.

2. Patients and Methods
The TESS is used routinely as an assessment tool in
both Investigators’ practices. The participants for this study
were selected from the relatives/spouses of attendees at
these practices. Inclusion and exclusion criteria were first
developed using the criteria described by Davis et al. (1996)
[6]. In brief, patients were considered eligible for inclusion
if (1) they were between the ages of 30 and 79 years, (2)
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ambiguous answer, the answer was ranked down for scoring
to the lower of the two responses.

100
80

Scores

3. Results
60
P = 0.75
40
20
0
Female

Male

3.1. Age. The main question of this study was to determine
if age made a significant diﬀerence to the scores obtained.
In both populations, age did have an impact on the scores
obtained. The TESS decreased with increasing age (Figure 2).
In women the TESS dropped steadily from age 40 years with
an unexplained rise in the 50–59 year old age group. The
age group 30–39 years had statistically better TESS than all
other age groups except women aged 50–59 years (Table 2).
In men the TESS score remained relatively constant until age
70. There were no statistically significant diﬀerences between
the male age groups except the age group of 30–39 years
compared to the age group 60–69 years (P = 0.006) and all
male groups had significantly higher TESS compared to the
70–79 year old male group (Table 2).

Figure 1: The TESS by gender (all patients).

TESS by age and gender
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Scores
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Male 70–79

Female 70–79

Male 60–69
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Female 30–39

The scores were compared in total and then separately by
age groups and gender between those recorded by Australian
respondents and British respondents. There were no statistically significant diﬀerences between the cumulative scores or
corresponding groups individually (Table 1). Therefore, all
subsequent analyses for age and gender were done with the
two groups combined.

Figure 2: The TESS by age and gender (all patients).

they had no known musculoskeletal disease or undergone
joint replacement of the lower limb, and (3) they were able
to read and write English. Patients were excluded if (1)
they refused to consent to participate, (2) they had known
cognitive impairments, or (3) they failed the above inclusion
criteria. In addition, study participants were selected such
that they were in the age groups of 30–39 years, 40–49 years,
50–59 years, 60–69 years, and 70–79 years. The TESS was
administered in a paper format in the Investigators’ clinics.
The scores were then calculated using an Excel program
(Microsoft Corp, Redmond, WA, USA). Statistical analysis
of the demographic data was done using nominal and
continuous reporting. Comparisons were then analyzed for
Internet usage against the demographic data using Student’s
t test (Prism 5 software, GraphPad Software).
There were 192 participants (100 Australian and 92
British). There were 89 men and 103 women.
The compliance rate and completion rate were recorded
in addition to ambiguous answers (i.e., when more than one
response is given for a single question). In the case of an

3.2. Gender. There was no diﬀerence in scores between
the genders, the mean TESS for all women was 91 which
compared to 92 for men (P = 0.7) (see Figure 1). There were
no gender-specific diﬀerences in the rating of the activities.
It is interesting to note that there was minimal diﬀerence in
the incidence of reporting diﬃculties with kneeling with 32
of the 153 females reporting diﬃculty with kneeling which
compared to 30 males. Interestingly, 25 of the 50 Australian
women reported diﬃculty with kneeling which compared to
7 British women and 24 Australian men reported diﬃculty
with kneeling which compared to 6 British men. Similarly,
53 females reported diﬃculty getting up from kneeling which
compared to 39 males (25 Australian women and 23 British,
25 Australian men and 14 British, resp.).
3.3. Country. There was no overall diﬀerence between the
scores in Australia and England either at any age or between
the sexes. As previously mentioned, the Australian respondents reported diﬃculty with kneeling more commonly than
their British counterparts. This may be a cultural peculiarity
as the British are more accustomed to kneeling before their
royalty!
3.4. Applicability. The next question of the study was to
determine if the questions asked were applicable for age and
gender. The most common questions not felt to be relevant
were those relating to sporting activities (37 respondents
reported this as a “not applicable” question), followed by
sexual activity (28 respondents) and working their usual
number of hours (27 respondents) (Table 3). Twenty-five of
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Table 1: Mean TESS at diﬀerent age groups split by country and gender and statistical relevance.

Age groups
30–39
40–49
50–59
60–69
70–79

P
0.9
0.9
0.5
0.8
0.9

Aus versus UK Female
98.5/98.3
92.5/91.5
97.4/95.4
85.4/83.5
88.1/88.9

Aus versus UK Male
97.8/100.0
96.8/93.5
95.5/96.5
93.7/92.5
73.7/80.2

P
0.9
0.4
0.8
0.8
0.6

Table 2: The TESS at diﬀerent age groups and genders and statistical relevance (P value given).
(a)

Age groups
Female 30–39
Female 40–49
Female 50–59
Female 60–69
Female 70–79

Female 40–49
0.03

Female 50–59
0.2
0.2

Female 60–69
0.001
0.2
0.01

Female 70–79
0.001
0.4
0.02
0.4

Mean TESS
98.4
91.9
96.5
86.6
88.4

Male 60–69
0.006
0.4
0.3

Male 70–79
0.0002
0.003
0.001
0.006

Mean TESS
98.9
95.4
96.0
93.1
76.4

(b)

Age groups
Male 30–39
Male 40–49
Male 50–59
Male 60–69
Male 70–79

Male 40–49
0.06

Male 50–59
0.2
0.8

those that answered that sport was not applicable for them
were 60 years or older. Similarly, for sexual activity, 20 were
60 years or older and 24 out of the 27 that reporting that
working their usual number of hours was not applicable were
60 years or older.
3.5. Compliance and Completion. All respondents
approached agreed to participate, the compliance rate
was 100%. There were 19 questions not answered (by 4
respondents) out of a possible 5790 questions, completion
rate of 99.7% or, conversely, 188 questionnaires were
completed out of a possible 192, completion rate of 97.9%.
Of the scores that were completed, the lowest score was
for getting up from kneeling (mean 4.3 out of a maximum
possible of 5), heavy housework (mean 4.4), kneeling (mean
4.5), walking up hills (mean 4.5), gardening and yard work
(mean 4.5) and participating in usual sport (mean 4.5). In
those who were 60 years or older, the greatest diﬃculty was
with getting up from kneeling (mean 3.8), heavy housework
(mean 4.1), kneeling (mean 4.1) and walking up hills (mean
4.1).

4. Discussion
In the past, quality of life and assessments of function
have relied on generic questionnaires such as the Short
Form-36 ([12] or the Reintegration into Normal Living
Index [13]. More thorough functional assessments after

surgical procedures are now a mandatory requirement for
the assessment of that procedure. The TESS has become the
gold standard assessment tool for function after limb salvage
surgery. Surgeon-reported outcomes are subject to bias and
patient-reported outcomes have had variable success owing
to bias, compliance, and completion. Assessments have a
maximum score but it is not known if this maximum is
achievable. Are there any factors, other than the condition
that is being investigated, that may aﬀect achievement of
that maximum score? This study has investigated the factors
of gender and age on an otherwise healthy population to
determine if these do have an influence on achieving a
maximum score. It has demonstrated that age is the most
important factor that determines the TESS.
Our study is subject to several limitations. The first
was that the number of participants was small. There are
only 10 patients in each group in each country and so
a full cross section of the population is not represented.
The fact that the participants are related in some way
to an individual with a musculoskeletal impairment may
also influence their answers as well. It has also not taken
into account other factors that have been shown to aﬀect
functional assessment such as obesity [14]. The study group
does not reflect all cultures, and it may be argued that
Great Britain and Australia do not have major cultural
diﬀerences despite over 200 years of separation and a truly
Asian population would be a more appropriate comparison
group for cultural influences. Despite this, it has shown a
cross-section of a population and confirmed that age does
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Table 3: Applicability of the questions in the TESS by country. Most common questions listed as “not applicable” by respondents. Results
given as the total questions answered as “not applicable”/total number of respondents.

Participating in sporting activities
Participating in sexual activities
Working my usual number of hours
Completing my usual duties at work
Driving
Getting in and out of a bath

Total number
37/192
28/192
27/192
19/192
19/192
10/192

influence the TESS but not gender. This is important because
the TESS is often used as a functional assessment tool
for patients following Musc-uloskeletal tumour resection.
To do this, it is important to have a “normal control”
to compare the functional achievement obtained following
surgery. Musculoskeletal tumours can aﬀect any age but soft
tissue sarcomas are more likely to aﬀect those in the fifth or
higher decade and bone sarcomas are most likely to aﬀect
those in the first two decades of life. This study has shown
that the functional results obtained are likely to be aﬀected
by the age of the patient, not just the procedure performed.
It also gives a standard to what can be achieved in relation to
age and gender.
Reassuringly the results were essentially identical in two
diﬀerent countries which lends support to the validity of
the TESS score as a suitable international comparison. The
two countries involved are of course quite industrialised and
both studies were carried out in large cities. The relevance
of the score to other societies may of course be very diﬀerent
although most of the questions would be universally relevant.
The fact that even in the over 60s most questions were
answered is also reassuring but the decreasing proportion
of questions felt to be relevant in the over 70s is simply a
reflection of the more sheltered life this population generally
leads.
This study has confirmed the usefulness of the TESS score
across a wide age range but has shown the natural fall oﬀ in
scores with ageing. Any study presenting the results of TESS
scores that includes a proportion of patients over the age of
60 needs to be aware of this.
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UK
14/92
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11/100
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Soft-tissue reconstruction following preoperative radiotherapy and wide resection of soft tissue sarcoma remains a challenge.
Pedicled and free tissue transfers are an essential part of limb sparing surgery. We report 22 cases of sarcoma treated with
radiotherapy and wide excision followed by one-stage innervated free or pedicled musculocutaneous flap transfers. The resection
involved the upper limb in 3 cases, the lower limb in 17, and the abdominal wall in 2. The flaps used for the reconstruction were
mainly latissimus dorsi and gracilis. The range of motion was restored fully in 14 patients. The muscle strength of the compartment
reconstructed was of grades 4 and 5 in all patients except one. The overall function was excellent in all the cases with functional
scores of 71.2% in the upper limb and 84% in the lower limb. The only 2 major complications were flap necrosis, both revised with
another flap, one of which was innervated with restoration of function. Innervated flaps are valuable alternatives for reconstruction
after sarcoma resection in the extremity and in the abdominal wall. The excellent functional results are encouraging, and we believe
that innervated muscle reconstruction should be encouraged in the treatment of sarcoma after radiotherapy and wide resection.

1. Introduction
In the mid-1970s the rate of amputation for extremity soft
tissue sarcomas was 40–50% [1]. During this period, radiation therapy (RT) was considered a palliative rather than
curative modality for the large tumour masses [2]. A decade
later, however, Rosenberg and colleagues reported that when
compared with amputation, wide excision with external
beam RT was associated with equivalent 5-year disease-free
and overall survival [3]. Since then, the combination of
surgery and RT has been proven to yield superior local control of tumour compared to local excision alone and has been
fundamental to the adoption of limb-sparing surgery for
high-risk extremity STS [4–7]. Preoperative RT is preferred
at our Institute because of smaller RT targets [8, 9]. lower RT
dose due to better limb perfusion and oxygenation, [6, 10].
and decreased late toxicity [11] compared with postoperative
RT despite a slighter higher rate of wound complications.

Surgical margins are the most important factor associated with local tumour control [12]. In many cases, obtaining
good oncologic margins can result in extensive or critical
loss of muscle/tendon units. Not only are the reconstructions
required after such resections likely to be challenging, wound
healing diﬃculties in the postoperative period [13, 14],
especially after radiotherapy [15]. can threaten the viability
of any flap. Pedicled and free tissue transfers have been popularised for limb preservation in these diﬃcult cases and have
been particularly useful for attaining wound closure, filling
surgical dead space, protecting critical structures (i.e., nerves,
tendons, and joints), and promoting wound healing [16–18].
The use of innervated flaps has proven to be invaluable
in numerous reconstructive procedures (e.g., brachial plexus
injury and Volkmann’s contracture), and more recently their
use has been proposed in soft-tissue sarcomas [19–23].
While sensate reinnervation has been previously studied in
orthopaedic reconstructive practice [24], motor innervated
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muscle transfer is relatively new. Motor re-innervation
can provide the dual functions of active contraction and
soft tissue coverage, and therefore seems to be ideal for
reconstructions after soft tissue sarcomas resection.
This reports on 22 cases of soft-tissue sarcoma treated
with radiotherapy followed by one-stage innervated free or
pedicled musculocutaneous flap transfers after wide excision.
The goal of this study is to evaluate the functional outcome
of this procedure and emphasize the usefulness of this
procedure in sarcoma surgery even after radiation therapy.

2. Patients and Methods
From 2006 to 2010, 112 patients have been treated with
neoadjuvant radiotherapy and resection for soft tissue sarcoma followed by reconstruction with free flaps. Of these, a
total of 22 had innervated muscle flap reconstructions, and
these patients form the focus for this paper. The resection
and the flap reconstruction were performed in one stage for
all the patients on average mean 6 weeks (range 5–8) after the
finish date of preoperative radiotherapy.
The pathology included 14 pleomorphic soft tissue
sarcoma, 3 liposarcoma, 1 DFSP, 1 angiosarcoma, 1 fibrosarcoma, 1 chondrosarcoma, and 1 metastatic chondroblastic
osteosarcoma with abundant soft tissue extension (Table 1).
With the exception of the patient with chondrosarcoma, all
the other patients received preoperative radiotherapy (range
50–60 Gy), one patient received preoperative chemotherapy
as well.
The resection was wide in all the cases except in one, in
which the margins were marginal due to pathologic fracture
in metastatic chondroblastic osteosarcoma of the femoral
shaft with extension in the soft tissues.
The resection involved the lower limb in 17 patients
the upper limb in 3, and the abdominal wall in 2. In the
lower limb, four resections involved the leg: the posterior
compartment in 3 patients and the anterior compartment
in one. In the posterior compartment, gastrocnemius and
soleus were resected in 2 patients; flexor digitorum longus,
flexor hallucis longus, and soleus in the other patient. The
tibialis nerve was included in the resection in all cases. In
the anterior compartment, the resection involved tibialis
anterior and the deep peroneal nerve (Table 1). The thigh was
involved in 13 cases. One patient had a femoral resection and
reconstruction with megaprosthesis associated with anterior
compartment excision. In all the other cases, the resection
involved the soft tissues only; the whole hamstring compartment was excised in 3 patients. In 4 patients the resection
involved the posterior compartment of the thigh, and in one
included the adductor compartment as well. The adductor
compartment of the thigh was excised in 3 patients. In the
remaining 2 patients, the entire gluteal compartment was
excised (Table 1). In the upper limb, 2 resections involved the
anterior compartment of the arm and 1 the rhomboid and
trapezius muscles. In the abdomen, a full thickness abdominal wall resection was performed in both cases (Table 1).
The donor flap was selected on the basis of the size of
the defect to reconstruct and the size of the overlying skin.
Donor flap selection took into account the size of the soft
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tissue defect including dead space and skin, length of the
defect, availability of recipient nerves, and the requirement
for a functional reconstruction. An innervated musculocutaneous flap was felt to be indicated when either the whole
compartment had been resected or a critical component of
joint movement had been severely compromised (i.e., biceps
brachii or vastus medialis obliquus with rectus femoris). All
flaps included a muscle and skin component apart from the
vascularised sural nerve flap. The gracilis myocutaneous flap
was used in 7 patients (in 6 innervated, in one the sural nerve
was subsequently implanted), the latissimus dorsi in 8 (in 7
cases free, in one pedicled), the TRAM in 3, the tensor fascia
lata in 2, the free parascapular with the sural nerve in one and
the rectus abdominis in one (Table 1).
The vascular pedicles were anastomosed to recipient
vessels available after the tumor resection and all were within
the radiotherapy field. The donor nerve of the transferred
muscle was sutured using microsurgical techniques and an
epineural repair requiring 9/0 or 10/0 nylon. The selection of
the recipient nerve was the largest single or multiple motor
nerves available after resection was complete. The recipient
nerves were stimulated intraoperatively before resection with
a hand held nerve stimulator in order to confirm the presence
of motor axons.
Postoperatively, the involved limb was immobilized in a
splint for 6 weeks; following this time, patients were allowed
to start active and passive ROM. Strengthening exercises were
commenced after 3–6 months for a minimum period of 12
months.
The mean followup was 17.9 months (range 6–42). The
patients were evaluated for:
(1) strength in the reconstructed compartment using the
MRC scale [25];
(2) range of motion (ROM) of the joint(s) controlled by
the muscle(s) replaced;
(3) overall function using the Lower Extremity Functional Scale (LEFS, 0: unable to perform any activity;
80: excellent function) for the lower limb [26] and the
Quick DASH (Disabilities of the Arm, Shoulder and
Hand, 0: excellent function; 100: unable to perform
any activity) for the upper limb [27];
(4) Musculo-Skeletal Tissue Society (MSTS, 0: extremely
unsatisfied, 30: extremely satisfied) score [28].
For the two patients who received the abdominal reconstruction, the above evaluation was not performed, and the
results were evaluated on the basis of the occurrence of hernia
or bulge.

3. Results
There were no intraoperative complications. In one patient,
there was a superficial infection at the donor site, while in all
the others there were no complications at that level.
One patient died of the disease after a subsequent
recurrence of the sarcoma which was treated with above knee
amputation and was not evaluated.
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Table 1: Patients distributions regarding histology, compartment involved in the resection, muscle function replaced and flap used.
Patient

Histology

Compartment resected

1

Dermatofibrosarcoma
protuberans

Leg, posterior

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Pleiomorphic
sarcoma (recurrent)
Pleiomorphic
sarcoma
Chondroblastic OS
(metastatic)
Pleiomorphic
sarcoma
Pleiomorphic
sarcoma
Neurofibrosarcoma
Angiosarcoma
Liposarcoma
Liposarcoma
Pleiomorphic
sarcoma
Pleiomorphic
sarcoma
Liposarcoma
Pleiomorphic
sarcoma
Pleiomorphic
sarcoma
Pleiomorphic
sarcoma
Pleiomorphic
sarcoma (recurrent)
Pleiomorphic
sarcoma
Fibrosarcoma
Pleiomorphic
sarcoma

Muscle function replaced
Soleus + flexor hallucis
longus + flexor digitorum
longus

Flap used

Hip, extensor

Gluteus max

TRAM

Thigh, adductor

Adductors

Gracilis

Thigh, extensor

Quadriceps

Latissimus dorsi

Arm, anterior

Biceps + brachialis

Gracilis (failed, substituted
with pedicled lat dorsi)

Thigh, posterior

Hamstrings

Latissimus dorsi

Leg, posterior

Soleus + gastrocnemius
Entire VMO + rectus
femoris

Parascapular + suraln.

Thigh, extensor

Gracilis + suraln.
(second stage)

Gracilis

Thigh, posterior and
adductor
Scapular stabilizers

Hamstrings + adductor magnus

Latissimus dorsi

Rhomboid + trapezius

Latissimus dorsi

Arm, anterior

Biceps + brachialis

Gracilis

Leg, anterior

Vastus lateralis + rectus
femoris
Tibialis, anterior

Gracilis

Thigh, adductor

Adductors

Gracilis

Thigh, posterior

Hamstrings

Latissimus dorsi

Hip extensors

All Gluteal muscles

Latissimus dorsi

Thigh, posterior

Hamstrings

Latissimus dorsi

Thigh, adductor

Adductors

Rectus Abdominis

Leg, posterior

Soleus + gastrocnemius

Latissimus dorsi

Thigh, anterior

Quadriceps

TRAM

Thigh, anterolateral

TRAM

21

Chondrosarcoma

Flank

Abdominal wall + iliac
crest

Tensor fascia lata

22

Pleiomorphic
sarcoma

Flank

Abdominal wall

Tensor fascia lata

Of the remaining 21 patients there were a total of 6
(28.5%) postoperative complications referred to the reconstruction, 2 major and 4 minor. The 2 major complications
were flap failures in both cases because of necrosis: in one
case the original flap (gracilis) was substituted with another
innervated flap (lat dorsi); in the other case, the original
flap (gracilis) was substituted with a noninnervated VRAM.
Of these 2 patients, only the one with the second attempt
of innervated flap has been evaluated for functional results.
Both cases had preoperative radiotherapy. The four minor
complications were lymphoedema in 2 and wound delayed
healing in 2. Of these patients, only one required minimal

debridement and skin grafting and the other healed with
dressings. In all these patients with minor complications the
original innervated flap has been preserved and evaluated.
The two patients who received a full-thickness abdominal
wall reconstruction regained a complete competency of the
abdominal wall and did not develop hernia or bulge. No
functional score is available for a detailed evaluation of the
results.
A total of 18 patients have been evaluated for functional
and emotional results. All of these patients had preoperative
radiotherapy, with a dose range of 50 to 60 Gy (mean 57).
The response to radiotherapy was good (>90% of necrosis
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Table 2: Outcome of the innervated flaps.

Patient
1
2
3

Followup (months)
42
19
Died of disease

4

(1)

5

15

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

17
20
20
14
14
15
24
24
18
6
6
8
8
12
18
20
23

Complications
Wound breakdown
—
—
Flap failure (necrosis at 1 month po),
substituted with no innervated flap
Flap failure (necrosis at 5 days po),
substituted with reinnervated lat. dorsi
Lymphoedema
Lymphoedema + superficial infection
—
—
—
—
Superficial infection at donor site
—
—
—
—
—
—
—
—
—
—

in the final specimen) in 14 patients and poor (<90% of
necrosis) in the remaining 4.
In one patient (gracilis free flap for adductor compartment resection), a local recurrence was noted and treated
with further wide resection and noninnervated flap. The first
re-innervated flap was functionally evaluated at 14 months
post-operative and is included in the analysis. During the
second operation, the first re-innervated flap was resected
and histology has been performed to evaluate the status of
the muscle and nerve. The muscle showed no features of
denervation atrophy and the nerve showed normal myelin
sheet and axonal density (Figure 1).
Immediate postoperative strengths in all cases were M0.
The strength of the muscle or muscles replaced was M5 in
9 patients at a mean followup of 20.5 months (range 6–42),
M4 in 8 patients at a mean followup of 12.8 months (range
6–20) and M3 in 1 at 12 months of followup (Figure 2).
The range of motion (ROM) of the joint or joints
controlled totally or partially by the innervated flap was fully
restored in 14 patients and partial in 5. In 4 of the cases with
partial ROM the joint involved was the knee, with a ROM
limited only in flexion up to 70 degrees in one case, 90 in
two, and 100 in one. The compartment reconstructed was
the posterior of the thigh in 3 cases and the anterior in one
(Figure 3). In the other case, the compartment reconstructed
was the anterior of the arm, with a ROM limited only in
extension and full flexion (ROM 30–140 degrees) (Figure 4).

Muscle strength
M5
M5
—

DASH/LEFS
69
80
—

MSTS
27
30
—

—

—

—

M4

31(DASH)

25

M4
M4
M5
M4
M5
M4
M5
M5
M5
M4
M5
M4
M4
M3
M5
—
—

47
31
80
52
0 (DASH)
14 (DASH)
57
78
73
75
80
80
65
65
80
—
—

23
30
30
27
30
13
30
30
26
27
30
30
26
25
30
—
—

The overall function was excellent in all the cases. In
the three patients in whom the reconstruction involved the
upper limb the Quick DASH score were 0, 14 and 31. In the
lower limb the mean LEFS was 67.4 (range 31–80).
The mean MSTS score was 27 (range 13–30) (Table 2).

4. Discussion
Soft tissue sarcomas are aggressive tumors that require
extensive resections to obtain wide margins. Free or pedicled
muscle transplantations are often necessary for wound
closure, especially when the resection involves a substantial
amount of muscle and skin. The main goal of plastic
reconstruction has traditionally been soft tissue coverage,
because in the majority of the cases the remaining muscles
are able to hypertrophy and partially replace the function of
the resected muscles [29, 30]. The indication for a functional
reconstruction has been limited therefore to the forearm
and the posterior leg [30], but in some cases this has been
extended to the thigh, the anterior lower leg, the shoulder
and the buttock [31]. In this study we showed that these
extended indications are appropriate and that, by providing
adequate muscle function after tumor resection, the patient’s
satisfaction and emotional status can be satisfactory.
It is well known that radiation therapy negatively
aﬀects microvascular surgery because it causes intimal
damage of the vessels. Consequently, lower success rate of
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(b)

(a)

(c)

Figure 1: Histology of excised innervated flap (gracilis) after 14 months. (a) Muscle fibres show no features of denervation atrophy,
Haematoxylin and Eosin 100x. (b) Nerve section shows normal fasciculi without reactive axons and normal axonal density, APP
Immunohistochemistry 200x. (c) Nerve section shows well preserved myelinated fibers axons with normal density, Masson stain 200x.

(a)

(c)

(b)

(d)

Figure 2: Patient treated for high-grade pleomorphic sarcoma of the anterior compartment of the thigh. (a) Intraoperative image. The
resection involved the entire quadriceps compartment and measured 35 × 14 × 25 cm. (b) The reconstruction was performed using
innervated TRAM. (c, d) At 24 months postoperatively, the patient demonstrated full extension of the knee, flexion limited to 100 degrees,
and muscle strength of 5.

the anastomosis has been reported [32, 33], motivating the
use of recipient vessels outside the field of irradiation to
avoid vascular complication [31]. In agreement with these
findings, flap necrosis was seen in only 2 of 21 of our
cases. Interestingly, both cases of flap loss were late failures

occurring at day 5 and day 15 (after patient was discharged
home) suggesting that increased activity may have played
a part in the failure. Both were successfully revised with
another muscle transfer. Despite the deleterious eﬀects of
radiotherapy on flap survival, we showed that it is still
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(a)

(b)

Figure 3: Patient treated for liposarcoma of the posterior thigh with wide resection involving hamstrings, reconstructed with innervated
latissimus dorsi flap. Clinical outcome at 14 months post-op. (a) Full extension. (b) Active flexion. Muscle strength of posterior compartment
of the thigh: 4.

Figure 4: Patient treated for MFH of the anterior compartment
of the arm; the resection involved the biceps and the brachialis
muscles, and denervation of brachioradialis. The reconstruction has
been obtained using free innervated gracilis and transfer of FCU to
remaining brachialis. Clinical outcome at 12 months post-op shows
full active flexion at the elbow. The muscle strength of the anterior
compartment of the arm was 4.

our institution, the use of innervated flaps did not increase
the amount or the severity of post-operative complications
compared to noninnervated flaps, while providing a much
better functional outcome. We agree with other authors that
the time of the surgery and the amount of blood loss are not
influenced by the use of an innervated flap compared with
non-functional flaps [31]; Whilst the surgeon experience
required to perform an innervated flap is the same required
to perform a normal free flap and requires no further
training, the complexity of including multiple vessel and
nerve repairs and tensioning of muscle and tendon units
makes it a more complex task. We believe, however, that the
excellent functional outcome for these patients justifies the
potentially higher flap loss rate.
The main limit of this study is the small number of
patients and the short-term followup. Further larger studies
are necessary to compare this reconstruction with noninnervated muscle flaps.

5. Conclusion
possible to perform another reconstructive limb salvage
procedure with satisfactory results. Moreover, in one of the
two patients we were able to implant another re-innervated
flap and therefore maintaining the chance of a functional
reconstruction.
The complication rate after free or pedicled musculocutaneous flap reconstruction may be higher compared
to primary closure and this is mainly due to the fact
that patients receiving flaps have a significantly larger and
higher-grade tumors than patients treated with primary
closure, and were more likely to have received preoperative
irradiation, bone resection, and motor nerve resection [34].
In our experience with large sarcoma defects even if primary
closure is possible we have witnessed increased rates of
haematoma, seroma, and wound breakdowns due to the
deadspace and radiotherapy and now favour importation of
well vascularised tissue in the form of free flaps. Each of
these tumour and treatment factors has been associated with
worse function and/or health status outcomes [35–37]. At

Re-innervated flaps are viable options for reconstruction
after soft tissue tumor resection of the extremity. The
functional results are encouraging and we believe that
the indication for re-innervated muscle reconstruction can
include both upper and lower limb. Longer-term studies and
comparative studies are necessary to better understand the
most appropriate indications for this type of reconstruction.
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Background. Extremity sarcoma represents a heterogeneous group of rare cancers that carries a relatively high morbidity with
regards to physical function. Quality of Life (QoL) as an outcome is an important consideration in this cohort. We aimed to
identify the correlates of QoL in extremity sarcoma cohorts. Methods. A systematic review of the literature on extremity sarcoma
in adults from five databases over the last ten years was undertaken. Results. Twelve articles were chosen and assessed for quality.
Physical and social function of extremity sarcoma survivors is below that of the general population. Overall QoL scores of these
patients are comparable to those of the general population. Studies that used more recently treated cohorts found that patients who
had limb sparing surgery displayed superior functional outcomes over those that underwent amputations. Pain and perceiving that
the cancer negatively influenced opportunities was associated with poor outcomes. Conclusion. The available literature regarding
QoL in extremity sarcoma patients is heterogeneous in terms of aims and assessment tools. Results need to be interpreted in light
of the improved management of extremity sarcoma in more recent patient cohorts.

1. Introduction
Extremity bone and soft tissue sarcoma represents a rare
and heterogeneous group of bone and connective tissue
cancers, which accounts for 0.2% and 0.5% of all cancers in
Australia [1], respectively. Most musculoskeletal neoplasms
occur within specific age ranges and have a predilection
for specific sites. 60% of all sarcomas occur in people who
are younger than 55 years old [2]. The arbitrary cutoﬀ for
the definition of adolescents and young adults (AYA) is not
clearly defined in the literature; however, most studies take
the limit of fifteen years old [3]. Adolescence represents a
period of developmental transitions, characterised by cognitive, biological, and socioeconomic challenges [4]. Health
problems such as cancer, in this age group, are uncommon as
cancer is predominantly a disease of the older population.
Considering cancer in all age groups, sarcoma is rare. In
Australia, soft tissue sarcoma was the 9th most common

cancer, accounting for 3.2% (279 cases) of all cancers in
AYA between 2003 and 2007. During this timeframe, bone
cancer was the second most common cause of cancer death
(107 deaths, 10.5% of all cancer deaths) whilst soft tissue
cancer was the seventh most common cause of cancer
death (60 deaths, 5.9% of all cancer deaths) in AYAs. The
mortality and morbidity associated with sarcoma is high.
Paediatric cancer centres and adult cancer centres may not
be adequately equipped to manage the unique demands of
cancer patients in this age group [5]. In Victoria, we manage
patients who are older than fifteen years old in an adult
cancer facility.
Advancements in medical imaging technology, greater
understanding of the biology of tumours, development
of powerful chemotherapeutic regimens, improvements in
technique, and availability of reliable reconstruction options
have revolutionised the management of sarcoma and resulted
in improved mortality and morbidity of sarcoma survivors.

2
Neoadjuvant therapy has made it possible for some
patients with previously unresectable tumours to undergo
limb sparing surgery through tumour regression [6]. It
is recognised that there is no diﬀerence between limb
sparing surgery and amputation in terms of survival or
local recurrence, provided adequate margins are obtained
and, therefore, limb sparing surgery is the gold-standard
surgical option for a patient with extremity sarcoma, especially for distal lower limb tumours [7–10]. Research using
more recently treated cohorts found that physical function
was superior following limb sparing surgery compared to
amputation [8, 11].
It is recognised that the level of physical functioning of
sarcoma survivors is below that of the general population.
Despite that, the QoL of survivors appears to remain
comparable to that of the general population.
Health-related quality of life (QoL) is a multidimensional
construct that considers the impact of an individual’s health
status on his or her life and opportunities. It is subjective
and may be modified by impairments, functional status,
perceptions, and social opportunities and may be influenced
by disease, injury, treatment, and policy [12, 13]. Given that
QoL has to be considered in the context of the individual’s
environment; QoL studies should be interpreted in the
context of the timeframe it was performed. QoL studies that
were performed more than a decade ago may represent a
diﬀerent clinical and social environment compared to more
recently performed studies. Various studies have reported
trends towards improved outcomes with time [14–16].
Apart from improved chemotherapeutic regiments, these
authors have postulated that this is due to the formation
of multidisciplinary sarcoma groups. In Victoria, the Victorian Cooperative Oncology Group, Sarcoma Section was
established in 2006. We have chosen an arbitrary timeframe
of QoL studies performed in the last decade to represent
studies that are more relevant to the current clinical and
sociopolitical environment.
Measures of QoL are divided into three main domains:
physical function, mental health, and social well being [13].
To explore the issue of QoL in extremity sarcoma
survivors that is relevant to our practice, we performed a systematic review of journal articles published in the last decade
on QoL in sarcoma in studies that assessed patients who
were fifteen years or older. The key question guiding OUR
review was the following: what are the modulators of QoL in
extremity sarcoma? The aims of our study was to (1) evaluate
the quality of the current literature on QoL in extremity sarcoma, (2) identify the tools used to assess QoL in extremity
sarcoma, (3) evaluate the physical function, mental health
and overall QoL of extremity sarcoma survivors compared to
the general population, (4) compare the functional and QoL
outcomes between limb sparing surgery and amputation,
and (5) identify the factors that are postulated to influence
QoL outcomes (determinants of QoL).
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and Melbourne University Library Catalogue) with the
following keywords: sarcoma AND “quality of life”.
Exclusions included: articles published before 2001,
haematological malignancies, Kaposi sarcoma, retinoblastoma, paediatric sarcomas (mean age at diagnosis (MAD)
<15 years old, or mean age at surgery <15 years old if
MAD not provided), QoL studies on heterogeneous, general
cancer population, QoL of other noncancer populations in
general, basic sciences research or animal model studies, and
nonextremity sarcomas. We also excluded case reports and
articles for which full text was not available as well as articles
in which physical function alone was assessed and other
domains of QoL were not assessed. Non-English articles with
English translations were included.

3. Results
A total of 3713 articles were found. The reviewers (M. H.
Tang and D. J. W. Pan) independently applied exclusion
criteria and removed duplicates through reading titles and
abstracts. Nine articles were found that met inclusion criteria. Other relevant articles were tracked through systematic
reviews and a further three studies were included (total
twelve).
3.1. Results: Quality Assessment. We utilized the NewcastleOttawa Quality Assessment Scale (NOS) for cohort studies to
assess the quality of the articles [28]. The NOS awards stars
for three categories: “Selection”, “Comparability”, and “Outcome”, each divided into further subcategories. Each study
can be awarded a maximum of one star for each subcategory
whilst Comparability can be awarded a maximum of two
stars as summarized by Table 1.
3.1.1. Selection
(i) Representativeness: we awarded one star if the study
clearly described the aims of the study and set about
to clearly achieve the aims with the appropriate
cohort chosen.
(ii) Selection of the nonexposed cohort: we awarded one
star if the comparative group, for example, amputees
versus limb sparing surgery, was derived from the
same community as the entire extremity sarcoma
group.
(iii) Ascertainment of exposure: we awarded one star if
the authors noted confirmation of the diagnosis of
extremity sarcoma via medical records.
(iv) Demonstration that outcome of interest were not
present at the start of the study: we awarded one star
if baseline function and QoL was noted.
3.1.2. Comparability

2. Search Strategy and Criteria
We performed a systematic review of the current literature
from five databases (PubMed, CINAHL, Psychinfo, Medline,

(i) We awarded one star if the study controlled for era of
management. We defined this to be the entire cohort
operated on in a ten-year timeframe. A further star
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Table 1: Quality assessment of selected studies.

Reference
Eiser [17]
Davis et al. [18]
Refaat et al. [19]
Rödl et al. [20]
Zahlten-Hinguranage et al. [21]
Pardasaney et al. [11]
Schreiber et al. [22]
Thijssens et al. [23]
Weiner et al. [24]
Aksnes et al. [25]
Davidge et al. [26]
Paredes et al. [27]

Date of publication
2001
2002
2002
2002
2004
2006
2006
2006
2006
2008
2009
2011

was awarded if the study controlled for anatomical
location, type of sarcoma, or grade of sarcoma.
3.1.3. Outcome
(i) Assessment of outcome: we awarded one star if the
assessment tool was a well-known and widely used
validated tool, for example, SF-36, EORTC QLQ
C-30, TESS, MSTS87, and MSTS93 (abbreviations
under Table 2).
(ii) Duration of followup: we awarded one star if the
mean followup was one year or longer.
(iii) Adequacy of followup of cohorts: We awarded one
star if there was more than 70% response rate OR
if the nonresponders were statistically analysed to
account for sampling bias.
3.1.4. Sample Size. From the selected articles, two studies
had a participant size of more than 200 [11, 19], six had
between 100 and 200 participants [18, 21, 22, 25–27], none
had between 50 and 100 participants and four had between
20 and 50 responders [17, 20, 23, 24].
3.1.5. Study Design. Of all the studies, nine were retrospective studies [11, 17, 19–21, 23, 25–27], whilst two were
longitudinal studies [18, 22].
3.1.6. Cohort-Anatomical Location. Six studies looked at a
specific anatomical location. Out of these, four looked at
tumours involving the lower limb [11, 17, 19, 21], whilst one
study looked at tumours around the knee [20].
3.1.7. Cohort-Histological Subtypes. Some studies looked at
specific types of bone or soft tissue sarcoma subtypes. For
example, two studies examined osteosarcoma and Ewing’s
sarcoma patients [17, 25]. Some studies studied a heterogeneous cohort of bone sarcoma patients [20] or soft tissue
sarcoma patients [18, 22, 23, 26].

Selection

NOS rating
Comparability

Outcome

∗∗∗

∗

∗∗∗

∗ ∗ ∗∗

∗∗

∗∗∗

∗∗

∗

∗∗∗

∗

∗∗

∗∗∗
∗∗

∗∗

∗∗∗

∗

∗

∗ ∗ ∗∗

∗∗

∗∗∗

∗∗∗

∗

∗∗∗

∗∗∗

∗

∗∗∗

∗∗∗

∗

∗∗∗

∗∗∗

∗∗

∗∗∗

∗∗∗

∗

∗∗

3.1.8. Aims. Two studies were performed with a specified
aim of descriptive statistics purposes. They described the
functional, QoL, and/or oncological outcomes within their
defined cohort [25, 27]. Most studies, however, included a
description of their cohort when measuring their outcomes.
Two studies were performed to compare QoL between
patients that had undergone limb sparing surgery and those
that had an amputation [19, 21]. Eiser et al. [17] included a
third group—those that had an amputation following failed
limb sparing surgery. Three groups compared limb sparing
and amputation according to resection level [11, 19, 25].
One study was performed with a sole aim to identify the
prevalence of depression and anxiety throughout diﬀerent
phases of the disease [27]. Five studies stated prevalence of
psychological distress in their cohort [11, 19, 23, 24, 27].
Five studies compared their findings against published
figures for the reference normal population [17, 18, 20, 23,
25].
Six studies attempted to identify determinants of QoL
[17, 21–23, 25, 26]. For example, Schreiber et al. [22] aimed
to evaluate how functional disabilities impacted on QoL,
whilst Davidge et al. [26] attempted to evaluate how preoperative expectations impacted upon postoperative function
and QoL. Thijssens et al. [23] looked at determinants of QoL
and posttraumatic stress symptoms in their cohort of locally
advanced soft tissue sarcoma patients who had all undergone
neoadjuvant chemotherapy.
One study compared QoL and functional outcomes
between patients who had neoadjuvant radiation therapy
prior to limb sparing surgery and those that had adjuvant
radiation therapy following limb sparing surgery [18].
3.1.9. Tools Used. Table 2 summarizes the tools used by each
study. The most widely used tools were the TESS, MSTS87,
and SF-36. Specific groups tended to use similar tools. For
example, the German authors tended to use the FLZ [21],
whilst the Canadian group tended to include TESS, and if
MSTS was used, that tended to use the 1987 version [18, 22,
26]. The Americans used their own computer-generated tool
[11, 19].

4

Sarcoma
Table 2: Tools used in the assessment of QoL in sarcoma patients.

Tool

Number of studies

MSTS87

3

MSTS93

2

TESS

4

SF-36

4

EORTC QLQ C-30
Semistructured interviews
BSI
IES
Body image instrument
Computer generated 5 page 87 question tool
FLZ
HADS
RNL
EQVAS
LOT

2
2
1
2
1
2
1
1
2
2
2

Fatigue questionnaire

1

Single item, questions

Outcome expectation self-report
questionnaire

N/A

1

References
Schreiber et al. 2006 [22], Davidge et al. 2009 [26], Davis et al. 2002
[18]
Zahlten-Hinguranage et al. 2004 [21], Aksnes et al. 2008 [25]
Eiser et al. 2001 [17], Schreiber et al. 2006 [22], Davidge et al. 2009
[26], Davis et al. 2002 [18]
Eiser et al. 2001 [17], Aksnes et al. 2008 [25], Thijssens et al. 2006 [23]
(used Dutch version of RAND-36), Davis et al. 2002 [18]
Zahlten-Hinguranage et al. 2004 [21], Rödl et al. 2002 [20]
Weiner et al. 2006 [24], Eiser et al. 2001 [17]
Weiner et al. 2006 [24]
Weiner et al. 2006 [24], Thijssens et al. 2006 [23]
Eiser et al. 2001 [17]
Refaat et al. 2002 [19], Pardasaney et al. 2006 [11]
Zahlten-Hinguranage et al. 2004 [21]
Paredes et al. 2010 [27]
Schreiber et al. 2006 [22], Davidge et al. 2009 [26]
Schreiber et al. 2006 [22], Davidge et al. 2009 [26]
Schreiber et al. 2006 [22], Davidge et al. 2009 [26]
Aksnes et al. 2008 [25]
Aksnes et al. 2008 [25]: pain, stiﬀness, influence of sarcoma on choice
of career and level attained, and activity participation (hours per
week) diﬀerentiated into low and high energy demand activity type,
Davidge et al. 2009 [26]: socioeconomic questions
Thijssens et al. 2006 [23]: perception of involvement in decision
making and satisfaction based on a 5-point Likert scale
Davidge et al. 2009 [26]: length of hospitalization, complications,
diﬃculty with daily activities

MSTS87: Musculoskeletal Tumour Society Score 1987 version; MSTS93: Musculoskeletal Tumour Society Score 1993 version; TESS: Toronto Extremity Salvage
Score; SF-36: Short Form 36 Health Survey; EORTC QLQ C-30: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire
Core Module 30; BSI: Brief Symptom Inventory; IES: Impact of Event Scale; FLZ: Freiburger Life-Contentment List; HADS: The Hospital Anxiety and
Depression Scale; RNL: Reintegration to Normal Living Scale; EQ-VAS: EuroQoL Visual Analogue Scale; LOT: Life Orientation Test.

3.2. Study Design and Measure. Study design and measures
used were heterogeneous as summarized in Table 3.
3.3. Results: Findings
3.3.1. Comparing the Sarcoma Population with the General
Population. Studies utilizing global QoL assessment tools
found that physical and social function for sarcoma survivors
was significantly lower than that of the general population
when measured with the SF-36 [17, 18, 23]. In these studies,
emotional functioning and mental health scores were not
significantly diﬀerent between sarcoma survivors and the
general population.
3.3.2. Comparing Type of Surgeries: Limb Sparing Surgery
versus Amputation. Six studies were performed to compare
QoL and physical function between limb sparing surgery
and amputation [11, 17, 19, 21, 23, 25]. The studies are
summarised in Table 4.
Using an arbitrary cutoﬀ of 1990, studies that used
cohorts treated after 1990 were able to show that limb sparing

surgery displayed significantly better functional outcomes
compared to amputation [17, 21, 23, 25]. Studies that used
cohorts treated before 1990 failed to show a significant
diﬀerence [11, 19].
3.3.3. Identification of Determinants of Quality of Life.
Despite poor physical function, sarcoma survivors reported
high scores on QoL assessments, with scores comparable
to that of the general population [17, 21, 25]. Therefore,
physical function may not be the biggest discriminant of
QoL in extremity sarcoma survivors. Other determinants
may contribute to satisfactory QoL as summarized in
Table 5. Various studies attempted to examine the diﬀerent
determinants of well being, which may evolve in the face of
cancer. In a study of long-term survivors of sarcoma, 94%
of participants stated that they felt that the cancer had made
them a “better person” [24].
Specific Determinants of QoL. Four studies evaluated the
ability of chosen variables to predict QoL.
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Table 3: Summary of study design.

Reference

Eiser 2001 [17]

Davis et al. 2002 [18]

Refaat et al. 2002 [19]

Rödl et al. 2002 [20]

Zahlten-Hinguranage
et al. 2004 [21]

Pardasaney et al. 2006
[11]

Study design/sample
Retrospective cross-sectional study of
patients with osteosarcoma and
Ewing’s sarcoma of the lower limb
N = 37
Median age of diagnosis = 19 (7–37)
years
Median time since diagnosis = 10
(2–33) years
Prospective randomized study of
nonmetastatic extremity STS patients
Tumour size was dichotomized at
10 cm, then randomized to PreRT
(n = 88) or PostRT (n = 94)
N = 182
MAD = 54.7 (18.8–93.8) years
Retrospective study on patients with
lower limb sarcoma
N = 408; Amp n = 66, LSS n = 342
MAD = 47.5 years
Patients with high grade malignant
bone tumours of distal femur that
underwent rotationplasty
N = 22
Mean followup = 12 (10–18) years
Median age at time of study = 28
(18–49) years
Retrospective, cross-sectional study of
patients with lower limb (excluding
foot and ankle) sarcoma
N = 124 (LSS n = 102; Amp n = 22)
Mean age at assessment = 35 (14–76)
years
Mean time from surgery = 46 (6–250)
months
Retrospective comparative study on
patients with sarcoma of the lower
limb with at least 2-year followup
N = 408 (Amp n = 65, LSS n = 343)
Mean age at surgery = 40.36 (2–86)
years
Mean time from treatment = 8.91
(2–27) years.

Measures used

Timeframe of
treatment

SF-36
Body image instrument
TESS: daily competence
Use of analgesia and gait aids
Semistructured interview

1977–1995

MSTS87
TESS: primary measure: 10-point
diﬀerence considered significant SF-36
Timepoints: baseline (at
randomisation), 6 weeks, 3, 6, 12, and
24 months after surgery

1994–1997

Computer generated questionnaire

1972–1987

EORTC QLQ C-30FLZ
Education level

EORTC QLQ-C30
MSTS93
FLZ

1980–2000

Computer generated quality of life
questionnaire

Schreiber et al. 2006
[22]

Longitudinal study on nonmetastatic
STS patients who had LSS
N = 100
MAD = 55 (18–86) years

MSTS87
TESS
RNL
EQ-VAS
LOT
2 timepoints: preoperatively and 1 year
postoperatively

Thijssens et al. 2006
[23]

Retrospective cross-sectional study on
survivors of locally advanced,
nonmetastatic STS, who underwent
isolated limb perfusion, with
intentional delayed LSS
N = 39 (LSS n = 30, Amp n = 9)
Median age at perfusion = 49 (14–72)
years
Median time since perfusion = 7
(1–13) years

IES
SF-36
Perception of involvement in decision
Treatment satisfaction: 5-point Likert
scale

2001–2003

1991–2003
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Table 3: Continued.
Reference

Weiner et al. 2006 [24]

Aksnes et al. 2008 [25]

Davidge et al. 2009 [26]

Paredes et al. 2011 [27]

Study design/sample

Timeframe of
treatment

Measures used

Cross-sectional study of long-term
survivors of sarcoma
N = 34
MAD = 16 (7–34 years)
Mean age at study = 34 (17–54 years)
Mean time from diagnosis = 18 (4–33
years)
Retrospective study on patients with
osteosarcoma or Ewing’s sarcoma
N = 118 (LSS n = 67, Amp n = 51)
MAD = 18 (2–44) years
Mean time since diagnosis = 13 (6–22)
years
Retrospective cohort study on adult
patients with nonmetastatic extremity
STS who underwent LSS
Outcome measures assessed at two
time points: preoperatively and 12
months postoperatively
Categories collapsed to allow for
suﬃcient powering
N = 157
Cross-sectional descriptive study on
sarcoma patients in diﬀerent phases of
disease
N = 142
Dx n = 42, mean time from diagnosis
= 4.27 months; Rx n = 37, mean time
from diagnosis = 10.94 months, mean
time from treatment = 9.34 months;
Fx n = 63, mean time since
completion of treatment = 52.93
months
MAD = 48.32 years

Semi-structured interview
BSI (intensity of psychological
distress)
IES

SF-36
TESS
MSTS93

1982–2000

Outcome expectation questionnaire
MSTS87
TESS
RNL
EQ5D-VAS
LOT

2001–2005

HADS
Demographic and clinical
questionnaire

STS: soft tissue sarcoma; PreRT: neoadjuvant radiation therapy; PostRT: adjuvant radiation therapy; MAD: mean age of diagnosis; Amp: amputation; LSS:
limb sparing surgery; Dx: diagnosis phase; Rx: treatment phase (1st treatment, whether it was chemotherapy, radiation therapy, and/or surgery counted as
index timepoint); Fx: followup phase.

Table 4: Summary of studies comparing limb sparing surgery with amputation.
Timeframe that
cohorts were
treated
Eiser 2001 [17]
1977–1995
Refaat et al. 2002 [19]
1972–1987
Zahlten-Hinguranage
1980–2000
et al. 2004 [21]
Pardasaney et al. 2006
—
[11]
Thijssens et al. 2006
1991–2003
[23]
Aksnes et al. 2008 [25]
1982–2000
Author

Conclusions regarding QoL

Conclusions regarding physical function

No significant diﬀerence
No significant diﬀerence

LSS superior over amputation
No significant diﬀerence

No significant diﬀerence

LSS superior over amputation

No significant diﬀerence except for above knee
amputation, which had inferior outcomes

No significant diﬀerence except for above knee
amputation, which had inferior outcomes

No significant diﬀerence

LSS superior over amputation

No significant diﬀerence

LSS superior over amputation
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Table 5: Studies that correlated variables with overall QoL.
Reference
Eiser et al. 2001
[17]

Finding
Low TESS scores and poor body image predicts
poor QoL

Schreiber et al.
2006 [22]

Complications of surgery associated with poor
QoL; low TESS scores predicted poor QoL

Davidge et al.
2009 [26]

Uncertain expectations associated with poor
QoL

Thijssens et al.
2006 [23]

Pain associated with poor QoL

Other factors involved in one or more aspects of QoL
were studied and described below.
(i) Sport Participation Following Surgery. Only about half the
population studied by Pardasaney et al. [11] reported being
active in sport, whilst Refaat et al. [19] found that only one
patient participated in a contact-type sport. Both studies
did not correlate sport participation with QoL. Aksnes et al.
[25] found that physical activity per se was not significantly
associated with poor functional outcomes; however, it was
not assessed if a change in baseline physical activity was
significant.
(ii) Employment. Employment was studied in four studies
as shown in Table 6. The most consistent finding in these
studies is that in a subset of patients, cancer negatively influenced work or school and this was significantly associated
with poor outcomes.
(iii) Personality. Three studies attempted to study some facet
of personality as shown in Table 7. Being optimistic was
consistently associated with good function outcomes.
(v) Psychological Distress. Mental health is one of the
domains of QoL and is therefore assessed by QoL assessment
tools. Table 8 summarises the findings regarding mental
health by studies that used QoL tools. A further three studies
assessed mental health directly by utilizing tools designed
specifically for the detection of psychological distress. The
results of these three studies are summarized in Table 9. In
general, studies that used QoL tools found that mental health
scores were comparable to that of the general population.
However, studies that used other measures of psychological
distress revealed that a significant proportion of the cohorts
studied displayed significant psychological distress.
(vi) Tumour Characteristics. Davis et al. [18] found that
patients who had a larger resection specimen and those
who had motor nerve sacrifice did proportionately worse
than baseline in terms of function. Recurrence and highergrade tumour at diagnosis were associated with poorer
psychological and functional outcomes [23, 27]. Pain also
significantly correlated with poor outcomes [25] and conversely, experiences that involved little pain were associated

with good outcomes [23]. A summary of the findings form
the selected studies is shown in Table 10.

4. Discussion
We performed a systematic review of twelve recently published articles that looked at QoL in grown-up patients with
extremity sarcoma. We chose a cut-oﬀ age of fifteen years old,
as this is the cutoﬀ in Victorian hospitals for patients to be
treated in an adult facility.
The available literature regarding QoL in extremity
sarcoma patients is heterogeneous in terms of aims and
assessment tools. The most widely used tools were the TESS
and MSTS87 for physical function assessment and the SF-36
for global QoL assessment.
Our review confirmed that physical functioning, pain,
and social functioning of extremity sarcoma survivors are
significantly worse than the general population [17, 18, 23].
Despite poorer function, overall QoL appears to be
comparable to that of the general population. In a study of
long-term survivors of sarcoma, 94% of participants stated
that they felt that the cancer had made them a “better person”
[24]. We were interested in the mechanism underlying the
process of evolving and building resilience to adversity. The
concept of “response shift” has been described by Sprangers
and Schwartz to describe an evolution of internal standards,
values, and conceptualisations in the face of disability such as
that produced by cancer that influences one’s self-perception
of QoL [29]. The concept of “response shift” has been
documented as a coping strategy in the general cancer
literature. Hence, it is possible that survivors of extremity
sarcoma adapt to their physical limitations and “grow”
from their experiences with cancer; physical function is less
important than other factors, such as other psychosocial
variables as described above, in determining their QoL.
Regarding the mental health component of QoL, there
is a mismatch in findings. Studies that use QoL assessment
tools have found that emotional health domains are similar
between sarcoma survivors and the general population.
However, when studies used tools designed to detect psychological distress, the prevalence of distress in the cohorts
ranged from 13.7% to 30.8% for depression and 11.8% to
29.2% for anxiety and 12% for PTSD.
In the Australian wider community, the prevalence of
anxiety disorders is reported to be 14.4%, of which the
prevalence of PTSD is reported to be 6.4%. The reported
prevalence of depression in the general population is 6.2%
[30].
Sarcoma can aﬀect not only the life but also the
livelihood of those it aﬄicts. Job security and the ability to
perform work tasks may be impaired. The time required for
management and recuperation, with imposed or consequent
restrictions may lead to loss of ability to contribute to
the workforce. The ability to work has personal economic,
psychological, and community benefits. Weiner et al. [24]
found that survivors of sarcoma who were unemployed
were more likely to display psychological distress compared to those who were employed. Studies that looked at
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Table 6: Summary of employment characteristics.
Reference

Aksnes et al.
2008 [25]

Correlation of
unemployment with
outcomes

Unemployment rate

Further findings

Unemployment not
significantly associated with
poor functional outcomes

(i) 11% of cohort unemployed
(ii) 50% of cohort reported that
cancer had negatively influenced
employment or educational choices

(i) “Employment and education
opportunities negatively influenced by
cancer” significantly associated with
poor functional and QoL outcomes
(ii) Less than one-third of cohort
involved in physically demanding job

Pardasaney et al.
2006 [11]

Not assessed

Thijssens et al.
2006 [23]

Not assessed

Weiner et al.
2006 [24]

Unemployment
significantly associated
with psychological distress

(i) Patients with below-knee
tumours: 47.4% amputees and
23.3% LSS patients unemployed
(ii) Patients with above knee
tumours: 42.9% of amputees and
33.6% of LSS patients unemployed
11.1% of patients of working age
were unemployed
(i) 35% of cohort unemployed
(ii) 24% of cohort reported having
trouble with keeping up job or
school requirements

“Diﬃculty with keeping up
requirements” significantly associated
with psychological distress

Table 7: Summary of personality characteristics.
Reference
Schreiber et al.
2006 [22]

Personality proxy measure
Optimism (LOT)

Thijssens et al.
2006 [23]

(i) Locus of control
(ii) Satisfaction with treatment

Davidge et al.
2009 [26]

(i) Optimism (LOT)
(ii) Expectations of outcome

Correlation with outcomes
Optimism significantly negatively correlated with poor physical function but no
significant association found with QoL
(i) “Perception of having less involvement in decision making process for
treatment” significantly associated with psychological distress
(ii) Patients who had outcomes consonant with preoperative expectations reported
more satisfaction postoperatively
(iii) Dissatisfaction with treatment was associated with psychological distress
(i) Optimism predictive of good functional and QoL outcomes
(ii) Pessimism associated with having uncertain expectations regarding recovery
following surgery

Table 8: Summary of mental health in extremity sarcoma patients—a reflection from QoL tools.
Reference
Eiser et al. 2001 [17]

QoL tool
SF-36

Davis et al. 2002 [18]

SF-36

Refaat et al. 2002 [19]
Rödl et al. 2002 [20]
Zahlten-Hinguranage
et al. 2004 [21]

Self-reported depression or anxiety
EORTC QLQ C-30
EORTC QLQ C-30

Pardasaney et al.
2006 [11]

Self-reported depression or anxiety

Aksnes et al. 2006
[14]

SF-36

Results
Mental health subscale comparable to general population
Mental health subscale comparable to general population but role
emotional lower than general population
Prevalence in cohort of depression (17–26%), anxiety (22–26%)
Mental health subscale comparable to general population
Not displayed
Patients who had above knee amputations were at an increased risk of
developing anxiety; otherwise, comparable to general population;
prevalence in LSS: depression (30.8%), anxiety (29.2%); prevalence in
amputation cohort: depression (17.6%), anxiety (11.8%)
Poor functional subscales significantly correlated with poor emotional role
functioning
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Table 9: Summary of mental health in extremity sarcoma patients—a reflection from IES, BSI (GSI), and HADS.

Reference
Thijssens et al.
2006 [23]
Weiner et al.
2006 [24]
Paredes et al.
2011 [27]

Tool

Results
Prevalence of PTSD in cohort: 12.2%; RAND-36
emotional subscale scores were comparable to reference
population

IES
RAND-36
IES
BSI
HADS
(distress represented by moderate to severe scores)

employment status in survivors of sarcoma failed to consider
the unemployment rate in the general population during the
timeframe of the study. Other studies on employment could
usefully investigate the obstacles to finding gainful employment following surgery for extremity sarcoma. For example,
pain has been determined to be a major limiting factor in
obtaining gainful employment [23]. This may reflect that
being occupied is a good distraction for pain, or that pain
is a significantly limiting factor for engaging in work-related
activities. Nevertheless, it highlights the importance of good
pain management, with a multidisciplinary, multimodal
approach to pain management. Apart from work, further
longitudinal research into change from baseline sport and
recreational activity participation, including level of participation, is important concerning determinants of QoL.
Personality facets influence perception of health and
QoL. Cognitive interpretations of the locus of control
are influenced by the diagnosis of cancer, which interacts
with personality factors, socioeconomic status, depression,
and anxiety [31]. Few studies had investigated the role of
personality in influencing outcomes in extremity sarcoma
patients.
Our review identified that there is a significant prevalence
of psychological distress in extremity sarcoma survivors.
However, few studies have attempted specifically to correlate
psychological distress with QoL.
Compared to the normal population, people with
chronic disease and cancer such as sarcoma frequently interact with healthcare professionals as part of their followup.
These sessions present opportunities for screening, detection
and management of psychological distress. Certain groups
may be at risk of psychological distress that are not detected
and “fall through the gaps” and, hence, not be managed
eﬀectively. This may account for the near equal prevalence of
current psychological distress symptoms in sarcoma patients
and the normal population where overt depression and
anxiety are detected and managed. No study reported the
incidence of treated psychological distress premorbidly or
during treatment for the sarcoma. Paredes et al.’s [27] finding
that the prevalence of psychological distress wanes with time
highlights the need for longitudinal research to determine
protective factors that enhance resilience in sarcoma patients.
Psychological distress has not been thoroughly investigated
but appears to have an important but poorly defined eﬀect
on outcomes in patients treated surgically for their sarcoma.
Apart from directly aﬀecting QoL, psychological distress may
jeopardise management through negative health behaviours,

77% of cohort displayed psychological distress
Overall prevalence of anxiety: 24.6%, depression: 13.7%

poor decision-making processes, and ineﬀective rehabilitation to regain optimal mobility. Psychological distress
is a modifiable factor through recognition and eﬀective
management strategies. Further research into the detection
and management of mental health needs of patients with
sarcoma is thus important to improve overall outcomes.
There is no gold standard measure of QoL for extremity
sarcoma. The MSTS87, MSTS 93, and TESS assess for
subjective physical function and objective functional impairment only and does not consider other aspects of QoL
that of emotional and social domains. The SF-36 was most
commonly used to assess QoL. It consists of eight equally
weighted scales of QoL assessment. It is a generic subjective
QoL tool that does not take into consideration the unique
considerations that are relevant to the extremity sarcoma
cohort [32]. For example, it may not take into account
the implications of sarcoma as cancer, which may have
implications on a threat to life and symptoms of therapy
(such as nausea and vomiting during chemotherapy). The
EORTC QLQ C-30 may also be inappropriate for use in
extremity sarcoma as high scores during nontreatment times
may be elevated as it assesses symptoms such as nausea,
vomiting, and change in bowel habits. However, it assesses
financial diﬃculties, which may be relevant to the extremity
sarcoma cohort, given that patients may experience adverse
influences with regards to career opportunities.
From our review, we found that diﬀerent variable
diﬀerentially influenced QoL. We found that pain, activity
restriction, and a perception that the cancer negatively
influenced opportunities were associated with poor QoL.
There is, thus, a need to identify the most discriminatory
determinants of QoL in extremity sarcoma patients to
develop an extremity sarcoma specific QoL tool for accurate
measurement of QoL in this unique cohort. Such a tool will
have clinical application in the standardisation of clinical
research that compares diﬀerent treatment modalities.

5. Conclusion
Advancements in technology has revolutionised the management of sarcoma and markedly improved the mortality and
morbidity of sarcoma. This paper has identified directions
for future research, the need for the development of an
extremity-sarcoma specific and age appropriate QoL tool,
and assessment of modulating biological, psychological, and
social factors that influence coping. We propose that a
longitudinal, prospective design would best fit these research

Aims

(1) Compare QoL of sample to normal population
(from previously published data), (2) compare QoL in
LSS versus primary (1o) Amp versus secondary (2o)
Amp (amputation following failed LSS), (3)
qualitatively assess decision making and adaptation to
2o Amp, (4) Identify determinants of QoL

(1) Evaluate function and QoL in patients with
extremity STS, comparing PreRT (higher complication
rate) versus PostRT (higher likelihood of fibrosis) for
wound complication outcomes, (2) To compare
cohort’s SF-36 scores with that of the general
population

Compare LSS versus Amp.
Specific items analysed. ability to ambulate, climb
stairs, drive, employment, sports participation
Anxiety, drug dependence, depression, sleep problems,
limitation of sexual performance, number of children,
menstrual problems

Reference

Eiser 2001 [17]

Davis et al. 2002 [26]

Refaat et al. 2002 [19]

Findings and conclusions
Comparing against normal population. QoL for sarcoma survivors significantly lower
(P < 0.05); emotional functioning and mental health scores equal; physical function,
physical role function, and social function very significantly diﬀerent (P < 0.001).
Comparing LSS versus Amp. QoL equal; LSS less likely to use gait aids; LSS better “daily
competence” (TESS), which is more clearly associated with QoL than compared to Amp.
Authors conclude that this is because LSS have higher expectations, whilst Amp more
resigned to limitations. Daily competence was inversely proportional to age and males
reported better physical functioning compared to females.
Qualitative study on 2o Amp. 80% did not regret initial LSS and felt that was time gained
to allow psychological adaptation to diagnosis and subsequent surgery. This group was
associated with reporting that they were involved in decision-making process regarding
the decision to amputate, that is, they had a sense of control. Conversely, the group who
were not satisfied reported that they had no input into decision to amputate that is, they
lacked a sense of control over the situation.
Comparing RT timing. PreRT more likely to have wound complications requiring
intervention (P = 0.01). Otherwise, timing of radiotherapy has no significant impact on
function.
Trajectory of rehabilitation. Decrease in function from baseline up to 6 weeks, gradual
increase up to 6 months. Mean scores returned to baseline at 1 year. SF-36 followed above
trend, except for social function, role emotional, and mental health subscales that
gradually improved over time, with mean scores at 2-year mark being higher than
baseline.
Comparing to general population. Physical function, role physical, and general health
significantly lower at all timepoints. Vitality social and mental health subscales
approximated the referenced normal population at the 2-year mark. Mental health
significantly lower up to 6 month postoperation mark.
Tumour characteristics as determinants of outcome. MSTS change scores negatively
predicted by lower limb tumour, large resection specimen, and motor nerve sacrifice
TESS, SF-36, and bodily pain change scores negatively predicted by lower limb tumour
and prior incomplete excision. Wound complications had the largest association with low
MSTS and TESS scores.
Gait and mobility. LSS more likely to report a limp (P < 0.04). The more proximal the
surgery, the more likely the patients required gait aids. A third of patients found diﬃculty
with stairs.
Drive. Almost all patients able to drive, independent of surgery.
Sport. Males more likely to engage in sports than females but sport participation rate
independent of surgery. No contact sports except 1 (kickboxing).
Employment and social function. Males more likely than females to be employed and
within males, employment more likely in LSS than Amp (P < 0.04). Marriage in LSS =
Amp. Menstrual irregularities in LSS > Amp (P < 0.0006; 89% of women) (perhaps
secondary to chemotherapy). Active sex life Amp > LSS (P < 0.04; Amp. 88%, LSS 75%).
Amp > LSS to have children (P < 0.00004; Amp. 52%, LSS. 19%). Erectile dysfunction
independent of surgery.

Table 10: Summary of study aims and findings.
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Assess QoL and socioeconomic status versus
normal population

(1) Compare QoL of LSS versus Amp, (2) identify
discriminants of Qol

Correlate function and QoL to type of resection, length
of resection, type of prosthesis, and tumour site

Compare long-term physical function and
psychological outcome between LSS versus Amp at 4
diﬀerent anatomical levels (groups). Below knee (BK),
above knee (AK), and hip and pelvis

Evaluate how functional disability impacts on HRQoL
at 1-year postoperative mark by assigning tools to the
categories of (1) impairment (MSTS87), (2) activity
limitation (TESS), and (3) participation restriction
(RNL), using HRQoL as the outcome (EQ-VAS).

Rödl et al. 2002 [20]

Zahlten-Hinguranage
et al. 2004 [21]

Skaliczki 2005

Pardasaney et al. 2006
[11]

Schreiber et al. 2006
[22]

Findings and conclusions
Mental health. 26% of Amp, 17% of LSS reported feeling periodically depressed. 26% of
Amp, 22% of LSS reported anxiety. LSS = Amp for sleep disturbance, analgesic
requirements, satisfaction, physical function, psychosocial outcomes, and use of gait aids.
Overall satisfaction. longer followup correlated with more satisfaction.
No decrease in psychosocial adaptation and life contentment compared to normal
population (significance values not presented).
12 patients (54.5%) stated that the operation had not aﬀected the choice of profession.
Rotationplasty patients were less contented with job and income but, otherwise, no
significant diﬀerence.
This suggests that rotationplasty is superior over amputation if LSS it not possible
(however, it did not actually compare with amputation).
QoL in LSS = Amp, MSTS scores better with LSS versus Amp; worse with increasing
anatomical level of surgery (though significance not reported).
Determinants of QoL. LSS. physical performance status with sports and recreational
activities (the authors hypothesize that this is because in LSS the disability may not be
apparent and, therefore, participation restriction and reintegration plays a key role in
determinants of QoL); Amp: social acceptability (the authors hypothesize that this is due
to the visible mutilation, there is a greater emphasis on facets of relationships and social
support network) and good self-reported health.
No correlation between functional outcome and QoL with type of implant and length of
resected bone.
Patients with tumour in distal femur had significantly better functional and QoL
outcomes than those with proximal tibial sarcoma.
All patients displayed at least “good” emotional acceptance (“Enthusiastic” n = 13)
Most common complication was infection (11%).
Prevalence of depression and anxiety. BK group—depression. 17.6% (Amp) and 30.8%
(LSS); anxiety. 11.8% (Amp) and 29.2% (LSS). AK group—depression. 40.9% (Amp)
and 17.4% (LSS).
Prevalence of unemployment and no participation in sport. BK group—unemployment.
47.4% (Amp) and 23.3% (LSS); no sport participation. 55% (Amp) and 46.7% (LSS).
AK group—unemployment. 42.9% (Amp) and 33.6% (LSS); no sport participation.
61.3% (Amp), 60% (LSS).
Comparing LSS and Amp. Equal functional and psychological outcomes at BK level. At
AK level, anxiety in Amp > LSS 2.4 times (P = 0.021); Amp > LSS for limp (P = 0.005),
use of walking aid (P = 0.004) and ability to drive (0.05). Amp < LSS in terms of
subjective muscle weakness (0/009). Amp = LSS for perception of good health,
depression, and cosmetic deformity.
The more proximal the level of LSS, the more subjective weakness was likely to be
reported (P < 0.001), the more likely was a limp reported (P = 0.011) and the less likely
was a prosthetic used (0.033).
Mean MSTS = 30.5 (=87.3%), TESS = 88.4, RNL = 97.7, EQ-VAS = 80.5; reexcision rate =
37%. All tools correlated with each other.
Determinants of QoL. when unadjusted for demographic and clinical variables, for
example, complications (wound or nerve/vessel—not graded), MSTS most impact on
EQ-VAS. When adjusted. gender significantly impacted on participation restriction;
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(1) QoL in STS survivors versus normal population
(age matched 2006 Dutch population); (2) identify
determinants of QoL and posttraumatic stress
symptoms (PTSS)

(1) Identify prevalence of psychological distress and
PTSS in long-term survivors, (2) compare prevalence of
psychological distress with that in the normal reference
population according to published data in 1993

Weiner et al. 2006
[24]

Sample was adjusted for demographic and clinical
variables and subject to further analysis

Aims

Thijssens et al. 2006
[23]

Reference

Findings and conclusions
complications impacted on activity limitation and participation and restriction. MSTS
not significantly associated with EQ-VAS; RNL (participation restriction) was only factor
that was significantly associated with EQ-VAS. Concluded that whilst impairment and
activity limitations aﬀect activities of daily living, restriction in participation of life roles
and situations (e.g., employment or leisure activities) has the greatest eﬀect on HRQoL
No association found between radiotherapy (not specified if neoadjuvant or adjuvant)
and functional outcome.
Personality factors on self-reported QoL. Level of optimism did not significantly predict
QoL
Comparing to normal population. STS < normal for physical function (P < 0.001) and
role limitation due to physical problems (P = 0.01).
Employment associated with less pain (P = 0.14). Educational level and having a partner
not related to QoL or PTSS.
Amp versus LSS. Amp < LSS for physical and social function (P = 0.016, P = 0.023),
more role limitations due to physical and emotional problems (P = 0.017, P = 0.014)
Otherwise, Amp = LSS.
Prevalence of PTSS. No Amp patients displayed clinically significant PTSS compared to
26.7% of LSS patients (20.5% of total cohort).
Role of tumour characteristics. Patients who developed metastases had worse physical
functioning (P = 0.034), more role limitations due to physical (P = 0.032) and
emotional (P = 0.004) problems.
Role of involvement in decision making process. Patients who indicated that choice of
treatment was dictated by the surgeon only showed significantly decreased social
functioning (P = 0.057), more role limitation and intrusion (P = 0.23). Higher
satisfaction significantly associated with less intrusion (P < 0.0001) and lower IES scores
(P < 0.0001), with better social functioning (P = 0.024), more vitality (P = 0.046), and
better health perception (P = 0.028).
Determinants of satisfaction. (1) Matching of preoperative expectation with postoperative
outcomes, (2) outcomes better than expected, or (3) Absence of pain.
77% of the cohort displayed significant psychological distress. 12% of the cohort met
criteria for PTSD. IES correlated with GSI.
Male gender = risk factor for untreated psychological distress. Compared to women, men
more likely to display significant psychological distress, have higher IES and avoidance
scores (P < 0.001, P < 0.05, 0 < 0.01, resp.). Compared to normal population, men had
higher GSI scores and displayed more intrusion (P < 0.05, P < 0.001). GSI scores similar
to psychiatric patients.
Reintegration and its association with long-term psychological distress. 24% of participants
reported trouble with keeping up with school/job requirements following treatment.
They scored higher on GSI, PST, and avoidance (all P < 0.05).
Employment. 65% employment rate. Unemployed people more likely to score higher on
GSI (P < 0.05).
Eﬀect of tumour characteristics on mental health. Recurrence showed a trend towards
higher GSI scores (86% versus 56%). Age, stage of disease, and time since diagnosis were
independent of psychological distress. Cognitive adaptation. 94% of participants stated
that they felt they were a better person today as a result of the experience of sarcoma
Social adaptation. Patients who had diﬃculty maintaining friendships during treatment
reported more intrusion (P < 0.05) and avoidance (P < 0.05).
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(1) Evaluate long-term functional outcome following
surgery for osteosarcoma or Ewing’s sarcoma. (2)
Identification of determinants of QoL, for example, by
examining if impaired function influenced QoL and
ability to work. (3) Compare QoL and psychological
distress with normal population

(1) To examine the impact of preoperative outcome
expectations on postoperative function and QoL. (2) To
identify determinants of outcome expectations

(1) Describe prevalence of depression and anxiety
according to phase of treatment in a cross-sectional
study, (2) identify determinants of adjustments in
diﬀerent phases of disease

Aksnes et al. 2008
[25]

Davidge et al. 2009
[26]

Paredes et al. 2011
[27]

Findings and conclusions
Median MSTS = 70% (17–100%); Amp < LSS; P < 0.001; median TESS = 89%
(43–100%); LSS = Amp; P = 0.34.
Resection level. Above knee amputees lower MSTS and TESS; P = 0.003, P = 0.02,
respectively, compared to below knee tumours.
Comparing Amp with LSS. Amp = LSS except for physical functioning, bodily pain, and
physical component summary scale.
Correlates with MSTS ≤ 50%. Lower scores in physical components of SF-36 (P < 0.05)
and emotional role functioning (P = 0.03).
Employment. 31% involved in a physically demanding job. Half of the patients believed
that the cancer had influenced their choice of education or job. Controlling for age at
diagnosis and type of surgical treatment, these people had poorer MSTS, TESS, and
SF-36 scores (P < 0.001 and P = 0.001, resp.).
Activity participation. 84% considered physically active. LSS = Amp and independent of
MSTS score. Chronic muscular pain or stiﬀness people more likely to be physically
inactive; P = 0.004.
Complications (Grade 3 and above) occurred in 23%, of which, 91% were wound-related
complications.
Role of expectations. A significant proportion of people did not know what to expect
regarding length of recovery (28%), complications (27%), and diﬃculties with daily
activities (20%). Uncertain expectations were associated with poorer outcome (P < 0.05)
Pessimism and low educational attainment were associated with uncertain outcomes
This may be mediated through self-eﬃcacy beliefs versus underlying cognitive processing
underpinning the two versus external confounders, for example, psychological distress
aﬀecting both.
Majority of patients had limb sparing surgery . 23.8% in treatment group and 8.3% in
follow-up group had amputation.
Moderate to severe anxiety most prevalent in the Dx (29.3%), followed by Rx (25%) and
Fx (21.3%). Diﬀerence not significant between groups. Patients diagnosed for a longer
time and patients who terminated treatments for a longer time had showed lower anxiety
levels (perhaps reflecting that the emotional distress is normal transitory and allows for
adjustment).
Moderate to severe depression most prevalent in Rx (19.4%)—females had an increased
depression score, followed by Diagnosis phase (19%) and Follow-up phase (6.6%).
Diﬀerence was not significant between groups. Older patients had higher levels of
depression (perhaps reflecting other stressors), whilst depressive symptoms abated with
time since treatment.
Determinants of psychological distress. Dx—presenting status (P = 0.01 for depression,
P = 0.04 for anxiety); recurrence of disease (P < 0.05 for anxiety, P < 0.05 for
depression). Rx—females more likely to have depression (P < 0.5). Fx—time since
diagnosis and time since completion of treatment were negatively correlated with anxiety
(P < 0.5, P < 0.5, resp.), whilst older age and less time since completion were associated
with depression (P < 0.05, P < 0.05, resp.).
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needs. There is also emerging evidence to suggest that
psychological distress is an important but often overlooked
aspect of care. This justifies further research into the
assessment of the role of psychological distress in influencing
overall outcomes following surgery for extremity sarcoma.
We feel that interventional strategies, such as mindfulness
training to reduce the level of psychological distress to
enhance QoL outcomes following sarcoma surgery, are a
worthwhile endeavour, given its promise in other cancers
[33].
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The objective of this study was to investigate the prognostic value of microvessel density (MVD) in uterine leiomyosarcoma (LMS)
and peritumoral area (PA) as evaluated by CD31 expression and argyrophilic nucleolar organizer region (AgNOR) count in
endothelial cells. Tissue specimens from 66 patients with uterine LMS were examined. There were no significant diﬀerences in
the mean MVD between tumor itself and the PA (P = 0.9); moreover, the MVD in the PA often exceeded that in the tumor.
No correlation or significant diﬀerences were also found in the MVD between diﬀerent grades of malignancy of LMS (r = 0.1;
P = 0.07). The number of AgNORs in tumor endothelial cells was significantly higher in tumor vessels than in the peritumoral
area (P < 0.005) and increased with the tumor grade. Analysis of the prognostic value of MVD in uterine LMS and PA showed that
the density of tumor vessels was not an independent criterion, while the MVD in the PA aﬀected 10-year survival to a significantly
greater extent (χ 2 = 27.5; P = 0.0003). The number of AgNORs also had an important eﬀect on survival of LMS patients: when the
threshold of 11.6 granules was exceeded, prognosis was significantly more unfavorable than that prior to exceeding the threshold.

1. Introduction
Uterine leiomyosarcoma (LMS) is a rare, highly malignant
tumor of female reproductive system; according to diﬀerent
studies, its 5-year survival rate varies from 29% to 67.4%
[1]. There are many data on the prognostic significance of
several clinical and pathological parameters in tumors of
the same location: stage, grade of malignancy, and some
molecular biological criteria [2–5]. At the same time, the role
of angiogenesis and the degree of maturity of microvessels in
the prognosis of uterine leiomyosarcoma are of great interest;
however, the literature data on this question are few and
scattered [6].
A peritumoral area (PA) of any malignant tumor has
a special biological role. It is this area that we keep in
mind when speaking about “a tumor field area,” because in
this area the tumor starts to grow and spread. Changes in

tissues not involved in malignant growth are of interest
for detecting background processes contributing to tumor
growth. The peritumoral area can be characterized by a
number of quantitative measures considering morphological
characteristics of histohematic barrier, patterns of proliferation of cell populations, and their relationships with each
other, including elements of microvasculature [7].
Angiogenesis is essential for the growth and metastatic
dissemination of tumors of various locations. At the same
time, it is well known that the antiangiogenic therapy
(including targeted therapy, e.g., Avastin) can be used to
inhibit tumor neoangiogenesis [8–11]. However, the eﬀect of
peritumoral vessel growth on the tumor outcome has been
poorly studied [12–14]. There is evidence that the degree of
vessel density in the central part of tumor and peripheral area
(invasive compartment) has a great clinical significance [15].
The degree of MVD in tumor is currently widely assessed
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by CD31 protein expression. This protein is a marker that
can selectively detect glycoprotein of 130 kDa in vascular
endothelial cells, thereby contributing to the assessment of
vascularization and consequently tissue vessel density [16].
A nucleolus is an organoid in an interphase cell nucleus,
the site of ribosome biogenesis. An increase in the nucleolus
size and ribosome biogenesis is observed in all mammalian
cells stimulated for proliferation and in tumor growth [17].
At the same time, the number of highly active types of
nucleoli (nucleolonemic and compact nucleoli) is increased,
and the number of low active nucleoli (ring-shaped nucleoli
and fibrillar centers) is decreased. One of interesting and
promising methods for determining the rate at which cells
do mitosis is the assessment of the number of argyrophilic
nucleolar proteins (AgNORs) regulating the activity of
ribosomal genes [18, 19]. The AgNOR expression depends
on the cell cycle, with minimal expression in the G0 phase
and the highest expression in the S and G2 phases, and
the degree of this expression depends mainly on the tumor
growth rate and grade. The structure and functions of
interphase AgNORs are qualitatively important parameters
of cell, both in normal cells and in tumor growth, which
aﬀect the clinical course of malignant tumors. The number
of AgNORs during interphase is strictly connected with
rDNA transcription activity and upregulates this process
during continuous cell proliferation [20, 21]. Therefore,
the assessment of AgNOR activity makes it possible not
only to detect the fraction of proliferating cells but also to
assess the rate of proliferation [22–24]. In addition, there is
evidence that the number of AgNORs may be an indicator
of cell maturity [25]. This conclusion is especially important
for assessing the rate of neovascularization and the degree
of vessel maturity in uterine LMS and for estimating the
eﬀect of this parameter on some clinical and morphological
parameters, including prognosis. However, there are no data
on the number of AgNORs in leiomyosarcoma microvascular
endothelial cells, although the AgNOR activity in uterine
smooth muscle tumors was shown to have an exponential
rise from ordinary LMS to peak values in high-grade LMS,
with tumor myocytes used as an object of study [26–29].
Therefore, the objective of this study was to investigate
the prognostic value of MVD in uterine LMS and PA as
evaluated by CD31 protein expression and AgNOR count in
endothelial cells.

2. Materials and Methods
2.1. Patients. A retrospective study was performed using data
on uteri removed from patients with fast growing tumors
of the uterine body from 1996 to 2009 in Altai Krai of
the Russian Federation. The clinical picture included pain,
bleeding, and twofold or more increase in tumor size as
shown by ultrasound within a year. In LMS cases, extirpation
of the uterus and its cervix and appendages was performed
most often (86.4%). The study sample comprised 66 cases
with uterine LMS in surgically treated patients with known
prognoses. Mean age of LMS patients was 52.1 ± 1.3 years
(min 23; max 77; mode 50). Almost 80% of LMS patients
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Table 1: Clinical characteristics of patients under study.
Clinical characteristic
Stage according to FIGO classification
I
II
Age
<50 years
50 years
Type of surgery
Supravaginal amputation of the
uterus and appendages
Extirpation of the uterus and
appendages
Tumor size
Postoperative chemoradiotherapy
Recurrence and/or metastases

Index
n = 43 (65.2%)
n = 23 (34.8%)
n = 26 (39.4%)
n = 40 (60.6%)
n = 9 (13.6%)
n = 57 (86.4%)
7.3 ± 4.4 (min: 1, max: 19,
moda: 3)
n = 37 (56.1%)
n = 13 (19.7%)

were pre- and postmenopausal women. The rest part of
patients was reproductive-aged women, who were operated
in the second half of their menstrual cycle. Single tumor
nodes were observed in 89.4% of cases; multiple tumor nodes
in 10.6% of cases. Tumor grade was determined using 3grade system (FNCLCC grading system proposed by the
National Federation of French Cancer Centers) correlating
with survival of patients with sarcomas of diﬀerent locations,
which is based on 3 parameters: tumor diﬀerentiation,
mitotic activity, and tumor necrosis, with summing the
scores obtained for each of these 3 parameters [30]. FIGO
classification was used for staging tumors.
A radical operation (extirpation of the uterus and appendages) was performed in most patients (n = 57; 86.4%),
and the supravaginal amputation of the uterus and
appendages was performed in the rest of patients, often
of reproductive age (Table 1). Tumor size varied from 1
to 19 cm and was, on average, 7.3 ± 4.4 cm. Postoperative chemoradiotherapy was performed in 56% of cases.
Adriablastin and cyclophosphane were most often used for
chemotherapy; hormone therapy was used in two cases only.
Postoperative tumor recurrence was observed in 13 (19.7%)
patients. One (7.7%) patient developed LMS recurrence in
the small pelvis and parietal and visceral peritoneum; 4
(30.8%) patients had metastases to the pelvic, paraaortic,
and mesenteric lymph nodes; 8 (61.5%) patients had delayed
metastases to the lungs. Recurrence and/or metastases
occurred at a mean follow up of 3 to 4 years. To perform a
comprehensive assessment of prognostic factors, all clinical
characteristics included into Table 1 were further assessed
using a multivariate analysis of survival criteria.
2.2. Tissue Specimens. Tumor specimens were taken from
the central and peripheral parts of tumors. In addition, the
PA (not more than 0.5 cm from a tumor) was examined in
each case. Specimens were fixed in 4% neutral formalin not
later than 1 hour after extirpation of the uterus. Histological
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techniques included hematoxylin and eosin staining and Van
Giesons’s method for collagen fibers.
2.3. Immunohistochemical Reaction for CD31. After fixation
in 4% formalin buﬀer solution, tissue samples were embedded in paraﬃn, and 4 μm thick sections were placed on polyL-lysine-coated glass slides and were dried at 55◦ C for 35 min
in a thermostat. Then the sections were cleared from paraﬃn
with 2 changes of toluene for 5 min at room temperature
and rehydrated in a graded series of ethanol (96%–70%).
Further stages were performed at room temperature in a
wet chamber. To unmask the antigens, we used a water bath
for 35 min (BULL1000MX, Biocare, USA). The endogenous
peroxidase was blocked with 3% hydrogen peroxide for
5 min. TRIS buﬀer was used before and after blocking
procedure (4 Helendahel vials for 3 min) and then after
each subsequent procedure. For immunohistochemical assay,
anti-CD31 antibodies (mouse monoclonal, clone JC70A,
DAKO) (not more than 1 : 10 dilution) were used. The preparations were incubated for 30 min. At the final stage, Super
Sensitive Polymer-HRP Detection System/DAB (BioGenex)
was used with DAB chromogen and further counterstaining
of nuclei with Meyer’s hematoxylin. Vascular endothelial cells
that stained positively for CD31 were counted. To count
MVD, a quantitative estimation was performed in absolute
values at an area of 0.73 mm2 in a ×200 field (not less
than 3 fields were estimated, and average counts of the
three fields were recorded), as proposed by Matsuyama et
al. and Bosari et al. [14, 31]. For this purpose, an area
with maximum concentration of vessels was identified at
low magnification (×40; ×100). Then MVD was counted at
a greater magnification ×200 (×20 objective lens and ×10
ocular lens; 0.73 mm2 per field). Not less than three fields
were examined. All vessels (both mature and immature)
positive for CD31 were counted. Because CD31 can be
found on macrophages, osteoclasts, platelets, and some cells
engaged in immunopoiesis, to prevent diagnostic mistakes,
we assessed only vascular structures with distinct (slotlike, tubular, or polymorphous) lumens and with positively
stained suprabasal confluent endotheliocyte layers. Single
positively stained mesenchymal smooth muscle cells were
not counted. Large vessels with hyalinized walls were not
counted. Skin capillary hemangioma served as a positive control. Results were assessed by two independent pathologists.
2.4. AgNOR Counting. AgNORs of human endotheliocytes
were stained with 50% AgNO3 solution (Bio-Optica, Milan)
according to Howell and Black, 1980 [32], as modified by
Korneyev et al., 2000 [33]. The main diﬀerence of this
modification is that before silver staining of preparations, the
latter were treated with 2N formic acid solution for 20 min
to reduce deposition of silver outside nucleoli and facilitate
the count of argyrophilic granules. After silver staining,
the preparations were thoroughly rinsed in distilled water,
counterstained in 0.1% methyl green water solution for 20 s,
and mounted in polystyrene. In each case, a mean number of
nucleoli and silver grains per 1 endotheliocyte nucleus were
counted in not less than 120 cells.

Figure 1: The number of AgNORs of vascular endothelial cells
in native myometrium, as estimated using AgNO3 . The number
of argyrophilic granules in endotheliocyte nuclei from diﬀerent
areas of microvessels is not more than 2-3 granules per 2 ringshaped nucleoli. The arrows are pointing at endothelial cells with
argyrophilic granules.

3. Statistical Analysis
The cumulative proportion of 10-year survival was estimated using the Kaplan-Meier method [34]. To assess the
prognostic value of MVD, number of AgNORs of vascular
endothelial cells in the PA and LMS, patient’s age, and tumor
size, threshold values representing mean values of indicators
under study were used. This method has been proven to
be eﬀective for assessing molecular biological criteria of
survival (ploidy, number of AgNORs in tumor cells, Ki-67,
and p53) for some tumor locations: breast cancer, colorectal
cancer, rhabdomyosarcoma, and LMS of uterus body [35–
38]. Analysis of diﬀerences between survival curves was
performed. For statistical hypothesis testing of mean values,
the following nonparametric tests were used: Kruskal Wallis
one-way test, Mann-Whitney U test, Kolmogorov test, and
Spearman’s rank correlation coeﬃcient (r). Diﬀerences were
significant at P < 0.05. Statistical processing was performed
using software package STATISTICA 6.0.

4. Results
4.1. AgNOR. Our findings showed that peritumoral tissues
were characterized by modules of mature microvessels with
terminally diﬀerentiated endothelial cells and a small number of AgNORs. Tumor vessels were most often immature
capillary and postcapillary microvessels with immature fastgrowing endothelial cells and a large number of AgNORs.
The number of AgNORs of vascular endothelial cells in the
PA was low (1.85 ± 0.1), with predominance of ring-shaped
nucleoli (Table 1, Figures 1 and 3(a)).
At the same time, the number of AgNORs of vascular
endothelial cells in tumor was significantly higher than
that in the PA (1.85 ± 0.1 versus 11.6 ± 3.4), and more
active nucleolonemic nucleoli began to dominate (Table 2,
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Table 2: The number of AgNORs of endothelial cells and the MVD in the PA and LMS of diﬀerent stages and grades of malignancy.
Object of study

PA (n = 66)

Sarcoma of diﬀerent grades of
malignancy

Sarcoma of diﬀerent stages

∗ Diﬀerences

# Diﬀerences

G1
(n = 30)
G2
(n = 17)
G3
(n = 19)
I
(n = 43)
II
(n = 23)

CD31
64.4 ± 4.4
(min—10; max—104)
79.3 ± 8.5
(min—9.0; max—201)
68.2 ± 16.6
(min—8.6; max—268)
59.1 ± 9.1
(min—13; max—148)
80.7 ± 8.3
(min—9; max—268)
52.2 ± 8.7
(min—8.6; max—148)

AgNORs of endothelial cells
1.85 ± 0.1∗
(min—1; max—3)
8.3 ± 5.3#
(min—3; max—13)
9.8 ± 1.5
(min—2; max—14)
16.7 ± 4.8#
(min—5; max—62)
10.3 ± 1.5
(min—3; max—32)
13.5 ± 4.3
(min—5; max—62)

in the number of AgNORs of endothelial cells in the PA and LMS at P ≤ 0.05.
between groups of diﬀerent grades of malignancy at P ≤ 0.05.

4.2. MVD (CD31). The MVD in the PA was on average
rather lower than vessel density in the tumor (64.4 ± 4.4 versus 68.8 ± 11.4), although the diﬀerences were nonsignificant
and with a marked statistical excess (P = 0.9; excess = 2.3;
Table 2, PA: Figures 4(a), 4(c), and 4(e); tumor: Figures 4(b),
4(d), 4(f), and 5(a)). We found no correlation or relationship
of the MVD with the stage and grade of LMS (r = 0.1). For
example, the MVD was 79.3 ± 8.5 in low-grade LMS and was
59.1 ± 9.1 in high-grade LMS; diﬀerences were nonsignificant
(Table 2, Figures 4(b), 4(d), 4(f), and 5(b)). We also found
no correlative relationship between the MVD in both tumor
and peritumoral tissue and the tumor size (r = 0.13 and 0.21,
resp.).

Figure 2: The number of AgNORs of vascular endothelial cells in
sarcoma, as estimated using AgNO3 . The number of argyrophilic
granules in endotheliocyte nuclei from diﬀerent areas of microvessels is more than 2-3 granules per 2 ring-shaped nucleoli. The
arrows are pointing at endothelial cells with argyrophilic granules.

Figures 2 and 3(a)). Note that as the tumor grade increased,
the number of AgNORs in endothelial cells increased from
8.3 ± 5.3 granules at grade 1 phase to 16.7 ± 4.8 granules in
high-grade sarcoma (Table 2, Figures 2 and 3(b)).
There was a moderate correlation between the tumor
grade and the number of AgNORs of vascular endothelial
cells in tumor (r = 0.36; P = 0.03). There was no correlative
relationship of the number of AgNORs of vascular endothelial cells in the PA with the tumor grade and the size of tumor
node (r = 0.21; P = 0.1; r = 0.22). In addition, we found no
dependence of the number of AgNORs of endothelial cells in
the tumor and in the PA on the number of tumor nodes and
the tumor stage.

4.3. Prognosis. Analysis of the eﬀect of MVD in tumor and
peritumoral tissue on the survival of patients with uterine
LMS is of special interest. For calculations, mean (threshold)
values were used for parameters under study: 1.85 (1.9) and
11.6 for AgNOR proteins of vascular endothelial cells in the
tumor and the PA, respectively, and 64.4 and 71.4 for the
MVD in the peritumoral tissue and tumor, respectively. The
Kaplan-Meier cumulative survival analysis showed that the
total 5-year and 10-year survival rates, without considering
tumor grade and stage, were 0.52 ± 0.06 and 0.35 ± 0.08%;
respectively, median was 5.6 years (Figure 6).
Our findings showed that the MVD in the PA aﬀected the
survival of LMS patients to a greater extent than the MVD in
the tumor itself. For example, for the peritumoral MVD of up
to threshold level of 64.4 per 0.73 mm2 , the 5-year survival
rate was 0.79 ± 0.097%, and the 10-year survival rate was
lower—0.63 ± 0.01% (Figure 7(a)).
However, when the threshold level was exceeded, the
survival was significantly decreased: the 5-year survival rate
was 0.20 ± 0.09%, and none of patients survived 10 years. At
the same time, survival of LMS patients, depending on the
MVD in the tumor itself, virtually did not diﬀer from that
both at the mean level of MVD of 71.4 per 0.73 mm2 and
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Figure 3: The number of AgNORs of endothelial cells in the PA and LMS: (a) total and (b) at diﬀerent grades of malignancy of LMS. Data
are presented as median/quartile/range.
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Figure 4: MVD (as evaluated by CD31 expression) in LMS vessels ((b), (d), (f)) and peritumoral area ((a), (c), (e)). Immunohistochemistry
technique, magnification ×200. There were no significant diﬀerences in the MVD between LMS and the PA. MVD in LMS at grade 1 phase
(b) was higher than at grade 2 and grade 3 phases; however, in each tumor case, indices varied in the same manner as the MVD in the PA. A
positive control for CD31 (capillary hemangioma, ×400) is shown in the left upper corner.

at higher values. For example, the 5-year survival rate was
0.62 ± 0.01% at the MVD of 71.4 and was 0.39 ± 0.09% when
the mean MVD level was exceeded (P = 0.9), and the 10-year
survival rate was 0.49 ± 0.02 and 0.31 ± 0.011%, respectively
(P = 0.9; Figure 7(b)). Analysis of the significance of the
number of AgNORs for the 10-year survival showed that the
10-year survival rate was 0.44 ± 0.09% when the number of

granules in vascular endothelial cells in the PA did not exceed
the mean level of 1.9 and was 0.32 ± 0.073 when the mean
level was exceeded; diﬀerences were nonsignificant (P > 0.3).
At the same time, analysis of the eﬀect of the number of
AgNORs of tumoral vascular endothelial cells on patient
survival showed that the 10-year survival rate was 0.62 ±
0.012% when the number of granules in tumoral vascular
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Figure 5: MVD in the PA and LMS: (a) total and (b) at diﬀerent grades of malignancy of LMS. Data are presented as median/quartile/range.
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Figure 6: Cumulative proportion of 10-year survival of LMS patients.

endothelial cells did not exceed the mean level of 11.6, and
none of patients survived 10 years when the mean level was
exceeded (P < 0.05; Figures 8(a) and 8(b)). The multivariate
analysis showed that the number of AgNORs of endothelial
cells in the PA and LMS had an insignificant prognostic
impact, and its correlation with the 10-year survival rate was
nonsignificant (χ2 values 0.01 and 1.9, resp.).
Our findings on the prognostic value of the number
of AgNORs of vascular endothelial cells in the tumor and
the MVD in the PA are rather interesting and controversial.

A comparison of survival curves depending on these indices
showed rather similar results. In fact, for the peritumoral
MVD of up to threshold level, the 5-year survival rate was
0.79 ± 0.097, and the 10-year survival rate was 0.63 ±
0.01, and when the threshold level was exceeded, the 5-year
survival rate was significantly lower (0.20 ± 0.09), and none
of the patients survived for 10 years (Figure 7(a)). This was
consistent with the number of AgNORs of endothelial cells
in the tumor: for up to threshold level, the 5-year survival
rate was 0.69 ± 0.077 and the 10-year survival rate was
lower (0.62 ± 0.012%), and when the threshold level was
exceeded, the 5-year survival rate was 0.31 ± 0.08, and none
of the patients survived for 10 years (Figure 8(b)). Thus, we
found rather diﬀerent survival indicators with comparable
tendencies. However, a further multivariate analysis did not
show high χ2 values for the number of AgNORs of vascular
endothelial cells in the tumor, which might be explained by
a close correlation of this indicator with the proliferative
activity of tumor cells (at r = 0.58), whereas in the univariate
analysis of the prognostic value of indicators, this indicator
had rather high values (Z = 1.5), although lower than those
for the MVD in the PA (Z = 3.3), but these tendencies need
further investigation.
In a Cox regression multivariate analysis of microvasculature development, the MVD in the peritumoral area was
the only independent prognostic indicator among the factors
that were assessed to determine an independent factor of 10year survival (Table 3).
This pattern was expressed as follows: even with a low
MVD in the tumor but a high MVD in the PA, tumor
prognosis was significantly more unfavorable than that in the
reverse situation (Figure 9).
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Figure 7: Cumulative proportion of 10-year survival of LMS patients, depending on the MVD in the PA (a) and the MVD in the tumor (b).

5. Discussion
Today there are many studies that focus on neoangiogenesis
and MVD in tumors of diﬀerent locations. Tumor angiogenesis and MVD were shown to result in the rapid tumor
progression and increased invasivity and metastatic activity.
The relationship to metastasis was found in non-small-cell
lung cancer [14] and breast carcinoma [39, 40]. According
to data reported by some investigators [41, 42], angiogenesis
is an independent prognostic factor in breast carcinoma
and prostate cancer. However, despite certain progress in
this area, there are many unsolved questions regarding not
only the role of vessels in tumor progression but also the
significance of peritumoral MVD and the eﬀect of this factor
on patient survival in some malignant neoplasias [12–14].
Several changes have recently been detected in morphologically intact tissues, tumor field area, or PA [43, 44];
however, data on angiogenesis in this area are few and contradictory.
Our findings showed that MVD did not depend on the
tumor stage, size, and grade in uterine LMS. Moreover, we
found no significant diﬀerences or correlation in the MVD
between the tumor and the PA, and statistical dispersion was
significant in both the tumor and the PA. In some cases,
there were tumors with a marked MVD in the tumor and low
MVD in the PA and with a great number of vessels in the PA
and a small number of vessels in the tumor. The number of
AgNORs of endothelial cells in the tumor and the PA was also
not associated with the tumor size and stage, although there
was a clear relationship with the tumor grade (r = 0.36).

Correlation between the degree of angiogenesis and
MVD and proliferative activity of endothelial cells remains
incompletely understood [40], and correlation with vessel
growth rate has been poorly studied. We accept the opinion
that the number of AgNORs is an indicator of cell division
rate and consequently cell growth rate [45–48] and consider
it possible to conclude that the number of AgNOR granules
in endothelial cells reflects the endothelial proliferation rate.
Our findings are in line with data reported in [49], which
showed that endothelial cells of terminally diﬀerentiated
microvessels usually had 1-2 ring-shaped nucleoli with single
large fibrillar centers, and immature proliferating endotheliocytes contained large nucleolonemic nucleoli with multiple fibrillar centers. Our findings indicate the relationship of
the MVD and proliferation rate in LMS with some clinical
morphological parameters, including prognosis. The mean
number of AgNORs in endothelial cells was reflected during
analysis of survival of patients with uterine LMS, when
the increased vessel growth rate (even without a marked
density of tumor vessels) was associated with a decreased
10-year survival. According to the data in the literature, the
number of AgNORs has been proven to be a prognostic
factor for malignant neoplasms of diﬀerent locations: in
Cox multivariate analysis, the number of nucleolar organizer
regions and the histological type were the main prognostic
factors predicting the outcome in laryngeal cancer, and their
prognostic value was higher than that of Ki-67 expression
[50]. Interestingly, on the one hand, the authors showed
that the number of AgNORs was an independent prognostic
factor in malignant tumors of diﬀerent locations: oropharyngeal cancer (variation 7.13–16.1; mean 11.1), multiple
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Figure 8: Cumulative proportion of 10-year survival of LMS patients, depending on the number of AgNOR proteins in peritumoral (a) and
tumoral (b) endothelial cells.

Table 3: Significance of prognostic criteria as evaluated by Cox regression multivariate analysis.
Clinical and pathological feature
Stage (according to FIGO)
pTNM category
Age
Type of surgery
Tumor size
Chemoradiotherapy
Recurrence/metastases
Grade of malignancy
AgNOR in peritumoral area
AgNOR in tumor
MVD (CD31) in peritumoral area
MVD (CD31) in tumor

χ2
9
10.9
6.5
0.2
0.17
2.3
9.6
14.2
0.01
1.9
27.5
0.1

P
0.002
0.0009
0.01
0.8
0.7
0.1
0.02
0.0002
0.9
0.1
0.0003
0.8

myeloma (variation 2.2–9.9; mean 4.4.), malignant thymoma
(variation 3.2–12.2; mean 5.6), breast cancer (variation 4.5–
13.5; mean 7.4), prostate carcinoma (variation 4.1–13.4;
mean 7.8), and colorectal cancer, and on the other hand,
the variation in the number of AgNORs was very high for
tumors of diﬀerent locations [37, 51]. In our previous papers,
the multivariate analysis of survival criteria showed a high
prognostic value of the number of AgNORs in uterine LMS
cells (χ 2 = 13.4); however, we did not assess the number of
AgNORs in vascular endothelial cells [52].
In addition, we find that the number of AgNORs of vascular endothelial cells in the tumor itself is higher than that

Figure 9: Patient N. aged 57 years, low MVD in the tumor and high
MVD in the PA; died within 2 years after surgical operation.

in the peritumoral area, which may be indirectly explained
by the MVD. However, both the MVD and the number
of AgNORs are qualitatively diﬀerent indicators that do
not always show concordant increases or decreases. A large
number of AgNORs of vascular endothelial cells in the tumor
to some extent reflect the rapid vascular growth, and the
MVD is the final stage of angiogenesis. Therefore, we looked
for higher MVD values in the tumor, as compared to the PA,
but with a substantial spread of mean values. In some cases,
with the large number of AgNORs of vascular endothelial
cells in LMS, the MVD in the PA was higher than that in
the tumor itself. This could be explained by the fact that,
in certain cases, a high MVD in the PA is constitutional
(physiological) rather than a result of angiogenesis. In
these cases, the number of AgNORs of vascular endothelial

Sarcoma
cells in the PA was not large. Because a large number of
AgNORs and consequently a high activity of AgNORs
indicate the immaturity of both tumor and normal cells
(e.g., diﬀerentiated gastric epithelial cells in the regenerative
mucosa), we suggest that the high activity of proteins in
endothelial cells in LMS may indicate their immaturity. A low
activity of proteins in vascular endothelial cells in the PA may
indicate their maturity. Therefore, we may suggest that, in
some cases, the high MVD in the PA indicates a physiological
condition characteristic of a certain individual rather than
a marked angiogenesis. Considering that peritumoral vessels
are module-type vessels, with a low activity of AgNORs in
mature endothelial cells, we may suggest that peritumoral
angiogenesis is rare or mild, and the MVD is a constitutional
feature that is virtually unchangeable. Our findings are
consistent with those of Hollemann et al., 2012, as to the
fact that high vessel density, cell immaturity, and structurally
abnormal vessels with barely any activity were found in
tumor tissue, whereas the peritumoral tissue vessels showed
a mature architecture with tight endothelial cell-pericyte
interaction; however, our findings are not consistent with the
fact that peritumoral tissue vessels showed a high activity
of angiogenesis [53]. Our argument is that, with high
angiogenesis, the normal module-type architecture will have
no time to form, and high expression of CD133/VEGFR2
may simply reflect the cell receptor status. Therefore, instead
of high angiogenesis in the PA, we speak about the variation
in the MVD in this area, with the MVD higher in the PA
as compared to the tumor itself in some cases, which led
to an unfavorable outcome. Our findings are consistent to
some extent with those of Al-Najar et al., 2012, who showed
that survival of 61 patients with squamous cell carcinoma
of the penis directly depended on the peritumoral MVD
and did not depend on the tumor MVD [54]. According
to their findings, a high peritumoral MVD, compared to
low peritumoral MVD, was associated with a better 5-year
overall survival (75% and 30%, resp.). Our findings were
quite the opposite: a high peritumoral MVD, compared to
low peritumoral MVD, was associated with a significantly
poorer prognosis. At the same time, we agree with the
opinion on a statistical excess of MVD in the PA and the
tumor itself, which varies individually and separately in each
case. In addition, our findings are comparable with those
of Poncelet et al., 2004, who detected a relatively larger
MVD in normal myometrium, as compared to the MVD in
LM and LMS, although with significant variation of values
(107.0 ± 53.6, 66.2 ± 55.4, and 64.4 ± 44.2, resp.) by the
level of CD34, CD31, and VEGF expression [55]. At the same
time, the authors believe that increased angiogenesis in LMS
rather than the PA correlated with the tumor recurrence and
prognosis. This is rather inconsistent with our opinion.
The number of AgNORs in the nucleus reflects not
only the rate at which cells do mitosis but to a greater
extent the cell proliferation rate. Correlation between Ki67 and AgNOR expression was shown in several papers.
For example, in breast cancer samples double-stained for
Ki-67 and AgNOR, the number of argyrophilic granules in
nuclei was higher in cells with Ki-67 expression, compared
to cells without Ki-67 expression. A high correlation with the
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number of AgNORs and the granule area was observed (r =
0.53, P ≤ 0.01) [56]. For cell cultures with a high correlation
between MIB-1 and AgNOR expression, a conclusion was
made that a combination of these two markers, with the
calculation of the proliferating cell pool, will be useful for
measuring the cell proliferation rate in normal and malignant tissues [24]. The same conclusion on the correlation
between AgNOR and other markers of cellular proliferation
(MIB-1, PCNA, BrdU-labeling, and rRNA transcription
activity) was made by another group of researchers [57].
When analyzing the prognostic value of Ki-67 in LMS, the
authors concluded that this marker alone could be used as a
survival indicator in LMS patients, although combination of
tumor size, mitotic index, and Bcl-2 and CD163 expression
worked even better [58]. In our work, we show the necessity
to search for combined survival models using several markers
to give an individual prognosis for LMS.
Notably, the peritumoral MVD aﬀected the survival of
LMS patients to a greater extent than the MVD in the tumor
itself. At first sight, these findings may seem paradoxical;
however, in our opinion, they indicate the significance of
angiogenesis in the PA. In our opinion, peritumoral vascular
modules have a more functional structure and are not
excluded from circulation in the organ (in our situation, the
uterus) and the whole body, while tumor vessels are less suitable for supplying the tumor and metastatic spread of tumor.
It is therefore likely that tumor cells stimulate angiogenesis
in the PA, and invasion of vessels, with usually subsequent
metastatic spread, more often occurs at the tumor periphery.
Thus, analysis of prognostic value of MVD in uterine
LMS and PA showed that the tumor vessel density was not
an independent criterion, while peritumoral MVD aﬀected
10-year survival to a significantly greater extent. These data
may have not only theoretical but also practical value.
Today clinical repertoire includes antiangiogenic therapy
(including targeted therapy, e.g., Avastin) to inhibit tumor
neoangiogenesis and probably peritumoral vessels in LMS,
as compared to vessels of the tumor itself, must be exposed
to antiangiogenic therapy to a greater extent. However, this
idea needs further thorough investigation.
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J. M. Nesland, “Immunohistochemical analysis of p53 protein
in uterine sarcomas,” Gynecologic Oncology, vol. 70, no. 1, pp.
45–48, 1998.
I. R. Gagua, V. V. Kuznetsov, N. I. Lazareva, V. M. Nechushkina, N. I. Zakharova, and J. A. Zavolskaya, “Prognosis factors
and therapy strategy for treating uterine leiomyosarcoma
patients,” Vestnik Blokhin Cancer Research Center, vol. 3, pp.
23–29, 2007.
J. Folkman, “The role of angiogenesis in tumor growth,”
Seminars in Cancer Biology, vol. 3, no. 2, pp. 65–71, 1992.
J. Folkman, “Tumor angiogenesis: therapeutic implications.,”
The New England Journal of Medicine, vol. 285, no. 21, pp.
1182–1186, 1971.
J. Folkman, “What is the evidence that tumors are angiogenesis dependent?” Journal of the National Cancer Institute, vol.
82, no. 1, pp. 4–6, 1990.
W. D. Beecken and Y. Shing, “Tumorangiogenese und antiangiogenesetherapie maligner tumore,” Urology and Urogynecology, vol. 7, no. 3, pp. 7–14, 2000.
T. F. Hansen, F. B. Sørensen, K. L. G. Spindler et al., “Microvessel density and the association with single nucleotide polymorphisms of the vascular endothelial growth factor receptor 2 in
patients with colorectal cancer,” Virchows Archiv, vol. 456, no.
3, pp. 251–260, 2010.
H. M. W. Verheul, E. E. Voest, and R. O. Schlingemann, “Are
tumours angiogenesis-dependent?” The Journal of Pathology,
vol. 202, no. 1, pp. 5–13, 2004.
R. Rajaganeshan, R. Prasad, P. J. Guillou et al., “The influence
of invasive growth pattern and microvessel density on prognosis in colorectal cancer and colorectal liver metastases,” British
Journal of Cancer, vol. 96, no. 7, pp. 1112–1117, 2007.
K. Matsuyama, Y. Chiba, M. Sasaki, H. Tanaka, R. Muraoka,
and N. Tanigawa, “Tumor angiogenesis as a prognostic marker
in operable non-small cell lung cancer,” Annals of Thoracic
Surgery, vol. 65, no. 5, pp. 1405–1409, 1998.
E. Kaio, S. Tanaka, Y. Kitadai et al., “Clinical significance of
angiogenic factor expression at the deepest invasive site of
advanced colorectal carcinoma,” Oncology, vol. 64, no. 1, pp.
61–73, 2003.
D. V. Parums, J. L. Cordell, K. Micklem, A. R. Heryet, K. C.
Gatter, and D. Y. Mason, “JC70: a new monoclonal antibody
that detects vascular endothelium associated antigen on routinely processed tissue sections,” Journal of Clinical Pathology,
vol. 43, no. 9, pp. 752–757, 1990.
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Sarcomas are a heterogeneous group of mesenchymal malignancies that very often lead to death. Nowadays, chemotherapy is the
only available treatment for most sarcomas but there are few active drugs and clinical results still remain very poor. Thus, there
is an imperious need to find new therapeutic alternatives in order to improve sarcoma patient’s outcome. During the last years,
there have been described a number of new molecular pathways that have allowed us to know more about cancer biology and
tumorigenesis. Sarcomas are one of the tumors in which more advances have been made. Identification of specific chromosomal
translocations, some important pathways characterization such as mTOR pathway or the insulin-like growth factor pathway,
the stunning development in angiogenesis knowledge, and brand new agents like viruses have lead to the development of new
therapeutic options with promising results. This paper makes an exhaustive review of preclinical and clinical evidence of the most
recent targeted therapies in sarcomas and provides a future view of treatments that may lead to improve prognosis of patients
aﬀected with this disease.

1. Introduction
Sarcomas are a rare and heterogeneous group of malignant
tumors of mesenchymal origin. They can occur through
all the lifespan and aﬀect patients of all ages, although
certain specific subtypes are more frequent in children
and young adults. Almost every part of the body may be
involved, bone and soft-tissue being the most typical place
of arising. Sarcomas are associated with bad prognosis and
approximately 50% of all patients develop metastases even
if they are diagnosed at early stages. Lungs are the most
frequent site of dissemination and metastases are the final
cause of death in almost all these patients [1]. These high
mortality levels make sarcomas one of the most challenging
tumors in oncology.
For most sarcomas, chemotherapy is currently the only
available treatment. Unfortunately, a very limited number of
useful drugs are active against this disease and responses used
to be poor and short. In fact, advanced-stage patients treated

with the most active drugs in this disease (anthracyclines
and ifosfamide) achieve only a median survival of around
1 year [2]. Thus, it is necessary to identify new agents to
improve therapy for patients aﬀected by this often mortal
condition.
In the last years, great advances have been made in the
understanding of sarcomas’ molecular biology [3]. Consequently, new targeted compounds have been developed and
tested in order to improve eﬃcacy and outcome achieved
with classic drugs. This paper will extensively review the
most relevant pathways in soft tissue and bone sarcomas and
the preclinical and clinical experience with the most recent
targeted therapies.

2. Angiogenesis
In the last years, angiogenesis has been one of the most
studied processes in tumor biology with interesting results.
Patients with several malignancies such as renal cancer or
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colorectal cancer are currently being treated with angiogenic inhibitors alone or in combination with conventional
chemotherapy. These patients achieve significant improvement in overall survival (OS) and/or progression-free survival (PFS) [4]. Sarcomas have been recently added to the
group of tumors in which angiogenesis is known to play an
important role.
One of the key eﬀectors in angiogenesis is the vascular
endothelial growth factor (VEGF). It is well known that
the interaction between VEGF and its receptor 2 (VEGFR2) is the most crucial step in angiogenesis [5–7] and
there are some studies that relate VEGF with sarcomas. A
study by Potti et al. published in 2004 correlated VEGF
serum levels with outcome in patients with sarcoma [8]. 68
out of 273 patients (24.9%) included in the study showed
VEGF overexpression. The most common sarcomas in which
VEGF overexpression was detected were malignant fibrous
histiocytoma (30%), carcinosarcoma (30%), leiomyosarcoma (25%), and dermatofibrosarcoma (20%) but VEGF
overexpression had prognostic value only in patients aﬀected
with leiomyosarcoma. In addition, this was associated with a
shorter survival. Graeven et al. also determined VEGF serum
levels in 85 patients with STS before surgery. They found
a very strong correlation between tumor grade and VEGF
serum levels, the poorest diﬀerentiated tumors being the
ones with the highest VEGF levels [9]. Another study was
designed to assess the correlation between VEGF and tumor
grade [10]. Results confirmed that tumor grade correlated
with VEGF expression. Furthermore, 78% of patients who
died of sarcoma progression had high VEGF levels. However,
VEGF expression was not found to be an independent
predictor of OS or disease-free survival (DFS). In contrast, a
study by Iyoda et al. that correlated VEGF overexpression and
survival in patients with soft-tissue sarcomas (STSs) of the
thorax found this correlation statistically significant. Thus,
patients with absent or faint VEGF expression had higher
5-year DFS than patients with a strong VEGF expression
(83.3% versus 13.2%, resp.) [11].
Hypoxia-inducible factor1α (HIF-1α) is another important player in angiogenesis since it is a transcription factor
that acts as an upstream regulator of VEGF. In a 2006 paper
by Shintani et al. HIF-1α expression was determined by
immunohistochemistry in a group of 49 specimens of STS.
The analysis showed that patients with a strong or moderate
expression of HIF-1α had poorer OS than those with a weak
or negative expression [12].
There are many other angiogenesis markers but not all
of them are so clearly related with prognosis and survival
as VEGF and HIF-1α in sarcomas. Microvascular density
(MVD) is one of them. Thus, in a work by Comandone et al.,
patients with high MVD had worse OS and DFS than patients
with lower MVD [13]. In contrast, 3 other authors reported
results that did not confirm this correlation between MVD
and prognosis, so the real role of MVD in sarcomas remains
unclear [14–16].
2.1. Angiogenic Inhibitors. These previous data provided a
rationale for the development of preclinical and clinical
studies with angiogenic inhibitors in sarcomas. An increasing

Sarcoma
number of these drugs have been developed in the last years
and the eﬀects of many of them have been assessed (Figure 1).
2.1.1. Small-Molecule VEGF-R Inhibitors. Sunitinib is a
multitargeted tyrosine kinase inhibitor (TKI) active against
VEGF-R1, 2, 3, PDGFR and KIT, among others. In 2009,
Stacchiotti et al. reported 3 responses and 1 stabilization
in a cohort of 5 patients aﬀected with advanced alveolar
STS treated with sunitinib [17]. The same year, a phase II
trial of sunitinib in the treatment of non-GIST sarcomas
was published. A cohort of 53 patients with advanced nonGIST STS received 37.5 mg of sunitinib daily. 10 of these
patients (20%) achieved stable disease (SD) for at least 16
weeks and, interestingly, 1 patient aﬀected with desmoplastic
round cell tumor (DSRCT) achieved a durable partial
response (PR) for 56 weeks [18]. Focusing on 3 specific
histologies (leiomyosarcoma, liposarcoma, and malignant
fibrous histiocytoma), a phase II study was reported in 2010.
In this trial, 48 patients with unresectable or metastatic STS
of the histologies mentioned previously were treated daily
with 50 mg of sunitinib malate for 4 weeks every 6 weeks. 3 or
less prior lines of therapy were allowed. Median PFS and OS
for liposarcoma, leiomyosarcoma, and fibrous histiocytoma
were 3.9 and 18.6, 4.2 and 10.1, and 2.5 and 13.6 months,
respectively. The 3-month progression-free rates (PFRs) in
the untreated and pretreated patients with liposarcoma,
leiomyosarcoma, and fibrous histiocytoma were 75% and
69.2%, 60%, and 62.5%, and 25% and 44.4%, respectively.
The authors concluded that the 3-month PFR of >40%
suggests activity for sunitinib at least in liposarcomas and
leiomyosarcomas [19]. In contrast to these studies, the
Gynecologic Oncology Group conducted a phase II study to
assess the eﬃcacy of sunitinib in the treatment of recurrent
or persistent uterine leiomyosarcoma with disappointing
results: of 25 patients enrolled, just 2 achieved a PR and the
median PFS was 1.5 months [20].
Sorafenib is another TKI recently added to the group of
drugs with activity in sarcomas. This TKI targets VEGF-R 2
and 3, PDGFR, Raf, and KIT, and several preclinical studies
have demonstrated eﬃcacy in diﬀerent soft-tissue and bone
sarcoma cell lines [20–25]. These encouraging preclinical
results, together with some case reports of responses in
patients with sarcomas treated with sorafenib [26, 27], led
to the development of several clinical trials. In 2009, Maki
et al. published a phase II trial of sorafenib in patients with
metastatic or recurrent sarcomas [28]. A total of 145 patients
with diﬀerent types of sarcomas were enrolled but just the
angiosarcoma patients met the response rate (RR) primary
end point planned for the study (5 out of 37 patients, 14%).
Another study pointed out osteosarcoma as other sarcoma
subtype in which sorafenib showed activity. The Italian
group conducted a phase II trial of sorafenib in relapsed
and unresectable high-grade osteosarcoma after failure of
standard therapy that showed 3 PRs (8%), 2 minor responses
(6%), and 12 SDs (34%). Furthermore, median PFS and OS
were 4 and 7 months, respectively, demonstrating sorafenib
as the first targeted therapy active in osteosarcoma [29]. In
order to find other responsive histologies to sorafenib, the
Southwest Oncology Group (SWOG) promoted a phase II
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Figure 1: Inhibition of angiogenesis by blocking diﬀerent tumorigenic signaling pathways.

trial testing its activity in advanced vascular sarcoma, highgrade liposarcoma, and leiomyosarcoma [30]. No responses
were found and just 6 out of 8 patients with vascular
sarcoma achieved clinical benefit. New strategies, such as
discontinuation treatment, have also been tested. Thus, Pacey
et al. assessed the eﬃcacy of sorafenib in STS in a phase II
randomized discontinuation trial [31]. Evidence of activity
was found, since some tumor regressions were observed
including 1 objective partial response.
Pazopanib is a new TKI that also has eﬀects on angiogenesis by blocking VEGF-R 1, 2, and 3, PDGFR, and KIT.
A phase II trial performed by the European Organisation for
Research and Treatment of Cancer (EORTC) in patients with
relapsed or refractory advanced STS treated with pazopanib
achieved promising results [32]. 142 patients were enrolled
and they were classified in 4 diﬀerent groups: adipocytic STS,
leiomyosarcomas, synovial sarcomas, and other STS types.
Pazopanib in adipocytic STS patients showed insuﬃcient
activity but PFR at 12 weeks in the remaining groups was
encouraging: 18 (44%) of 41 patients in the leiomyosarcoma
cohort, 18 (49%) of 37 in the synovial sarcomas, and 16
(39%) of 41 in the other STS types. These data led to
the first placebo-controlled randomized phase III trial to
date with a VEGFR inhibitor (pazopanib) in advanced STS.
The results, reported in the 2011 ASCO Annual Meeting,
achieved a significant increase in PFS showing the relevance
of angiogenesis in sarcomas [33]. Finally, the activity of a new
TKI named dasatinib has been assessed in several sarcoma
cell lines. This drug blocks VEGF-R2 and PDGFR and has

the unique property of inhibiting the Src family. This latter
eﬀect leads to the inhibition of migration and invasion in
diﬀerent sarcoma cell lines in vitro, which can lead to further
development of clinical trials [34–37].
2.1.2. Anti-VEGF Antibodies. Bevacizumab is the only monoclonal anti-VEGF antibody to date that has been proved
to have activity in sarcomas. A set of preclinical studies
demonstrated activity in sarcoma models in vitro and in
vivo [38–42]. The experience achieved in a number of other
malignancies such as colon, breast, or non-small-cell lung
cancer, has shown that the eﬀect of bevacizumab in combination with chemotherapy is higher than as a single agent.
This strategy was first assessed in sarcomas by D’Adamo el
al. in a phase II trial of doxorubicin and bevacizumab in
patients with metastatic STS [43]. There were just 2 partial
responses but 11 of 17 patients recruited (65%) achieved
stable disease for 4 cycles or more. Interestingly, cardiac
toxicity was significantly high and 4 patients developed
cardiac toxicity grade 2, 1 patient grade 3, and 1 patient
grade 4 despite prophylactic treatment with dexrazoxane.
These results suggest the activity of this combination in
sarcomas but make necessary finding safer schedules. The
eﬃcacy of bevacizumab in combination with other drugs
has also been explored in a recently published phase IB
trial. In this study, 38 chemotherapy-naive patients with
advanced or recurrent STS were treated with a combination
of docetaxel, gemcitabine, and bevacizumab [44]. After a
median follow-up of 36 months, the overall RR observed was
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31.4%. There were 5 complete responses (CRs), 6 PRs, and
18 SDs lasting for a median of 6 months. The combination
treatment was considered safe and the highest-grade adverse
events found were mostly related to bevacizumab.

3. The Insulin-Like Growth Factor Pathway
The insulin-like growth factor (IGF) system is a well-known
complex network that regulates growth and development
in superior organisms (Figure 2). The IGF receptor type 1
(IGFR-1) belongs to the family of tyrosine kinase receptors.
The binding of its ligand IGF1 causes its phosphorylation
and the subsequent activation of the downstream pathway
that finally leads to proliferation and inhibition of apoptosis.
The relationship between the IGF system and sarcomas is
long-time known but the first studies to describe it were
merely epidemiological [45]. In the last years, a variety
of studies have confirmed this point. Thus, Prieur et al.
described in 2004 the binding of EWS/FLI1 to the IGFBP3
promoter and the subsequent inhibition of IGFBP3 and the
increase in free IGFR-1 ligand levels, which are related to
the development of this malignancy [46]. Other sarcomas
such as alveolar soft part sarcoma, leiomyosarcoma, synovial
sarcoma, rhabdomyosarcoma, or desmoplastic small round
cell tumor have also been described as tumors in which
increases in IGFR-1 levels or some of its ligands have been
correlated with sarcomagenesis [47–58].
3.1. IGF Pathway Inhibitors. The background described previously has led to the development of several studies that test
diﬀerent strategies to assess the inhibition of the IGF pathway
in sarcoma models in vitro and in vivo [59–67]. The results,
especially in rhabdomyosarcoma and Ewing’s sarcoma, have
been encouraging and the clinical development of these
drugs is currently being carried out.
3.1.1. Anti-IGFR-1 Antibodies. Among the diﬀerent strategies developed to inhibit the IGF pathway, the most promising results have been achieved with monoclonal antibodies.
There are several phase I studies that assess the safety and
eﬃcacy of inhibiting the IGF system in sarcomas with these
drugs. Thus, Tolcher et al. published in 2009 an early clinical
study with AMG 479, a fully human monoclonal antibody to
IGFR-1. 15 out of 53 patients enrolled were sarcoma patients
(12 Ewing’s sarcoma, 3 others). Interestingly, 1 durable CR
and 1 PR were achieved in 2 patients with Ewing’s sarcoma
[68]. In another phase I study recently published, a cohort of
patients with diﬀerent sarcoma histologies were treated with
figitumumab (a fully human monoclonal antibody targeting
the IGFR-1). Among 29 patients enrolled, 2 Ewing’s sarcoma
patients had objective responses (1 CR, 1 PR), 6 Ewing’s
sarcoma patients, 1 synovial sarcoma, and 1 fibrosarcoma
achieved SD [69]. Unfortunately, the clinical development of
this drug has been stopped due to disappointing results in
other malignancies.
Several phase II trials with anti-IGFR-1 antibodies are
currently being conducted. Preliminary data of treatment
with IMC-A12 (cixutumumab) in patients with advanced
or metastatic STS and Ewing’s sarcoma have been reported
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in the 2011 ASCO Annual Meeting. The best results were
observed in the adipocytic sarcoma arm, with clinical benefit
being achieved in 22 out of 37 patients (1 PR, 21 SD).
Moreover, the PFS at 12 weeks in this group of patients was
50% [70]. With such promising results, further investigations
are warranted.
3.1.2. IGFR-1 TKIs. A number of small molecules that
inhibit IGFR-1 by binding to the tyrosine kinase intracellular
portion of the receptor are currently in clinical development.
No results of eﬃcacy and safety are available yet but there
is a body of preclinical data that support this therapeutic
approach [71–78]. Reports of clinical outcome in patients
treated with these drugs are long awaited and will allow us
to confirm the usefulness of this strategy.

4. The Mammalian Target
Rapamycin Pathway
The mammalian target of rapamycin (mTOR) is a serine/threonine kinase integrated in the phosphatidyl-inositol
3-kinase (PI3K) complex network of signaling. It forms part
of 2 multiprotein complexes named mTOR complex 1 and
mTOR complex 2 (mTORC1 and mTORC2) and plays a key
role in cell growth, proliferation, angiogenesis, and survival
(Figure 3). Due to the many functions that mTOR regulates,
its abnormal activity leads to a number of malignancies
including sarcomas. The upregulation of growth factors or
mutations in tyrosine kinase receptors that belongs to the
mTOR network have been reported to be involved in the
development of various sarcomas [79–84]. Furthermore,
deletions of some mTOR pathway tumor suppressors such
as tuberous sclerosis complex 1 and 2 (TSC1 and TSC2) and
neurofibromatosis type 1 (NF1) are associated with both,
benign and malignant mesenchymal tumors [85–88]. Hence,
the capital importance of mTOR in tumorigenesis has made
the development of mTOR inhibitors an important issue in
oncology.
4.1. mTOR Inhibitors. To date, 4 compounds with antimTOR activity have reached the clinical setting. All of
them belong to a single family of drugs and are derived
from an initial molecule called sirolimus (rapamycin). Thus,
temsirolimus, everolimus, ridaforolimus, and the already
mentioned sirolimus are nowadays under investigation in
sarcomas and other tumors. Sirolimus inhibits mTOR kinase
activity by binding to FK506 binding protein (FKBP12),
one of the proteins that form mTORC1. This leads to cell
cycle arresting in G1 phase and the subsequent inhibition in
proliferation and cell growth. Preclinical data suggest activity
of sirolimus in some paediatric malignancies including
Ewing’s sarcoma, rhabdomyosarcoma, and osteosarcoma
[89, 90]. But, despite preclinical evidences, the only phase
II trial with sirolimus in sarcomas to date (combined with
ciclofosfamide) has been reported as negative [91]. A prodrug of sirolimus named temsirolimus has also been tested
in treatment of sarcoma. At least 2 papers have reported
tumor growth inhibition in murine xenograft models of
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rhabdomyosarcoma when treated with temsirolimus [92,
93]. But the first phase II trial published reported disappointing results, with just 2 out of 41 STS patients achieving PR.
Thus, the authors concluded that temsirolimus in patients
with STS has limited clinical activity and significant toxicity
[94]. On the other hand, preliminary results of another
phase II trial of temsirolimus in pediatric patients with

neuroblastoma, high-grade glioma, and rhabdomyosarcoma
are slightly more encouraging, with 2 PR (1 neuroblastoma,
1 rhabdomyosarcoma) and 11 SD from a total of 52 patients
[95]. Everolimus is an orally available mTOR inhibitor
developed to be much more soluble than sirolimus. Cell
cycle arrest in diﬀerent tumor models has been observed
with everolimus and even prolonged survival in a murine
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model of leiomyosarcoma has been reported [96]. The
only preliminary data reported to date of a phase II trial
of everolimus in STS or bone sarcoma showed a clinical
eﬃcacy (CR + PR + SD) of 20% [97]. The last member
of the family of rapamycin analogs (also called rapalogs)
is ridaforolimus. It has a better pharmacokinetic profile,
presenting a more favorable bioavailability than sirolimus.
Activity of ridaforolimus alone has been confirmed in cell
lines and xenograft models of sarcoma. Moreover, additive
inhibitory eﬀects when combined with cytotoxic agents
have also been reported [98]. In the clinical setting, a
phase II trial by Chawla et al. achieved a 29% clinical
benefit in patients with advanced sarcoma treated with
intravenous ridaforolimus and a median OS of 40 weeks
[99]. Such interesting results led to the only phase III trial
to date with an mTOR inhibitor: the SUCCEED trial. This
double-blind, placebo-controlled phase III trial randomized
sarcoma patients who had achieved CR, PR, or SD after
1, 2, or 3 lines of chemotherapy to receive placebo or
ridaforolimus as maintenance treatment. Results recently
reported showed a 28% reduction in the risk of progression
in ridaforolimus arm compared with placebo arm and a
3.1-week improvement in PFS [100]. Mature OS data are
not yet available but everything indicates that ridaforolimus
is a promising drug in treatment of sarcomas and further
investigations are warranted.
A very rare type of mesenchymal malignant tumor
named Perivascular Epithelioid Cell Tumor (PEComa) has
been specially related to the mTOR pathway. Dysfunction
in tumor suppressors TSC1 and 2 and the subsequent
upregulation of mTORC1 seems to be a crucial step in the
development of this disease. Thus, responses with sirolimus
and temosirolimus have been reported in at least 2 studies
[101, 102]. However, another study did not find these
positive results, making necessary additional investigations
[103].
All 4 rapalogs described previously belong to a first
generation of mTOR inhibitors able to inhibit mTORC1
but not mTORC2. mTORC2 seems to be responsible for
feedback phosphorylation of Akt in the PI3K/Akt pathway,
which could be a possible mechanism of resistance in
sarcomas. So, a new generation of mTOR inhibitors with
activity against mTORC1 and mTORC2 is under early
development in an attempt to block this escape route.

5. Specific Chromosomal Translocations as
Therapeutic Targets
About 1/3 of sarcomas are associated with specific chromosomal translocations. These translocations are an early step in
carcinogenesis, promoting some of the processes that finally
lead to the appearance of sarcomas [104]. Thus, trying to
inhibit the eﬀects of these genetic alterations seems to be
a reasonable option in fighting sarcomas. Dermatofibrosarcoma protuberans is an example of this group of sarcomas. It
is characterized by a t(17; 22) translocation that leads to the
overexpression of platelet-derived growth factor B (PDGFB).
Imatinib is a TKI with known activity against the receptor
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of PDGFB, PDGFR. Because of that, its eﬃcacy has been
assessed in dermatofibrosarcoma protuberans with excellent
results (46% PR, 25% SD) [105, 106].
Clear cell sarcoma is also associated with a specific
chromosomal translocation, t(12; 22)(q13; q12) in most of
the cases. One of the consequences of this chromosomal
rearrangement is the activation of the hepatocyte growth
factor receptor (MET). This activation is involved in invasion
and angiogenesis. A response in a clear cell sarcoma patient
with the MET inhibitor ARQ197 has recently been reported
in a phase II trial, which is especially relevant in this
treatment-resistant disease [107].
But probably the most studied translocation-related
sarcoma is Ewing’s sarcoma. This disease characteristically
has a t(11; 22) translocation that leads to expression of the
oncogenic fusion protein EWS/FLI1. This chimerical protein
is involved in Ewing’s sarcoma development since it acts as
an oncogenic transcription factor but needs binding to other
proteins such as RNA helicase A for its oncogenic function.
Recently described YK-4-279, a new compound that blocks
RNA helicase A binding to EWS/FLI1, induces apoptosis
in Ewing’s sarcoma cell lines and reduces tumor growth in
orthotopic xenografts [108]. A clinical trial to assess the
eﬃcacy of this new drug is planned.

6. Virotherapy
One of the most innovative approaches in cancer treatment
developed in the last years is oncolytic virotherapy. The
general basis of this strategy is that the therapeutic virus is
capable to recognize specifically tumor cells, replicate into
them, and lead to their death without damaging normal
cells. A paper recently published in Nature by Breitbach
et al. assessed the safety and eﬃcacy of an intravenous
delivery of an oncolytic poxvirus in humans. Treatment
was generally well tolerated and the only sarcoma patient
enrolled (a 55-year-old female with a heavily pretreated
advanced leiomyosarcoma) achieved SD by RECIST criteria
for >16 weeks [109]. This result is as encouraging for
sarcoma treatment as a 2010 study published by Li et al.
In that paper, the authors reported marked cytolysis and
apoptosis in osteosarcoma cell lines in vitro and significant
tumor growth suppression in a human osteosarcoma murine
xenograft model when treated with a telomerase-specific
oncolytic adenovirus [110]. More in-deep preclinical and
clinical investigations are needed but virotherapy seems
a feasible and reasonable option in future treatments for
sarcomas.

7. Combined Targeted Therapies
Although clinical experience with targeted therapies in
sarcomas as single treatment is short, there are some
published studies with combination of 2 of these drugs. The
most studied double-inhibition-targeted therapies are those
related with IGFR-1 pathway, with preclinical evidences
of activity in sarcoma models [111–113]. Based on these
studies, at least 2 phase I trials have been reported, one
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of them with figitumumab and everolimus in advanced
sarcoma patients and the other solid tumors and the other
with cixutumumab combined with temsirolimus in Ewing’s
sarcoma patients that is currently enrolling [114, 115].
Both studies reported good toxicity profiles, making the
combination of 2 targeted therapies an attractive and safe
option to be developed. Most trials involving the targeted
therapies reviewed in this paper are summarized in Table 1.

8. Future Perspectives
An increasing number of new targets in treatment of
sarcomas are being identified in the last years. The finding of
new important key eﬀectors in sarcomas biology has resulted
in a growing development of inhibitor drugs that need
to be tested. For instance, increased activity in Hedgehog
pathway has recently been reported in certain sarcomas such
as rhabdomyosarcoma, osteosarcoma, chondrosarcoma, and
Ewing’s sarcoma [117–121]. Other reports suggest that
rhabdomyosarcoma and osteosarcoma aggressiveness seems
to be related with Notch signalling pathway [122, 123]. This
has led to the conduction of a clinical trial with Hedgehog
and Notch inhibitors with no results to date.
Anaplastic lymphoma kinase (ALK) is another protein
recently related to sarcomas that is upregulated in approximately 50% of cases of inflammatory myofibroblastic tumor.
Interestingly, in a phase I trial with the ALK inhibitor
crizotinib, a patient with ALK overexpression related to
inflammatory myofibroblastic tumor experienced a durable
PR [116].
Histone deacetylase (HDAC) inhibitors have also shown
signs of eﬃcacy in preclinical models of sarcomas [124–128]
and several clinical trials are currently ongoing.
PI3K/mTOR dual-inhibitor NVP-BEZ235 that induces
G1 cell cycle arrest in sarcomas in vitro and in vivo [129] has
been identified as well as a brand new promising agent.
Other molecules such as MDM2 and protein families
BCL-2 and CDKs have been described lately as associated with sarcomas [130–132]. Future investigations with
inhibitors are warranted.

9. Conclusions
Despite the low incidence of sarcomas in general population regarding other types of cancer, the finding of new
active treatments is essential since it is a rarely curable
disease. Hence, a rapidly increasing number of targeted
therapies have been developed in the last years with diﬀerent
results. In general, most of these treatments do not achieve
significant tumor shrinkage and SD is usually the best
response reported. In addition, OS has not been dramatically
increased in the majority of these patients, showing the
necessity of keep working. In an attempt to improve response
rates, one of the strategies that are currently ongoing is
the combination treatment with targeted therapies and
conventional cytotoxic drugs. Toxicity is an important issue
when using this approach and more clinical trials are needed
to assess the safety of this therapeutic option. Combinations
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of more than one targeted agent are another reasonable
choice. The strategy of inhibiting a signalling pathway and
simultaneously others that could be possible ways of escape
is an attractive alternative still under early development.
Phase I trials reported to date with 2 targeted therapies show
favourable toxicity profiles, making this strategy a feasible
and promising issue to be explored. Diﬀerent approaches
like those, future identification of new pathways and their
correspondent inhibitors and the arise of innovative agents
such as oncolytic viruses, make the final endpoint of cure
sarcsomas a goal not so far to be reached.
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