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Introduction: The aim of this study was to compare long-term patient reported outcomes (PROs) in
patients with locally advanced extremity soft tissue sarcoma (eSTS) after isolated limb perfusion fol-
lowed by resection (IR), compared to extended resection (ER), primary amputation (A) or secondary
amputation after IR (IR-A).
Methods: Patients were selected from the respondents of a multi-institutional cross-sectional cohort
survivorship study (SURVSARC) conducted among sarcoma survivors registered in the Netherlands
Cancer Registry (NCR), 2e10 years after diagnosis. Used PROs were the EORTC QLQ-C30, the Cancer
worry scale (CWS), the Hospital Anxiety and Depression Scale (HADS), and the Toronto Extremity Salvage
Score (TESS).
Results: We identified 97 eSTS survivors: IR ¼ 20, ER ¼ 49, A ¼ 20, IR-A ¼ 8. While there were no dif-
ferences in PROs between IR and ER, results showed better functioning and functionality in both groups
versus the amputation groups. The amputation groups scored significantly lower on physical functioning
(A ¼ 62.7, IR-A ¼ 65.7 versus IR ¼ 78.0, ER ¼ 82.7, p ¼ 0.001) and role functioning (A ¼ 67.5, IR-A ¼ 52.8
versus IR ¼ 79.2, ER ¼ 80.6, p ¼ 0.039), both EORTC QLQ-C30 scales. Also for the TESS, the scores were
significantly lower for the amputation groups compared to the limb sparing groups (upper extremity
p ¼ 0.007 with A ¼ 68.9, IR-A ¼ 71.6 versus IR ¼ 93.3, ER ¼ 91.1; lower extremity p < 0.001 with A ¼ 72.2,
IR-A50.9 versus IR ¼ 84.5 and ER ¼ 85.5). There were no significant differences between the groups on
cancer worry, anxiety and depression.
Conclusion: HRQoL in eSTS survivors treated with IR or ER is equal; for maintenance of physical func-
tioning and functionality IR and ER outperform an amputation.
© 2021 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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1. Introduction

Limb salvage surgery (LSS) is the cornerstone of treatment for
extremity soft tissue sarcoma (eSTS) [1].Wide local excision is often
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combined with (neo)adjuvant radiotherapy, or to a lesser extent
with (neo)adjuvant chemotherapy in high risk sarcomas. For locally
advanced primary, as well as recurrent eSTS, an extended resection
is often indicated, and some tumors may need amputation for
adequate local disease management [2,3]. These extended re-
sections may comprise debulking of a whole extremity compart-
ment, occasionally including resection of vasculature and nerves.

While radiotherapy does not lead to tumor size reduction in
most cases, isolated limb perfusion (ILP) frequently downsizes
locally advanced tumors, potentially allowing for LSS [4e7]. An ILP
involves isolation of the limb vascular system from the systemic
circulation, allowing administration of dose intensified cytotoxic
therapies (mostly TNFa and Melphalan) with acceptable toxicity
[8]. Using this strategy, limb salvage rates (LSR) of 62e96% have
been reported, with overall response rates (ORR) ranging from 61 to
90% and complete response rates (CRR) of 17e59% [4e7,9e16].

Although the limb salvation rate is relatively high in eSTS, the
response to ILP is not always sufficient to prevent amputation,
resulting in a secondary amputation. Also, in a small percentage of
patients, toxicity of ILP may lead to a treatment induced amputa-
tion (Wieberdink grade V) [17]. Since amputations are major pro-
cedures with potentially profound implications such as increased
degree of disability and post amputation pain (PAP), they are usu-
ally only performed as a last resort when no other options are
available, based on a balance between expectations of functional
and oncological outcome. No survival differences have been
demonstrated between the different local surgical treatments,
which can be explained by the fact that survival is mainly deter-
mined by distant metastases [3,18,19].

While ILP is usually considered a safe and well tolerated pro-
cedure, given the (very low) risk of major complications, health-
related quality of life (HRQoL) should be taken into account when
considering ILP. Although there is ample literature discussing ILP
and limb salvation rate, data discussing long-term HRQoL after ILP
compared to extended resections or amputation in eSTS is scarce.
Therefore, the aim of this study is to analyze long term HRQoL
(including functioning and symptoms) and other PROs (such as
limb functionality, cancer worry, anxiety and depression) after ILP
followed by resection, compared to extended resection or ampu-
tation after ILP for locally advanced eSTS.

2. Methods

Patients were selected from the database of a multi-institutional
cross-sectional cohort study (SURVSARC), conducted among all
sarcoma survivors who were registered in the Netherlands Cancer
Registry (NCR) and have been diagnosed and treated between 1-
1e2008 and 31-12-2016 within one of the six participating Dutch
sarcoma centers (Netherlands Cancer Institute [Amsterdam],
Erasmus Medical Centre [Rotterdam], Leiden University Medical
Centre, Radboud University Medical Centre [Nijmegen], University
Medical Centre Groningen, Maastricht University Medical Centre).
Ethical approval was granted by the medical ethical committee of
the Radboud UniversityMedical Centre (2017e3944), and the study
was registered in the Dutch Trial Registry (NTR-7253).

The study assessed subjective PRO's like HRQoL and illness
related symptoms from sarcoma survivors on one single time point
2e10 years after diagnosis, by means of a self-administered ques-
tionnaire composed of several validated questionnaires [20]. From
these questionnaires, we selected questions regarding surgery
related outcomes and the following HRQoL questionnaires: the 30-
item core European Organization for the Research and Treatment of
Cancer Quality-of-Life Questionnaire (EORTC QLQ-C30), the Cancer
worry scale (CWS), the Hospital Anxiety and Depression Scale
(HADS) and the Toronto Extremity Salvage Score (TESS). The
501
questionnaire also covered patient reported treatment details,
because the NCR contains treatment data of the primary tumor
(registered 6e9 months after diagnosis) and since 2016 treatment
data on recurrent disease within 3 years after primary diagnosis.
From the NCR socio-demographic and clinical characteristics (such
as gender, age, tumor subtype, tumor grade, stage at diagnosis,
tumor-location, primary treatment, and time since diagnosis) were
extracted.

The general response rate of the study was 58%: 1099 patients
were included [20]. Of these respondents, 576 were extremity
sarcoma survivors. After excluding the bone sarcoma patients
(N ¼ 136), we selected eSTS survivors based on some specific pa-
tient reported surgical treatments (IR, ER, A and IR-A), see Fig. 1. To
identify these patients with a presumably extended resection (ER
group) from the NCR, which lacks specific tumor and surgical
specifications, we defined an extended resection as all patients that
received surgery for stage III STS, meaning tumors of at least 5 cm
and at least grade 2 according to FFCCSG classification [21]. Patients
without resection (n ¼ 8), tumor stage unknown (n ¼ 42) and
resection for < stage III disease (low grade or �5 cm tumors,
n ¼ 293) were categorized as ‘other’, see Fig. 1. Details regarding
amputation levels other than upper or lower extremity are
unknown.

2.1. EORTC health related quality-of-Life Questionnaire (QLQ-C30)

The EORTC QLQ-C30 is one of the most widely used cancer
HRQoL questionnaires. It consists of 30 items assessing HRQoL
across five functioning scales (physical functioning, role func-
tioning, emotional functioning, cognitive functioning and social
functioning), three multi-item symptom scales (fatigue, pain,
nausea and vomiting), six single-item symptom scales (dyspnea,
insomnia, appetite loss, constipation, diarrhea, and financial
problems) and global quality-of-life (QoL) [22]. Scores range from
0 to 100 after transformation by linear transformation following
the QLQ-C30 scoringmanual [23]. A higher score on the functioning
scales and on global QoL represent a better level of functioning and
global QoL, and a higher score on the symptom scales means a
higher level of symptoms.

2.2. Cancer worry scale (CWS)

Cancer worry scale (CWS) assesses the concerns about the
recurrence of cancer and the impact of these concerns on daily
functioning among individuals at risk for (hereditary) cancer [24].

The Dutch version of the CWS has two extra items compared to
the original questionnaire, which address focus on family members
and future surgery [25]. Higher (>14) scores indicate more frequent
worries about cancer.

2.3. Hospital Anxiety and Depression Scale (HADS)

The Hospital Anxiety and Depression Scale (HADS) has two sub-
scales to indicate the levels of anxiety and depression during the
last week [26]. Higher (>8) scores indicatemore anxiety, depressive
symptoms, and psychological distress.

2.4. Toronto Extremity Salvage Score (TESS)

While the EORTC QLQ-C30 is a generic cancer HRQoL ques-
tionnaire which also briefly addresses physical functionality, the
Toronto Extremity Salvage Score (TESS) is a specific validated
questionnaire that assesses functional outcomes in patients with
musculoskeletal tumors of the extremity [27]. Separate question-
naires exist for both the upper (29 questions) and lower limb (30



Fig. 1. Patient flow
*No resection (n ¼ 8), stage unknown (n ¼ 42) and resection for < stage III disease (low grade or �5 cm tumors, n ¼ 293).

S.J.M. Reijers, O. Husson, V.L.M.N. Soomers et al. European Journal of Surgical Oncology 48 (2022) 500e507
questions), with the questions being specifically tailored to the
function of the extremity. The raw score is converted to a total score
ranging from 0 to 100 (percentage), with higher scores indicating
less functional limitations.

2.5. Statistical analysis

All analyses were performed in IBM SPSS 25.0 for Windows
(version 25) with a significance level of a ¼ 0.05. Patient charac-
teristics, disease related data and operation effects were compared
between the 4 groups with the Kruskal Wallis tests in case of nu-
merical variables (without normal distribution) and Chi-Square
tests in case of categorical variables. One-way ANOVA tests (to
allow for post-hoc comparisons) were used to compare all the
HRQoL scores (EORTC QLQ-C30, CWS, HADS and TESS) and sub-
scales were compared using the Chi-Square test. For post-hoc an-
alyses we used the Bonferroni test of which we have not corrected
the significance level, given the small group sizes and the explor-
atory nature of this secondary analysis. For the EORTC QLQ-C30,
clinical relevance of differences between groups are defined by
Cocks et al. and were used to compare the different treatment
groups [28].

3. Results

We selected a total of 97 survivors from the database who met
our selection criteria: 20 survivors for the ILP followed by resection
(IR) group (78 months (range 43e134) since diagnosis), 49 survi-
vors for the extended resection (ER) group (52 months (range
23e133) since diagnosis), 20 survivors for the amputation (A)
group (57 months (range 25e108) since diagnosis) and 8 survivors
for the secondary amputation after IR (IR-A) group (96 months
(range 25e126) since diagnosis), see Fig. 1. Patient and tumor
related characteristics of the survivors can be found in Table 1. Most
characteristics showed no differences between the groups, except
for the application of radiotherapy, which was significantly less
administered in the A group (p < 0.001), wherein the ER group
almost all had radiotherapy (90%). Time from diagnosis to study
was significantly longer in the ILP groups (p¼ 0.004) with amedian
overall follow-up time for the whole group of 60 months (range
23e134).

3.1. HRQoL

Most functioning scales showed no significant differences be-
tween the groups, except for the physical functioning (PF) scale and
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the role functioning (RF) scale, where the scores for the LSS groups
(IR and ER) were higher when compared to the amputation groups
(A and IR-A), see Table 2 and Fig. 2. Clinical relevance of differences
in EORTC QLQ-C30 scores are defined by Cocks et al. [28]. For PF, the
mean scores in the IR and ER group (LSS) were respectively 78.0 (SD
18.2) and 82.7 (SD 16.5), compared to 62.7 (SD 23.4) in the A group
and 65.7 (SD 20.9) in the IR-A group (p ¼ 0.001). Post Hoc test
showed a specific significant difference between the ER and the A
group (p ¼ 0.001), but the difference between the LSS groups and
the IR-A group was not statistically significant. For RF, the mean
scores for the groups IR and ER were respectively 79.2 (SD 24.1) and
80.6 (SD 23.7), compared to 67.5 (SD 31.3) for the A group and 52.8
(SD 30.6) for the IR-A group (p ¼ 0.039).

The only significant difference on the symptoms scales and/or
items was for ‘nausea and vomiting’ with mean scores of 5.8 (SD
9.8) for IR, 1.0 (SD 4.0) for ER, 4.2 (SD 9.2) for A and 0 (SD 0) for IR-A
(p ¼ 0.033). In addition, ‘fatigue’ showed a non-significant differ-
ence of 14.6 (between 29.4 for the IR group and 14.8 for the IR-A
group), which accounts for a difference with ‘medium’ clinical
relevance [28]. No differences were seen in the groups between
radiotherapy and non-radiotherapy patients.
3.2. Cancer worry scale (CWS) and Hospital Anxiety and Depression
Scale (HADS) outcome

There were no statistically significant differences on the CWS
(p ¼ 0.828) between the four groups and all groups showed a score
around the cut-off point (score of 13/14) which was not statistically
significant different between the groups (p ¼ 0.962), as seen in
Table 3.

For both the HADS subscales (anxiety and depression subscale),
the majority of the scores categorize as low scores (�7). For the
anxiety subscale this was 85% (IR), 76% (ER), 79% (A) and 100% (IR-
A). For the depression subscale this was respectively 80%, 88%, 68%
and 86%. Both subscales showed no statistically significant differ-
ences (respectively p ¼ 0.851 and p ¼ 0.494).
3.3. Toronto Extremity Salvage Score (TESS) outcome

The mean TESS scores showed almost no differences between IR
and ER. However, the TESS scores were significant higher in the LSS
groups than the amputation groups, for both the upper extremity
(p ¼ 0.007) and lower extremity patients (p < 0.001). For the TESS
upper extremity, a post hoc test showed a statistically significant
difference of p ¼ 0.022 between the ER group and the A group. For
the TESS lower extremity, a post hoc test showed a statistically



Table 1
Patient, tumor and treatment characteristics.

Characteristic Limb salvage surgery Amputation p

ILP þ resection (IR)
(n ¼ 20)

Extended resection
(ER) (n ¼ 49)

Amputation (A)
(n ¼ 20)

ILP þ amputation
(IR-A) (n ¼ 8)

n (%) n (%) n (%) n (%)

Gender 0.896
Male 14 (70) 31 (63) 13 (65) 6 (75)
Female 6 (30) 18 (37) 7 (35) 2 (25)

Localization tumor 0.287
Upper extremity 4 (20) 10 (20) 6 (30) 4 (50)
Lower extremity 16 (80) 39 (80) 14 (70) 4 (50)

Histologic subtypes n.a.
Liposarcoma (LPS)
Myxoid liposarcoma (MLS) 2 (10) 3 (6) 2 (10) 0 e

Dedifferentiated liposarcoma (DDLPS) 1 (5) 3 (6) 1 (5) 0 e

Myxofibrosarcoma (MFS) 3 (15) 19 (39) 5 (25) 3 (38)
Leiomyosarcoma (LMS) 4 (20) 3 (6) 0 e 1 (13)
Rhabdomyosarcoma (RMS) 1 (5) 1 (2) 1 (5) 0 e

Synovial sarcoma (SS) 2 (10) 0 e 5 (25) 1 (13)
Angiosarcoma (AS) 1 (5) 0 e 2 (10) 0 e

Undifferentiated pleomorphic sarcoma (UPS) 3 (15) 4 (8) 0 e 0 e

Epithelioid sarcoma (ES) 1 (5) 0 e 0 e 2 (25)
Other STS 2 (10) 16 (33) 4 (20) 1 (13)

Tumor differentiation n.a.
Well differentiated 1 (5) 0 e 0 e 0 e

Moderately differentiated 4 (20) 0 e 2 (10) 1 (13)
Poorly differentiated/undifferentiated 8 (40) 49 (100) 8 (40) 3 (38)
Unknown 7 (35) 0 e 10 (50) 4 (50)

Tumor grade n.a.
Low grade (grade 1) 7 (35) 0 e 2 (10) 2 (25)
High grade (grade 2 or 3) 12 (60) 49 (100) 15 (75) 6 (75)
Unknown 1 (5) 0 e 3 (15) 0 e

Comorbidity 0.631
None 7 (35) 16 (33) 7 (35) 1 (13)
One 7 (35) 12 (24) 8 (40) 3 (38)
Two or more 6 (30) 21 (43) 5 (25) 4 (50)

Local treatment <0.001
Only surgery 4 (20) 5 (10) 12 (60) 3 (38)
Surgery þ radiotherapy 16 (80) 44 (90) 8 (40) 5 (62)

Currently under treatment 3 (15) 9 (18) 5 (25) 1 (13) 0.875
Age at time of study (years)a 69 (24e92) 69 (37e88) 68 (30e82) 66 (46e82) 0.955
Age at time of diagnosis (years)a 63 (18e86) 63 (32e84) 64 (26e75) 55 (36e79) 0.819
Time since diagnosis to study (months)a 78 (43e134) 52 (23e133) 57 (25e108) 96 (25e126) 0.006

a Specifications are median (range).
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significant difference between the both the LSS groups and the IR-A
group, with p ¼ 0.002 for the IR group and p ¼ 0.001 for the ER
group. In the IR-A group, the lower extremity results were worse
than the upper extremity scores (difference of 20.69 points), which
is also seen to a lesser extent in the LSS groups. No differences were
observed in the groups between patients that received radio-
therapy and patients that did not receive radiotherapy.

3.4. Late effects of surgery

In both the ER and the IR group, 55% evaluated their scar as ugly,
in contrast to 30% in the A group and 12% in the IR-A treatment
group, which was statistically significant different (p ¼ 0.001).
Multiple survivors reported inconvenience caused by their scar, as
shown in Table 4. Wound issues were not statistically different
between the groups. From the survivors who were treated by
means of an amputation, 11 survivors (55%) had post amputation
pain (PAP) in the A group and 5 survivors (62.5%) in the IR-A
treatment group.

4. Discussion

In this study, we showed that physical functioning and func-
tionality after limb salvage by ILP was significantly better than after
503
amputation for locally advanced eSTS, while physical functioning
and functionality after ILP and extended resections did not differ.
No differences were found on other HRQoL domains. These results
suggest that an ILP for patients who otherwise would undergo an
amputation or highly morbid surgery is justified and lead to better
HRQoL, while amputations in patients with eSTS lead to decreased
HRQoL without survival benefit. To our knowledge, this is the first
HRQoL-focused study comparing ILP to both amputations and
larger resections.

Our results showed nearly the same statistically significant
differences as Thijssens et al., who compared ILP (n ¼ 30) and
ILP þ amputation (n ¼ 9) with a reference group (n ¼ 1063, a
random population sample without sarcoma) [29]. Most patients in
their study received adjuvant radiotherapy as well. The study
showed lower physical functioning and role limitations for the ILP
patients, as measured by the RAND-36 [29], but patients who
received secondary amputation (after ILP, n¼ 9) hadworse physical
functioning, social functioning and role limitations in comparison
with the ILP patients, which is in line with our results as well.
However, Podleska et al. [30] found no difference in HRQoL (EORTC
QLQ-C30) and physical function (SMFA) between a group of STS
patients undergoing ILP (n ¼ 27), when compared to the results of
amputated osteosarcoma patients from Zahlten-Hinguranage et al.
[31] (n¼ 22) and to EORTC reference values for ‘general population’
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and ‘all cancer patients’. However, this study compares different
groups from different studies with different diseases, making their
comparison not entirely valid.

The well-cited, but historical, randomized controlled trial of
Sugarbaker et al., who randomized eSTS patients between
extended resection combined with adjuvant radiotherapy and
chemotherapy (total n ¼ 27, n ¼ 12 for HRQoL measurements)
versus primary amputation plus chemotherapy (total n¼ 16, n¼ 9
for HRQoL measurements), showed comparable HRQoL outcomes
between the groups [19,32]. Other studies regarding LSS (ILP not
included) showed that HRQoL after an extended resection initially
decreases in the first months after surgery when compared to
baseline, but improves significantly in the first year [33]. Also,
‘restriction in participation of life roles and situations’ has the
greatest effect on HRQoL when it comes to functional disability
after LSS [34] and the expectation of the patient with respect to
their recovery seems to influence functional outcome after limb
sparing surgery [35]. Johansen and David also showed better
functional outcomes for ER compared to amputation [36,37].

Amputation level for locally advanced eSTS was shown to
correlate with functionality; higher amputation levels resulted in
lower TESS scores (p < 0.001) [38]. Unfortunately these data is
lacking in our study as well as the other mentioned studies above.

In our study, physical limitations were overt in both amputation
groups as measured by the statistically significant lower scores on
the EORTC QLQ-C30 PF scale. The EORTC QLQ-C30 RF scale was also
significantly lower in the amputation groups, which is not sur-
prising as this is very much related to PF, because it assesses the
ability of a patient to perform daily activities, work and/or leisure-
time activities, which can be affected when missing a (part of a)
limb. Statistically significant lower TESS scores for both amputation
groups confirms the EORTC QLQ-C30 PF scores, again indicating the
impact of the loss of a (part of a) limb. In addition, involvement of
the lower extremities resulted in non-statistical lower functionality
compared to the upper extremity, especially in the IR-A group, but
the numbers of the subgroups were low. The results in the IR-A
group were on some scales worse than the A group, however,
these differences were not statistically significant. The fact that a
high percentage of survivors in the ER group had additional
radiotherapy could potentially negatively affect scores on the
EORTC QLQ C30 PF scale and TESS for this group due to late
radiotherapy side effects. However, this is not reflected in our re-
sults since there were no statistical significant differences between
patients receiving radiotherapy or not receiving radiotherapy in the
different groups.

It is notable that the EORTC QLQ-C30 PF and RF are the only two
scales with statistical lower scores without affecting the other
scales, such as social functioning, and it raises the question
whether the EORTC QLQ-C30 questionnaire, which has never been
validated for amputees, is applicable to survivors with an ampu-
tation. However, physical discomfort does not always translate
into a decrease in other domains of HRQoL.

Although there is no difference in distancemetastases between
the different surgical approaches [3,18,19], the risk of local recur-
rence is lower in case of an amputation. However, no difference in
fear of cancer recurrence in favor of the amputation group was
observed in our study. Also, no differences were found in anxiety
or depression between the different eSTS survivor groups. Shared
decision making with the patient on either IR, ER or A may be an
explanation for this observation.

Despite the fact that we expected a cosmetic benefit from limb-
sparing surgery, survivors with an amputationweremore satisfied
with their scar. The most plausible explanation is that the impact
of an amputation is already much more profound compared to a
limb sparing resection, which makes the appearance of the scar



Table 3
Questionnaires CWS, HADS and TESS.

Questionnaire Limb salvage surgery Amputation p

ILPþ resection (IR) (n¼ 20) Extended resection (ER)
(n ¼ 49)

Amputation (A) (n ¼ 20) ILP þ amputation (IR-A)
(n ¼ 8)

Mean SD n (%) Mean SD n (%) Mean SD n (%) Mean SD n (%)

Cancer worry scale (CWS) 14.5 6.4 20 13.5 4.0 49 14.1 4.9 19 13.0 3.6 7 0.828
Low (�13) 12 (60) 29 (59) 10 (53) 4 (57) 0.962
High (>14) 8 (40) 20 (41) 9 (47) 3 (43)

Hospital Anxiety and Depression Scale (HADS)
Anxiety 3.8 3.8 20 3.7 3.6 49 4.5 3.5 19 4.1 2.3 7 0.851
Low (�7) 17 (85) 37 (76) 15 (79) 7 (100) 0.500
High (>8) 3 (15) 11 (22) 4 (21) 0 (0)

Depression 4.1 3.6 20 3.6 3.4 49 5.2 4.3 19 4.0 3.2 7 0.494
Low (�7) 16 (80) 43 (88) 13 (68) 6 (86) 0.213
High (>8) 4 (20) 5 (10) 6 (32) 1 (14)

Toronto Extremity Salvage Score (TESS)
Upper extremity 93.3 7.3 3 (15) 91.1 11.2 8 (16) 68.9 17.1 6 (30) 71.6 5.4 4 (50) 0.007a

Lower extremity 84.5 13.4 16 (80) 85.5 13.1 36 (73) 72.2 21.2 14 (70) 50.9 23.9 4 (50) <0.001a

a Post Hoc test showed for TESS upper extremity a significant difference of p ¼ 0.022 between amputation and the extended resection group. For the TESS lower extremity
showed a significant difference of p ¼ 0.002 between the ILP group and the ILP þ amputation group and a p ¼ 0.001 between the ILP þ amputation group and the extended
resection group.

Fig. 2. Statistical significant differences: EORTC QLQ-C30 and TESS.
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itself irrelevant. Our questionnaire unfortunately did not address
body image, which was negatively affected in previous research by
post-treatment effects and caused a decrease in HRQoL [39].

Our study has several novel findings: first, we present the re-
sults of a population-based survivorship study with participation of
6 sarcoma centers and validated questionnaires. Compared to other
studies which were mostly monocenter, our study also has the
largest group of survivors with one of the longest follow-up periods
and is the first to compare all different local treatment options for
locally advanced eSTS.

However, our study has several limitations. First of all, the
number of included survivors who underwent certain special
treatments is relatively low (especially the IR-A is small, n ¼ 8),
which reflects the high percentage of successful ILP's and is
consistent with what we see in daily practice. Secondly, all data
regarding tumor characteristics or treatment are either based on
PRO's or the national registry and therefore several details are not
available. Unfortunately, data is also missing regarding disease
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status at the time of the study and treatments undertaken for any
recurrent or metastatic disease, which could affect the HRQoL. A
third limitation is that there might be an underrepresentation of
stage III tumors in this study, which could be explained by a po-
tential survivorship bias given the relatively poor prognosis of stage
III patients. Fourth, there is a (non-) respondent bias, since only 58%
of all NCR registered survivors with eSTS in the participating cen-
ters did complete their questionnaire. The last limitation is that the
symptoms and limitations survivors experience in their daily life
may not always be due to the diagnosis (2e10 years ago) or treat-
ment of their eSTS (recall bias) and the fact that patient reported
data is not always reliable in their specificity when it comes to
objective clinical data. In addition, it is important to acknowledge
that ILP is relatively widely available in the Netherlands with 3
centers that provide this treatment, on a total population of around
17 million.

An improvement in future HRQoL research could be longitudinal
studies with multiple measurements, which bypasses a possible



Table 4
Late effects of surgery.

Question Limb salvage surgery Amputation p

ILP þ resection (IR)
(n ¼ 20)

Extended
resection (ER)
(n ¼ 49)

Amputation (A)
(n ¼ 20)

ILP þ amputation
(IR-A) (n ¼ 8)

n (%) n (%) n (%) n (%)

Scar left from surgery 20 (100) 48 (98) 20 (100) 7 (88) 0.161
Ugly scar left from surgerya 11 (55) 27 (55) 6 (30) 1 (12) 0.001
Inconvenience of the scarb

Visible for other people 3 (15) 6 (12) 2 (10) 0 e 0.779
Usage of pain medication 1 (5) 3 (6) 0 e 1 (12) 0.433
Changed skin sensitivity 11 (55) 19 (38) 6 (30) 1 (13) 0.253

Wound issues 2 (10) 3 (6) 1 (4) 2 (25) 0.234
Post amputation pain (PAP) 0.717
Arm e e e e 4 (57)c 1 (25)c

Leg e e e e 7 (50)c 4 (100)c

a Question with multiple answer possibilities (yes, no, no opinion). Only respondents who answers ‘yes’ are shown.
b Question with multiple answer possibilities. Other options were ‘no burden’ or ‘yes [own answer]’.
c Percentages are based on total amputations per subgroup.
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recall bias and could give even more information on the course of
HRQoL over time. As reported by van Eck et al., a more specified
HRQoL measurement is needed to capture more disease and
treatment specific HRQoL, for example the EORTC QLQ C-30 sup-
plemented with items from the EORTC Item Library, which is
currently being investigated [40].

Despite all the limitations, this study illustrates that ILP can
prevent a significant decrease in HRQoL, which would favor a more
liberal use of ILP for patients otherwise needing an amputation.
This does depend, however, on the availability of ILP per country.
5. Conclusion

In conclusion, ILP followed by resection has comparable long-
term HRQoL results compared to extended resection and has su-
perior functional patient reported outcome compared to patients
undergoing an amputation. These results confirm and justify that
ILP should be considered as induction therapy in order to prevent
amputation, since this can prevent a decrease in HRQoL for patients
with locally advanced eSTS. However, a secondary amputation after
ILP seem to result in worse HRQoL compared to patients under-
going a primary amputation, emphasizing the need to better select
patients and histological subtypes potentially benefitting from an
ILP and identifying risk factors for severe complications.
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