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Neoadjuvant systemic treatment (NAST) has shown efficacy in managing various 
cancer types by improving survival outcomes, reducing surgical extensiveness, and 
allowing response evaluation with prognostic value. However, in patients with soft 
tissue sarcomas (STS), evidence from randomized phase III trials directly comparing 
NAST followed by surgery to upfront surgery is lacking, resulting in an absence of 
conclusive evidence regarding the benefits of NAST in STS patients. This thesis 
seeks to expand current understanding of these benefits in STS patients, providing 
more insights into response evaluation, survival outcomes and tumor downsizing 
after NAST.

Response evaluation

With the introduction of neoadjuvant instead of adjuvant treatment, the possibility 
to utilize the response to treatment as prognostic biomarker has become available. 
Response can be evaluated either as clinical, radiological, metabolic, or pathological 
response. Where pathological response is normally determined after treatment, 
clinical, radiologic and metabolic response can be determined after treatment and 
during treatment. Response evaluation during treatment, in this thesis called early 
response evaluation, is often used to predict pathological response since there is a 
lack of other prognostic biomarkers. In clinical practice, early response evaluation 
can aid in detecting non-responsive tumors, and prevent additional cycles of toxic 
chemotherapy. The response after treatment can help in informing patients about 
disease prognosis and in deciding if additional treatments are necessary. Moreover, 
radiologic, metabolic, or pathologic response can potentially act as short term 
outcomes of neoadjuvant studies.

Prognostic value of pathological response
The evidence for an association between pathological response after neoadjuvant 
treatment and survival outcomes varies by cancer type. Where the association has 
been demonstrated for rectal cancer and bone sarcomas (1-3), there are mixed 
results for breast cancer and esophageal cancer (4-6). For STS, the prognostic 
value of pathological response remains undetermined. Studies investigating the 
relationship between pathological response and survival in STS utilized various 
criteria to define pathological response, including necrosis, stainable viable cells, 
and fibrosis/hyalinization, often with different cutoff thresholds. The three largest 
studies on this topic included patients treated with NACT, NART or both, and these 
found significant associations between overall survival and >90% or >95% necrosis 
(7-9). However, the proportion of patients only receiving NACT in these studies was 
low. Studies solely focusing on pathological response in patients receiving NACT, 
demonstrate conflicting results. The largest study, including 175 patients, did find an 
association between overall survival and <5% stainable cells (10), but smaller studies 

did not confirm this finding (11, 12). The use of fibrosis/hyalinization as pathological 
response parameter has been used more often in recent studies, but its association 
with overall survival is mainly demonstrated in patients treated with NART (13-15). 
To conclude, a cutoff of >95% necrosis for defining pathological response after any 
form of neoadjuvant treatment is supported by the strongest evidence. However, 
evidence for a specific cutoff for response after NACT is lacking. This thesis provides 
additional data that aligns with the existing conflicting findings on this topic as 
chapter 3 demonstrated superior disease free survival in patients with pathological 
response, either defined as <10% viable cells or >15% fibrosis/hyalinization, while 
chapter 4 demonstrated no association between pathological response, defined as 
<10% viable cells or >20% fibrosis/hyalinization, and disease free or overall survival.

Prognostic value of radiological response
Similar to pathological response, there are associations between radiological 
response and survival after NAST for various cancer types (16, 17), though studies 
with STS patients have shown limited evidence for its prognostic value. Most often, 
no association was found (18, 19), but an association between progressive disease 
according to Response Evaluation Criteria in Solid Tumours (RECIST) 1.1 (20), which 
means an increase in tumor size of more than 20%, and poor survival outcomes is 
occasionally reported (21, 22). This finding was not confirmed for retroperitoneal 
sarcoma, but a linear trend between increased tumor size and death rate was 
observed. A similar result was found in chapter 6, which showed an association 
between absence of reduction in tumor size after neoadjuvant imatinib for 
gastrointestinal stromal tumors (GIST) and worse survival. In addition, the change 
in tumor size as continuous variable for survival has been described for extremity 
STS (23). These findings raise the question whether RECIST 1.1 is the most fitting 
outcome measure for response after NAST. Originally, RECIST 1.1 was developed for 
the metastatic setting, resulting in the current cutoff for progressive disease. Future 
research should explore if a new systematic radiological response assessment 
would be better suited for the neoadjuvant setting, instead of RECIST 1.1.

Early response evaluation
While the optimization of patient selection for NAST is still evolving, a non-
response remains a significant challenge. It is crucial to identify non-responders 
in an early stage to avoid unnecessary exposure to toxic chemotherapy and to 
detect progressing tumors in time, not losing the opportunity of curative resection. 
Tumor size measured on early evaluation scans with MRI or CT lack predictive 
value for pathologic response (19, 24, 25). Conversely, chapter 3 demonstrates that 
reduction in metabolic activity measured on an early evaluation (18)F-FDG PET/CT is 
a promising predictor for pathologic response, which is supported by multiple other 
studies (26-28). Typically for STS, the studies on early evaluation with (18)F-FDG 
PET/CT have a low number of patients included with a wide variety of histological 
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tumor types. However, its clinical potential can be very valuable, as demonstrated 
in adenocarcinomas at the oesophagogastric junction (29), where the MUNICON 
trial demonstrated that stopping NACT based on predicted non-responsiveness 
on the (18)F-FDG PET/CT was safe and resulted in less cycles of chemotherapy in 
those patients (30). For GIST, the predictive value of (18)F-FDG PET/CT is already 
demonstrated as well (31), but larger cohorts are needed for other types of STS.

Future directions on response evaluation
When asked what the primary endpoint of future neoadjuvant trials should be in 
extremity STS, one third of the respondents of the survey described in chapter 2 
answered pathological response. The same respondents stated that their institution 
reported the percentage of viable cells, necrosis and fibrosis/hyalinization in 
75%, 86% and 55%, respectively. However, the lack of evidence supporting the 
association between pathological response after NAST and survival, combined 
with the variability in the reporting of pathological outcomes, undermines the use 
of pathologic response as outcome in neoadjuvant treatment studies. This issue 
becomes even more critical with the emerging role of neoadjuvant immunotherapy 
as a cancer treatment, highlighting the need for a universally accepted and 
standardized definition of pathological response as a short-term outcome in future 
neoadjuvant trials.

The absence of a standardized definition of pathologic response is partly caused 
by the rarity and heterogeneity of STS. The largest studies on this topic included 
175 patients only. Collaborative efforts, such as the Transatlantic Australasian 
Retroperitoneal Sarcoma Working Group (chapter 4) or the Dutch GIST registry 
(chapters 6 and chapter 7), could potentially generate sufficient data to establish a 
standardized method for assessing pathological response. Machine learning may 
also play a role in developing this. For instance, Crombé et al. utilized machine 
learning to identify a cutoff of <5% viable cells as prognostically significant (10).

In the absence of evidence supporting the prognostic value of pathological response 
after NAST, the usefulness of early response evaluation as a predictor of pathological 
response remains limited. Nonetheless, significant efforts are being made to enhance 
early response assessment. The most promising advancements have emerged in 
the field of radiomics, which involves the extraction of quantitative features from 
medical imaging data derived from MRI, CT, or (18)F-FDG PET/CT (32). Examples 
of radiomic features include gray-level patterns and dynamic characteristics such 
as tracer uptake rates. Several studies have already demonstrated an association 
between changes in radiomic features observed on early evaluation scans and 
pathological response (24, 25, 33, 34).

It is likely that, in the future, machine learning will enable the development of models 
that integrate all available information gathered during neoadjuvant systemic 
treatment to predict patient prognosis. By combining patient details, treatment 
information, radiomics, and pathological outcomes, these models could provide 
highly specific prognostic insights.

Survival benefit

The survival benefit of adjuvant and neoadjuvant chemotherapy was demonstrated 
in a select group of patients with high-risk extremity and trunk wall STS only six and 
four years ago, respectively (35, 36). In these studies, high-risk classification was 
determined using a nomogram, which incorporates tumor histology, tumor size, deep 
tumor location, tumor grade, and patient age. These patients were hypothesized to 
have an elevated risk of micrometastases, making them more likely to benefit from 
additional chemotherapy. The neoadjuvant setting is nowadays often preferred over 
the adjuvant setting based on the non-inferiority trial published in 2016, combined 
with other potential advantages of neoadjuvant treatment (37). These advantages 
were response evaluation, as described before, tumor downsizing, and earlier 
treatment of potential micrometastases. Tumor downsizing could potentially lead 
to improved R0 rates, resulting in less local recurrences, or decreased morbidity, 
however, these effects have not yet been conclusively proven. A similar situation 
exists for GIST, where the survival benefit of adjuvant imatinib was established nine 
years ago (38), but the survival benefit of neoadjuvant imatinib is not yet shown in 
a prospective trial. However, neoadjuvant imatinib is given for the same reasons as 
NACT, but also without strong evidence.

The STRASS 2 trial, an ongoing randomized phase III trial comparing surgery 
following NACT to surgery alone for retroperitoneal leiomyosarcoma (LMS) and 
high-grade dedifferentiated liposarcoma (DDLPS), will provide the missing evidence 
for these specific subtypes (39). Meanwhile, the only evidence available for selecting 
patients for NAST are nomograms for extremity STS. Surprisingly, these nomograms 
are only used by 59% of the respondents described in chapter 2. Clearly, more data 
is necessary for selecting patients that will most likely benefit from NAST.

Histologic tumor type
The rarity and heterogeneity of STS pose significant challenges in establishing 
evidence for the survival benefit of NAST. Most studies on this topic include a variety 
of histologic tumor types, which complicates the interpretation of their findings. 
Chapter 5 is an example of a homogenous patient cohort, providing evidence for 
the efficacy of NACT in a specific subtype of STS, despite its rarity. It was shown that 
oncological outcomes significantly improve for patients with radiation associated 
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angiosarcoma (RAAS) of the breast when treated with taxane-based NACT. Future 
research should aim to elucidate the tumor characteristics responsible for this 
remarkable improvement in outcomes. Potential factors include the angiosarcoma 
being radiation associated, the presence of C-MYC amplification, its cutaneous 
location, or a combination of these features. Understanding this could lead to more 
tailored treatments for patients with angiosarcoma.

Mutational status
Besides studying specific subtypes of STS, the mutational status should be taken 
into account as well to select tumors for NAST. This is already well established in the 
treatment of gastrointestinal stromal tumors (GIST). In Chapter 6, we demonstrate 
that the presence of a KIT exon 11 mutation is associated with significant tumor 
reduction when treated with neoadjuvant imatinib, whereas the absence of a 
known mutation correlates with unresponsiveness to imatinib. Other examples of 
treatment decisions influenced by mutational status include the use of an increased 
imatinib dosage for GIST with a KIT exon 9 mutation (40) and the preference for 
avapritinib over imatinib for GIST with a PDGFRA D842V mutation (41). Ideally, such 
precision in drug selection would be extended to all types of STS.

Baseline metabolic activity
As mentioned before, the reduction in metabolic activity is able to predict 
pathological response in STS treated with NAST. In the same chapter (chapter 3), 
we also found that baseline PET parameters were associated with pathological 
response. Larger studies are necessary to confirm our findings, but baseline (18)
F-FDG PET/CT could potentially help selecting patients who would benefit from 
NAST. In osteosarcoma, the predictive value of baseline (18)F-FDG PET/CT was 
already known (42, 43), but to the best of our knowledge, this was a new finding 
for STS.

Future perspectives on improving survival outcomes
Similar to the advancements in early response evaluation, radiomics is also 
emerging as a promising tool for predicting pathological outcomes even before 
the start of NAST. For gastric cancer and breast cancer, the association between 
radiomics measured before NAST and pathologic response has been demonstrated 
(44-47). Several small studies have explored this approach for STS as well (33, 48), 
with promising results. However, larger studies are needed to validate its clinical 
application.

Another emerging field in sarcoma is the application of neoadjuvant checkpoint 
inibitors in STS. In 2017 and 2018, the PEMBROSARC trial, the SARC028 trial, and 
the Alliance A091401 trial were published, all demonstrating limited activity of PD-1 
inhibitors (49-51). The immunosuppressive tumor microenvironment of STS was 

given as potential explanation for these disappointing results. On the bright side, 
these studies gave new insights for further studies on this topic. For instance, a 
sub-analysis of the PEMBROSARC trial found that the presence of tertiary lymphoid 
structures are a potential biomarker for response on PD-1 inhibitors (52). The 
SARC028 trial suggested that sarcoma NOS or DDLPS would potentially benefit 
the most from immunotherapy, which was further studied by Roland et al., who 
demonstrated significant efficacy of immunotherapy with concurrent radiotherapy 
in sarcoma NOS in the neoadjuvant setting (53). The combination of a PD-1 inhibitor 
with radiotherapy in the neoadjuvant setting has been confirmed to be effective 
for sarcoma NOS, DDLPS or pleiomorphic LPS of the extremity in the SU2C-
SARC032 trial, which was published in 2024 (54). In addition to the combination of 
immunotherapy with radiotherapy, it was demonstrated by the ImmunoSarc trial 
that immunotherapy with targeted therapy is a promising combination as well. 
However, this trial was not in the neoadjuvant setting (55). Based on these studies, 
the future of immunotherapy for STS potentially lays in a multimodality treatment, 
and in finding specific subtypes and biomarkers for the selection of responsive 
tumors.

Surgical approach

The use of neoadjuvant chemotherapy was originally introduced in breast cancer to 
decrease the tumor size and allow for breast-conserving surgery (56, 57). In STS, it is 
also used to reduce the extensiveness of resection and consequently the morbidity 
(58). In addition, downsizing the tumor potentially increases the R0 resection 
rate, which was the second most important reason to give NACT in extremity 
STS according to the survey respondents in chapter 2. Interestingly enough, the 
improved R0 rates are only demonstrated after neoadjuvant radiotherapy (12, 13), 
and not in patients treated with NACT. Improved R0 rates after neoadjuvant imatinib 
for GIST have not been demonstrated in a trial either.

Clear resection margins
Although no trials proving the improved R0 resection margins after NAST are 
included in this thesis, additional information on this topic is presented. In chapter 
4, surgeons were retrospectively asked if they thought NACT had an effect on 
the resection of RPS. In 5%, it was thought that a suspected R2 resection became 
an R0/R1 resection. Chapter 5 demonstrates that for RAAS of the breast, NACT 
increased the R0 rate from 82% to 100%. In chapter 6, the anticipated resection 
margin changed in 8% of all included GIST treated with neoadjuvant imatinib. All 
three studies have multiple limitations, so these percentages may not accurately 
reflect the actual change in resection margins. Nevertheless, the findings suggest 
that NAST may slightly improve R0 resection rates, though to a limited extent.
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Surgical extensiveness
Another potential effect of downsizing the tumor with NAST is reducing the surgical 
extensiveness, which might result in less morbidity. In chapter 4, we found that 6% 
of the resections of RPS were less extensive after NACT, in terms of more organ 
preservation/less need for reconstructive surgery. However, the methodology in 
this chapter was of low quality, since surgeons were retrospectively asked if they 
thought NACT had an effect on the resection. The methodology in chapter 6 was of 
higher quality. The effect of neoadjuvant imatinib on the resection was objectified 
by asking surgeons to score anonymized scans before and after neoadjuvant 
imatinib in a randomized order. They had to determine which organs were involved 
and what surgical procedure was necessary (e.g. gastric wedge excision or partial 
gastrectomy). It was shown that neoadjuvant imatinib resulted in a decrease of 
anticipated surgical extensiveness in 51% of the patients. Future prospective studies 
should objectify the reduction in surgical extensiveness for other STS with the same 
methodology to help in decision making for the patients.

Surgical window
Besides improving our knowledge on the positive effects of neoadjuvant systemic 
treatment on the resection of STS, this thesis also gives more insight in the possibility 
of losing the surgical window due to tumor progression. Chapter 4 describes a 
decreased resectability in 1% of patients with a RPS, though this percentage is 
an underrepresentation since only operated patients were included. The surgical 
window was not lost for patients with RAAS of the breast and in only 2% of patients 
with a GIST this was the case, as discussed in chapter 5 and chapter 6, respectively. 
These findings do not support the concern of losing the surgical window during 
neoadjuvant systemic treatment.

Future directions of the surgical approach
Size reduction might improve as the development of drugs and proper patient 
selection continues. With the potential improved size reduction, new surgical 
challenges arise as well. Chapter 7 discussed an example of such a challenge, being 
the use of minimally invasive surgery (MIS) instead of open surgery for GIST. It was 
demonstrated that the use of MIS for gastric GIST increased over the past 13 years 
and that there was an association between smaller tumors and the use of MIS. 
Meanwhile, chapter 6 demonstrated a size reduction in 86% of the included tumors, 
so one might hypothesize that neoadjuvant imatinib influences the increased use 
of MIS for GIST.

While MIS is not an option for extremity or trunk wall STS, it is a topic of debate 
in RPS. The advantage might be a shorter length of hospital stay due to smaller 
incisions (59), but given that RPS typically present with large tumor sizes necessitating 
extensive incisions for removal, the benefit of smaller incisions often does not 

hold in clinical practice. In addition, the decision-making process regarding which 
structures to sacrifice during surgery may be more challenging with MIS, although 
this has not been demonstrated by clinical trials. Given the rarity of RPS and the 
limited evidence supporting MIS, the likelihood of conducting a trial to compare MIS 
and open surgery for selected cases of RPS remains low (60).

In chapter 8, a solution to a potential future challenge is discussed. We demonstrated 
that magnetic seed localization (MSL) achieves a 100% success rate in localizing small 
melanoma, Merkel cell carcinoma, or soft tissue sarcoma lesions. As advances in 
drug development and improved patient selection are expected to lead to greater 
tumor size reductions, MSL offers a reliable method for localizing residual lesions 
following NAST.

In the ideal scenario, neoadjuvant treatment could achieve complete tumor 
eradication prior to surgery, sparing patients from the potential complications 
associated with surgical resection. While complete eradication remains uncommon 
in STS, chapter 5 demonstrates that it does occur, and the likelihood is expected 
to increase with advancing therapies. In colorectal cancer, complete tumor 
eradication has been observed following neoadjuvant chemoradiation, and the 
use of immunotherapy is expected to further increase its occurrence. This lead to 
the introduction of the watch-and-wait approach, where patients with complete 
radiological response did not undergo surgery. It was demonstrated that it was 
safe in terms of oncological outcomes, and that patients had a good quality of life 
(61). Angiosarcomas are a potential histologic tumor type were a watch-and-wait 
approach could be of interest, although currently we do not know how durable a 
CR is for these patients.

Future perspectives on study designs

As discussed in the introduction, initiating large randomized phase III trials for 
STS patients is challenging due to the rarity, heterogeneity, and ethical constraints 
associated with this patient population. Consequently, alternative study designs 
are essential to advance the topics explored in this thesis. Most studies reported 
in this thesis are retrospective, and while they do not answer the discussed 
research questions completely, they definitely point in certain directions and add 
to the knowledge of treatment of these diseases. Retrospective research is often 
considered to be of less quality than randomized phase III trials, but there are 
arguments contradicting this. First, hypothesis-generating studies are crucial, as 
they lay the groundwork for future research. Without retrospective analyses of 
previous treatment outcomes, new ideas for studies would not emerge. Second, 
observational data can be instrumental in quality assessment, ultimately improving 
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patient care. When specific research questions arise from retrospective analyses 
and conducting a phase III trial is not feasible, prospective non-randomized trials 
offer a viable alternative. Such trials reduce selection bias and enable more accurate 
answers to research questions, bridging the gap between observational studies and 
randomized controlled trials.

Researchers in the field of STS, and especially NAST, will have to accept that many 
questions will not be answered through a randomized phase III trial. Nevertheless, 
this should not discourage anybody from trying to find these answers. Both 
retrospective and prospective studies benefit significantly from larger patient 
cohorts, which enhance the quality and reliability of findings. While achieving 
large sample sizes is challenging due to the rarity and heterogeneity of sarcomas, 
international collaborations offer a promising solution. A notable example is 
the Transatlantic Australasian Retroperitoneal Sarcoma Working Group, which 
demonstrates the potential of collaborative efforts. Establishing similar registries 
for extremity and trunk wall sarcomas should be strongly encouraged to further 
advance research and improve patient outcomes.

With enhanced international collaboration, establishing a comprehensive registry 
could become a reality for more STS besides RPS. This registry could incorporate 
emerging advancements, including radiomics and biomarkers, and with the use of 
this extensive data and the growing capabilities of machine learning, the majority 
of research questions for a rare and heterogeneous disease like STS could be 
effectively addressed, paving the way for more personalized and precise treatment 
strategies.

Conclusion

Neoadjuvant systemic therapy for soft tissue sarcoma continues to present 
both challenges and promising opportunities. This thesis contributes to this field 
by identifying knowledge gaps, demonstrating methods to address them, and 
providing new insights into NAST for STS. Examples of these knowledge gaps are 
the missing consensus on pathological response and the lack of evidence on change 
in surgical approach after NAST. In this thesis, solutions were given on how to fill 
the knowledge gaps in the form of focusing on specific subtypes of sarcoma instead 
of sarcomas as a group, improving international collaborations, and objectifying 
change in extensiveness of surgery. The most important new insights were the 
efficacy of neoadjuvant chemotherapy in radiation associated angiosarcoma of the 
breast, the promising utility of (18)F-FDG PET/CT in response prediction, the lack 
of prognostic value of RECIST 1.1 in retroperitoneal sarcomas, and the objectified 
change in surgical approach after neoadjuvant imatinib for GIST.
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