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Abstract

Introduction

Oligometastatic disease and/or oligoprogression in myxoid liposarcoma (oMLS) 

triggers discussions on local treatment options and delay of systemic treatments. 

We hypothesized that satisfactory local control and postponement of systemic 

therapy could be achieved with a modest radiotherapy (RT) dose in oMLS.

Methods

The DOREMY trial is a multicenter, phase 2 trial evaluating efficacy and toxicity of 

a modest RT dose in both localized and oMLS; this report presents the data of 

the oMLS cohort treated with 36 Gy in 12-18 fractions with optional subsequent 

metastasectomy. The primary endpoint was local progression free survival (LPFS). 

Secondary endpoints included postponement of systemic therapy, symptom 

reduction, radiological objective response, and toxicity.

Results

Nine patients with a total of 25 lesions were included, with a median follow-up 

of 23 months. The median number of lesions per patient was three and the trunk 

wall and bone were the most frequently affected sites. In lesions treated with 

definitive RT (n=21), LPFS rates at 1, 2, and 3 years were respectively 73%, 61%, 

and 40%. Radiological objective response and clinical symptom reduction were 

achieved in 8/15 (53%) and 9/10 (90%) of the evaluable lesions, respectively. No 

local recurrences occurred in lesions treated with RT and metastasectomy (n=4). 

For the entire study population, the median postponement of systemic therapy was 

10 months. Grade ≥2 toxicity was observed in 2/9 (22%) of patients.

Conclusions

This trial suggests that 36 Gy could possibly be effective to achieve local control, 

postpone systemic therapy and reduce symptoms in oMLS. Given the minimal 

toxicity this treatment could be reasonably considered in oMLS.
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Introduction
Myxoid liposarcoma (MLS) is a rare malignancy with an estimated incidence of 2 

per million person years and belongs to the heterogeneous group of Soft Tissue 

Sarcomas (STS).[1] The standard treatment of primary MLS consists of surgery 

and RT.[2,3] The 5-year local control rates of 96-98% are to an important extent 

a result of the well-established exceptional clinical radiosensitivity of MLS.[4–10] 

However, notwithstanding the excellent local control, disease specific mortality is 

predominantly determined by the 14-33% of patients who eventually develop distant 

metastases.[8–11] As major morbidity can be induced when distant metastases 

become symptomatic, effective strategies to achieve local control of metastatic 

lesions are desired. Treatment options for metastatic MLS are traditionally systemic 

and include anthracycline-based regimens, trabectedin, and eribulin. Objective 

response rates of these agents do not exceed 33% in prospective trials with median 

progression free intervals of 2.9–18.8 months.[12–19] Associated toxicities are 

nausea, vomiting, alopecia and hematological and liver toxicity. Metastatic disease 

of MLS is not always widespread at first presentation, sometimes presenting in an 

oligometastatic state. Likewise, patients may become oligo progressive when only 

one or two lesions progress while others remain stable with or without systemic 

therapy. Given the limited efficacy and frequently substantial toxicity of systemic 

treatment, exploration of the role of local treatment for oligometastatic disease 

and/or oligoprogression in MLS (oMLS) metastases is important.

Local treatment of STS metastases is recommended in selected cases and has 

been associated with long-term survival in several retrospective series.[2,20–26] 

Doubling time, number of metastatic lesions and disease-free interval are mostly 

used as selection criteria.[21] The only prospective phase II trial (NCT01986829) 

showed promising results for tumor ablation in metastatic STS patients stable 

on chemotherapy, although it was terminated early due to low accrual.[27] Of 

note, these studies are predominantly focused on pulmonary metastases, while 

metastatic MLS has a tendency to metastasize to extra-pulmonary sites such as 

the retroperitoneum, soft tissues or bone even before spreading to the lungs.[11] 

At these locations, metastasectomies or tumor ablation are not always feasible 

due to comorbidity or technical considerations. Although stereotactic body 

radiotherapy (SBRT) has been shown to be an effective treatment for pulmonary 

STS metastases,[25,28] target volume restrictions frequently preclude SBRT as a 
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treatment option in large MLS metastases. Therefore, conventionally fractionated 

to mildly hypofractionated RT could prove a reasonable alternative, particularly 

given the well-established radiosensitivity of MLS in the primary tumor setting.

[4–10] A standard dose fractionation scheme has not yet been determined in the 

setting of oMLS.

We hypothesized that a modest radiation dose could (i) provide satisfactory 

local progression free survival(LPFS) and (ii) postpone systemic treatment 

with a (iii) reasonable toxicity profile. Hereto, the DOREMY trial (NCT02106312) 

design included an arm to assess efficacy and toxicity of a radiation dose 

of 36 Gy of oMLS.

Methods

Trial design and patients

This paper reports on the clinical outcome of the patients in the oMLS cohort in 

the DOREMY (DOse REduction in Myxoid liposarcoma) trial. The complete trial 

design has been published previously along with the data of the patients in the 

primary non-metastatic MLS cohort.[29] In brief, the DOREMY trial is a prospective, 

multicenter, single-arm, phase 2 trial and opened to accrual November 24th of 2010. 

Two centers were open for recruitment of patients with oMLS. Eligible patients 

were adults (≥18 years) with a limited number of MLS metastases. The maximum 

number of target lesions per patient was left to the discretion of the treating 

multidisciplinary sarcoma board, in consideration of the disease/progression-free 

interval, anatomical sites of the metastatic lesions (and their relation to prior RT 

areas), alternative treatment options, and patient performance and preferences. Not 

all MLS metastases were necessarily irradiated, as in case of oligo progressive MLS 

only progressive or symptomatic lesions were treated. Exclusion criteria were any 

other prior or concurrent malignancy, pregnancy and ECOG performance status >2.

All patients provided written informed consent prior to enrolment, and conduct of 

the trial was in compliance with the Declaration of Helsinki and all applicable laws. 

The protocol and all amendments thereon were approved by the ethics committee 

of the initiating center.
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Procedures

Besides history review and physical examination, the staging procedure consisted 

of Magnetic Resonance Imaging (MRI) of the target lesion, or computed tomography 

(CT) for pulmonary target lesions without thoracic wall invasion. Recent (<2 months) 

CT imaging of the chest, abdomen, and pelvis was required for evaluation of the 

metastatic status.[2,3] Histopathological and molecular confirmation of the MLS 

diagnosis of the original primary tumor or at least one of its metastases, if not 

already previously performed, was mandatory. When metastatic MLS was proven 

previously in another lesion, CT and/or MRI was deemed sufficient for confirmation 

of a new or progressive MLS lesion.

In the oMLS cohort of the study, RT could be provided with two distinct treatment 

options; as definitive RT or as preoperative RT before metastasectomy. The RT 

protocol, conform to the ICRU 50/62 guidelines, required standardized target volume 

delineation. The gross tumor volume(GTV) was defined using the gadolinium-

enhanced, T1-weighted MRI. In case of a pulmonary lesion, a respiratory-correlated 

4-dimensional planning CT scan was performed, of which the CT lung window of 

the mid ventilation phase (time-weighted mean tumor position) was used for tumor 

delineation of the GTV. Subsequently, if applicable, the GTV was manually edited 

to encompass any on T2-weighted MRI identified peritumoral edema in order to 

construct the clinical target volume(CTV). Eventually, the CTV was expanded by 

tumor site specific planning target volume(PTV) margins, which are presented in 

Supplementary Table 1. The total prescribed dose was 36 Gy, given in fractions of 

either 2 Gy or 3 Gy. The 2 Gy fraction schedule was administered once-daily for five 

consecutive days per week in a total treatment time of 24 days. The 3 Gy regimen 

consisted of 4-5 once-daily fractions per week, with a total treatment time of 16-

19 days. IMRT or VMAT planning techniques were used. Dose distributions were 

calculated using collapsed cone inhomogeneity corrections (Pinnacle versions 

9.2–9.10, Philips, Best, The Netherlands). The dose inhomogeneity within the PTV 

ranged between 90% and 107%. Treatment verification was performed daily with an 

online cone beam CT scan set-up correction protocol.

Eligibility of subsequent metastasectomy was assessed prior to RT by the 

multidisciplinary sarcoma board, predominantly determined by the number of 

metastases, doubling time, disease-free-interval, resectability, anticipated surgically 
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induced morbidity as well as patient preferences. In case of a metastasectomy, 

it was performed at least 4 weeks after completion of the RT course, preferably 

after repeated preoperative MRI. The resection specimens were processed in 

accordance with local routines, including the quantification of all pathological 

treatment effects such as hyalinization, fatty maturation and necrosis.[29] Follow-up 

visits were scheduled two- to three-monthly, including physical examination and 

appropriate imaging to detect new metastases and to repeat the CT and/or MRI of 

the treated lesion site.

Endpoints

The primary endpoint in the oMLS cohort was LPFS, defined as the interval between 

baseline visit and the date of the first clinical or any radiological local progression 

of the target lesion. Secondary endpoints included the time to (the next line of) 

systemic therapy, LPFS censored at the date of the first cycle of (the next line of) 

systemic therapy, progression free survival (PFS), disease specific survival (DSS), 

overall survival (OS), and toxicity. Of note, the indication for systemic therapy was 

set at the discretion of the treating clinicians in the multidisciplinary sarcoma 

board. Acute (<3 months) and late (≥3 months) toxicities were scored during the 

on-treatment check-ups and follow-up visits, respectively.[30] Furthermore, if 

target lesions were symptomatic at baseline visit, clinical symptom reduction was 

evaluated at the first follow-up visit. In case of definitive RT of (predominantly) non-

bone metastases, the best achieved radiological response of the target lesion was 

an additional secondary endpoint, with an objective radiological response defined 

as either complete (disappearance) or partial (maximum diameter ≤-30%) response.

[31] Other secondary endpoints for patients with metastasectomy were wound 

complications and extensive treatment response, defined as ≥50% of any treatment 

effect in the resection specimen during pathological examination.

Statistical analysis

Descriptive statistics were used to analyze the data. Radiological response, 

pathological response, symptom reduction, and LPFS, were analyzed per-lesion. 

Postponement of systemic therapy, PFS, DSS, OS, and toxicity, were analyzed 

per-patient. Survival endpoints were measured from the date of baseline visit and 

analyzed per-protocol, using the Kaplan-Meier approach. A cox-regression model 
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was constructed to test whether radiological objective response and/or tumor 

size of the target lesion were correlated with LPFS, using a level of significance of 

p≤0.05. Statistical analyses were conducted by using IBM SPSS V25, with a follow-

up until September 15, 2020.

Results
On April 1st, 2020, the predefined accrual of 100 patients in the comprehensive 

DOREMY trial was reached and the trial was closed. A total of 9 eligible patients 

were enrolled in the oMLS cohort of the trial. Together these patients had 25 MLS 

target lesions, of which 11 were symptomatic lesions with the majority consisting of 

pain. At baseline visit of the first lesion, the median age was 48 years and the WHO 

performance status was 0 in all of the patients. The patient population consisted of 

4 females and 5 males. All patients had metachronous metastatic disease, with a 

median interval of 26 months between previous disease manifestation and the first 

target lesion in this trial (range 10-68 months). The site of the primary tumor location 

was controlled in all of the patients at first baseline visit. The median number of 

MLS target lesions per patient was 3 lesions (range 1-6), which were treated all 

in once (n=4), partly simultaneously (n=3), or consecutively with progression free 

intervals(n=2). Most frequent lesion sites were the trunk wall (n=10), (involvement of) 

bone (n=7), and the lung (n=4). An overview of baseline characteristics, treatment 

characteristics and outcome is presented in Table 1.

Treatment comprises definitive RT in 6 patients with 21 lesions and preoperative 

RT with metastasectomy in 3 patients with 4 lesions. RT was performed according 

to the RT protocol in 2 Gy fractions (n=10) and 3 Gy fractions (n=14). Because of 

surrounding normal tissue concerns, one further lesion was irradiated in 1.8 Gy 

fractions to 36 Gy. Figure 1 provides individual patient treatment timelines, with T=0 

representing the treatment of the first target lesion in this trial. An overview of lesion 

specific timelines is presented in Figure 2.
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Figure 1. Patient specific timelines with an overview of therapeutic interventions

Caption Figure 1. For each patient an individual timeline is provided starting from the diagnosis 
of the primary MLS until death or the end of follow-up. All relevant therapeutic interventions for 
metastatic lesions are included in this overview, but not the initial treatment of the primary MLS 
manifestation as this falls out of the scope of this trial. The y-axis (T=0) represents the treatment 
of the first oligometastatic or oligoprogressive lesion of each patient in this study.

Objective radiological response was achieved in 8/15 (53%) for this endpoint 

evaluable lesions, consisting of 8 partial responses (PR). The 7 remaining 

evaluable lesions exhibited stable disease (SD), and there were no patients 

with progressive disease. Two of the patients (one SD lesion and one PR 

lesion) had started with systemic therapy at the moment of radiological 

assessment of the target lesion, although without an objective response 

in non-irradiated lesions. Clinical symptom reduction was achieved in 

9/10 (90%) of the symptomatic lesions, with the first improvement already 

observed before the end of RT course in the majority of cases.

Following definitive RT, local progression was observed in 8/21 (38%) 

lesions after a median follow-up of 23 months (IQR 11-31). Rates of LPFS at 

1, 2 and 3 years were 84%, 62% and 47%, respectively (Figure 3). For those 

lesions with local progression, the median interval to local progression 

was 16 months. LPFS was neither correlated with radiological objective 

response (Hazard Ratio (HR) 0.68; 95% Confidence Interval (CI) 0.11-4.05, p=
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Figure 2. Lesion specifi c timelines with an overview of therapeutic interventions

Caption Figure 2. Each bar represents an oligometastatic/oligoprogressive target lesion in this 
trial, sorted by local progression free survival. Lesions with and without progression are displayed 
in red and green, respectively. On the left side of the y-axis, the patient number (“Pt #” in Table 1) 
and lesion letter (“Lesion” in Table 1) are presented together with the study intervention consisting 
of defi nitive radiotherapy or preoperative radiotherapy with subsequent metastasectomy. If 
systemic therapy was given for progressive other lesions, which could possibly have impacted 
local progression free survival of the target lesion, it is displayed in the bars at the time of 
administration of the fi rst cycle. Lesion 5B showed local progression at 28 months after initial 
radiotherapy of the target lesion, therefore, the lesion was reirradiated to 36 Gy in 1.8 Gy fractions, 
on which the lesion remained stable for another 20 months.

0.67), nor with tumor size of the target lesion (HR1.11; 95%CI0.92-1.36, p=0.27). 

Systemic therapy following local or distant progression was given to 6/6 

patients, with a median interval of 6 months between baseline visit of the 

RT of the fi rst lesion and the fi rst cycle of systemic therapy. LPFS censored 

at the start date of the (next line of) systemic therapy following RT of the 

target lesion at 1, 2 and 3 years are 73%, 61% and 40%, respectively. Median 

PFS, DSS, and OS, were 5, 39, and 39 months, respectively.
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Figure 3. Local progression free survival (primary endpoint) after defi nitive radiotherapy

Caption Figure 3. Local progression free survival following defi nitive radiotherapy presented by a 
Kaplan Meier curve.

In patients treated with preoperative RT followed by metastasectomy, none of 

the four lesions recurred locally after a median follow-up of 26 months(IQR 14-

63). Due to development of distant metastases, systemic treatment was started in 

2/3 patients at 18 and 50 months after baseline visit. The third patient, which had 

two simultaneous metastasectomies, did not have a systemic therapy indication 

for MLS, however, chemotherapy for gastric cancer with peritoneal metastases 

consisting of Capecitabine monotherapy, was started at 7 months follow-up. 

Pathology examination showed extensive treatment response (≥50%) in 3/4 

resection specimens, with estimated treatment eff ects in 100%, 100% and 90% of 

the resection volumes. The fourth resection specimen contained just 1% of necrosis. 

Surgical margins were negative in all four resected lesions. Median PFS, DSS, and 

OS, were 18, 39, and 39 months, respectively.

Acute and late toxicity of any grade was observed in 7/9 and 0/9 patients, 

respectively. Acute toxicity consisted of grade 2 dysphagia (n=1), grade 1 fatigue 

(n=3), grade 1 xerostomia (n=1) and grade 1 proctitis (n=1). Furthermore, one patient 
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developed grade 2 thoracic pain, which was most likely not radiation-induced, 

but caused by the subsequent pulmonary metastasectomy. None of the patients 

who underwent subsequent metastasectomy developed wound complications 

requiring intervention.

Discussion
This prospective trial suggests that RT to a dose of 36 Gy in 12 or 18 fractions could 

be an effective and minimally toxic treatment in oMLS. Definitive RT provided local 

control in 62% of the irradiated lesions at two years and for those lesions with 

local progression, the median interval to progression was 16 months. It could be 

considered to perform a subsequent surgical resection to further increase local 

control, if this is justified by the anticipated surgery induced morbidity and the 

prognosis of the patient. Systemic therapy was postponed with a median interval of 

6 months. Symptom reduction was achieved in 90% of the symptomatic lesions and 

the objective radiological response rate was 53% in definitively irradiated lesions 

with no patients having progressive disease. However, no correlation was found 

between objective radiological response and LPFS.

To the best of our knowledge, this is the first prospective trial assessing LPFS 

following definitive RT in (oligo)metastatic MLS. There is one retrospective study of 

112 unresectable STS cases reporting on LPFS by Kepka et al., although unfortunately 

without histological subtype stratification.[32] Following a median radiation dose of 

64 Gy of definitive RT, the reported two-year actuarial LPFS rate of 52% in that study 

was slightly lower than the 62% in the current trial. The at least comparable LPFS in 

the current trial achieved by delivering just over half of that radiation dose obviously 

reflects the variety of STS subtypes included by Kepka, while our cohort was purely 

MLS. Yet, it underscores the vast difference in clinical radiosensitivity between MLS 

and other STS subtypes, apparently also for metastatic disease. To further put our 

findings into perspective, our results are non-inferior to the previously mentioned 

trial investigating tumor ablation of up to three metastases in STS patients stable 

after six cycles of chemotherapy.[27] The primary endpoint in that trial consisting of 

the 3-month progression free survival rate was 75% versus 78% in our unselected 

patient population. Lastly, when comparing our findings with reports on SBRT in 

STS,[25,28] SBRT is still associated with superior local control and a lower patient 

burden as compared to our regimen. Therefore, if SBRT is deemed feasible such 
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as in small pulmonary and bone lesions, this obviously remains the RT treatment 

of choice in oMLS. In line with retrospective RT MLS data,[4,5,7,33,34] we observed 

superior radiological responses of the target lesions, as compared to the 4-34% 

objective response rates we know from systemic agents.[12,14–17] Our radiological 

objective response rate of 53% according to RECIST is similar to the 58% in a 

recently reported phase II trial by Koseła-Paterczyk et al., exploring 25 Gy in 5 

fractions followed by delayed surgery in MLS.[35] This could be expected, as the RT 

regimens in Koseła-Paterczyk’s and our trial are biologically practically equivalent 

for MLS cells. Of note, with respect to the late responding normal tissues, the large 

fraction size in the Polish trial implicates theoretically increased late toxicity on the 

long-term, although this was not observed yet after 27 months median follow-up. 

In a phase I trial investigating 45 Gy of neoadjuvant RT with concurrent Trabectedin 

(1.1-1.5 mg/m2) in locally advanced MLS a 36% of objective response rate according 

to RECIST was reported.[36] Despite the higher dose and the addition of a potential 

radiosensitizer, this is remarkably lower than Koseła-Paterczyk’s and our rates.

Although the proportion of RECIST objective responses we observed was high, 

no correlation was found with LPFR in this modest dataset of 15 for this endpoint 

evaluable lesions. This is in line with previous reports suggesting that the predictive 

value of RECIST response assessment in STS is low.[37–40] Radiological responses 

were unfortunately not assessable according to modified Choi criteria, which 

are possibly more appropriate than RECIST in this setting. The required contrast 

enhanced CT imaging was not routinely-based performed during the follow-up, 

in order to limit the standard-of-care exceeding patient burden in this trial to a 

minimum.

Other limitations of this trial include the above mentioned small sample size and 

the lack of a control arm. Inherent to the rarity with yearly approximately 30-40 

new primary MLS cases in the Netherlands, of which only a few develop metastatic 

disease,[1] the number of eligible oMLS cases presenting in the two trial centers 

within a reasonable timeframe is very limited. For that reason, a single-arm study 

design was pragmatically chosen in order to maximize the body of the prospective 

data on the new regimen. An additional limitation is the lack of quality of life (QOL) 

assessments. This precludes objectification of a potential QOL benefit as compared 

to systemic regimens or wait and see, which could fairly be expected based on the 

high symptom reduction rate and the very mild toxicity profile observed in this trial.
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In summary, the DOREMY trial suggests that a 36 Gy radiation dose could be 

effective to achieve local control, postponement of systemic therapy and symptom 

reduction in oMLS. Given the minimal associated toxicity and the convenience of the 

– particularly 12x3 Gy – schedule, this treatment could be reasonably considered 

in oligometastatic MLS, particularly when SBRT is deemed unfeasible. Whether 

this strategy also translates into improved quality of life and prolonged survival is 

yet to be determined in future research. The first step will be the recently initiated 

international prospective registration study (NCT04699292) for MLS.
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Supplementary material

Supplementary table 1. Overview of the clinical target volume to planning target volume margins 
per lesion site.

Lesion site Anterior-posterior 
direction

Left-right direction Cranio-caudal 
direction

Bone 12 mm 12 mm 12 mm

Trunk 10 mm 10 mm 10 mm

Intra-abdominal/ 
retroperitoneal

12 mm 12 mm 15 mm

Para-rectal 10 mm 10 mm 10 mm

Head and neck 7 mm 7 mm 7 mm

Lung 12 mm plus ¼ of 
the peak-to-peak 
amplitude on the 4D-
CT scan

12 mm plus ¼ of 
the peak-to-peak 
amplitude on the 4D-
CT scan

12 mm plus ¼ of 
the peak-to-peak 
amplitude on the 
4D-CT scan






