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Abstract 

Given the very limited efficacy of doxorubicin (doxo) in soft tissue sarcoma, there is a clear 

need for more active and less toxic treatments for this family of diseases. However, due to the 

rarity of these malignancies and lack of reliable preclinical models, development of new 

therapies has lagged behind.  

We evaluated the efficacy of PhAc-ALGP-doxorubicin (ALGP-doxo), a prodrug metabolized 

to doxo by peptidases present in tumor cells and/or tumor microenvironment, in a synovial 

sarcoma (SynSa) and two dedifferentiated liposarcoma (DDLPS) patient-derived xenograft 

models. Sixty-eight mice were engrafted bilaterally with human DDLPS or SynSa and 

randomized to control, doxo or ALGP-doxo treatment, which were administered using an 

intraperitoneal minipump. Tumor volume measurement, histopathology and Western blotting 

were used to assess treatment efficacy. Tumor regrowth was evaluated in a subset of mice 

over a period of two weeks after treatment cessation.  

While tumor volume in the control and doxo groups increased steadily, ALGP-doxo caused 

tumor volume stabilization in the DDLPS xenografts and significant tumor shrinkage in the 

SynSa model, continuing after treatment cessation. A significant decrease in proliferation and 

increase in apoptosis compared to control and doxo was observed during and after treatment 

with ALGP-doxo in all models.  

In conclusion, ALGP-doxo shows considerably higher antitumoral efficacy compared to doxo 

in all patient-derived xenograft models tested. Administration of a 30-40 fold higher dose of 

ALGP-doxo than doxo is tolerated without significant adverse events. These results warrant 

further testing of this prodrug in anthracycline-sensitive and -resistant models of soft tissue 

sarcoma.   
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Introduction 

Soft tissue sarcomas (STS) represent a heterogeneous group of rare, malignant tumors derived 

from mesenchymal cells. They are characterized by extensive biological and histological 

heterogeneity, with more than seventy subtypes described (1). Liposarcoma is the most 

commonly diagnosed subtype, with four different variants recognized by the most recent 

World Health Organization classification: atypical lipomatous tumor (ALT), dedifferentiated 

liposarcoma (DDLPS), myxoid/round cell liposarcoma and pleomorphic liposarcoma (1). 

ALT and DDLPS are both characterized by a specific amplification of the 12q13-15 

chromosomal region, containing the mouse double minute 2 homolog (MDM2) gene (2). 

Synovial sarcoma (SynSa) accounts for 7-10% of all STS and harbors a subtype-specific 

t(X;18) translocation, resulting in the formation of an SS18-SSX gene fusion (3). 

While surgical resection is the mainstay of treatment for localized and resectable disease, 

chemotherapy is indicated in patients with locally advanced or metastatic STS (4). 

Doxorubicin (doxo), a cytotoxic anthracycline, continues to be the standard-of-care first-line 

treatment in STS. However, the response rate to doxo monotherapy at the dose of 75 mg/m2 

once every three weeks is shown to be less than 15% in the most recent large randomized trial 

(5). Additionally, treatment with doxo is dose-limited due to myelotoxicity and cumulative 

cardiotoxicity of the agent. Cardiac damage is dose-dependent and potentially irreversible (6), 

allowing the administration of only a maximum cumulative dose of 450-550 mg/m2 over the 

lifetime of the patient (4). As a result, treatment often has to be discontinued even in 

responding patients, and cannot be repeated in case of relapse. The second most commonly 

used drug in STS is ifosfamide, with similar antitumor activity as doxo (7). After the failure 

of doxo and ifosfamide, or in patients unsuited to receive these agents, a number of other 

chemotherapeutic drugs are used in selected STS subtypes: dacarbazine, gemcitabine, 

docetaxel and paclitaxel have some value in specific subsets of patients, even though not all 
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of them are officially approved for STS or have been adequately tested for this indication in 

large randomized trials. In the past years, trabectedin, pazopanib and eribulin have been added 

to the armamentarium for the treatment of STS (8-10). In spite of this, the prognosis of 

patients with inoperable, advanced or metastatic STS has been more or less static over the 

past few decades and the systemic treatment of STS remains an unmet medical need. 

There have been several strategies to improve tumor targeting and to overcome the non-

selectivity of doxo. In the past, structurally related compounds of doxo have been developed, 

such as epirubicin and mitoxantrone (11). However, studies in STS populations with these 

doxo derivatives showed poor efficacy of mitoxantrone (12) and doxo-like toxicity using 

epirubicin (13). Pegylated liposomal doxo is a formulation of doxo encapsulated in long-

circulating liposomes. Due to the leaky tumor vasculature, it preferentially accumulates in the 

tumor microenvironment. In a prospective randomized phase II trial comparing this 

formulation with standard intravenous (i.v.) doxo treatment, liposomal doxo was significantly 

less myelotoxic, but response rates were disappointingly low with responses in 10% of 

patients, compared to a response rate of 9% in the conventional doxo treated arm (14). 

Another approach is to develop a prodrug that is selectively activated in the vicinity of the 

tumor. N-succinyl-β-alanyl-L-leucyl-L-alanyl-L-leucyl-doxorubicin (ALAL-doxo, DTS-201), 

a tetrapeptidic prodrug of doxo, showed promising in vivo and phase I clinical trial results in 

heavily pretreated patients with solid tumors, in whom only transient myelosuppression but no 

severe cardiac events were observed even at cumulative doses of ALAL-doxo up to 2750 

mg/m2 (15-17). Phosphonoacetyl-L-alanyl-L-leucyl-L-glycyl-L-prolyl-doxorubicin (PhAc-

ALGP-doxorubicin or ALGP-doxo) is a second-generation tetrapeptidic prodrug of doxo 

(Figure 1), developed by CoBioRes NV. ALGP-doxo has a proprietary composition with 

ALAL-doxo, but by changing the capping group from succinyl to PhAc and the peptide 

sequence from ALAL to ALGP, the stability and tumor-selectivity of ALGP-doxo is believed 
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to be further improved compared to ALAL-doxo. ALGP-doxo is inactive in its prodrug form, 

as the phosphonoacetyl capping group is responsible for stability of the prodrug in the 

circulation and the ALGP peptide sequence prevents cellular uptake of the molecule. In the 

vicinity of a tumor, however, ALGP-doxo is metabolized to LGP-doxo and to GP-doxo by the 

endopeptidases CD10 and thimet oligopeptidase (TOP or THOP-1), which are expressed by 

cancer cells and/or the tumor microenvironment. LGP-doxo is immediately hydrolysed into 

GP-doxo by omnipresent aminopeptidases. In a second step, the exopeptidases fibroblast 

activation protein (FAP) and/or CD26 cleave GP-doxo into the active cytotoxic compound 

doxo. These activating peptidases are not necessarily tumor-specific, but they can increase the 

drug selectivity to a certain extent, as these peptidases are upregulated in the tumoral cells and 

extracellular matrix of solid tumors. With the exception of B-lymphocytes, myoepithelial cells 

of the breast, brush border of the small intestine, proximal tubules and glomeruli of the 

kidney, endometrial stromal cells and bile ducts, CD10 expression is limited in normal tissue 

(18). In contrast, CD10 was found to be overexpressed in several solid tumor types such as 

melanoma, genitourinary tract neoplasms and pancreatic adenocarcinomas (18). In addition, 

nearly half of STS are found to be CD10 positive, with high-grade sarcomas exhibiting 

stronger expression (19). TOP is an endopeptidase that is particularly well-suited for the in 

vivo activation of ALGP-doxo, since its activity is inhibited in oxygenated environments such 

as blood, but enhanced in reduced and anoxic environments that are characteristic for tumoral 

processes, including sarcomas (20-23). CD26 and FAP are exopeptidases that are both 

members of the dipeptidyl aminopeptidase family of serine proteases and possess the same 

enzymatic activity. CD26 is diffusely expressed in proximal tubules of the kidney, small 

intestinal mucosa, bile ducts, sinusoidal lining cells of the spleen, subsets of vascular 

endothelial cells and fibroblasts (24). In contrast, FAP is absent in normal adult tissue (24). Of 

interest, both CD26 and FAP expression are induced in activated fibroblasts, in reactive 
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stroma of epithelial cancers and in bone and soft tissue tumors that are histogenetically related 

to activated (myo)fibroblasts (24). 

In this study, we explore the in vivo efficacy of ALGP-doxo in DDLPS and SynSa patient-

derived xenograft models.  

 

Materials and methods 

Patient-derived DDLPS and SynSa mouse xenograft models 

Xenografts were established by bilateral, subcutaneous transplantation of fresh human tumor 

tissue in female adult, partially immunodeficient nu/nu NMRI mice (Janvier Laboratories). 

All patients underwent surgery in the Department of Surgical Oncology or Orthopedic 

Surgery, University Hospitals Leuven (Leuven, Belgium) and gave written informed consent 

for using the tissue for this purpose. Once tumor growth was observed in mice and tumor 

volume reached approximately 200 mm3, the tumor was retransplanted to the next generation 

of mice (n=2 mice) and this was repeated until the model was established. A xenograft model 

was considered “established” after confirming stable histological and molecular features for at 

least two passages. The xenografting of patient-derived tumor tissue was approved by the 

Medical Ethics Committee, University Hospitals Leuven (S53483). The in vivo efficacy of 

ALGP-doxo was tested in the DDLPS xenograft models UZLX-STS3 and UZLX-STS5 and 

in the SynSa xenograft model UZLX-STS7. Both DDLPS models have been characterized 

and used in previous in vivo studies (25). Only the donor patient of the UZLX-STS5 model 

was exposed to doxo during the disease course, with stable disease after 6 cycles of 

doxo/ifosfamide combination therapy but early progression after cessation of the treatment. 

From each passage, tumor fragments were collected for histological and molecular 

characterization. Gross morphology of the patient’s tumor and subsequent passages of the 

xenograft model were compared on hematoxylin and eosin (H&E) staining, under the 
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supervision of an expert STS pathologist. MDM2 and epithelial membrane antigen (EMA) 

immunostainings were conducted to verify immunopositivity throughout passaging in the 

DDLPS and SynSa model, respectively. To assess MDM2 amplification and SS18 

rearrangement, dual-color interphase fluorescence in situ hybridization (FISH) was conducted 

on paraffin sections, using the LSI MDM2/CEP 12 FISH Probe Kit (Kreatech Diagnostics) 

and Vysis SS18 Break Apart FISH Probe Kit (Abbot Molecular), respectively. Tissue 

pretreatment, hybridization and detection were carried out according to the manufacturer’s 

instructions. 

The immunohistochemical expression of the enzymes TOP, CD26, CD10 and FAP was 

assessed in the original patient’s tumors and in the corresponding xenograft models used for 

the in vivo experiments, utilizing the following antibodies: CD10 (R&D Systems), TOP, 

CD26 and FAP (all Abcam). Additionally, Western blotting was performed on xenograft 

samples with primary antibodies specific for TOP (Abcam), CD10, CD26 and FAP (all R&D 

systems). Detailed information about these procedures can be found below. Moreover, to 

evaluate the human/murine origin of enzymes quantitative polymerase chain reaction (qPCR) 

was applied using TaqMan probe assays specific for murine or human homologues, and 

eukaryotic 18S assay as a normalizing gene (all from Applied Biosystems, all primer 

sequences available upon request). Human and mouse Universal RNA Samples (Agilent 

Technologies) served as positive controls for respective assays.  

Drug preparation and administration 

Doxorubicin hydrochloride was purchased from Sigma-Aldrich and PhAc-ALGP-doxorubicin 

was provided by CoBioRes NV. Details on the synthetic method used to make PhAc-ALGP-

doxorubicin are provided as Supplementary Methods. Both compounds were dissolved in 

Dulbecco’s phosphate buffered saline (DPBS; Life Technologies). Drugs were administered 

through continuously releasing intraperitoneal (i.p.) osmotic mini-pumps (Alzet, model 
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1007D), delivering solution at the rate of 0.5 µl/h during 7 days. Prolonged continuous i.p. 

administration was preferred to intermittent i.p. injections, given the observation that 86% of 

ALGP-doxo was cleared from the circulation in the first 5 minutes after i.v. injection (26). 

Pumps were prepared according to the manufacturer’s instructions. The prefilled pumps were 

placed in sterile 0.9% saline overnight at 37°C and then implanted under sterile conditions 

into the peritoneal space of mice, using 3% isoflurane anesthesia. Prior to surgery, 0.1 mg/kg 

of the analgesic buprenorphine was administered subcutaneously. Control mice received 

osmotic pumps filled with DPBS. 

Experimental setup 

For the in vivo experiments, 68 mice were used. They were transplanted with human tumor 

tissue on both flanks, generating a total number of 128 tumors, as 8 out of 136 transplanted 

tumor specimens did not result in engraftment in mice. Two tumors from the same mouse 

were considered to be independent events and were therefore analyzed separately. The 

experiments were started 5.5 weeks (UZLX-STS3), 9.5 weeks (UZLX-STS5) and 7 weeks 

(UZLX-STS7) after transplantation of the tumor tissue. These time intervals were needed in 

order to ensure successful engraftment of the tumors and to limit the number of tumors 

measuring less than 100 mm3, as sequential caliper measurement of these small tumors can 

give highly variable results, interfering with the overall group measurements. The average 

tumor volume at the beginning of the experiment was 414 mm3 in UZLX-STS3 passage 10 

(p.10), 539 mm3 in UZLX-STS5 p.8 and 1405 mm3 in UZLX-STS7 p.12. Due to the more 

aggressive nature of the UZLX-STS7 model, average tumor volume at baseline was higher in 

the UZLX-STS7 SynSa model compared to the two DDLPS models. Animals were 

randomized to three different treatment groups for all models: (1) a control group (DPBS); (2) 

a group receiving  doxo treatment (cumulative dose over 7 days of 0.03 mmol/kg for UZLX-

STS3 and 0.04 mmol/kg for UZLX-STS5 and -STS7) and (3) a group treated with ALGP-
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doxo (cumulative dose over 7 days of 1.2 mmol/kg). Tumor volume and body weight were 

measured three times a week. Tumor volume was assessed by caliper measurement, using the 

following formula: tumor volume (mm3) = length (mm) x width (mm) x height (mm). After 

the 7-day treatment, half of mice from each treatment group were sacrificed (efficacy 

experiment). The remaining mice were followed over an additional two weeks without further 

treatment (regrowth experiment). Mice were euthanized and tumors and hearts were collected. 

Half of the tissue was stored in 4% buffered formaldehyde for further histological assessment, 

the other half was snap-frozen in liquid nitrogen for molecular analysis. All animal 

experiments were conducted in accordance with the Belgian regulation and were approved by 

the Animal Ethics Committee, KU Leuven. A detailed description of the number of 

mice/tumors included in the study can be found in Supplementary Table S1.  

Differential blood count and histopathological analysis of the heart and liver 

The body weight of the mice was recorded three times weekly. Blood was drawn at 

predefined time points (day 0, 3, 7, 14 and 21) through retro-orbital bleeding. Blood samples 

were diluted 1:5 in sterile 0.9% saline and samples were analyzed on the CELL-DYN 3500 

automated hematology analyzer (Abbott Diagnostics) for red blood cell, white blood cell and 

platelet count. H&E-stained heart sections were microscopically evaluated in order to detect 

potential myocardial damage such as reduction in the density of myofibrillar bundles, 

vacuolization of cardiomyocytes or cardiomyocyte apoptosis (27). Heart and liver sections of 

untreated mice were additionally stained for the enzymes TOP and CD26 (both Abcam), 

using UZLX-STS3 tumor tissue as a positive control.   

Histological and immunohistochemical assessment of tumors 

Formalin-fixed tumor specimens were embedded in paraffin and 4-µm sections were cut for 

H&E staining and immunohistochemical analysis. The following primary antibodies were 

used for immunohistochemistry: cleaved caspase 3 (CC3; Biocare Medical), Ki-67 
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(ThermoFisher Scientific) and phospho-histone H3 (pHH3; Cell Signaling Technology). The 

sections were incubated with secondary antibody-HRP polymer conjugate (Envision+ 

System-HRP, DAKO) and stainings were developed using diaminobenzidine (DAB; DAKO), 

followed by hematoxylin counterstaining (VWR).  

Mitotic and apoptotic activity were assessed on H&E-stained sections by counting mitotic and 

apoptotic cells in 10 high power fields (HPFs) at 400-fold magnification (0.45-mm field 

diameter). Mitotic figures and apoptotic cells were counted according to the morphological 

criteria proposed by van Diest et al. (28) and Kerr et al. (29), respectively. pHH3 and CC3 

stainings, as markers for proliferative and apoptotic activity, were assessed by counting the 

number of positive tumor cells in 10 HPFs. On Ki-67 immunostainings the proliferative 

activity was scored as the average percentage of Ki-67 positive tumor cells in 5 random 

digital microscopic pictures per tumor, taken at 400-fold magnification. Histological analysis 

was performed blinded for treatment group using a CH30 microscope equipped with a Color 

View digital camera (Olympus). Images were analyzed using the Cell D imaging software 

(Olympus). 

Western blotting 

For Western blotting, tumor lysates were prepared from snap-frozen tumor samples as 

previously described (30), electrophoresed on Nu-Page 4-12% Bis-Tris gels (Life 

Technologies) and blotted to PVDF membranes (Bio-Rad). The following primary antibodies 

were used: histone H3 (Abcam) and pHH3 (Cell Signaling Technology). Secondary 

antibodies were applied and specific bands were visualized using the Western Lightning ECL 

detection kit (Perkin Elmer). Levels of chemiluminescence were captured using the FUJI-

LAS mini 3000 system (Fujifilm) and images were analyzed with the Advanced Image Data 

Analyzer (AIDA) software (version 4.15).  
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Statistics 

Statistical analysis was performed using STATISTICA (version 12.0). The Mann-Whitney U-

test (MWU) was used for comparison of non-parametric parameters (tumor volume, 

histological assessment). Tumor volumes within groups at the end of the efficacy and 

regrowth experiment vs. baseline were compared using the Wilcoxon matched pairs signed-

rank method (WMP). P < 0.05 was considered as statistically significant. Graphs were 

generated with GraphPad Prism (version 7.01). 

 
Results 

DDLPS and SynSa models retain their original histological and molecular profile throughout 
passaging 

The UZLX-STS3 and UZLX-STS5 models were established using tumor tissue from patients 

with DDLPS and these model characteristics were already published previously (25). H&E 

staining of control tumors of UZLX-STS3 p.10 and UZLX-STS5 p.8, the passages used in the 

current in vivo study, confirmed the presence of histological features of the original patient’s 

tumors. MDM2 immunopositivity was observed in both models and MDM2 amplification was 

proven by FISH analysis during passaging (Supplementary Figure S1).  

The newly-established UZLX-STS7 model was created using tumor tissue from a metastatic 

lesion of a high-grade poorly differentiated SynSa in the right upper leg diagnosed in an 85-

year old female patient. On H&E, both the original patient’s tumor and the subsequent 

xenograft passages (including p.12, used in the current in vivo study) showed a cell-rich tumor 

with bundles of spindle cells, areas of necrosis and a high mitotic count, confirming the highly 

aggressive nature of the tumor, which is in line with the clinical behavior of many synovial 
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sarcomas. In addition, weak cytoplasmic EMA immunopositivity and SS18 rearrangement 

(FISH) were observed consistently in consecutive passages (Supplementary Figure S1).  

DDLPS and SynSa xenografted tumors express enzymes required for prodrug activation 

The expression of metabolizing enzymes in the tumor cells or tumoral stroma was evaluated 

by immunohistochemistry and Western blotting (Figure 2). CD10 was only expressed in 

UZLX-STS3, but TOP was expressed in all three xenograft models. Although FAP expression 

was only observed in UZLX-STS5, CD26 was expressed in all three models. The similar 

presence of the metabolizing enzymes was also shown in the original patient’s sarcoma 

samples (Figure 2A), confirming the same profile of expression in the xenografted models. 

qPCR results showed that all detected transcripts were of human origin and no murine 

transcripts were detected, showing that metabolizing enzymes were produced by the tumor 

and not by the murine stroma. As a comparison, CD26 and TOP immunostainings were 

performed on untreated murine heart and liver sections. Both immunostainings for CD26 and 

TOP were very weak in the heart sections and negative in the liver sections. In contrast, a high 

expression of both enzymes was observed in the UZLX-STS3 samples, included as positive 

controls (Supplementary Figure S2).  

ALGP-doxo stabilizes tumor volume in DDLPS models and significantly reduces tumor 
burden in the SynSa model 

During the efficacy experiment, tumors grew steadily in all control groups, reaching 144% of 

the starting volume in UZLX-STS3, 149% in UZLX-STS5 and 158% in UZLX-STS7 at the 

end of the efficacy experiment. After 7 days of drug administration via the i.p. minipump, 

doxo yielded either tumor volume increase in UZLX-STS5 and UZLX-STS7 models (187% 

and 152% of baseline tumor volume respectively, P < 0.005 for both comparisons, WMP) or 

stabilization in UZLX-STS3 (111% of baseline tumor volume; P > 0.05, WMP). ALGP-doxo 

induced tumor volume stabilization in the UZLX-STS3 model (96% of baseline tumor 
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volume after 7 days) and tumor volume increase in UZLX-STS5 (132% of baseline tumor 

volume), however it was significantly lower compared to doxo treated mice (P < 0.0005, 

MWU). In contrast, in the UZLX-STS7 SynSa model a tumor volume reduction to 60% of 

baseline was observed under ALGP-doxo, significant compared to control and doxo (P < 

0.0005 for both comparisons, MWU). Detailed results are presented in Table 1 and Figure 3. 

Further tumor growth of control tumors was observed during the regrowth experiment, 

reaching 258% of the starting volume in UZLX-STS3, 366% in UZLX-STS5 and 479% in 

UZLX-STS7 at the end of the regrowth experiment. After treatment cessation, tumor volume 

steadily increased in mice previously treated with doxo to reach about 246% of baseline 

tumor volume in both DDLPS models and 361% of baseline tumor volume in UZLX-STS7 

after completion of the regrowth experiment. In contrast, a sustained therapeutic effect was 

observed after ALGP-doxo withdrawal. In UZLX-STS3 and UZLX-STS5, continued tumor 

volume stabilization was observed at the end of the regrowth experiment (105% and 119% of 

baseline tumor volume respectively, P < 0.005 for both when comparing control vs. ALGP-

doxo on day 21, MWU). Moreover, tumor shrinkage and even complete tumor disappearance, 

as evidenced by pathological complete response (Figure 4A), occurred in all (6/6) of the 

ALGP-doxo treated UZLX-STS7 tumors after the 14-day follow-up period (relative tumor 

volume of 5% on day 21, P < 0.05 when comparing control vs. ALGP-doxo on day 21, 

MWU). Detailed results are presented in Table 1 and Figure 3. Separate graphs of the tumor 

volume of each of the six UZLX-STS7 tumors throughout the regrowth experiment are shown 

in Supplementary Figure S3.  

No significant body weight loss or decreased red or white blood cell or platelet count was 

observed in any of the treatment groups during the 21-day period (Supplementary Figure S4). 

Although red blood cell count was decreased in the ALGP-doxo group compared to control 

and doxo (both on day 7 and day 14), these differences were not statistically significant 
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(MWU). The observed differences in body weight between treatment groups in the UZLX-

STS7 experiment can be explained by the high tumor burden in the control and doxo groups, 

in contrast to the disappearance of the tumor tissue in the ALGP-doxo group. Moreover, no 

differences in body weight between the treatment groups were observed in the UZLX-STS3 

or UZLX-STS5 experiment. Hearts collected after the treatment and regrowth experiment did 

not show histological signs of acute myocardial damage. 

ALGP-doxo has antiproliferative effects and increases apoptosis in DDLPS and SynSa 
models 

Regardless of the xenograft model, doxo did not reduce the mitotic activity (on H&E) 

compared to control tumors. In contrast, ALGP-doxo induced nearly a three-fold reduction in 

proliferation in UZLX-STS3 (P = 0.007 compared to control, P = 0.004 compared to doxo) 

and a four-fold reduction in UZLX-STS5 (P = 0.001 compared to control and doxo) after 

completion of the efficacy experiment. Concordant with tumor volume shrinkage, an eight-

fold reduction in proliferation was found in ALGP-doxo treated UZLX-STS7 tumors after the 

efficacy experiment (P = 0.003 compared to control, P = 0.001 compared to doxo). ALGP-

doxo treated tumors collected after the regrowth experiment, 14 days after treatment 

cessation, still showed a 3.2-fold and 3.5-fold decrease in proliferation in UZLX-STS3 and 

UZLX-STS5, respectively (P < 0.005 compared to control and doxo). Control and doxo-

treated tumors of the UZLX-STS7 model consisted of a highly cellular and anaplastic 

proliferation with many mitotic figures. In contrast, all the ALGP-doxo treated samples of 

UZLX-STS7 collected after the regrowth experiment showed non atypical spindle cells in a 

poorly cellular myxoid background, compatible with pathological complete response (Figure 

4A). Therefore, the proper assessment of proliferation and apoptosis could not be performed 

for these samples. The observations on H&E stainings were confirmed by pHH3 and Ki-67 

immunostainings (Table 2). 
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No significant increase in apoptotic activity was observed in the tumors after doxo treatment. 

However, when xenograft models were treated with ALGP-doxo, a significant increase in 

apoptosis was found after the efficacy experiment in UZLX-STS3 (2.3 fold, P = 0.0006 

compared to control and doxo), UZLX-STS5 (5.3-fold, P = 0.002 compared to control, P = 

0.001 compared to doxo) and UZLX-STS7 (4.2-fold, P = 0.003 compared to control, P = 

0.001 compared to doxo). This pro-apoptotic effect could still be observed on tumors 

collected at the end of the regrowth experiment. The results of apoptotic cell count assessment 

were confirmed by CC3 immunostaining (Table 2 and Figure 4B).  

Western blotting with tumor samples collected after the efficacy experiment showed a lack of 

pHH3 expression in ALGP-doxo treated tumors of UZLX-STS5 and decreased pHH3 

expression in ALGP-doxo treated tumors of UZLX-STS3 and -STS7 (Figure 4C), confirming 

the antiproliferative effect of ALGP-doxo.  

Discussion 

In the current in vivo study, we used three selected models of our established STS xenograft 

platform to test the innovative tetrapeptidic prodrug ALGP-doxo. We have previously shown 

that patient-derived xenografts can be successfully used for in vivo preclinical drug testing 

(25,31,32). We previously described two DDLPS patient-derived xenograft models, 

established by the Laboratory of Experimental Oncology, KU Leuven (25). In the current in 

vivo study, we present an additional established SynSa xenograft model originating from a 

surgical specimen of a female patient with a metastatic lesion in the right upper leg. 

Microscopically, this xenograft is characterized by a high mitotic count and shows areas of 

necrosis, both high-grade features, which are retained throughout passaging in 

immunocompromised mice. In addition, weak cytoplasmic EMA immunopositivity and SS18 

rearrangement (FISH) are observed consistently in consecutive passages. As all three 
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xenograft models maintain the histological, molecular and genetic features of the patient’s 

tumor, they are reliable tools for preclinical testing of experimental compounds. In the present 

in vivo study, we used the established models after repeated passaging. Hidalgo et al. 

demonstrated that stable responses to treatment for up to more than ten passages can be 

achieved in xenograft models (33). Furthermore, stable genomic profile through mouse-to-

mouse passaging was confirmed in our models by low-coverage whole genome sequencing of 

early and late passages. Of interest, many genetic changes observed during passaging in 

xenograft models seem to be part of the normal tumor progression process. Studies comparing 

genetic changes over time in xenografted tumor material and in the patient’s tumor tissue 

reported overlapping genetic alterations in the primary tumor location, the metastatic site and 

the xenografted material over time (34,35).  

Despite poor response rates of only 10 to 25% in the setting of advanced STS (5) and the 

systemic toxicity associated with doxo use, single-agent doxo continues to be the standard-of-

care first-line treatment for advanced STS. This underlines the need to develop more active 

and less toxic treatment options for this patient population. In this in vivo study, we test the 

efficacy of the innovative tetrapeptidic prodrug ALGP-doxo. This doxo prodrug is designed to 

be stable in blood, while being cleaved to release active doxo by enzymes present in the tumor 

cells and/or the tumoral micro-environment. As a result, the prodrug has increased tumor-

selectivity and reduced off-target toxicity. This could also lead to an improved antitumoral 

efficacy and improved therapeutic window. Firstly, the accumulation of a higher local dose of 

doxo could have a more pronounced cytotoxic effect on sensitive tumor cells. Secondly, it 

could have indirect antitumoral effects by destroying the reactive stromal cells, which may 

contribute to tumor growth. Because of their genetic stability, these stromal cells are much 

less likely to become resistant to doxo and as a consequence, ALGP-doxo could in theory 

even be active in doxo-resistant tumors.  
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In a first step, we examined the expression of the 4 candidate metabolizing enzymes in our 

patient-derived STS xenograft models. The peptidases TOP and CD26 were identified as the 

key metabolizing enzymes, as presence of both enzymes could be shown in both DDLPS and 

in the SynSa model. Presence of TOP allows the conversion of ALGP-doxo to GP-doxo and 

CD26 further metabolizes GP-doxo to the active chemotherapeutic agent doxo. CD10 and 

FAP were only expressed in the DDLPS models UZLX-STS3 and UZLX-STS5, respectively, 

but the expression of these additional metabolizing enzymes did not lead to increased 

antitumoral effects under ALGP-doxo treatment.  

The “tumor-enhanced” metabolization of ALGP-doxo by TOP, CD10, FAP and CD26 has a 

therapeutic potential not only in the setting of STS, but could also lead to new treatment 

indications compared to the current use of doxo. For example, CD10 and TOP were found to 

be expressed in majority of breast and prostate carcinoma biopsies (15). Furthermore, a recent 

study by Brennen et al. showed the efficacy of a FAP-cleavable prodrug in human breast and 

prostate cancer xenografts (36). As a result, assessing the presence of these enzymes in 

biopsied or resected tumor tissue offers opportunities for selecting patients who would benefit 

from treatment with the prodrug as a kind of personalized / precision-medicine-like approach 

in sarcoma.  

Although being the current first-line standard-of-care treatment for advanced STS, doxo was 

not able to slow down tumor growth compared to control in any of the three STS xenograft 

models in this in vivo study. These results are in line with the modest efficacy of doxo 

observed in the clinic with response rates between 10 to 25% in the setting of advanced STS 

(7). Only one out of 7 patients with metastatic STS achieves a partial or complete response to 

single agent doxo. On the contrary, treatment with ALGP-doxo stabilized tumor growth, 

reduced the proliferative activity and induced pro-apoptotic effects in both DDLPS xenograft 

models. Given the low objective response rate (ORR), defined as a decrease in the size of 
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measurable lesions, observed with cytotoxic agents in advanced STS, ORR is increasingly 

considered to be a poor surrogate to assess the efficacy of anticancer treatments in STS (37). 

Stabilization of disease is a more realistic and clinically meaningful endpoint for metastatic 

STS, as illustrated by the prognostic relevance of progression-free survival (PFS) in patients 

with advanced STS (37,38). Accordingly, stabilization of tumor volume is to be considered a 

promising preclinical result in these DDLPS xenografts, especially when taking into account 

the reduction of proliferation and induced apoptosis under ALGP-doxo treatment. In the 

UZLX-STS7 SynSa model, ALGP-doxo was able to significantly shrink the tumor to 60% of 

the original tumor volume during the 7-day efficacy experiment. More surprisingly, the tumor 

volume continued to decrease after the treatment cessation and a complete tumor 

disappearance was observed after completion of the regrowth experiment. The results 

obtained from tumor volume measurements were confirmed by histopathological analysis and 

Western blotting. Based on our experiments, we cannot judge whether the different treatment 

response observed between DDLPS and SynSa is subtype-specific or rather xenograft model-

specific. Testing the efficacy of ALGP-doxo in additional patient-derived xenografts could 

bring more pieces to the puzzle.   

ALGP-doxo was well tolerated when administered continuously through an i.p. pump at a 30 

to 40-fold higher dose than doxo, while in our experience comparable doses of doxo are 

lethal. Continuous dosing was preferred based on the pharmacokinetic analysis of ALGP-

doxo, showing that 86% of the prodrug is eliminated from the plasma in the first 5 minutes 

after i.v. injection (26). Such a treatment regimen is feasible in the clinical setting, e.g. by the 

use of disposable elastomeric pumps, which have been shown to be safe, effective and cost-

efficient when used for the outpatient administration of trabectedin as 24-h infusion in 

sarcoma patients (39).  
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A potential limitation of this prodrug technology is the metabolization of the prodrug by 

endogenous enzymes that are not entirely tumor-specific. As a result, off-target 

metabolization of ALGP-doxo to doxo is to be expected to a certain extent in normal tissues. 

In theory, this could lead to adverse events not seen with conventional doxo treatment. In this 

preclinical study, a validated method to reliably measure the concentration of ALGP-doxo, 

GP-doxo and doxo in the blood, tumor tissue or off-target organs was not available. However, 

when tested in the clinical setting, a reliable method to measure ALGP-doxo and derivatives 

will be crucial in order to (1) demonstrate the clinical effectiveness of the drug and (2) predict 

late toxicity in patients. In this preclinical study, however, no specific organ toxicity could be 

observed for the duration of the experiment when examining heart, lung, liver, spleen and 

intestine on necropsy. An additional limitation of the study is the inability to fully assess the 

cardiotoxic effects of doxo and ALGP-doxo with the chosen experimental setup. Both doxo 

and ALGP-doxo were administered at a continuous rate during 7 days. However, bolus 

administration with high plasma peak concentrations rather than continuous infusion seems to 

be one of the main risk factor for anthracycline-induced cardiomyopathy in the clinic (40). In 

addition, the follow-up period might have been too short to properly assess cardiotoxic and 

other off-target effects. A limitation of our study is the lack of pharmacokinetic analysis. 

Although the doxo regimen chosen in this study approximates the dose given in the clinic 

(0.04 mmol/kg of doxo corresponds with a dose of 70 mg/m2, as compared to the standard 

regimen of 75 mg/m2 once every three weeks in the clinic), the lack of pharmacokinetic data 

does not allow to relate to human pharmacokinetics. Therefore, the clinical relevance of the 

chosen doxo regimen in this study is uncertain. However, previous studies of our group with 

repeated i.p. injections of doxo in the UZLX-STS3 and UZLX-STS5 xenografts have shown a 

comparable effect on tumor growth than the one observed in the current study using i.p. 

osmotic minipumps (25). Another aspect to consider is the well-described substitution of 
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human cancer stroma in the implanted tumor pieces by murine stroma throughout passaging 

in patient-derived xenografts (33), which may alter the efficacy of the activation of prodrugs 

by the tumor micro-environment. However, our results suggest that metabolizing enzymes are 

of human origin.  

In conclusion, ALGP-doxo demonstrated significantly superior antitumor activity compared 

to  doxo treatment in patient-derived DDLPS and SynSa xenografts. The doxo prodrug 

decreased tumor burden through decrease of cell proliferation and induction of apoptosis. 

Therefore, the prodrug ALGP-doxo warrants further testing in anthracycline-sensitive and -

resistant preclinical tumor models and early clinical exploration in mesenchymal and other 

tumors, due to its innovative mode of activation, potential safety advantage and presumed 

improved therapeutic potential.  

Acknowledgments 

The authors thank late prof. dr. André Trouet, who initiated this strategy of drug design and 

provided valuable insight and expertise that greatly assisted this research. 

References 

1. Fletcher CDM, Bridge JA, Hogendoorn PC, Mertens F. WHO classification of 
tumours of soft tissue and bone. Lyon: IARC Press; 2013. 

2. Miettinen M. Modern soft tissue pathology: tumors and non-neoplastic conditions. 
Cambridge; New York: Cambridge University Press; 2010. 

3. Antonescu CR. The role of genetic testing in soft tissue sarcoma. Histopathology 
2006;48(1):13-21. 

4. Schöffski P, Cornillie J, Wozniak A, Li H, Hompes D. Soft tissue sarcoma: an update 
on systemic treatment options for patients with advanced disease. Oncol Res Treat 
2014;37(6):355-62. 

5. Judson I, Verweij J, Gelderblom H, Hartmann JT, Schöffski P, Blay JY, et al. 
Doxorubicin alone versus intensified doxorubicin plus ifosfamide for first-line 
treatment of advanced or metastatic soft-tissue sarcoma: a randomised controlled 
phase 3 trial. Lancet Oncol 2014;15(4):415-23. 

6. Chatterjee K, Zhang J, Honbo N, Karliner JS. Doxorubicin cardiomyopathy. 
Cardiology 2010;115(2):155-62. 

7. van Oosterom AT, Mouridsen HT, Nielsen OS, Dombernowsky P, Krzemieniecki K, 
Judson I, et al. Results of randomised studies of the EORTC Soft Tissue and Bone 

on June 8, 2017. © 2017 American Association for Cancer Research. mct.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 31, 2017; DOI: 10.1158/1535-7163.MCT-16-0832 

http://mct.aacrjournals.org/


22 
 

Sarcoma Group (STBSG) with two different ifosfamide regimens in first- and second-
line chemotherapy in advanced soft tissue sarcoma patients. Eur J Cancer 
2002;38(18):2397-406. 

8. Schöffski P, Wolter P, Clement P, Sciot R, De Wever I, Wozniak A, et al. Trabectedin 
(ET-743): evaluation of its use in advanced soft-tissue sarcoma. Future Oncol 
2007;3(4):381-92. 

9. van der Graaf WT, Blay JY, Chawla SP, Kim DW, Bui-Nguyen B, Casali PG, et al. 
Pazopanib for metastatic soft-tissue sarcoma (PALETTE): a randomised, double-
blind, placebo-controlled phase 3 trial. Lancet 2012;379(9829):1879-86. 

10. Schöffski P, Chawla S, Maki RG, Italiano A, Gelderblom H, Choy E, et al. Eribulin 
versus dacarbazine in previously treated patients with advanced liposarcoma or 
leiomyosarcoma: a randomised, open-label, multicentre, phase 3 trial. Lancet 
2016;387(10028):1629-37. 

11. Wadler S, Fuks JZ, Wiernik PH. Phase I and II agents in cancer therapy: I. 
Anthracyclines and related compounds. J Clin Pharmacol 1986;26(7):491-509. 

12. Bull FE, Von Hoff DD, Balcerzak SP, Stephens RL, Panettiere FJ. Phase II trial of 
mitoxantrone in advanced sarcomas: a Southwest Oncology Group study. Cancer 
Treat Rep 1985;69(2):231-3. 

13. Nielsen OS, Dombernowsky P, Mouridsen H, Crowther D, Verweij J, Buesa J, et al. 
High-dose epirubicin is not an alternative to standard-dose doxorubicin in the 
treatment of advanced soft tissue sarcomas. A study of the EORTC soft tissue and 
bone sarcoma group. Brit J Cancer 1998;78(12):1634-9. 

14. Judson I, Radford JA, Harris M, Blay JY, van Hoesel Q, le Cesne A, et al. 
Randomised phase II trial of pegylated liposomal doxorubicin (DOXIL (R)/CAELYX 
(R)) versus doxorubicin in the treatment of advanced or metastatic soft tissue sarcoma: 
a study by the EORTC Soft Tissue and Bone Sarcoma Group. Eur J Cancer 
2001;37(7):870-7. 

15. Ravel D, Dubois V, Quinonero J, Meyer-Losic F, Delord J, Rochaix P, et al. 
Preclinical toxicity, toxicokinetics, and antitumoral efficacy studies of DTS-201, a 
tumor-selective peptidic prodrug of doxorubicin. Clin Cancer Res 2008;14(4):1258-
65. 

16. Dubois V, Dasnois L, Lebtahi K, Collot F, Heylen N, Havaux N, et al. CPI-0004Na, a 
new extracellularly tumor-activated prodrug of doxorubicin: in vivo toxicity, activity, 
and tissue distribution confirm tumor cell selectivity. Cancer Res 2002;62(8):2327-31. 

17. Delord J, Schöffski P, Brain E, Dumez H, Robert J, Faivre S, et al. Results of a phase 
I study of DTS-201, a peptidic prodrug of doxorubicin, in patients with solid tumors. J 
Clin Oncol, ASCO Annual Meeting Proceedings 2007;25(18S):abstract# 2547. 

18. Chu P, Arber DA. Paraffin-section detection of CD10 in 505 nonhematopoietic 
neoplasms. Frequent expression in renal cell carcinoma and endometrial stromal 
sarcoma. Am J Clin Pathol 2000;113(3):374-82. 

19. Deniz K, Coban G, Okten T. Anti-CD10 (56C6) expression in soft tissue sarcomas. 
Pathol Res Pract 2012;208(5):281-5. 

20. Dubois V, Nieder M, Collot F, Negrouk A, Nguyen TT, Gangwar S, et al. Thimet 
oligopeptidase (EC 3.4.24.15) activates CPI-0004Na, an extracellularly tumour-
activated prodrug of doxorubicin. Eur J Cancer 2006;42(17):3049-56. 

21. Francis P, Namlos HM, Muller C, Eden P, Fernebro J, Berner JM, et al. Diagnostic 
and prognostic gene expression signatures in 177 soft tissue sarcomas: hypoxia-
induced transcription profile signifies metastatic potential. BMC Genomics 2007;8:73. 

on June 8, 2017. © 2017 American Association for Cancer Research. mct.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 31, 2017; DOI: 10.1158/1535-7163.MCT-16-0832 

http://mct.aacrjournals.org/


23 
 

22. Nordsmark M, Alsner J, Keller J, Nielsen OS, Jensen OM, Horsman MR, et al. 
Hypoxia in human soft tissue sarcomas: adverse impact on survival and no association 
with p53 mutations. Brit J Cancer 2001;84(8):1070-5. 

23. Shintani K, Matsumine A, Kusuzaki K, Matsubara T, Satonaka H, Wakabayashi T, et 
al. Expression of hypoxia-inducible factor (HIF)-1alpha as a biomarker of outcome in 
soft-tissue sarcomas. Virchows Arch 2006;449(6):673-81. 

24. Dohi O, Ohtani H, Hatori M, Sato E, Hosaka M, Nagura H, et al. Histogenesis-
specific expression of fibroblast activation protein and dipeptidylpeptidase-IV in 
human bone and soft tissue tumours. Histopathology 2009;55(4):432-40. 

25. Li H, Wozniak A, Sciot R, Cornillie J, Wellens J, Van Looy T, et al. Pazopanib, a 
receptor tyrosine kinase inhibitor, suppresses tumor growth through angiogenesis in 
dedifferentiated liposarcoma xenograft models. Transl Oncol 2014;7(6):665-71. 

26. Life Science Research Partners vzw, 2014. Minimally toxic prodrugs. Patent No. WO 
2014/102312, filed Dec 27, 2013, and published Jul 3, 2014. 

27. Arola OJ, Saraste A, Pulkki K, Kallajoki M, Parvinen M, Voipio-Pulkki LM. Acute 
doxorubicin cardiotoxicity involves cardiomyocyte apoptosis. Cancer Res 
2000;60(7):1789-92. 

28. van Diest PJ, Brugal G, Baak JP. Proliferation markers in tumours: interpretation and 
clinical value. J Clin Pathol 1998;51(10):716-24. 

29. Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic biological phenomenon with wide-
ranging implications in tissue kinetics. Brit J Cancer 1972;26(4):239-57. 

30. Floris G, Sciot R, Wozniak A, Van Looy T, Wellens J, Faa G, et al. The Novel HSP90 
inhibitor, IPI-493, is highly effective in human gastrostrointestinal stromal tumor 
xenografts carrying heterogeneous KIT mutations. Clin Cancer Res 2011;17(17):5604-
14. 

31. Floris G, Wozniak A, Sciot R, Li H, Friedman L, Van Looy T, et al. A potent 
combination of the novel PI3K Inhibitor, GDC-0941, with imatinib in gastrointestinal 
stromal tumor xenografts: long-lasting responses after treatment withdrawal. Clin 
Cancer Res 2013;19(3):620-30. 

32. Van Looy T, Wozniak A, Floris G, Sciot R, Li H, Wellens J, et al. Phosphoinositide 3-
kinase inhibitors combined with imatinib in patient-derived xenograft models of 
gastrointestinal stromal tumors: rationale and efficacy. Clin Cancer Res 
2014;20(23):6071-82. 

33. Hidalgo M, Amant F, Biankin AV, Budinska E, Byrne AT, Caldas C, et al. Patient-
derived xenograft models: an emerging platform for translational cancer research. 
Cancer Discov 2014;4(9):998-1013. 

34. Kresse SH, Meza-Zepeda LA, Machado I, Llombart-Bosch A, Myklebost O. 
Preclinical xenograft models of human sarcoma show nonrandom loss of aberrations. 
Cancer 2012;118(2):558-70. 

35. Ding L, Ellis MJ, Li S, Larson DE, Chen K, Wallis JW, et al. Genome remodelling in 
a basal-like breast cancer metastasis and xenograft. Nature 2010;464(7291):999-1005. 

36. Brennen WN, Rosen DM, Chaux A, Netto GJ, Isaacs JT, Denmeade SR. 
Pharmacokinetics and toxicology of a fibroblast activation protein (FAP)-activated 
prodrug in murine xenograft models of human cancer. Prostate 2014;74(13):1308-19. 

37. Van Glabbeke M, Verweij J, Judson I, Nielsen OS, Tissue ES, Bone Sarcoma G. 
Progression-free rate as the principal end-point for phase II trials in soft-tissue 
sarcomas. Eur J Cancer 2002;38(4):543-9. 

38. Grunwald V, Litiere S, Young R, Messiou C, Lia M, Wardelmann E, et al. Absence of 
progression, not extent of tumour shrinkage, defines prognosis in soft-tissue sarcoma - 

on June 8, 2017. © 2017 American Association for Cancer Research. mct.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 31, 2017; DOI: 10.1158/1535-7163.MCT-16-0832 

http://mct.aacrjournals.org/


24 
 

An analysis of the EORTC 62012 study of the EORTC STBSG. Eur J Cancer 
2016;64:44-51. 

39. Schöffski P, Cerbone L, Wolter P, De Wever I, Samson I, Dumez H, et al. 
Administration of 24-h intravenous infusions of trabectedin in ambulatory patients 
with mesenchymal tumors via disposable elastomeric pumps: an effective and patient-
friendly palliative treatment option. Onkologie 2012;35(1-2):14-7. 

40. Danesi R, Fogli S, Gennari A, Conte P, Del Tacca M. Pharmacokinetic-
pharmacodynamic relationships of the anthracycline anticancer drugs. Clin 
Pharmacokinet 2002;41(6):431-44. 

on June 8, 2017. © 2017 American Association for Cancer Research. mct.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 31, 2017; DOI: 10.1158/1535-7163.MCT-16-0832 

http://mct.aacrjournals.org/


25 
 

Table 1. 
Relative tumor volume compared to baseline in DDLPS and SynSa patient-derived xenograft models at the end of the efficacy experiment (day 
7) and after the regrowth experiment (day 21). Data are presented as average ± standard deviation.  

                         Relative tumor volume (%) 
 Efficacy experiment (day 7) Regrowth experiment (day 21) 

Xenograft 
model Control Doxo ALGP-doxo Control Doxo ALGP-doxo 

UZLX-STS3 144 ± 36 130 ± 41    103 ± 27 **#
   258 ± 113 246 ± 74 105 ± 20 *** 

UZLX-STS5 149 ± 32     187 ± 48 *          132 ± 35 ##   366 ± 153   246 ± 193  119 ± 35 *** 

UZLX-STS7 158 ± 36 152 ± 39    60 ± 18 ### 479 ± 54   361 ± 171            5 ± 3 *## 

Statistical significance was calculated using Mann-Whitney U test                                                                                
* P<0.05 compared to control; # P<0.05 compared to doxorubicin;  
** P<0.005 compared to control; ## P<0.005 compared to doxorubicin; 
*** P<0.005 compared to control and doxorubicin; ### P<0.0005 compared to control and doxorubicin 
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Table 2. 
Histological assessment of proliferative and apoptotic activity of tumors collected at the end 
of the efficacy experiment (day 7) and after the regrowth experiment (day 21). Results are 
shown as fold changes of the average for each group in comparison with control. Arrows 
indicate an increase (↑) or decrease (↓) of proliferative or apoptotic activity of treated vs. 
respective control tumors.    
  

 Efficacy experiment 
(day 7) 

Regrowth experiment 
(day 21) 

   UZLX
-STS3 

UZLX
-STS5 

UZLX
-STS7 

UZLX
-STS3 

UZLX
-STS5 

UZLX-
STS7 

Proliferative activity 
 H&E Doxo ↓ 1.2 1.0 ↓ 1.1 ↑ 1.1 ↓ 1.1 n/a 

  ALGP-doxo ↓ 2.9*# ↓3.8*# ↓ 8.2*# ↓ 3.2*# ↓ 3.5*# n/a 

 pHH3 Doxo ↓ 1.8 ↓1.1 ↓ 1.2 ↓ 1.2 ↓ 1.2 n/a 

  ALGP-doxo ↓ 2.7* ↓6.6*# ↓13.6*# ↓ 2.2*# ↓ 3.4*# n/a 

 Ki-67 Doxo 1.0 ↑1.1 1.0 ↓ 1.1 1.0 n/a 

  ALGP-doxo ↓ 1.6*# ↓1.2*# ↓ 1.7*# ↓ 1.8*# ↓ 1.3*# n/a 

Apoptotic activity 

 H&E Doxo ↑ 1.3 ↑ 1.3 1.0 1.0 ↑ 2.0 n/a 

  ALGP-doxo ↑ 2.3*# ↑ 5.3*# ↑ 4.2*# ↑ 1.6 ↑ 3.7*# n/a 

 CC3 Doxo 1.0 ↑ 5.5* 1.0 ↑ 1.3 ↑ 2.0 n/a 

  ALGP-doxo ↑ 1.8# ↑10.5*# ↑8.3*# ↑ 2.2*# ↑ 3.5* n/a 

Statistical significance was calculated using Mann-Whitney U test                                                                     
* p<0.05 compared to control; # p<0.05 compared to doxorubicin                                                                       
H&E: hematoxylin and eosin staining; pHH3: phospho-histone H3 immunostaining; CC3: 
cleaved caspase 3 immunostaining; n/a: not assessed (in the ALGP-doxo treated samples of 
the UZLX-STS7 model collected after the regrowth experiment, tumor tissue was replaced by 
non atypical spindle cells in a poorly cellular myxoid background and therefore the 
assessment could not be performed) 
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Figure Legends 

Figure 1. Chemical structure of Phosphonoacetyl-L-alanyl-L-leucyl-L-glycyl-L-prolyl-

doxorubicin (ALGP-doxo) and the location of cleavage sites for enzymes [CD10, thimet 

oligopeptidase (TOP), CD26 and fibroblast activation protein (FAP)], metabolizing the 

prodrug to an active form of doxorubicin.  

 

Figure 2. CD10, thimet oligopeptidase (TOP), CD26 and fibroblast activation protein (FAP) 

expression 

(A) Immunohistochemical analysis of the metabolizing enzymes in the original patient’s 

samples and in corresponding control (untreated) tumors of UZLX-STS3, -STS5 and –STS7 

patient-derived xenograft models. Images of immunostainings were captured under 400-fold 

magnification.   

(B) Western blotting analysis of metabolizing enzymes in UZLX-STS3, -STS5 and –STS7 

patient-derived xenografts. Lysates of two different tumors per xenograft model were used for 

Western blot analysis. Recombinant human enzymes were loaded as positive controls. 

Tubulin was used as a marker for equal loading for respective blots.   

 

Figure 3. Tumor volume evolution in UZLX-STS3 and UZLX-STS5 DDLPS xenografts and 

in UZLX-STS7 SynSa xenograft, presented as relative tumor volume (%) compared to 

baseline. All data points are shown as mean  ± SD of at least six tumors per treatment group, 

with the exception of only four tumors in the control group of the UZLX-STS7 regrowth 

experiment. 

 

Figure 4. Assessment of proliferative and apoptotic activity by histology and Western 

blotting 

(A) Representative pictures of the H&E stainings from UZLX-STS7 tumor material collected 

after the regrowth experiment (day 21). Images captured under 400-fold magnification.   

(B) Representative pictures of the cleaved caspase 3 immunostaining from UZLX-STS3, -

STS5 and -STS7 tumor material collected after the efficacy experiment (day 7). Images 

captured under 400-fold magnification.   

(C) Western blotting for phospho-histone H3 (pHH3) on four different tumor samples per 

treatment group, collected after the 7-day efficacy experiment in the DDLPS xenograft 

models UZLX-STS3 and -STS5 and the SynSa xenograft model UZLX-STS7. Histone H3 

was used as a marker for equal loading for respective blots. 
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