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Abstract

Purpose—Desmoplastic small round cell tumor (DSRCT), which harbors EWSR1-WT1 t(11;22)
(p13:912) chromosomal translocation, is an aggressive malignancy that typically presents as intra-
abdominal sarcomatosis in young males. Given its rarity, optimal treatment has not been defined.

Experimental Design—We conducted a retrospective study of 187 DSRCT patients treated at
MD Anderson Cancer Center over two decades. Univariate and multivariate regression analyses
were performed. We determined whether chemotherapy, complete cytoreductive surgery (CCS),
hyperthermic intraperitoneal cisplatin (HIPEC), and/or whole abdominal radiation (WART)
improve overall survival in DSRCT patients. Critically, since our institutional practice limits
HIPEC and WART to patients with less extensive, potentially resectable disease that had benefited
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from neoadjuvant chemotherapy, a time-variant analysis was performed to evaluate those adjunct
treatment modalities.

RESULTS—The pre-2003 5-year overall survival (OS) rate of 5% has substantially improved to
25% with the advent of newer chemotherapies and better surgical and radiotherapy techniques
(HR 0.47, 95% CI 0.29-0.75). Chemotherapy response (log rank p=0.004) and CCS (log rank
p<0.0001) were associated with improved survival. Though WART and HIPEC lacked statistical
significance, our study was not powered to detect their potential impact upon OS.

CONCLUSIONS—Improved 3- and 5-year overall survival were observed following
multidisciplinary treatment that includes Ewing sarcoma (ES)-based chemotherapy and complete
tumor cytoreductive surgery, but few if any patients are cured. Prospective randomized studies will
be required to prove whether HIPEC or WART are important. In the meantime, chemotherapy and
CCS remain the cornerstone of treatment and provide a solid foundation to evaluate new
biologically targeted therapies.
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INTRODUCTION

Desmoplastic small round cell tumor (DSRCT) is an aggressive malignancy that occurs
predominantly in young adult males and is characterized by abdominopelvic sarcomatosis
exhibiting multi-lineage cellular nests of epithelial, muscular, mesenchymal, and neural
differentiation admixed with desmoplastic stroma.(1-6) Owing to the disease’s low age-
adjusted incidence and peak incidence of 0.3 and 0.74 cases per million, respectively,(7) it
wasn’t until 1989 that Gerald and Rosai recognized a pathognomonic EWSR1-WT1 t(11;22)
(p13:912) chromosomal translocation that pairs the Ewing sarcoma (ES) gene (EWSRI)
with the Wilm’s tumor suppressor gene (W/71).(3) The functional loss of the WT1 tumor
suppressor protein and the oncogenic effects caused by the aberrant 59 kDa fusion protein
results in hundreds to thousands of nodules coating the intraabdominal serosal and
subdiaphragmatic surfaces. Most DSRCT patients present with advanced disease and
symptoms of abdominal pain or distention, nausea, constipation, and/or weight 10ss.(8)

Prior to the recognition of the disease as a distinct clinical entity, DSRCT was invariably
misclassified as poorly differentiated atypical cancer of the testes, ovary, mesentery, or
gastrointestinal tract, and the chemotherapies used for those malignancies elicited poor
clinical response. As previously reported,(5,9) a tectonic shift in the treatment of these
patients occurred after researchers made two astute observations: 1) DSRCT microscopically
resembles other small round “blue cell” sarcoma subtypes (e.g., ES, rhabdomyosarcoma,
synovial sarcoma), and 2) DSRCT and ES have the same N-terminal EWSRZ fusion partner.
(10,11) A fuller historical context of these discoveries is summarized in a recent review by
Mora and Rosai.(12)

The morphological and genomic characterization of DSRCT as distinct sarcoma subtype has
provided a relatively recent opportunity to systematically evaluate which treatment
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modalities yield clinical benefits in DSRCT. Yet, the relative rarity of this malignancy has
contributed to the lack of standardization, and most literature to date is in the format of
anecdotal case reports. As a tertiary cancer hospital that cares for one of the largest groups
of DSRCT patients in the world, our multidisciplinary team of medical, pediatric, surgical,
and radiation oncologists have reviewed our entire clinical experience treating DSRCT since
1990 and, herein, share our seminal findings. As will be discussed, though carefully
sequenced trimodality therapy reliant upon chemotherapy, complete cytoreductive surgery
(CCS), and WART represents the standard DSRCT treatment approach used at our
institution and others, our analysis suggests the current approach should undergo major
revision, or at least prompt prospective clinical investigation.

PATIENTS AND METHODS

Demographics and data

The patient treatments and study analysis were reviewed and approved by the Institutional

Review Board of MDACC and conducted in accordance with the principals of Declaration

of Helsinki. Written informed consent was obtained from all patients for treatments, but it

was not required for this retrospective review, and all the patient records were de-identified
prior to analysis.

We identified 187 DSRCT patients treated at MDACC from 1990 to 2016 and collected data
in accordance with the guidelines of MD Anderson’s Institutional Review Board. Specialist
pathologists used clinical information, immunohistochemistry, and cytogenetic analysis for
the EWSR1-WT1 fusion to confirm the DSRCT diagnoses. The date of original biopsy was
used to calculate each patient’s age at initial diagnosis. In the comprehensive analysis of
prognostic factors, patients were used to assess the association between prognostic factors
and overall survival time, i.e., from the time of diagnosis until the time of death or last
follow-up. More comprehensive clinical information was available which allowed for a
thorough statistical analysis of a number of factors, including: (a) the era in which a patient
was treated, taking into account the advent of the ifosfamide/etoposide combination used
more frequently after 2003, (b) the ability to achieve an optimal surgical cytoreduction, and
(c) the tumor response to neoadjuvant chemotherapy. A complete tumor surgical debulking
was defined as removal of the primary dominant tumor mass and all visualized metastatic
nodules if present. Given the difficulty in accurately measuring the extent of abdominal
sarcomatosis, a positive neoadjuvant chemotherapy response was defined as any reduction in
tumor size, not necessarily a clinical response as would otherwise be reported using WHO or
RECIST criteria that are better suited to assess well-demarcated tumors. Major response to
chemotherapy was defined using RECIST criteria (greater than or equal to 30% reduction in
one-dimensional measurement in the predominant mass) to any course of chemotherapy
whether provide in the neoadjuvant, adjuvant, or relapsed setting. As a tertiary referral
center, many patients had received chemotherapy and exhibited chemoresistance prior to
referral. In those circumstances, external medical records were reviewed to determine the
type, length, and dose of chemotherapy. All but four patients received chemotherapy and
despite vast treatment heterogeneity most patients received ES-based chemotherapy
regimens that were the standard at their respective times of diagnosis.
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Chemotherapy

Most regimens included combinations of vincristine, dactinomycin, cyclophosphamide,
doxorubicin, ifosfamide, and etoposide. Temozolomide/irinotecan, cyclophosphamide/
topotecan, and high-dose ifosfamide, which have proven clinical activity in chemotherapy-
resistant ES, were common second-line regimens. Less common salvage regimens included
cyclophosphamide/vinorelbine, gemcitabine/docetaxel, and dacarbazine. A small minority of
DSRCT patients treated since 2007 received insulin-like growth factor 1 targeted
monoclonal antibodies alone or in combination with mammalian target of rapamycin
(mTOR) inhibitors, which was in keeping with early-phase clinical trials that revealed that
these therapies had striking, albeit short-lived, clinical activity in ES patients. Other
biologically targeted therapies, such as polyethylene glycol-conjugated interferon and
pazopanib, were used infrequently. Finally, as an induction regimen, busulphan was given to
a handful of patients who underwent bone marrow transplantation.

Clinical staging

Clinical data incorporated information from newer ifosfamide/etoposide-containing
regimens (which were used more frequently after 2003), the ability to achieve a complete
surgical cytoreduction, and response to neoadjuvant chemotherapy. An extensive discussion
about DSRCT staging is beyond the scope of this publication. No prospectively validated
staging system for DSRCT exists, and those for soft tissue sarcomas have the unintended
effect of identifying most DSRCT as stage 4 disease. Similar to the American Joint
Committee on Cancer’s staging system, that proposed by Hayes-Jordan et al. is based on
tumor burden (peritoneal cancer index as defined by Sugerbaker et al.,3%) regional spread
(liver, rather than nodal, metastases), and the presence or absence of extra-abdominopelvic
metastases.*? While the latter two metrics of extra-abdominopelvic metastases and liver
spread were readily assessed, our experience suggests that surgeons, radiologists, and
pathologists do not consistently document the peritoneal cancer index score, whose
calculation requires that each of 13 anatomical regions be scored from 1 to 3 based upon
maximal lesion size, and in our opinion, this is too time-consuming to gain widespread
traction in clinical practice. We suggest a pragmatic staging alternative that replaces the
peritoneal cancer index with a simpler method based on the American Joint Committee on
Cancer’s practice of recording the maximal tumor diameter of the largest mass. In addition,
given its clear utility, fluorodeoxyglucose positron emission tomography/CT should be part
of DSRCT staging.

Statistical Analysis

Continuous variables were summarized by their means, standard deviations, and ranges,
whereas categorical variables were summarized by their frequencies or percentages. A
univariate analysis included demographic information (age and gender), treatment type
(radiotherapy, surgery, and stem cell transplantation [SCT]) and treatment era (two analyses
of patients diagnosed before 2003 or after 2003). The association between diagnosis time
(<2003 vs. >2003, when more effective chemotherapy regimens became available for
pediatric sarcomas) and other relevant clinical variables were assessed using the Fisher exact
test. Kaplan-Meier curves were calculated to estimate unadjusted OS. A Cox proportional
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hazards model was used to evaluate the ability of the covariates to predict OS. Within the
multivariate Cox regression model, non-significant variables were eliminated in a step-down
fashion with a p-value cut-off of 0.05. All computations were carried out in SAS 9.4 and S-
Plus version 8 software.

Patient Demographics and Prognostic Factors

The demographic and treatment information of 187 evaluable DSRCT patients is
summarized in Table 1. Consistent with prior reports, an overwhelming majority of patients
were male (82.9%). The patients” mean age + standard deviation was 22.6 + 10.6 years
(range, 0.5-52.9 years), a relatively broad spectrum compared to earlier reports from
children’s hospitals, which naturally have a younger referral base. Local control modalities
included cytoreductive surgery (106 patients; 57%) and whole abdominal radiotherapy
(WART, 92 patients; 49.2%). A subset of patients had either hyperthermic intra-peritoneal
perfusion of chemotherapy (HIPEC) with cisplatin (200 mg/m?) following complete
cytoreductive surgery (CCS, 82 patients; 43.9%) or SCT (12 patients; 6.4%). Treatment
evolved as we gained more experience using HIPEC, radiation, and SCT in patients with
DSRCT, and each of these modalities were more commonly used after 2003.

When assessing the effect of treatment modality upon overall survival, chemotherapy
(p<0.01; hazard ratio [HR]=0.12), radiotherapy (p<0.01; HR=0.44) and CCS (p=0.006;
HR=0.59) were statistically significant in the univariate analysis (UVA; Supplemental Table
1). In the subsequent multivariate analysis (MVA), chemotherapy (p<0.01; HR=0.17) and
radiation (p<0.01; HR=0.46) retained statistical significance (Supplemental Table 2).
Notably, WART—the predominant form of XRT provided—was not statistically significant
when CCS was used as the reference timepoint (Supplemental Table 2). Our results indicate
that patients diagnosed after 2003 (p<0.01; HR=0.47) had improved survival (Fig. 1A). Most
patients (88.2%) were treated after 2003, when results from INT-0091 demonstrated that
ifosfamide/etoposide, added to a VAC (Vincristine, Adriamycin, Cyclophosphamide)
backbone, improved clinical outcomes for those with localized ES.(13) Hearteningly, we
observed a striking time-dependent improvement on 3- and 5-year OS rates that had risen,
respectively, to 50.9% and 25.1% after 2003 compared to earlier OS rates of just 31.8% (3-
year) and 4.6% (5-year).

Individual Treatment Effects

Chemotherapy—As DSRCT almost universally presents with advanced-stage disease and
is remarkably chemosensitive, all but four patients in the present study received systemic
chemotherapy. Since nearly all patients received chemotherapy, it was not possible to prove
that chemotherapy was superior to observation. Instead, as an indirect measure of
chemotherapy effect, we assessed whether chemotherapy response prolonged patient
survival, recognizing that most DSRCT patients eventually die from their malignancy. Of the
156 patients that had computed tomography (CT) and/or fluorodeoxyglucose (FDG)-
positron emission tomography (PET)/CT imaging available for review, 90.4% achieved
clinical benefit (SD/PR/CR) and just over half the patients (51.9%) had a pre-surgical
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response (CR/PR) according to Response Evaluation Criteria in Solid Tumors (RECIST) at
some point during treatment. OS was significantly better for those who achieved clinical
benefit vs. no benefit from their initial chemotherapy regimen (Fig 1B), as could be further
stratified by clinical response (Fig 1C). Consistent with the findings of Schwarz et al., our
univariate analysis revealed that patients whose disease responded to chemotherapy in the
neoadjuvant setting (p = 0.03; HR=0.63; Supplemental Table 1) had better OS than patients
whose disease did not respond to chemotherapy.(14)

Though not previously assessed in DSRCT, our univariate data suggests that dose-dense
VAC/IE-based therapy could be superior to 3-week dosing (68.4% vs. 48.2% response rate;
p=0.05). However, our study was not powered to detect a difference in dosing schedules and
the Kaplan-Meier curves failed to reach significance (Fig 1D). Almost half the patients
received variants of the Children Oncology Group’s alternating VAC/IE (VAC/Ifosfamide
and Etoposide) protocol (AEWS-0031), VAI, Europe’s VIDE (EURO-EWING99) protocol,
or less frequently the P6 protocol when the patients were referred from other cancer centers
(Fig 2A), and no regimen proved superior to another (Supplemental Figure S1).(9) Nearly
nine in ten patients received neoadjuvant chemotherapy, the standard of care at MDACC,
and a small minority first underwent chemotherapy as part of an adjuvant or salvage
approach when the initial surgery was performed prior to their arrival at MDACC (Fig 2B).
Most received standard interval therapy every 3 weeks (72.7%) and roughly one-quarter of
the patients received dose-dense therapy every 2 weeks (Fig 2C). The second-line regimens
used for salvage therapy is shown in Fig. 2D. Our analysis was underpowered to detect any
difference in the response rates to second-line chemotherapies (data not shown). However,
salvage therapy was extensively used since 61% of the patients (114 of 187) had metastatic
disease at the time of diagnosis (Fig 2E). A univariate analysis of the number and location of
metastatic sites is included in Supplemental Table 3.

Surgery and HIPEC—Fifty-seven percent of the patients underwent CCS when clinically
appropriate, and this group had substantially better OS (p = 0.006; HR=0.59) than those who
were gauged to be inappropriate for CCS (Fig 3A & Supplemental Table 1). Our data
suggests the pre-operative imaging is reasonably accurate assessing a patient’s suitability for
CCS, as 75.5% of the patients achieved the expected surgical outcome by eliminating all
macroscopically evident disease (i.e. a completeness of cytoreduction score [CCR] score of
0; 61.3% of CCS patients) or leaving behind measurable tumor implants less than 2.5 mm in
diameter (14.2% of patients). Care should be taken in extrapolating this result, since CCS
was performed by only a handful of surgeons at our center.

Importantly, our institutional practice has been to offer patients CCS only if they achieved
clinical benefit from neoadjuvant chemotherapy since most chemo-resistant tumors quickly
recur. As this approach naturally biased the CCS-selected patients towards an improved
survival outcome, we performed a secondary analysis limited to those who achieved clinical
benefit from their initial neoadjuvant chemotherapy regimen. Shown in Figure 3B, the
benefit of CCS persisted in those who had responded to neoadjuvant chemotherapy
treatment (p<0.01). An identical subset analysis was conducted to determine whether CCS
improved survival in those whose tumors progressed to their first neoadjuvant chemotherapy
regimen, however only eight patients met that criteria (data not shown). Of those, four
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patients obtained clinical benefit from a second neoadjuvant regimen and one achieved
clinical benefit from a third neoadjuvant regimen, rendering them operable candidates.
Without more evidence, we cannot routinely advocate for CCS in patients that progress on
neoadjuvant chemotherapy.

Seventy-two percent of the patients also underwent HIPEC with cisplatin after CCS in an
attempt to eliminate micrometastatic cells inevitably left behind at the time of surgery. A
subtle, statistically insignificant trend towards improved survival was observed in the first
two years following CCS, however this effect was transitory and did not alter 3- or 5-year
OS (Fig 3C, p=0.16). The results were unchanged when CCS and HIPEC were secondarily
evaluated in patients with abdomen-only disease devoid of hepatic surface implants
(Supplemental Figure S2, panels A-C) or within an even more stringent subset of patients
that achieved complete cytoreductive resection (CCRO) status from CCS (Supplemental
Figure S3). As the current study was underpowered to detect a subtle benefit from HIPEC, if
one exists, more definitive results are anticipated later this year from a HIPEC-specific trial
that continues to enroll at our institution.

Radiation and Other Therapies—Radiation was commonly used for palliation at the
time of tumor recurrence. However, our clinical practice evolved over time, and we
increasingly used WART as an adjuvant therapy before consolidative chemotherapy after
several publications seemed to indicate that trimodality therapy (i.e. chemotherapy,
radiation, and surgery) led to better clinical outcomes than bimodality treatment (i.e.
chemotherapy and surgery).(15) Our results supported this trimodality approach when the
time of diagnosis was used as the reference timepoint to gauge OS (Supplemental Figure
S4). However, since WART cannot contribute to improved OS before it is provided, we
conducted a time-variant analysis of the effect of WART vs. no WART, this time using the
date each patient underwent their respective CCS as the reference point. Surprisingly, in this
more homogeneous subset of patients who had undergone WART shortly after recovering
from CCS (n=69), no benefit was observed (Fig 3E). Subsequent analysis in patients with
abdomen-only disease yielded identical results (Supplemental Figure S2D). This unexpected
result conflicts with our current treatment paradigm and prompted an updated treatment
recommendation to consider WART only in highly-selected patients that are prospectively
monitored in clinical trials specifically designed to quantify the post-WART toxicity and in-
field recurrence rate.

In an era where immunotherapy plays a prominent role in treatment for many different
cancer types, the use immunotherapies, check-point inhibitors, or SCT and other cellular
therapies can also be studied in DSRCT. At the time of this writing, we are unaware of any
DSRCT patients who have responded to immunotherapy, and to the extent one can draw
from the sarcoma community’s experience with ES and other translocation-positive
sarcomas that have otherwise relatively quiescent genomes, current evidence suggests
limited clinical effect.(16—18) SCT is not standard-of-care at MD Anderson and only 12 of
187 DSRCT patients underwent this treatment modality throughout the almost two-decade
long experience presented in this work. Nine of the twelve DSRCT patients who underwent
SCT received this before 2006 when this treatment modality was more commonly used and
all but one of the patients had an autologous rather than allogeneic SCT, so we have
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insufficient data to evaluate the effect of SCT in the present era. Nevertheless, rapid
advancements in the immunotherapy space provide a tantalizing opportunity to study them
in patients combating DSRCT.

DISCUSSION

Our retrospective study of DSRCT patients is the largest conducted to date at a single-
institution and unique for its inclusion of children and adults treated throughout a two-
decade long period. The treatment approach taken by our multidisciplinary team has steadily
improved (Fig 4), and significant strides in surgical technique, radiation delivery, supportive
care, and novel chemotherapies led to improved time-dependent patient survival. We report
the 5-year OS rate of DSRCT patients is considerably higher than reported in recent case
series and now approaches 25.1% when patients receive trimodality care from skilled
experts.(19-21) Nonetheless, despite clear clinical advancements, most survivors harbor
residual disease that requires near-perpetual systemic chemotherapy to control.

Our study was not adequately powered to discern regimen-specific differences in
chemotherapy response. The majority of patients received the P6 protocol or a similar ES-
oriented regimen (e.g. VID or VAC/IE) as first-line neoadjuvant treatment, and we favor this
approach because it typically leads to rapid tumor control and selects chemosensitive
patients likely to benefit from CCS.(22) High-dose ifosfamide and topoisomerase-containing
regimens such as temozolomide/irinotecan or cyclophosphamide/topotecan have proven
activity as second- or third-line options, and trabectedin (recently approved for soft-tissue
sarcoma) has demonstrated clinical responses in several case reports.(23-25) A substantial
number of DSRCTSs overexpress vascular endothelial growth factor receptor 2, and a handful
of patients have had clinical responses to sunitinib,(26) sorafenib, or pazopanib.(27,28)
Other biological therapies, including anti-ganglioside GD2 antibodies,(29,30) imatinib,(31)
mammalian target of rapamycin (MTOR) inhibitors,(32,33) and a combination of insulin-
like growth factor 1 and mTOR inhibitors,(34) have shown limited success. As reported by
Fine et al., DSRCT highly expresses the androgen receptor (AR), which remains to be
investigated as a cancer target.(35)

Expectedly, chemotherapy responders exhibited a better OS than non-responders. To tease
apart the confounding effect between chemotherapy response and surgery, we performed a
secondary Kaplan-Meier analysis limited to 141 patients who derived preoperative clinical
benefit from their first chemotherapy regimen. As hypothesized, CCS performed by
surgeons that routinely care for DSRCT patients was associated with improved the OS of
patients whose disease responded to neoadjuvant chemotherapy, solidifying this clinical
practice recommendation. Insufficient data existed to determine whether CCS improves the
OS of chemotherapy non-responders and further pursuit of this question would likely require
international collaboration by the handful of cancer centers that have surgeons experienced
in CCS for DSRCT.

At MDACC, surgeons routinely performed CCS when possible since incomplete resections
lead to inferior outcomes and the current study validates this approach. HIPEC has been
used extensively at MDACC, with the goal of eradicating micrometastatic disease, however
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our study was underpowered to detect a statistically significant survival benefit. We eagerly
await the results from a prospective clinical trial studying this treatment modality.(36)

Given the exquisite sensitivity of ES to radiation and the molecular and morphological
similarity of ES and DSRCT, radiotherapy for DSRCT patients has been evaluated and is
most often applied as an adjunct to chemotherapy and surgery. First described by Kushner et
al. in 1996, the treatment approach at MSKCC relied on conventional two-dimensional
WART (30 Gy plus boosts to sites of residual disease).(9) In that initial series,(37) 86% of
tumors responded at the expense of serious gastrointestinal and hematological
complications.

Recent data using intensity-modulated radiotherapy is associated with considerably less
toxicity than conventional WART.(38) Nevertheless, despite safer methods to deliver
radiation, we were concerned that the toxicity of WART would outweigh its putative
benefits. At first pass, our univariate analysis indicated that radiotherapy conferred a survival
benefit (p=0.01; HR=0.44) when analyzed from time of diagnosis. Because radiotherapy was
given almost exclusively to patients whose disease responded to chemotherapy and who later
underwent successful CCS (two variables independently linked to improved outcomes), we
sought to remove these confounding effects using a planned subset analysis that compared
trimodality therapy (chemotherapy/CCS/WART) with bimodality therapy (chemotherapy/
CCS). Unlike prior studies that assessed the effects of WART from the date of diagnosis, our
analysis used CCS as the study start date, which enabled an unbiased measure of WART’s
impact in the most common clinical scenario (chemosensitive patients who underwent CCS).

Remarkably, in this more uniform patient population, WART did not improve OS.
Reconciling the potential benefit of focal radiation but not WART, one explanation is that
radiation was usually provided in an attempt to control solitary extraperitoneal disease in
patients that harbored less extensive tumor spread as an adjunct to CCS. Thus, in many
instances radiation and CCS were carefully coordinated in an attempt to control all known
detectable sites of disease. Compared to historical controls, WART appears to delay
extrahepatic intra-abdominal tumor recurrence and may still provide value by controlling
symptoms and preserving quality of life.(39) However, those end points must be balanced by
the potential side effects, cost, and time required for radiation administration, and should be
preferably assessed in any future trial implementing WART for DSRCT.

Among our key findings, multimodality care by experts well-versed in DSRCT treatment
can achieve 5-year overall survival (OS) rates of 25.1%, which exceeds the 15% survival rate
cited historically(7) and is considerably better than the pre-2003 OS survival rate (4.6%).
Nevertheless, few patients are cured, and most have rapid tumor recurrence unless they
perpetually receive systemic chemotherapy. Importantly, our data indicate that complete
cytoreductive surgery (CCS) and chemotherapy are essential modalities of proven clinical
benefit, whereas HIPEC and WART warrant further study in randomized prospective clinical
trials.
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Persistent mesenteric implants and common extra-abdominal metastases continue to pose
formidable clinical challenges for patients diagnosed with DSRCT and durable disease-free
intervals are brief when chemotherapy is withheld for any significant period. In this sense,
the treatment of DSRCT more closely resembles that of metastatic ES, in which traditional
cytotoxic chemotherapies and nascent biologically targeted therapies are used to halt or
reverse tumor growth in an effort to alleviate cancer-related symptoms and extend patient
survival. Though chemotherapy and CCS were associated with improved OS, our research
calls into question the role of HIPEC and WART. Prospective, randomized, multi-center
cooperative trials will be required to evaluate those local-control modalities and to advance
novel biologically-targeted therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Desmoplastic small round cell tumor (DSRCT) is an aggressive malignancy harboring an
EWSR1-WT1 t(11;22)(p13:9q12) chromosomal translocation that typically presents as
intra-abdominal sarcomatosis in young males. In the largest retrospective review
conducted to date in patients with DSRCT, chemotherapy and complete cytoreductive
surgery (CCS) were associated with improved overall survival and remain the cornerstone
of our institutional treatment approach. Hyperthermic intraperitoneal cisplatin (HIPEC)
and whole abdominal radiation (WART) are investigational options and further
prospective study is warranted. New drugs are needed for an orphan tumor type like
DSRCT that lacks a curative therapy.
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Figure 1. Chemotherapy impact upon OSin DSRCT patients
(A) Overall survival for all patients according to treatment era (before 2003, after 2003, and

both). (B) Overall survival in patients who achieved clinical benefit or had progressive
disease to their initial chemotherapy regimen. (C) Stratification of overall survival by
RECIST response to the first chemotherapy regimen each patient received, and (D) Survival
effect resulting from standard 3-week chemotherapy treatment vs. dose-dense treatment,
when the traditional neoadjuvant VAC/IE regimen was provided. PD = partial disease; SD =
stable disease; PR = partial response; CR = complete response.
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Figure 2. Chemotherapy patternsin DSRCT patients
(A) The initial chemotherapy regimens used to treat DSRCT patients. (B) Chemotherapy

administration in relation to surgery: included neoadjuvant (87.3%), adjuvant (6.6%), or
salvage (6.1%) treatments. (C) Dosing interval in DSRCT patients. 72.7% of the patients
received standard therapy every 3 weeks and 27.3% received dense therapy every two
weeks. (D) Second-line chemotherapy treatment regimens used in DSRCT patients. (E)
Organ sites involved among the 114 patients who presented with metastases at the time of
diagnosis. P6 = 7 cycles of IE/VDC (Ifosfamide, Etoposide, Vincristine, Adriamycin, and
Cytoxan); BEP = bleomycin, etoposide, and cisplatin; VAl = Vincristine, actinomycin &
ifosfamide; VAC/IE = Vincristine, Adriamycin, Cyclophosphamide, Ifosfamide and
Etoposide; Cy = cyclophosphamide; Topo = topotecan; HD ifos = high dose ifosfamide;
Tem = temozolomide; Irino = irinotecan; Vcr = vincristine; N = number of metastatic sites.

Clin Cancer Res. Author manuscript; available in PMC 2019 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Subbiah et al.

A 1.0
£ o8
3
£
T 0.8
£
H
& 0.4
T
]

& 02
0-

Mo, at Risk

Mo Surgery

CCs

0.87

0.6

0.47

0.2

Overall Survival Probability

Ho. at Risk
CCSs
CCS+HIPEC

Overall Survival Probability

Mo. at Risk
No WART
WART

Page 17

= MNo Surgery: median=2.3
— CCS: median=3.4

— No WART: median=3.6
—— WART: median=2.9

4 6 8
Time since diagnosis (years)

3 1
23 a

X1

—— CCS w/o XRT: median=2.7
— CCS with XRT: median=3.9

10

oo

B 1.07
= No Surgery: median=2.3
——  CCS: median=3.4 %‘ 0.8
£
T 0.8
E
]
@ 041
z
]
logrank pvalue<0.01 & 02
logrank pvalue<0.01
0-
0 2 4 6 8 10 0 2
Time since diagnosis (years)
Mo, at Risk
&1 38 & 3 1 i} No Surgery 49 24
1 70 28 9 2 o CCS a2 B0
D 1.07
—— CCS wio HIPEC: median=2.0 =
——  CCS with HIPEC: median=2.6 £ 05
£
o 0.8
g
e
@ 0.4
=
]
& 02| Logrank pvalue=0.5
logrank pvalue=0.16
0-
0 2 4 6 8 10 o 2
Time since CCS (years)
Mo, at Risk
23 10 4 o a o CCSwio XRT 25 17
a1 34 1 4 1 o CCS with XRT 81 53

logrank pvalue
0 2 4 6 8
Time since CCS (years)
14 4 1 o 0
69 35 0 4 1

10

oo

Figure 3. Impact upon OS by surgery, HIPEC, radiation, and WART
(A) Overall survival in patients who underwent complete cytoreductive surgery (CCS). (B)

Overall survival benefit of CCS in patients who achieved clinical benefit from their first
neoadjuvant chemotherapy regimen. (C) Overall survival in patients that underwent CCS +/
— HIPEC (D) Overall survival in patients who received radiation at some time during their
clinical care. (E) The overall survival effect of whole abdominal radiotherapy (WART),
which was almost always provided 6-8 weeks following CCS.
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Progression

Progression

Figure 4. Revised DSRCT Treatment algorithm adapted by MDACC
The diagnosis of DSRCT is confirmed using immunohistochemistry and/or cytology, and the

staging workup is completed. All patients receive neoadjuvant chemotherapy, usually six
cycles of the current standard-of-care for ES. Clinical response is assessed with PET/CT
every two cycles and the small minority that fail to respond to chemotherapy are transitioned
to second-line regimens. Patients that harbor extra-peritoneal disease (EPD) after 6
neoadjuvant chemotherapy cycles are considered poor surgical candidates and continue with
chemotherapy. Those lacking EPD proceed to complete cytoreductive surgery (CCS), with
the aim of removing all measurable disease. In light the current study findings, we
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recommend HIPEC only in conjunction with an ongoing clinical study. Whole
abdominopelvic intensity-modulated radiotherapy (WART), if provided, is also given as part
of a prospective clinical trial designed to assess disease-free survival and intra-abdominal
recurrence-free survival. Adjuvant chemotherapy with temozolomide/irinotecan or other
agents are provided and oligo-metastatic sites are treated, when needed, using
radiofrequency ablation or stereotactic radiation. VAC/IE = Vincristine, Adriamycin,
Cyclophosphamide, Ifosfamide and Etoposide; VAI = Vincristine, actinomycin &
ifosfamide; VIDE = Vincristine, Adriamycin, Ifosfamide and Etoposide; P6 = 7 cycles of
IE/VDC (Ifosfamide, Etoposide, Vincristine, Adriamycin, and Cytoxan); LN = lymph nodes;
HIPEC = hyperthermic peritoneal perfusion of chemotherapy; IGF-1R = insulin-like growth
factor receptor 1; mTOR = mammalian target of Rapamycin.
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