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Abstract

Background—Desmoplastic small round cell tumor (DSRCT) is an aggressive soft tissue
sarcoma affecting children and young adults with 5-year overall survival (OS) of approximately
20%. Despite generally poor prognosis, long-term survival does occur. However, no evidence-
based system exists to risk-stratify patients at diagnosis.

Methods—We retrospectively reviewed all DSRCT cases diagnosed at our institution between
January 2000 and September 2016. Demographics, diagnostic imaging, and clinical data were
reviewed. Univariate and multivariate Cox proportional hazard modeling was used to evaluate
associations between imaging characteristics and OS.

Results—There were 130 patients (85% male; median age at presentation: 21.2 y) with
confirmed DSRCT and sufficient imaging and clinical information for analysis. Median 5-year OS
was 28% (95%CI:19-37%). In univariate analysis, shorter OS was associated with presence of
liver lesions (hazard ratio [HR] 2.1, 95%CI:1.28-3.45), chest lesions (HR 1.86, 95%ClI:1.11-3.1),
and ascites (HR 1.69, 95%CI:1.06-2.7). In multivariate analysis, liver involvement and ascites
were predictive and were used to stratify risk (intermediate=no liver involvement or ascites;
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high=either liver involvement or ascites; very high=both liver involvement and ascites).
Intermediate-risk patients had a 5-year survival of 61% (95%CI:40-76%) versus 16% (95%CI:6—
29%) among high-risk patients and 8% (95%CI:1-29%) among very high risk patients.

Conclusion—~Patients with DSRCT can be risk-stratified at diagnosis based on specific imaging
characteristics.
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INTRODUCTION

Desmoplastic small round cell tumor (DSRCT) is a rare cancer arising from the peritoneal
lining of the abdominal cavity. It predominantly affects male children and young adults, and
has a highly aggressive clinical phenotype [1]. Tumors exhibit multilineage differentiation,
with positive immunohistochemical staining for mesenchymal, epithelial, and neural
markers [2, 3]. Additionally, a translocation (11:22) (p13:q12) which results in a functional
fusion protein between Ewing sarcoma (EWS) and Wilms tumor (WT1) genes is present in
greater than 95% of patients [1, 4, 5]. Patients characteristically present with widespread
abdominal involvement, with frequent extra-peritoneal metastases [6]. Among the few large
reported series of this rare disease, 5-year overall survival has been estimated at
approximately 15-30% despite aggressive therapy [1, 7, 8].

When possible, multimodal treatment including complete macroscopic debulking surgery,
chemotherapy, and adjuvant radiation has been shown to yield the best patient outcomes [6,
9]. Novel treatments for DSRCT have been proposed, including alternative chemotherapy
regimens [10], hyperthermic intraperitoneal chemotherapy (HIPEC) [11], and
radioimmunotherapy [12]. The benefits of these novel treatment options have not been
established though [8], and overall survival in the most recent DSRCT series is similar to
those described 20 years ago [1, 8].

Despite advances in diagnosis of DSRCT, no evidence-based clinical staging system has
been established to guide patient and clinician decision making at diagnosis. A staging
system has been proposed by Hayes-Jordan and colleagues, but this system has not been
validated [11]. In this study, we propose an imaging based risk stratification system that
predicts survival at the time of diagnosis.

METHODS

With institutional review board approval (#16-1506), patient records at our institution were
queried for all cases of DSRCT diagnosed between January 2000 and September 2016.
Cases were confirmed by pathology review including molecular genetic and
immunohistochemical analyses. Cases were excluded if sufficient clinical data and/or
diagnostic imaging was unavailable. All cases were included regardless of patient age. We
obtained data on patient demographics, clinical presentation, diagnostic and treatment
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information, and survival. The completeness of cytoreductive surgery was determined based
on careful review of operative reports. Length of follow up was defined as the time from
diagnosis to the last known contact with the patient or patient death.

Cross sectional imaging acquired at the time of diagnosis was reviewed by an attending
pediatric radiologist (AP). Thirty-one specific anatomic sites of potential tumor involvement
were selected and examined for each patient with available imaging. These factors were
selected based on clinical judgement of the investigators and a previous report of imaging
characteristics of DSRCT [13]. “Any liver lesion” was defined as serosal or parenchymal
liver lesions, and “any chest lesion” was defined as any solid lesion in the thoracic cavity.

Statistical Analyses

RESULTS

To assess survival in our cohort in the context of previously published studies, overall
survival from diagnosis (OSfD) was calculated from the date of diagnosis until death.
Patients with complete imaging data and who underwent surgery were included in formal
statistical analyses (n=113). Overall survival (OS) was also calculated from the time of
surgery until death. Patients who were alive at last follow up were censored. Annual and
median survival estimates were provided along with 95% CI and Kaplan Meier (KM) plots.
To allow for stable estimates, only those imaging factors present in at least 10 patients were
included in analysis. Univariable and multivariable Cox proportional hazards regression
were used to assess the relationship between imaging factors and OS. Factors with p-values
less than or equal to 0.05 were considered for multivariable analyses. The proportional
hazards assumption was checked with Schéenfeld residuals [14]. Informative missingness
was checked with the log-rank test and with a missing indicator in the Cox analyses (data
not shown) [15, 16].

To build the multivariable model, backwards selection was used with all variables significant
on univariate analyses entered and removal criteria of 0.05. Selection methods were
employed to prevent overfitting given the number of factors versus events and due to the
collinearity of the imaging features. Discrimination was assessed with a bootstrap adjusted
concordance probability estimate (CPE) with 500 iterations. Based on the selected model, a
risk score system was developed. KM plots and estimates were used to display the findings
of the scoring system. P-values less than 0.05 were considered statistically significant. All
analyses were performed using SAS 9.4 (The SAS Institute, Cary, NC).

Patient and Treatment Characteristics

A total of 157 patients with DSRCT diagnosed during the study period were identified, and
130 patients had diagnostic cross sectional imaging available for review. Of these, 113
patients had complete imaging data and were included in survival analysis. Among the
cohort of 130 patients initially identified, the median age was 21 years (range: 6-62). The
majority of patients were male (110/130, 85%) and white (88/130, 68%). Median follow up
time for the patients alive at last follow up was 30.3 months (range: 1.0-198.5 months). The
most common presenting symptoms were pain (53%) and mass (20%). The majority of
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patients underwent surgery (123/130, 95%), with 95 achieving gross total resection (77%),
20 with subtotal debulking (16%), and 8 with unknown extent of surgery (7%) (Table 1).
Thirty-three factors including two combinatorial variables were assessed on imaging (Table
2). Lesions in the thoracic cavity were present in 81 (62.3%), liver lesions in 71 (54.6%),
and ascites in 54 (41.5%).

Overall Survival Estimates

For all 130 patients, 84 patients had died by the end of follow up and the median survival
estimate from diagnosis was 36 months (95%CI: 30-44 months). Five-year and 10-year
survival estimates were 28% (95%Cl: 19-37%) and 16% (95%CI: 8-25%), respectively
(Figure 1A). In the surgical cohort with complete imaging data (N=113), 71 patients died by
the end of follow up with a median survival estimate from surgery of 30 months (95%Cl:
25-37 months). Five- and 10-year estimates were 26% (95%CI: 17-37%) and 18% (95%Cl:
10-29%), respectively (Figure 1B). No events occurred in the 7 patients at risk after 10
years.

Univariate Analysis

The cohort included 113 patients with complete imaging that were included in survival
analysis. Twenty-four imaging characteristics were assessed for their association with
overall survival (Table 3). Patients with any chest lesion (HR: 1.86, 95%Cl: 1.11-3.1,
p=0.018), internal mammary lymphadenopathy (HR: 1.89, 95%CI: 1.1-3.23, p=0.020),
supradiaphragmatic lymphadenopathy (HR: 1.65, 95%ClI: 1.02-2.67, p=0.042), any liver
lesion (HR: 2.1, 95%Cl: 1.28-3.45, p=0.003), liver serosal lesions (HR: 2.03, 95%Cl: 1.25-
3.29, p=0.004), liver parenchymal lesions (HR: 2.14, 95%CIl: 1.28-3.57, p=0.004), porta
hepatis lesions (HR: 1.92, 95%Cl: 1.19-3.1, p=0.007), ascites (HR: 1.69, 95%Cl: 1.06-2.7,
p=0.029), retrovesicular mass (HR: 1.98, 95%ClI: 1.09-3.57, p=0.024), or pelvic
lymphadenopathy (HR: 1.63, 95%Cl: 1-2.67, p=0.050) were at a higher risk of death
compared to patients without these features. No other factors were significantly associated
with survival (p=0.09—>0.95).

We also assessed if any demographic factors were associated with OS. No associations were
found for gender (HR: 1.23, 95%Cl: 0.63-2.4, p=0.54), age (HR: 1.07, 95%CI: 0.67-1.71,
p=0.78), or race [(African American HR: 0.82, 95%CI: 0.41-1.68, p=0.59), (Hispanic HR:
1.54, 95%CI: 0.48-4.95, p=0.47), (Asian HR: 2.35, 95%Cl: 0.93-5.95, p=0.07), white as
reference].

Multivariate analysis

Due to the known combinatorial nature of “any liver lesion” and “any chest lesion” these
variables were considered for multivariable analysis without the component variables used to
define them. The six significant univariate factors were entered into a backward selection
model. After selection, only “any liver lesion” (HR: 2.06, 95%Cl: 1.25-3.38, p=0.004) and
presence of ascites at diagnosis (HR: 1.64, 95%Cl: 1.02-2.62, p=0.040) were associated
with overall survival. The bias adjusted CPE for this model was 0.61 (95%CI: 0.54-0.66)
(Table 3).
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Both ascites and any liver lesion were assigned 1 point to the scoring system, creating a
possible score of 2 points. Using the existing dataset, 32 patients had 0 points (intermediate
risk), 54 patients had 1 point (high risk), and 27 patients had 2 points (very high risk). The 5-
year survival probability was 61% (95%CI: 40-76) for O points, 16% (95%ClI: 6-29%) for 1
point, and 8% (95%ClI: 1-29%) for 2 points (Figure 1C).

DISCUSSION

This study represents the largest series to date of patients with desmoplastic small round cell
tumor. It is also the first to establish a statistically robust risk stratification system for the
disease. Cancer staging systems are of paramount importance to both patients and clinicians,
especially at the time of diagnosis. Robust staging systems quantify prognosis, determine
appropriate treatment and establish comparable patient groups that may be studied in a
standardized fashion [17].

The ability to quantify prognosis affects patient and family decisions, especially with respect
to pursuing aggressive therapy [18]. Until now, all patients with a diagnosis of DSRCT have
received a uniformly poor prognosis of approximately with 20% overall survival at 5 years.
Our review demonstrates that distinct groups of patients with better and worse survival
outcomes can be identified based on cross-sectional imaging findings at diagnosis. When
employed in a clinical setting, this risk stratification system can substantially contribute to
patient and clinician expectations and inform decision making. Additionally, this risk
stratification system has the potential to guide research, especially clinical trials that to this
point have included low numbers of patients with diverse clinical characteristics.

The demographic characteristics of patients included in our study are similar to previously
published studies, with a preponderance of white male patients, and a median age of
diagnosis of approximately 20 years with a wide range of patient ages [1, 6, 7, 9, 19-21].
Our study also substantiates previous reports that show that the vast majority of DSRCT
patients have dominant disease in the abdominal cavity with common sites of extraperitoneal
metastases in retroperitoneal lymph nodes, liver, spleen, and chest.

Compared to other published series, our study identifies a significantly higher percentage of
patients with disease in sites other than the peritoneal lining of the abdominal cavity. This is
especially true for thoracic disease and liver involvement which were 49% and 43%
respectively. In a series of 38 patients described by Honoré and colleagues 37% of patients
had liver metastases and 13.2% had lung metastases [6]. Similarly Schwarz et al. described
31% of patients with liver metastases and 16% of patients with chest disease in their series
of 32 patients [22]. Our study likely exhibits higher rates of these characteristics due to the
focused nature of our imaging evaluation protocol. Previous studies have defined types of
metastases with broad categories like “extraperitoneal metastases” [6] or “extraabdominal
metastases” [11] that mask the specific features of metastatic lesions. Other studies have
used only a few specific terms such as lung or pleural metastases without identifying more
subtle but more characteristic findings such as internal mammary lymphadenopathy.
Additionally, previous studies that include descriptions of extent of disease rarely describe
the methodology used to determine extent of disease. When limited to specific metastasis
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categories, such as liver parenchyma metastases (present in 27% of patients in our cohort)
and lung metastases (present in 5% of our cohort), the frequency of metastatic lesions in this
series is similar to those published in previous reports.

Our institution has previously described common imaging features characteristic to DSRCT
[13]. The current study builds on that work by describing the frequency of each of these
features in a large cohort of patients, and describing the ability of each to predict survival
(Table 3). Our comprehensive radiologic review of this cohort allowed us to examine
specific features of metastatic disease (e.g. serosal vs. parenchymal lesions) and their
variable influence on survival.

A number of factors were predictive of survival in univariate analysis including multiple
sites in the thoracic cavity as well as other factors associated with liver involvement (Table
3). Interestingly, all variables related to disease in the chest that were significant in
univariate analysis did not retain significance in the multivariate model. Both serosal and
parenchymal liver lesions were shown to be strongly predictive of survival. In order to
develop a parsimonious multivariate model, these variables were combined into a single
variable for any liver lesion, which was highly significant in univariate and multivariate
analysis. This finding reflects the difficulty of effectively treating DSRCT in the liver.
Presence of ascites was also a strong predictor of survival in univariate analysis and
remained significant in the multivariate model independent of liver involvement, likely
signaling the systemic severity of extensive disease. Comorbidities were not examined in our
analysis as patients in the cohort were generally young and without other medical conditions
at the time of diagnosis.

We used our multivariate model to create a scoring system for risk stratification at diagnosis
(Figure 1C). Patients with neither ascites nor liver lesions were assigned a score of 0
(intermediate risk), patients with either of these features were assigned a score of 1 (high
risk), and patients with both ascites and liver lesions were assigned a score of 2 (very high
risk). While the 5-year survival estimates are quite disparate between intermediate (61%),
high (16%), and very high risk patients (8%), the confidence intervals for the survival
estimates of high and very high risk moderately overlap. Given that the scoring system was
developed on this same data, the significance of these differences could not be evaluated
here, but the similarity between high and very high risk patients may suggest that a
meaningful difference is not present. However, the number of patients is small, and the
current study may be underpowered to detect a difference between these groups. Testing and
validation with an external data set is necessary to establish the significance of this scoring
system.

A staging system for DSRCT was first proposed by Hayes-Jordan and colleagues [11];
however, this system is limited by the fact that it was based on a small number (n= 24) of
heterogeneous patients. This staging system has not yet been validated and did not predict
survival when utilized in an analysis by Honoré and colleagues [8]. The risk stratification
system proposed in our study is derived from multivariate analysis in a relatively large
cohort of similar patients. We believe our system builds on the work of Hayes-Jordan and
colleagues and can contribute to the management and study of this patient group.

J Pediiatr Surg. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Saltsman et al.

Page 7

Our study had several limitations. The retrospective design made for inherent biases in
selection and treatment. Further, our study took place at a single tertiary center, which may
not be generalizable to all sites and patient groups.

In summary, this study represents the largest cohort of DSRCT patients reported to date,
along with the most comprehensive radiologic review of extent of disease at diagnosis. We
demonstrate that the presence of liver lesions and/or ascites at the time of diagnosis can
stratify patients into intermediate, high, and very high risk groups. With this system, we have
shown that there is a sizable group of patients diagnosed with DSRCT that have survival
outcomes that are much better than the previously established 5-year survival of
approximately 20%. It is important to note that patients surviving past 5 years cannot be
considered cured as some patients in all risk groups suffered recurrence and death after this
time point. As a result of our findings, we recommend that all patients diagnosed with
DSRCT receive full-body cross sectional imaging with PET/CT scan to carefully evaluate
the extent of disease at diagnosis both to direct treatment and to facilitate risk stratification.
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Figure 1.

Months from Surgery

Risk Scoring System 5-year Median

Level Score N(#¥E)  Est [95%CI] Est [95%CI]
Intermediate 0 32(14) 061 [0.40-0.76] 83.8 [27.75 -
High 1 54(38) 0.16 [0.06 -0.29] 28.8 [21.14 -37.50]
Very High 2 27(19) 0.8 [0.01-0.29] 23.6 [16.23 -31.30]

N = Total number of patients in given level; #E = number of events (deaths)
Scoring system: 0 = No Ascites or Liver Lesion; 1= Ascites or Liver Lesion;
2 = Both Ascites and Liver Lesion

Page 9

Kaplan Meier survival plots for (A) overall survival from diagnosis (OSfD), (B) from time

of debulking surgery (OS), and (C) overall survival stratified by risk scoring system.
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Table 1

Imaging characteristics examined and frequency at diagnosis

Imaging Feature Number with feature (%0)
Chest
Lung 6 (4.6)
Pleura 6 (4.6)
Internal Mammary LN 26 (20)
Supradiaphragmatic LN 70 (53.8)
Supraclavicular LN 14 (10.8)
Mediastinal LN 15 (11.5)
Any Chest Lesion 81 (62.3)
Pleural Effusion 17 (13.1)
Abdomen
Infradiaphragmatic LN 2 (1.5)
Mesenteric Mass 121 (93.1)
Omental Caking 61 (46.9)
Umbilical Mass 14 (10.8)
Peritoneal Implants 52 (40)
Retroperitoneal LN 81 (62.3)
Liver Parenchyma 35 (26.9)
Liver Serosa 64 (49.2)
Any Liver Lesion 71 (54.6)
Porta hepatis 46 (35.4)
Falciform 27 (20.8)
Ascites 54 (41.5)
Spleen Parenchyma 11 (8.5)
Spleen Serosa 37(28.5)
Spleen Hilum 39 (30)
Max. Abdominal Mass Size, cm (Median (range)) 9.7 (1.8-24.9)
Pelvis
Pelvic lesion 105 (80.8)
Pelvic LN 75 (57.7)
Retrovesicular mass 99 (76.2)
Retrovesicular Mass Size, cm (Median (range)) 8.7 (2.2-18.3)
Sigmoid Encasement 7 (5.4)
Other Features
Bone 6 (4.6)
Calcifications 20 (15.4)
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Table 2

Patient and treatment characteristics (n=130)

N (%)

Patient Details
Age at Diagnosis, years

Gender

Race

Presenting Symptom *

Molecular Confirmation

Treatment Details

Surgical Status

Radiation Treatment

HIPEC

Intraperitoneal radioimmunotherapy

Median (range) (N=130)
Male

Female

White

Black

Hispanic

Asian

Unknown
Abdominal/Flank/Back pain
Mass

Urinary

Constipation

Other

None/Unknown
Confirmed translocation
Test not Performed

Negative

Gross total resection

Subtotal debulking

Debulking with unknown completeness
No surgery

Consolidation radiation

None

Unknown radiation treatment

21.2 (5.9-62.3)
110 (84.6)
20 (15.4)
88 (67.7)
16 (12.3)

10 (7.7)
5(3.8)
11 (8.5)
74 (53.2)
28 (20.1)
6 (4.3)
10(7.2)
11(7.9)
10(7.2)
108 (83.1)
21(16.2)
1(0.8)

95 (73.1)
20 (15.4)
8(6.2)
7 (5.4)
59 (45.4)
63 (48.5)
8(6.2)
3(2.3)
31(23.8)

Numbers represent frequency with percent of total number of patients (N=130) in parentheses unless otherwise specified.

*
Symptoms include total number of presenting symptoms, which was greater than total number of patients.
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Univariable and Multivariable Cox Proportional Hazards Analyses (N=113)

Table 3

Univariable

HR (95% CI)

Final Multivariable

HR (95% CI)

Supraclavicular LN

Mediastinal LN

Any Chest Lesion

Pleural Effusion

Omental Caking
Umbilical Mass
Peritoneal Implants
Liver Parenchyma
Liver Serosa

Any Liver Lesion
Porta hepatis
Falciform

Ascites

Spleen Parenchyma
Spleen Serosa
Spleen Hilum
Retroperitoneal LN

Max. Mass Size, cm

Pelvic
Pelvic LN

Retrovesicular Mass

Calcifications

Internal Mammary LN

Chest
1.33 (0.68-2.62)
1.89 (1.1-3.23)
1.72 (0.89-3.31)

Supradiaphragmatic LN~ 1.65 (1.02-2.67)

1.86 (1.11-3.1)
1.68 (0.88-3.22)

Abdomen

1(0.62-1.6)
1.82 (0.9-3.68)
1.42 (0.88-2.29)
2.14 (1.28-3.57)
2.03 (1.25-3.29)
2.1 (1.28-3.45)
1.92 (1.19-3.1)
1.55 (0.91-2.63)
1.69 (1.06-2.7)
1.92 (0.91-4.03)
1.42 (0.85-2.39)
1.37 (0.83-2.25)
1.47 (0.9-2.39)
0.97 (0.92-1.02)
Pelvis
1.71 (0.89-3.26)
1.63 (1-2.67)
1.98 (1.09-3.57)
Other
1.1 (0.59-2.04)

0.41
0.020
0.11
0.042
0.018
0.12

>0.95
0.09
0.15
0.004
0.004
0.003
0.007
0.11
0.029
0.09
0.18
0.22
0.12
0.29

0.11

0.050

0.024

0.77

2.06 (1.25-3.38)

1.64 (1.02-2.62)

0.004

0.040

Hazard ratio represents comparison of Present to Absent with Absent as the reference group for all factors other than size.

HR=Hazard ratio; Cl = confidence interval.
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