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Introduction

Undifferentiated embryonal sarcoma of the liver (UESL)
is a rare hepatic tumor, with approximately 7 cases per
year in the United States.! Historically, these tumors
fared quite poorly with a median survival of < 1 year.?
Advances in management of these tumors includ-
ing surgical resection, with or without liver transplan-
tation, along with adjuvant high-dose alkylator- and
anthracycline-based chemotherapy provides a curative
outcome in the majority of cases.!*” Although there is
no universally accepted treatment, the systemic ap-
proach is generally similar to that of other soft tissue
sarcomas.>>” Notably, a recent pooled analysis of
UESL demonstrated a 5-year overall survival of 70% for
those who were able to undergo surgical resection.®
When UESL arises in the context of a mesenchymal
hamartoma, an otherwise benign liver mass, the tumor
generally contains a t(11;19) (q13;q13.4) fusion.® The
only other established recurrent genomic finding in
UESL cases lacking the fusion is the loss of function of
TP53, evident as aberrant expression of TP53 via
immunohistochemistry.%1°

Plasma cell-free DNA (cfDNA) has been used for di-
agnostic and longitudinal disease monitoring across
numerous cancer types.!''® Interrogation of tumor-
specific aberrations in plasma cfDNA using droplet
digital polymerase chain reaction (ddPCR) has been
established as a highly sensitive approach.!”?° As a
known oncogenic driver, the ability to capture mutations
in TP53 in plasma cfDNA samples has proven to be
useful for longitudinal disease evaluation and assess-
ment of clinical outcome in multiple solid tumors.?*?? In
this proof-of-concept case, we describe the clinical
course of a woman with a metastatic UESL in which a
tumor-derived somatic TP53 deletion was detected in
her cfDNA using ddPCR and longitudinal monitoring of
this finding supported her complex clinical manage-
ment. The patient in this case report provided consent
for plasma collection and tumor profiling on an
institutional-approved protocol. Consent was also ob-
tained from the patient for publication of this case report.

Clinical Case

A 26-year-old woman presented with acute-onset right
upper abdominal pain. Imaging revealed a 9-cm lesion
in the right lobe of her liver, which was biopsied to
reveal an UESL (Fig 1A). Staging demonstrated bi-
lateral subcentimeter pulmonary nodules, concerning
for metastases, which are notably significantly more
prevalent at diagnosis in adults with UESL.® She was
treated according to our institutional approach, as
previously described, initially with two cycles each
containing vincristine 2 mg flat dose, doxorubicin
75 mg/m?, and cyclophosphamide 4.2 g/m? (VDCy).*
Restaging revealed mild radiographic improvement, so
she underwent surgical removal of the mass, which
was notable for negative margins and 40% tumor
necrosis (Figs 1E and 1F). Following recovery from
surgery, she was treated with a third cycle of VDCy,
which was complicated by a prolonged fever during
her neutropenic nadir. Extensive infectious workup
revealed multiple bibasilar ground glass pulmonary
opacities with a halo sign, concerning for hemorrhage
and/or invasive fungal infection (Fig 1B). A biopsy of
the lesion revealed a cellular interstitial and organizing
pneumonia, with no evidence of microbes or granu-
lomas (Fig 1G). At this time, the differential diagnoses
considered included occult infectious etiologies, par-
ticularly fungal, or possibly an idiosyncratic reaction to
chemotherapy, as well as disease progression; how-
ever, this was felt to be less likely. A fourth cycle of
chemotherapy was administered, including a cumu-
lative per cycle dose of ifosfamide 14 g/m? and eto-
poside 500 mg/m? (IE). Repeat imaging demonstrated
a decrease in the lung lesions but new splenic lesions.
Although concerning for the possibility of occult in-
fection or metastatic disease, a decision was made not
to perform a biopsy, given the risk of the procedure and
the findings from the recent lung biopsy.

Genomic profiling of her biopsy specimen using the
MSK-IMPACT next-generation sequencing platform
revealed a loss of function mutation in TP53 (deep
deletion, fold change -3) and an ATRX M1596|
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FIG 1. (A) MR abdomen showing liver mass at diagnosis. (B) CT chest showing lung nodules after third cycle of chemotherapy. (C) MR
abdomen showing new splenic lesions. (D) CT liver showing new liver nodules. (E, F) The gross and microscopic appearance of the primary
tumor. (E) Grossly, the mass is well circumscribed, compressing the surrounding liver parenchyma. The mass contains both solid and cystic
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FIG 1. (Continued). components. Areas of hemorrhage and necrosis are present. (F) Microscopically, the viable tumor is characterized by
spindle- or stellate-shaped cells with hyperchromatic nuclei, inconspicuous nucleoli, and ill-defined cells borders, embedded in a fibrotic
matrix. Note the presence of small groups of residual benign hepatocytes (arrow). (G) The lung nodule demonstrates cellular interstitial and
organizing pneumonia with no evidence of a neoplasm. CT, computed tomography; MR, magnetic resonance.

missense mutation.?®>2* We developed a specific ddPCR-
based assay to detect the TP53 deletion, which was noted
between the coordinates GRCh37 17:7,538,000-7,654,
000 and performed quantitative measurements of both
wild-type and mutant alleles in banked plasma samples. As
shown in Figure 2, although detectable at diagnosis and
even before surgery, subsequent samples did not reveal
any detectable mutant TP53. Chemotherapy was contin-
ued with another two cycles of IE, which revealed a de-
crease in size of the suspicious lung lesions except for a
single right middle lobe lesion, which had increased in size
along with enlarging splenic lesions (Fig 1C). The enlarging
lung lesion was biopsied to again reveal a nonspecific in-
flammatory milieu, without identifiable organisms or evi-
dence of malignancy. Because of concerns for an
idiosyncratic reaction to VDCy, a final cycle of IE

chemotherapy was administered.* Following completion of
chemotherapy, the pulmonary nodules were stable, the
splenic lesions further increased in size, and there was a
new isolated renal lesion. Empiric antifungal therapy with
voriconazole was started. Short-interval follow-up showed
unchanged pulmonary nodules and decreased size of
splenic and renal lesions. The patient remained on anti-
fungals until follow-up scans 2 months later, which showed
resolution of renal lesions and stable splenic lesions at
which point voriconazole was discontinued. Shortly
thereafter, the patient complained of left upper quadrant
abdominal discomfort, which again revealed an increased
size of splenic and renal lesions. The patient resumed
antifungal therapy for 10 months with generally stable
findings until a new liver lesion arose just outside of the
surgical field (Fig 1D). Repeat imaging 6 months later again
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FIG 2. Treatment course and longitudinal TP53
ddPCR findings from cfDNA. cfDNA, cell-free DNA;
ddPCR, droplet digital polymerase chain reaction;
IE, ifosfamide and etoposide; VDCy, vincristine,
doxorubicin, and cyclophosphamide.
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revealed resolution of this lesion and she has since dis-
continued antifungals. Despite the numerous worrisome
lesions, interrogation of longitudinal plasma-derived cfDNA
samples for the tumor-specific TP53 deletion has remained
negative, supporting that these lesions were not indicative
of sarcoma recurrence now more than 18 months off
therapy (Fig 2).

Discussion

We report the case of a young woman with UESL whose
complicated treatment course was supported by molecular
profiling and plasma cfDNA analysis. This is the first report,
to our knowledge, of leveraging cfDNA for UESL. By iden-
tifying the tumor-specific TP53 mutation through NGS tumor
profiling of our patient’s biopsy specimen, we were able to
create a patient-specific ddPCR assay to follow this known
driver of UESL. The absence of positive mutant droplets has
provided potentially valuable clinical guidance; specifically,
in terms of avoiding invasive tissue biopsies of equivocal
radiographic findings.

The initial, prechemotherapy TP53 deletion was detected
at high levels, with a mutant to wild-type ratio of 0.53, which
then decreased to 0.02 after two cycles of high-dose VDCy
(Fig 2). The decreased TP53-mutant DNA circulating in her
blood served as a surrogate marker of response, as cor-
roborated by the radiographic findings and pathologic
necrosis. This study highlights that when detectable, real-
time monitoring of tumor cfDNA may provide an orthogonal
measure to help assess response to therapy and detection
of minimal residual disease. It should be noted that the
fraction of mutant tumor to wild-type cfDNA may vary widely
between patients and should not be, at the moment,
considered a quantitative marker of residual disease,
particularly as the lower limits of detection are not yet
established.?® Furthermore, we were not able to definitively
establish that this TP53 deletion was a clonal event;
however, it is likely as aberrations in TP53 are known to be
recurrent oncogenic drivers in this tumor. Therefore, an
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alternative explanation to our findings could have been that
the mutation was subclonal, and the patient had active
disease defined by non-TP53oncogenic drivers. Therefore,
future studies should incorporate quantitative and longi-
tudinal cfDNA measures with response to therapy and
other established benchmarks, paying close attention to
clonality and selecting canonical driver genomic findings
for longitudinal cfDNA monitoring.

After surgical resection, this patient’'s cfDNA was no longer
detectable; however, she developed lesions in her lungs,
liver, spleen, and kidney that were suspicious for metastatic
disease. Although the spleen and kidney would be unlikely
areas of spread, the lungs and liver were expected sites of
metastatic spread. As stated, biopsies of these samples
were not consistent with malignant disease and thought to
be fungal infections as they improved on antifungal ther-
apy. The results of the cfDNA analysis were not used in
clinical decision making but provided evidence that these
lesions were not likely related to disease recurrence.
Evaluation of plasma cfDNA during her treatment course
supported the clinical decision to avoid another invasive
biopsy. We were able to use the known TP53 mutation from
her tumor to track disease status from her cfDNA. She is
now 18 months off therapy with no evidence of disease,
both radiographically and without evidence of mutant 7P53
from plasma cfDNA.

This proof-of-concept case report demonstrates the utility
of leveraging an individualized ddPCR assay to monitor
tumor-derived plasma cfDNA as a noninvasive biomarker to
guide treatment decisions. In this case, we were able to
create a tumor-derived cfDNA test for analysis to guide
clinical decisions as ddPCR has high sensitivity. However,
in patients who do not have tumor tissue available for
analysis, larger cfDNA panels can be used for discovery of
driver mutations. For future patients, we will consider using
clinically actionable quantitative cfDNA NSG panel assays
for such patients.

SUPPORT
Supported by the National Cancer Institute (P30 CAO08748).

AUTHOR CONTRIBUTIONS

Conception and design: Prachi Kothari, Talia Sauerhaft, Michael V. Ortiz
Financial support: Neerav N. Shukla, Michael V. Ortiz

Administrative support: M. Irene Rodriguez-Sanchez, Neerav N. Shukla

Provision of study materials or patients: Prachi Kothari, Nancy Bouvier, M.
Irene Rodriguez-Sanchez, Michael V. Ortiz

Collection and assembly of data: All authors

Data analysis and interpretation: Prachi Kothari, Jinru Shia, J. Theodore
Gerstle, Neerav N. Shukla, Michael V. Ortiz

Manuscript writing: All authors

Final approval of manuscript: All authors

Accountable for all aspects of the work: All authors


mailto:kotharip@mskcc.org
mailto:kotharip@mskcc.org

Case Report

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF J. Theodore Gerstle
INTEREST Stock and Other Ownership Interests: Merck, Pfizer, Bristol Myers Squibb/

The following represents disclosure information provided by authors of

Medarex

this manuscript. All relationships are considered compensated unless  Neerav N. Shukla

otherwise noted. Relationships are self-held unless noted. | = Immediate

Consulting or Advisory Role: Syndax

Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO’s ~ No other potential conflicts of interest were reported.
conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.

org/po/author-center. ACKNOWLEDGMENT

Open Payments is a public database containing information reported by
companies about payments made to US-licensed physicians (Open

M.V.0. acknowledges research support from the American Society of
Clinical Oncology, Cannonball Kids’ cancer, Cookies for Kids’ Cancer,

Payments). Hyundai Hope on Wheels, family and friends of Caroline Bhatt, and the

Prachi Kothari National Cancer Institute (K12 CA184746). All authors acknowledge the

Travel, Accommodations, Expenses: Cambridge Healthtech Institute work of the Integrated Genomics Operation at Memorial Sloan Kettering

Cancer Institute.

REFERENCES

1. ShiY, RojasY, Zhang W, et al: Characteristics and outcomes in children with undifferentiated embryonal sarcoma of the liver: A report from the National Cancer
Database. Pediatr Blood Cancer 64:e26272, 2017

2. Stocker JT, Ishak KG: Undifferentiated (embryonal) sarcoma of the liver: Report of 31 cases. Cancer 42:336-348, 1978

3. Techavichit P, Masand PM, Himes RW, et al: Undifferentiated embryonal sarcoma of the Liver (UESL): A single-center experience and review of the literature.
J Pediatr Hematol Oncol 38:261-268, 2016

4. Mathias MD, Ambati SR, Chou AJ, et al: A single-center experience with undifferentiated embryonal sarcoma of the liver. Pediatr Blood Cancer 63:2246-2248,
2016

5. Spunt SL, Million L, Chi YY, et al: A risk-based treatment strategy for non-rhabdomyosarcoma soft-tissue sarcomas in patients younger than 30 years
(ARST0332): A Children’s Oncology Group prospective study. Lancet Oncol 21:145-161, 2020

6. Wu Z, WeiY, Cai Z, et al: Long-term survival outcomes of undifferentiated embryonal sarcoma of the liver: A pooled analysis of 308 patients. ANZ J Surg
90:1615-1620, 2020

7. Murawski M, Scheer M, Leuschner |, et al: Undifferentiated sarcoma of the liver: Multicenter international experience of the Cooperative Soft-Tissue Sarcoma
Group and Polish Paediatric Solid Tumor Group. Pediatr Blood Cancer 67:628598, 2020

8. Rajaram V, Knezevich S, Bove KE, et al: DNA sequence of the translocation breakpoints in undifferentiated embryonal sarcoma arising in mesenchymal
hamartoma of the liver harboring the t(11;19)(q11;q13.4) translocation. Genes Chromosomes Cancer 46:508-513, 2007

9.  Lepreux S, Rebouissou S, Le Bail B, et al: Mutation of TP53 gene is involved in carcinogenesis of hepatic undifferentiated (embryonal) sarcoma of the adult, in
contrast with Wnt or telomerase pathways: An immunohistochemical study of three cases with genomic relation in two cases. J Hepatol 42:424-429, 2005

10. Sangkhathat S, Kusafuka T, Nara K, et al: Non-random p53 mutations in pediatric undifferentiated (embryonal) sarcoma of the liver. Hepatol Res 35:229-234, 2006

11. Stewart CM, Kothari PD, Mouliere F, et al: The value of cell-free DNA for molecular pathology. J Pathol 244:616-627, 2018

12. Bettegowda C, Sausen M, Leary RJ, et al: Detection of circulating tumor DNA in early- and late-stage human malignancies. Sci Transl Med 6:224ra24, 2014

13. Leary RJ, Sausen M, Kinde |, et al: Detection of chromosomal alterations in the circulation of cancer patients with whole-genome sequencing. Sci Transl Med
4:162rab4, 2012

14. Diehl F, Schmidt K, Choti MA, et al: Circulating mutant DNA to assess tumor dynamics. Nat Med 14:985-990, 2008

15. Kothari P, Marass F, Yang JL, et al: Cell-free DNA profiling in retinoblastoma patients with advanced intraocular disease: An MSKCC experience. Cancer Med
9:6093-6101, 2020

16. Klega K, Imamovic-Tuco A, Ha G, et al: Detection of somatic structural variants enables quantification and characterization of circulating tumor DNA in children
with solid tumors. JCO Precis Oncol 2, 2018. 10.1200/P0.17.00285

17. Garcia-Murillas I, Schiavon G, Weigelt B, et al: Mutation tracking in circulating tumor DNA predicts relapse in early breast cancer. Sci Transl Med 7:302ra133, 2015

18. Guo QM, Wang L, Yu WJ, et al: Detection of plasma EGFR mutations in NSCLC patients with a validated ddPCR lung cfDNA assay. J Cancer 10:4341-4349, 2019

19. Buder A, Setinek U, Hochmair MJ, et al: EGFR mutations in cell-free plasma DNA from patients with advanced lung adenocarcinoma: Improved detection by
droplet digital PCR. Target Oncol 14:197-203, 2019

20. Shukla NN, Patel JA, Magnan H, et al: Plasma DNA-based molecular diagnosis, prognostication, and monitoring of patients with EWSR1 fusion-positive
sarcomas. JCO Precis Oncol 1, 2017. 10.1200/P0.16.00028

21. De Laere B, Oeyen S, Mayrhofer M, et al: TP53 outperforms other androgen receptor biomarkers to predict abiraterone or enzalutamide outcome in metastatic
castration-resistant prostate cancer. Clin Cancer Res 25:1766-1773, 2019

22. Wei T, Zhang Q, Li X, et al: Monitoring tumor burden in response to FOLFIRINOX chemotherapy via profiling circulating cell-free DNA in pancreatic cancer. Mol
Cancer Ther 18:196-203, 2019

23. Cheng DT, Mitchell TN, Zehir A, et al: Memorial Sloan Kettering-Integrated Mutation Profiling of Actionable Cancer Targets (MSK-IMPACT): A hybridization
capture-based next-generation sequencing clinical assay for solid tumor molecular oncology. J Mol Diagn 17:251-264, 2015

24. Zehir A, Benayed R, Shah RH, et al: Mutational landscape of metastatic cancer revealed from prospective clinical sequencing of 10,000 patients. Nat Med
23:703-713, 2017

25. MerkerJD, Oxnard GR, Compton C, et al: Circulating tumor DNA analysis in patients with cancer: American Society of Clinical Oncology and College of American

Pathologists joint review. J Clin Oncol 36:1631-1641, 2018

JCO Precision Oncology 1425


http://www.asco.org/rwc
http://ascopubs.org/po/author-center
http://ascopubs.org/po/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/
https://ascopubs.org/doi/full/10.1200/PO.17.00285
https://ascopubs.org/doi/full/10.1200/PO.16.00028

	Identification of a TP53 Deletion in an Undifferentiated Embryonal Sarcoma of the Liver Provides Clinically Relevant Longit ...
	Introduction
	Clinical Case
	Discussion
	REFERENCES


