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Clinical Factors That Affect the
Establishment of Soft Tissue
Sarcoma Patient-Derived
Orthotopic Xenografts: A University
of California, Los Angeles, Sarcoma
Program Prospective Clinical Trial

abstract

PurposeGiven the diverse and aggressive nature of soft tissue sarcomas (STSs), a need exists for
more-precise therapy. Patient-derived orthotopic xenografts (PDOXs) provide a unique plat-
form for personalized treatment. Thus, identification of patient and treatment factors that
predict PDOX establishment is important. This study assessed the feasibility of incorporating
PDOXs into the clinical setting and identifying factors associated with PDOX establishment.

Patients andMethodsFromMay2015 toMay2016,107patientswithbiopsy-provenorpotential
STSwereenrolled.Tumorsampleswereobtained intraoperativelyandorthotopically implanted
into nude mice in the corresponding anatomic location. PDOXs were considered established
after engraftment and serial passage. Factors associated with establishment were analyzed by
logistic regression and time to establishment by time-to-event analysis.

Results Only high-grade tumors established (32 of 72 [44.4%]). The establishment rate (ER)
varied by neoadjuvant therapy and treatment response, with the highest ER among untreated
high-grade tumors (26 of 42 [61.9%]). Tumors exposed to radiation preoperatively did not
establish (zero of 11 [0%]), and tumors exposed to neoadjuvant chemotherapy had a lower ER
(31.9%) than untreated tumors. Only STSs with minimal pathologic response to neoadjuvant
treatment (£ 30%) established a PDOX (six of 18 [33.3%]). Median establishment time was
54 days, which varied by neoadjuvant therapy but was not statistically significant (P = .180).

Conclusion To our knowledge, in the largest STS PDOX study to date, we demonstrate a 62%
ER among untreated high-grade tumors with a median establishment time of 54 days. Neo-
adjuvant therapy, particularly radiation, and pathologic response to treatment were associated
with a reduced rate of PDOX establishment.

Precis Oncol 00. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Over the past decade, there has been an evolution
toward a personalized approach to the treatment
of cancer in which individual patient and tumor
characteristics are used to guide therapy. Recent
research in sarcoma has focused on characterizing
the histologic subtypes and geneticmutations that
drive tumorigenesis to inform such targeted treat-
ments. Although this work has elucidated the vast

histologic and genetic diversity of sarcomas, lim-
ited progress has beenmade in the development of
effective targeted therapies that have been suc-
cessfully translated into the clinical setting.

Although approximately one third of sarcomas
harbor specific translocations or mutations that
may be amenable to targeted therapies, two thirds
show a complex karyotype with multiple rear-
rangements, duplications, or deletions.1 This
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genetic variation has hindered the development of
effective targeted therapies andhas led researchers
to direct interventions at specific pathologic sub-
types.Even among these studies, theuseof various
combinations of chemotherapeutic agents has
yielded only modest improvements in both re-
sponse rates and disease-free survival. In general,
regardless of the combination, soft tissue sarcomas
(STSs) have a relatively low response rate to
systemic therapy (20% to 30%). Although re-
sponders tend to have significantly improved out-
comes, nonresponders endure the toxic adverse
effects of treatment without survival benefit.2,3

Collectively, the rarity, histologic diversity, high
risk of metastasis, and poor response rates to
systemic therapy highlight the rationale and im-
mediateneed formorepersonalized sarcoma ther-
apy. Patient-derived xenografts (PDXs), which
are tumor and patient specific, provide an ideal
platform for personalized care in sarcoma. PDXs
maintain genetic similarity with and mimic the
therapeutic responses of a patient’s tumor.4

Within STSs, multiple subcutaneous PDX models
have been developed and have shown promise for
replicating the tumor histology, clinical chemo-
sensitivity, growth kinetics, and local disease pro-
gression of a patient’s tumor.5-8

Patient-derived orthotopic xenograft (PDOX)
models in which the patient-derived tissue is
implanted into the corresponding anatomic loca-
tion by a technique called surgical orthotopic
implantation (SOI) have also been shown to pro-
duce patterns of invasion and metastatic spread
that have not been demonstrated in the subcuta-
neous PDX models.8-15 As well, PDOX models
have been shown to faithfully reproduce the his-
tologyof thehuman tumor16,17 and tohaveunique
clinical applicability. In particular, PDOXmodels
have been shown to produce tumor response and
resistance that mirror that of the patient.18 Smith
et al19 demonstrated that xenograftability of lip-
osarcomas correlate directly with patient out-
comes. By building upon the results of these
previous studies, PDOX models seem to present
the best opportunity to test multiple potentially
active systemic agents (chemotherapy, targeted
therapy, etc) in a preclinical model, which shields
patients from the potential toxicity of inactive
drugs and identifies effective therapies that im-
prove outcomes. Therefore, given the overall
promise of PDOX in sarcomas, we assessed the
feasibility of generating individual PDOXmodels
in the clinical setting and determined factors as-
sociated with successful development of xeno-
grafts among patients with STSs.

PATIENTS AND METHODS

This study was reviewed and approved by the
University of California, Los Angeles, institu-
tional review board. From May 2015 to May
2016, patients who underwent resection of biopsy-
proven or potential STSwere offered enrollment in
this trial. All patients elected to enroll and were
consented preoperatively.

Mice

Athymic nu/nu female nude mice (AntiCancer,
San Diego, CA) 4 to 6 weeks old were used to
xenograft human tissues. All animal studies were
conducted with an AntiCancer institutional ani-
mal care and use committee protocol specifically
approved for this study and in accordancewith the
principles andproceduresoutlined in theNational
Institutes ofHealthGuide for theCare andUse of
Animals under assurance number A3873-1.8,18 All
surgical experiments were done under anesthesia
and with analgesia to minimize suffering. Anes-
thesiawas administered by subcutaneous injection
of a 0.02-mL solution of 20 mg/kg ketamine,
15.2 mg/kg xylazine, and 0.48mg/kg acepromazine
maleate. During surgery, animal response was
monitored to ensure adequate depthof anesthesia.
Animals were observed daily and humanely killed
byCO2 inhalationwhen theymet the humane end
point criteria: severe tumor burden (. 20 mm in
diameter), prostration, significant body weight
loss, difficulty breathing, rotational motion, or
body temperature drop. All animals were fed an
autoclaved laboratory rodent diet and housed in a
barrier facility on a high-efficiency particulate
arrestance–filtered rack under standard condi-
tions of 12-hour light/dark cycles. These proce-
dures are similar to the standard of care at our
facility and have been previously documented.8,18

Tumor Acquisition and Xenograft
Establishment

Intraoperatively at the time of tumor resection, a
tissue sample was obtained by the operating sur-
geon (F.C.E.) and transported to AntiCancer-
PDOX on ice for immediate SOI in nude mice.
Each tumor sample was divided into 5-mm frag-
ments. Tumor fragments were then implanted
both subcutaneously and orthotopically into nude
mice using a well-validated protocol.8,15,18,20-24

SOIprocedureswere then followed fororthotopic
models specific to each tumor site.8,11,15,18,20-27

For extremity tumors, 10-mm skin incisions were
made in the corresponding anatomic site, and
thena single tumor fragmentwasplacedorthotopi-
cally between muscle layers. For intra-abdominal
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or retroperitoneal tumors, a 10-mm median or
lateral abdominal incision was made to place a
tumor fragment orthotopically. Wounds were
closed with 6-0 nylon suture (Ethilon; Ethicon,
Bridgewater, NJ).

Nude mice were monitored for tumor growth for
up to 6 months after implantation. Growth mon-
itoring was carried out by caliper measurement.
PDOX that had no growth by 6 months were
considered failures. Once a PDOX had reached
500 mm3, it was considered engrafted. Engrafted
tumors were then serially passaged. Success-
fully passaged PDOXs were considered estab-
lished. In every PDOX, the histopathology of
the established tumors was compared with the
original patient’s tumor and verified for con-
cordance by a specialized sarcoma pathologist
(S.M.D.); this method for histopathologic val-
idation has been previously published by our
group.8,15,18,20,23,24,26,28 Established PDOXs were
maintained for future study of potential systemic
agents.

Statistical Methods

For all patients enrolled in the trial, demographics
and clinical data were prospectively collected, and
xenograft data (time to establishment) were ob-
tained in collaboration with AntiCancer. Histo-
logic subtypeswere determined for all tumors by a
specialized sarcoma pathologist. Subtypes with
. 10 tumors were included as separate covariates;
all other subtypeswere classified as other.Tumors
were classifiedbypresentationas eitherprimaryor
metastatic/recurrent and by location as extremity
or abdominal/retroperitoneal.Neoadjuvant treat-
ment information was collected for all patients.
Only therapy that occurred in the neoadjuvant
setting before tumor excision was included in this
analysis because the tumor sample used for xeno-
graft implantation was only exposed to therapy
that occurred before resection. Radiation therapy
was only considered to occur during the neoadju-
vant period if it had occurred within 10 weeks
before tumor excision. Tumors exposed to neo-
adjuvant therapy were graded by their pathologic
response on the basis of the percent response
indicated by a specialized sarcoma pathologist.

Given that xenografts were established only from
high-grade tumors, factors associated with estab-
lishment and time to establishment were analyzed
among the high-grade cohort. The rate of estab-
lishment, which indicated that the tumor was
successfully engrafted and serially passaged, was
measured in days from the time of original
engraftment to the time adequate growth was

achieved from serial passage. Factors associated
with establishment (also referred to as xenograft-
ability) were analyzed by univariable logistic re-
gression. Factors associated with establishment
time were analyzed with survival functions using
log-rank tests for equality and nonparametric
methods for distribution.

RESULTS

Study Population

All 107 patients approached for study enrollment
elected to enroll. The clinicopathologic charac-
teristics of these patients are listed in Appendix
Table A1 (online only). Similar numbers of male
and female patients were enrolled (48% female).
Median patient age was 61 years (range, 16 to 91
years), and median tumor size was 7.6 cm (range,
0.9 to 38 cm). Tumor location was evenly
distributed (42% extremity, 58% abdominal/
retroperitoneal).Themajorityof tumorswerehigh
grade (67%), and themost common subtypes were
liposarcoma (25%) and leiomyosarcoma (14%).
Tumors spanned 28 histologic subtypes (Appendix
TableA2, online only).Given that only high-grade
tumors were established, the high-grade subpop-
ulation is the focus of the remaining analysis.

High-Grade Cohort

PDOX development was attempted for 72 pa-
tients with high-grade STSs. Patient and tumor
characteristics for the high-grade cohort are listed
in Table 1. For patients who underwent neoadju-
vant therapy, the median time between comple-
tion of neoadjuvant therapy and tumor resection
was 35 days (range, 9 to 74 days).

Factors Associated With Establishment of
Sarcoma PDOX Model

No low-grade STSs were established as PDOXs
(zero of 32). Among high-grade STSs, 32 PDOXs
(44.4%) were established. Establishment was sim-
ilar by sex, presentation, and location but variedby
neoadjuvant therapy (Table 2). None of the STSs
exposed to radiation within 10 weeks before
tumor excision established (zero of 11), which
resulted in a 0% establishment rate (odds ratio
[OR], 0.00 compared with no preoperative radia-
tion; P = .001). Univariable analysis demonstrated
that the likelihood of establishment was reduced
with any neoadjuvant chemotherapy (OR, 0.282;
P = .022) and increased without neoadjuvant ther-
apy (OR, 6.50; P = .001). In a subgroup analysis,
the time between completing neoadjuvant che-
motherapy and surgical resection did not demon-
strate an effect on the likelihood of xenograft
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establishment. No difference in the likelihood of
PDOX establishment was found by sex, age,
presentation (primary, recurrent, or metastatic),
location, subtype, or size.

Establishment rates varied by subtype (Ap-
pendix Table A2). Among subtypes with at
least three high-grade tumors, PDOX success
rates were highest among liposarcoma (66.7%),

Table 1. Patient and Tumor Characteristics for All High-Grade Tumors and by Xenograft Success

High Grade Only
(n = 72)

Successful Xenografts Only
(n = 32)

Unsuccessful Xenografts Only
(n = 40)

Characteristic No. % No. % No. %

Sex

Female 34 47.2 16 50.0 18 45.0

Male 38 52.8 16 50.0 22 55.0

Grade

Low 0 0.0 0 0.0 0 0.0

High 72 100.0 32 100.0 40 100.0

Presentation

Primary 44 61.1 20 62.5 24 60.0

Recurrent or metastatic 28 38.9 12 37.5 16 40.0

Location

Abdomen/retroperitoneum 41 56.9 15 46.9 26 65.0

Extremity 31 43.1 17 53.1 14 35.0

Size, cm

, 10 48 66.7 22 68.8 26 65.0

. 10 24 33.3 10 31.3 14 35.0

Subtype

Leiomyosarcoma 15 20.8 8 25.0 7 17.5

Liposarcoma 13 18.1 8 25.0 5 12.5

NOS/spindle cell/UPS 15 20.8 7 21.9 8 20.0

Other 29 40.3 9 28.1 20 50.0

Neoadjuvant CT (any)

Yes 24 33.3 6 18.8 18 45.0

No 48 66.7 26 81.3 22 55.0

Neoadjuvant XRT (any)

Yes 11 15.3 0 0.0 11 27.5

No 61 84.7 32 100.0 29 72.5

Neoadjuvant therapy

None 42 58.3 26 81.3 16 40.0

CT alone 19 26.4 6 18.8 13 32.5

XRT alone 6 8.3 0 0.0 6 15.0

CT + XRT 5 6.9 0 0.0 5 12.5

Xenograftability

Success 32 44.4 32 100.0 0 0.0

Failure 40 55.6 0 0.0 40 100.0

Median age, years (range) 60.5 (16-91) 64.5 (16-91) 57 (0-89)

Median size, cm (range) 7.25 (0.9-35.5) 7.25 (1.5-23.8) 7.15 (0.9-35.5)

Median time to establish, days (range) 53.5 (9-184) 53.5 (9-184) —

Abbreviations: CT, chemotherapy; NOS, not otherwise specified; UPS, undifferentiated pleomorphic sarcoma; XRT, radiation therapy.
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myofibrosarcoma (60.0%), and leiomyosarcoma
(53.3%). Only one patient with osteosarcoma and
one with rhabdomyosarcoma were enrolled, and
both tissue samples led to a successful PDOX.

Among high-grade primary STSs, 45.5% (20 of
44) established. Establishment rates were higher
among primary extremity STSs, tumors. 10 cm,
liposarcomas, and tumors that had been exposed

to less preoperative therapy (no neoadjuvant che-
motherapy, no neoadjuvant radiation, or no treat-
ment).Variations inestablishment rate forprimary
and recurrent tumors are listed inTable 3. Among
recurrent or metastatic high-grade tumors, 42.9%
(12 of 28) were established as PDOXs. Estab-
lishment rates for recurrent or metastatic tu-
mors were similar by location and size but were

Table 2. Factors Associated With Patient-Derived Orthotopic Xenograft Establishment Among High-Grade Tumors

Establishment Rate Among
High-Grade Tumors (n = 72)

Univariable Logistic
Regression (n = 72)

Characteristic % (No.) P OR P

Sex

Female 42.1 (16 of 38) .673 1.222 .673

Male 47.1 (16 of 34) Reference

Grade

Low 0.0 (0)

High 44.4 (32 of 72)

Presentation

Primary 45.5 (20 of 44) .829 1.111 .829

Recurrent or metastatic 42.9 (12 of 28) Reference

Location Reference

Abdomen/retroperitoneum 36.6 (15 of 41) .123

Extremity 54.8 (17 of 31) 2.105 .125

Size, cm

, 10 45.8 (22 of 48) .737

. 10 41.7 (10 of 24)

Subtype

Leiomyosarcoma 53.3 (8 of 15) .436 2.540 .155

Liposarcoma 61.5 (8 of 13) .171 3.555 .069

NOS/spindle cell/UPS 46.7 (7 of 15) .846 1.944 .310

Other 31.0 (9 of 29) .06 Reference

Neoadjuvant CT (any)

Yes 25.0 (6 of 24) .457 0.282 .022*

No 54.2 (26 of 48) Reference

Neoadjuvant XRT (any)

Yes 0 (0 of 11) .001* 0.000 .001*

No 52.5 (32 of 61) Reference

Neoadjuvant therapy (any)

None 61.9 (26 of 42) .009 6.500 .001*

CT alone 31.6 (6 of 19) .652 0.479 .192

XRT alone 0.0 (0 of 6) .041* 0.000 .023

CT + XRT 0 (0 of 5) .055 0.000 .039

Age, years 1.027 .075

Size, cm 1.01 .801

Abbreviations: CT, chemotherapy; NOS, not otherwise specified; OR, odds ratio; UPS, undifferentiated pleomorphic sarcoma; XRT, radiation therapy.
*Significant to P , .05.
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higher among leiomyosarcomas, liposarcomas,
and not otherwise specified (NOS)/spindle cell/
undifferentiated pleomorphic sarcoma (UPS) sub-
type compared with others and among tumors
exposed to less preoperative therapy. On the basis
of establishment rates alone, neoadjuvant treat-
ment seems to have a consistent effect on primary
and metastatic/recurrent STSs (Table 3).

Among untreated STSs, 61.9% (26 of 42) were
established. Within this subgroup was a partic-
ularly high establishment rate (85.7%) among
NOS/spindle cell/UPS tumors at 85.7%. In
addition, higher establishment rates were associ-
ated with primary tumors, extremity tumors, and
tumors that were . 10 cm. Given the small
numbers, these differences did not reach statistical

Table 3. Primary Versus Recurrent/Metastatic Tumors: Factors Associated With Patient-Derived Orthotopic Xenograft Establishment

All High-Grade Primary
Tumors (n = 44)

High-Grade Primary
Establishment
Rates (n = 20)

All High-Grade
Metastatic/

Recurrent Tumors
(n = 28)

High-Grade Metastatic/
Recurrent Establishment

Rates (n = 12)

Characteristic No. % No. % No. % No. %

Sex

Female 20 45.5 8 40.0 14 50.0 8 57.1

Male 24 54.5 12 50.0 14 50.0 4 28.6

Location

Abdomen/retroperitoneum 23 52.3 7 30.4 18 64.3 8 44.4

Extremity 21 47.7 13 61.9 10 35.7 4 40.0

Size, cm

, 10 24 54.5 8 33.3 24 85.7 10 41.7

. 10 20 45.5 12 60.0 4 14.3 2 50.0

Subtype

Leiomyosarcoma 11 25.0 4 36.4 4 14.3 4 100.0

Liposarcoma 7 15.9 4 57.1 6 21.4 4 66.7

NOS/spindle cell/UPS 11 25.0 5 45.5 4 14.3 2 50.0

Other 15 34.1 7 46.7 14 50.0 2 14.3

Neoadjuvant CT (any)

Yes 12 27.3 2 16.7 12 42.9 4 33.3

No 32 72.7 18 56.3 16 57.1 8 50.0

Neoadjuvant XRT (any)

Yes 13 29.5 0 0.0 7 25.0 0 0.0

No 31 70.5 20 64.5 21 75.0 12 57.1

Neoadjuvant therapy

None 27 61.4 18 66.7 15 53.6 8 53.3

CT alone 7 15.8 2 28.6 12 42.9 4 33.3

XRT alone 5 11.4 0 0.0 1 3.6 0 0.0

CT + XRT 5 11.4 0 0.0 0 0.0 0 0.0

Xenograftability

Success 20 45.5 20 100.0 12 42.9 12 100.0

Failure 24 54.5 0 0.0 16 57.1 0 0.0

Median age, years (range) 61.5 (26-91) 66 (30-91) 59.5 (16-84) 62.5 (16-84)

Median size, cm (range) 9.1 (2.3-35.5) 9.1 (3.5-23.8) 4.65 (0.9-17.5) 6.1 (1.5-14.6)

Median time to establish,
days (range)

64 (14-184) 64 (14-184) 46.5 (9-119) 46.5 (9-119)

Abbreviations: CT, chemotherapy; NOS, not otherwise specified; UPS, undifferentiated pleomorphic sarcoma; XRT, radiation therapy.
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significance on univariable analysis. All compar-
isons are listed in Table 4.

Among treated tumors, pathologic response var-
ied from 0% to 98%. The only tumors that
established xenografts were those with minimal
(< 30%) pathologic response (Fig 1). Within the
subset of tumors with minimal pathologic re-
sponse, the establishment rate was 33.3% (six of
18). Tumors with. 30%pathologic response did
not establish. Three factors were identified in this
study that were associated with a 0% establish-
ment rate: low grade, preoperative radiation, and
pathologic response to treatment . 30%.

Factors Associated With Time to
Establishment

Among patients with an established PDOX
(n = 32), the time to establishment varied between
9 and184days (median, 53.5 days).Comparedwith
untreated patients, no difference in time to

establishment was observed for patients who re-
ceived neoadjuvant therapy (P = .180; Fig 2).
Specifically, given that none of the grafts exposed
to radiation established, no difference in time to
establishment was found when untreated grafts
were compared with those exposed to neoadjuvant
chemotherapy alone. No difference in time to
establishment was seen by tumor size (P = .321),
location(P=.158),presentation(P=.234),ordegree
of pathologic response (P = .114). Time to estab-
lishment by subtype is listed in AppendixTable A2.

DISCUSSION

PDXs are a promising approach to personalized
medicine in the treatment of STSs. Given the
rarity and histologic diversity of these tumors as
well as the variable responses by subtype to
chemotherapy, the ability to replicate a patient’s
individual tumor in a mouse model provides
an important opportunity for developing and

Table 4. Untreated High-Grade Tumors: Factors Associated With Establishment

Characteristic

High-Grade Untreated
Tumors (n = 42)

High-Grade Untreated
Establishment-Rate

(n = 26) Xenograft Establishment

No. % No. % OR P

Sex

Female 21 50.0 12 57.1 0.667 0.526

Male 21 50.0 14 66.7

Presentation

Primary 27 64.3 18 66.7

Recurrent or metastatic 15 35.7 8 53.3

Location

Abdomen/retroperitoneum 22 52.4 12 54.5

Extremity 20 47.6 14 70.0 1.944 0.306

Size, cm

, 10 30 71.4 17 56.7

. 10 12 28.6 9 75.0 2.294 0.276

Subtype

Leiomyosarcoma 12 28.6 7 58.3

Liposarcoma 9 21.4 7 77.8

NOS/spindle cell/UPS 7 16.7 6 85.7

Other 14 33.3 6 42.9

Xenograftability

Success 26 61.9 26 100.0

Failure 16 38.1 0 0.0

Median age, years (range) 63 (16-91) 66 (16-91) 1.020 0.290

Median size, cm (range) 6.9 (0.9-23.8) 8.25 (1.5-23.8) 1.143 0.084

Median time to establish, days (range) 61.5 (9-184) 61.5 (9-184)

Abbreviations: NOS, not otherwise specified; OR, odds ratio; UPS, undifferentiated pleomorphic sarcoma.
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personalizing therapy without placing patients
at risk for treatment-related complications of
ineffective therapy. Although previous studies
of xenograft models in sarcoma have been done,
few were directly connected to the clinical en-
vironment. The Champions Oncology trial,
which developed 29 subcutaneous PDXmodels,
indicated that growth rates varied and docu-
mented an establishment rate of 76% but did
not indicate which patient or tumor factors pre-
dicted establishment.29 To appropriately select
patients for xenograft studies, we first sought to
understandwhich tumors aremost likely to grow
as xenografts.

In the current study, we prospectively enrolled all
patients who underwent resection of an STS at a
single institution over a 1-year period. The anal-
ysis demonstrates that the ability to develop xe-
nografts highly depends on both tumor and
patient treatment characteristics. Specifically,
low-grade tumors universally failed to grow,
whereas high-grade tumors had an overall es-
tablishment rate of 44.4% (32 of 72), which

demonstrates that patients with low-grade tumors
are unlikely to benefit from attempts at xenograft
development. Furthermore, the study indicates
that patients who receive no treatment before
tumor resection are most likely to benefit, such
that 61.9% of those patients’ tumors were suc-
cessfully xenografted. In particular, when com-
pared with STSs exposed to neoadjuvant therapy,
untreated STSs were more than six times more
likely to successfully establish a PDOX, which
suggests that the optimal time for xenograft de-
velopment is likely before the initiation of ther-
apeutic interventions.

Among patients who underwent neoadjuvant
therapy, radiation had the greatest negative im-
pact on the likelihood of attaining a successful
xenograft. The xenograft establishment rate for
patients previously treated with radiation alone
before resection was 0% (zero of six), compared
with 32% for chemotherapy alone (six of 19).
Given the difficulty in establishing a PDOXafter
radiation therapy, it may be best to recommend
that patients who undergo radiation therapy,
who may ultimately benefit from PDOX estab-
lishment, undergo tumor biopsy for xenograft
establishment before proceeding with neoadju-
vant radiation.

Pathologic response to treatment was also signif-
icantly associated with PDOX establishment.
Specifically, patient tumors with a demonstrable
treatment response (. 30% on pathologic review
of the resected tumor) did not establish a PDOX.
This finding suggests that patients whose tumors
are able to be established as an orthotopic xeno-
graft may similarly benefit the most from pre-
clinical identification of active systemic agents on
the platform that these models provide.
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response is associated with
establishment rate. Each
bar indicates an individual
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pathologic response to
treatment. Those tumors
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orthotopic xenograft are
indicated with an asterisk.
Only tumors with < 30%
pathologic response
(minimal) were able to
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Fig 2. Time to
establishment varied by
exposure to neoadjuvant
therapy. Median time to
establishment was 62 days
and 39 days for the no-
treatment and neoadjuvant
chemotherapy (CT)
groups, respectively
(P = .180). None of the
tumors exposed to radiation
therapy (XRT; CT + XRT
or XRT alone) established
a patient-derived
orthotopic xenograft.

8 ascopubs.org/journal/po JCO™ Precision Oncology

Downloaded from ascopubs.org by 104.36.28.202 on August 4, 2017 from 104.036.028.202
Copyright © 2017 American Society of Clinical Oncology. All rights reserved.

http://ascopubs.org/journal/po


Among successfully established xenografts was a
wide range in the time required to establish a graft
(9 to 184 days). Although the Champions Oncol-
ogy study suggested that time to graft establish-
ment was correlated with tumor factors,29 the
current study did not demonstrate this correla-
tion. Specifically, we found no correlation be-
tween the time to establishment and previous
treatment-, subtype-, or patient-related factors.
The median time to establishment of a xenograft
among those that established was 53 days, which
indicates that xenografts can be developed over a
short period. In the current model, serial drug
testing can be done after establishment. We
acknowledge that this amount of time required
for xenograft establishment and serial drug test-
ing may take longer than the patient’s recovery
from surgery; therefore, at present we believe
that the results of xenograft testing should be
used to supplement care and potentially define
second-line therapies rather than replace stan-
dard treatments.

The current study is limited by the sample size
and diverse study population. Although statis-
tical analyses of the overall group were feasible,
smaller subgroup analyses were limited, and
therefore, conclusions about individual subtypes

or treatment factors couldnotbemadewith ahigh
degree of certainty.

As we move forward with the use of PDXs as
a tool for personalizing sarcoma therapy, we
must be cognizant of the patient population
with the greatest potential to benefit: patients
with high-grade tumors that have not been ex-
posed to neoadjuvant radiation therapy or those
without a significant treatment response. These
results also indicate that the optimal time for
xenograft establishment is likely before the ini-
tiation of treatment or at a minimum, before
radiation therapy. Given the benefit of neoadju-
vant therapy, particularly neoadjuvant radiation
therapy, we hypothesize that the optimal mecha-
nism for attaining a tissue sample, without inter-
rupting patient therapy, is through a pretreatment
core needle biopsy, which we plan to study in the
future.

In conclusion, this study provides substantial ev-
idence that sarcoma PDOXs are feasible within
the clinical setting and when used in the appro-
priate patient population, hold promise as a
method for personalizing therapy in this diverse
disease.
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APPENDIX

Table A1. Patient and Tumor Characteristics (high grade and low grade)

All Xenografts
(n = 107)

Characteristic No. %

Sex

Female 51 47.7

Male 56 52.3

Grade

Low 35 32.7

High 72 67.3

Presentation

Primary 71 66.4

Recurrent or metastatic 36 33.6

Location

Trunk 62 57.9

Extremity 45 42.1

Size, cm

, 10 67 62.6

. 10 40 37.4

Subtype

Leiomyosarcoma 15 14.0

Liposarcoma 27 25.2

NOS/spindle cell/UPS 16 15.0

Other 49 45.8

Neoadjuvant CT (any)

Yes 31 29.0

No 76 71.0

Neoadjuvant XRT (any)

Yes 26 24.3

No 81 75.7

Neoadjuvant therapy

None 67 62.6

CT alone 23 21.5

XRT alone 9 8.4

CT + XRT 8 7.5

Xenograftability

Success 32 29.9

Failure 75 70.1

Median age, years (range) 61 (16-91)

Median size, cm (range) 7.6 (0.9-38)

Median time to establish, days (range) 49 (9-184)

Abbreviations: CT, chemotherapy; NOS, not otherwise specified; UPS, undifferentiated pleomorphic sarcoma; XRT, radiation therapy.
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Table A2. Histologic Subtypes

High Grade
Establishment Rate Among

High Grade
Time to Establishment

(days)

Subtype No. No. % High Grade No.
% (success/
high grade) Median Range

Angiomyoplipoma 1 0 0.0

Angiosarcoma 1 1 100.0 0 0.0

Chondrosarcoma 1 0 0.0

Chordoma 1 0 0.0

Dermatofibrosarcoma protuberans 1 1 100.0 0 0.0

Desmoid tumor 1 0 0.0

Desmoplastic small round cell tumor 2 2 100.0 0 0.0

Embryonal sarcoma 1 1 100.0 0 0.0

Epithelioid sarcoma 3 3 100.0 0 0.0

Ewing sarcoma, extraosseous 3 3 100.0 1 33.3 49 49

Fibromyxoid sarcoma 2 1 50.0 0 0.0

Follicular dendritic cell sarcoma 2 2 100.0 1 50.0 23 23

GI stromal tumor 7 4 57.1 1 25.0 84 84

Intramuscular angioma 1 0 0.0

Leiomyoma 3 0 0.0

Leiomyosarcoma 15 15 100.0 8 53.3 86 29-170

Liposarcoma 27 12 44.4 8 66.7 80 9-184

Malignant peripheral nerve sheath tumor 1 0 0.0

Myxofibrosarcoma 5 5 100.0 3 60.0 70 14-121

Myxoma 3 0 0.0

NOS/spindle cell/UPS 16 15 93.8 7 46.7 30 16-142

Osteosarcoma, extraosseous 1 1 100.0 1 100.0 27 27

Phyllodes tumor 1 1 100.0 0 0.0

Radiation-associated sarcoma 1 1 100.0 0 0.0

Rhabdomyosarcoma 1 1 100.0 1 100.0 44 44

Schwannoma 1 0 0.0

Solitary fibrous tumor 3 0 0.0

Synovial sarcoma 2 2 100.0 1 50.0 91 91

Abbreviations: NOS, not otherwise specified; UPS, undifferentiated pleomorphic sarcoma.
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