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Abstract

Despite successful primary tumor treatment, the development of pulmonary metastasis continues
to be the most common cause of mortality in osteosarcoma patients. A conventional drug
development path requiring drugs to induce regression of established lesions has not led to
improvements for osteosarcoma patients in over 30 years. Based on our growing understanding of
metastasis biology, it is now reasonable and essential that we focus on developing therapeutics
that target metastatic progression. To advance this agenda a meeting of key opinion leaders and
experts in the metastasis and osteosarcoma communities was convened in Bethesda Maryland. The
goal of this meeting was to provide a “Perspective” that would establish a preclinical translational
path that could support the early evaluation of potential therapeutic agents that uniquely target the
metastatic phenotype. Although focused on osteosarcoma the need for this perspective is shared
among many cancer types. The consensus achieved from the meeting included the following: That
the biology of metastatic progression is associated with metastasis-specific targets/processes that
may not influence grossly detectable lesions; targeting of metastasis-specific processes is feasible;
rigorous preclinical data is needed to support translation of metastasis-specific agents into human
trials where regression of measurable disease is not an expected outcome; preclinical data should
include an understanding of mechanism of action, validation of pharmacodynamic markers of
effective exposure and response, the use of several murine models of effectiveness, and where
feasible the inclusion of the dog with naturally occurring osteosarcoma to define the activity of
new drugs in the micro-metastatic disease setting.

Introduction

As is the case for many solid tumors, the problem of metastasis is the most important cause
of morbidity and mortality in osteosarcoma patients. Based on historical data, over 80% of
patients will progress to develop metastasis following resection of the primary tumor alone,
and even with the addition of chemotherapy to primary tumor resection, approximately one-
third of patients presenting with localized disease will subsequently develop pulmonary

Clin Cancer Res. Author manuscript; available in PMC 2015 August 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Khanna et al.

Page 5

metastases (1, 2). Long-term outcomes for osteosarcoma patients with either localized or
metastatic disease have not substantively improved in over 30 years, however progress in
our understanding of metastasis biology now offers hope to address this unmet clinical need.
Recent studies have defined the existence of druggable targets linked to metastatic
progression of cancer (3-7). Many of these targets and associated processes appear to
specifically influence the progression of metastatic cells from microscopic disease to that of
grossly detectable lesions (8). The modulation of these targets using either genetic or
pharmacological approaches may have no measurable effect on established and grossly
detectable lesions at either the primary or metastatic locations (9, 10). As such these agents
are predicted to fail in conventional early phase human trials that require regression of
established disease (8, 11). Preclinical therapeutic studies in a variety of cancer histologies
now support this prediction; novel therapeutic agents designed from an understanding of the
unique vulnerabilities and targets linked to metastatic progression are indeed active against
metastatic progression but may have no activity in the setting of measurable disease (12-14).
In order for novel agents that target metastatic progression to advance, clinical trials
conducted in the adjuvant setting, in the absence of measurable disease, will be required
early in the drug development path. As noted above, our past reliance and requirement for
regression of measurable lesions to advance therapeutic agents in drug development for
osteosarcoma has not been rewarding. Accordingly, rigorous preclinical data will be
necessary to support the evaluation of a drug whose activity and therapeutic benefit may be
limited to preventing progression of existent microscopic disease, without the expectation of
measurable anticancer activity in conventional response-based clinical trials. To advance the
development of such novel therapeutics, a meeting of key opinion leaders and experts in the
fields of bone sarcoma biology, metastasis, preclinical cancer drug development (including
cancer biologists and veterinary oncologists), and the clinical management of osteosarcoma
patients (pediatric oncologists, medical oncologists, radiation oncologists, and surgeons)
was convened in Bethesda Maryland on April 6!, 2013, with the support of the QuadwW
Foundation, the Children’s Oncology Group, and CureSearch. The goal of this meeting was
to establish a consensus “Perspective” on osteosarcoma drug development, which would
focus on the problem of metastasis and establish a consistent translational path that could
support the early evaluation of potential therapeutic agents that uniquely target the
metastatic phenotype.

Osteosarcoma Drug Development Infrastructure

With the overriding goal of improving long-term outcomes for patients, the osteosarcoma
community has initiated or participated in programs that can now support the development
and integration of novel agents into osteosarcoma therapy. First, through the efforts of the
QuadW - Children’s Oncology Group Childhood Sarcoma Biostatistics and Annotation
Office (CSBAO), a robust and clinically annotated osteosarcoma biospecimen repository is
now available to fuel biological investigations (J. Glover Personal Communication; ASCO
2013 Abstract). This repository has been linked to a relational database that will be
progressively annotated with biological analyses performed on these tissues thereby
allowing for the first time in silico analysis in this disease. Second, the NCI TARGET
(Therapeutically Applicable Research to Generate Effective Treatments) initiative is
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expected to deliver a greater understanding of osteosarcoma genomic targets that may be
matched with existing or novel cancer therapeutics (http://ocg.cancer.gov/programs/target).
Third, the Pediatric Preclinical Testing Program (PPTP) has an established infrastructure to
test novel agents for their activity against primary tumor growth in a diverse set of
osteosarcoma xenograft models (http://pptp.nchresearch.org/) (15). Finally, the NCI
Comparative Oncology Program has established a preclinical and translational consortium
(COTC) that can rapidly evaluate the therapeutic value of novel agents in pet dogs that have
naturally developed cancers most notably including osteosarcoma (https://ccrod.cancer.gov)
(16). With progress on these fronts, it is now feasible to integrate advances in our
understanding of osteosarcoma and metastasis biology with preclinical and translational
studies as a means to prioritize agents for evaluation in patients. It is recognized that in order
for the successful implementation of this integrative approach, several existing drug
development approaches, perspectives and resources will need to be re-focused on the
problem of metastatic progression rather than regression of measurable cancer lesions alone.

The Quagmire for Osteosarcoma Metastasis Drug Development

The process of metastasis in osteosarcoma patients appears similar to patients with other
solid tumors. The steps associated with the metastatic spread of cancer cells from a primary
tumor to a distant secondary site involve a complex set of discrete processes that are in
many ways distinct from those associated with primary tumor growth (17-23). Most
metastasis biology studies suggest that cancer cells readily gain entry to the circulation from
the primary tumor and that the majority of circulating cancer cells successfully arrive and
extravasate at the distant secondary site; however, only a small minority of cells are able to
survive at the distant and foreign microenvironment. Indeed, managing this critical stage of
vulnerability is a defining feature of metastatic cells (24). Through a combination of
selective and acquired events involving both genetic and epigenetic processes, metastatic
cells are distinguished from non-metastatic cells and are able to accommodate and adapt to
the stresses incurred during metastatic progression (25). In some cases the same oncogenic
events linked to primary tumor formation and maintenance are also responsible for facets of
the metastatic cascade; whereas other events are likely more intrinsically linked to the
unique features of metastatic biology provided by metastasis specific genes and gene
regulation (26, 27). As such there are unique targets and processes (often druggable) that
may drive the progression of existent microscopic metastatic cells to grossly detectable
lesions.

There are now sufficient experimental data to believe that the progression of single
metastatic cells to established lesions occurs after patients present with apparently localized
disease and continues after the development of radiographically detectable lesions. First, it is
likely that those cells that are able to complete the steps of the metastatic cascade will
subsequently metastasize to other parts of the same secondary organ or to distinct secondary
sites late in clinical presentation (20, 28, 29). Second, it is reasonable that tumor cells remain
dormant as quiescent single cells for long periods of time before they establish colonies of
micrometastases in which a balance of proliferation and apoptosis exists, and before they
progress to detectable lesions (19, 30, 31). Finally, it remains unclear if this period of
metastatic dormancy occurs at the secondary site (i.e., in the lung in the case of
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osteosarcoma) or in a so-called sanctuary sites (i.e., the bone marrow) with subsequent and
therefore late spread to the eventual clinical secondary site (32-35). Accordingly, it is
reasonable that targeting metastatic progression, particularly at the secondary site will
provide clinical benefit to patients in all stages of presentation (i.e., it is not too late to target
the metastatic cascade even after a patient develops metastasis).

Recognizing the imperative to assess new therapeutic agents that target the metastatic
phenotype, a consensus on the nature of preclinical data needed to advance the clinical
development of an anti-metastatic agent is necessary. As this necessary translation is
planned, it is important to recognize that decisions to advance a therapeutic agent to clinical
development in the adjuvant-setting may need to be made without any prior evidence of
anti-tumor activity in human patients. As outlined above, using input from experts in the
field we now propose a consensus “Perspective” towards this preclinical to clinical
translational drug development challenge (Table 1). An important outcome of having a
consensus on the types of data that are determined to be valuable, as a novel agent is
proposed for translation, is that preclinical investigators will have a clear sense of what may
be expected and similarly that translational groups will be clear on what they may expect as
they evaluate and review therapeutic agents for potential clinical development. In addition to
providing a clear consensus on the types of data that may be useful for translation of agents
that target metastasis, Table 1 also provides a mechanism to compare or prioritize agents
based on these data. Importantly, Table 1 is not intended to prescribe “go” or “no go”
decisions on the suitability of potential agents, but rather serves to provide a consistent
framework to objectively value and ascribe quantifiable merit to a list of novel agents being
considered for translational assessment. In Table 1, vertical columns represent discrete
translational data types that may be available for consideration in the preclinical to clinical
translation of a novel therapy that targets metastasis. Within each column, a Progressive
Merit Score (PM Score) is assigned an integer value between 1 and 6, commensurate with
the potential “value” of the data in that category. Similarly across columns, a Relative Merit
Score (RM Score) across data types is assigned an integer value between 1 and 3, and
commensurate with our perceived “value” of that data-type to this drug development
question. Using the PM Score (within a Data Type) and the RM Score (across Data Types),
their product (PM Score x RM Score) is used to generate a Cumulative Relative Dataset
Merit Score which than can be assigned and compared among distinct data-sets for a
specific translational therapeutic opportunity. The guidance provided in Table 1 will provide
a collective understanding of the necessary and optimal data set needed to advance
therapeutic agents with activity against the metastatic phenotype and in-so-doing, will help
prioritize those agents for clinical development in patients with osteosarcoma.

As outlined above the pattern of failure for osteosarcoma patients continues to involve the
predictable development of metastasis to the lungs despite effective and complete control of
the primary tumor. Despite attempts to intensify therapy, there has been a failure to decrease
the development of metastasis and improve patient survival over the past 30 years. As such
there are no recent “historical controls” that can be used as positive “controls” to assess the
scoring system. Accordingly validation of the proposed approach will require prospective
studies of novel therapeutic agents that are first evaluated through the proposed scoring
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system, that then move on to human clinical trials. The recent endorsement of the details
outlined in this manuscript by the National Cancer Institute Pediatric and Adolescent Solid
Tumor Steering Committee (PASTSC) will serve as a starting point for future discussions
which will lead to the potential integration of the proposed scoring system for the
prioritization of novel agents planned for clinical evaluation in pediatric osteosarcoma
patients. Accordingly, there will be an opportunity over time to test, validate and modify the
scoring system prospectively. As a means to demonstrate the feasibility and future use of the
scoring system, Table 2 provides examples for how the scoring system can be applied, in
this case by using therapeutic agents that have been recently evaluated in osteosarcoma
patients. These agents include liposomal muramyl-tripeptide phosphatidyl-ethanolamine (L-
MTP-PE) and inhaled granulocyte-colony stimulating factor (GM-CSF), (36-38). Based on
supportive preclinical data and phase 1l trials in osteosarcoma, L-MTP-PE was advanced to
a phase Il trial in osteosarcoma. The study included a factorial design using event free
survival (EFS). No improvement in EFS was seen within this factorial design; however, a
subsequent post-hoc analysis revealed an 8% improvement in survival in patients (36). All
results, including the post-hoc analysis of survival, were interpreted to be supportive of
substantial evidence of effectiveness by the European Medicine Agency and led to the recent
approval of this agent in Europe for patients with osteosarcoma. With a focus on the primary
study endpoint of EFS, the US Food and Drug Administration did not interpret the data to be
supportive of substantial evidence for effectiveness and the drug was not approved. The
score for L-MTP-PE, using our described scoring system (Cumulative Relative Dataset
Merit), was 60. In the case of the second example, inhaled GM-CSF was advanced into a
trial of first lung relapse osteosarcoma patients based on evidence supportive of the
feasibility of inhaled cytokine therapy. In the first lung relapse population and within the
constraints of the executed trial there was no evidence immune modulation or antimetastatic
activity demonstrated in patients (37). The Cumulative Relative Dataset Merit score for GM-
CSF was 26. Based on the two examples presented above it is clear that a broad range in
scores will be derived from the proposed scoring method. Indeed, it is reasonable that these
broad scoring possibilities will allow the prioritization of novel agents and allow the
hypothesis suggested by the proposed scoring method to be testable over time.

A Proposed Mechanism to Value and Prioritize Preclinical and Translational

Drug Development Data (Table 1)

Target biology and expression

The most valuable drug targets, as they relate to the problem of metastatic progression are
those with functions that are fundamentally linked to the pathogenesis of micrometastatic
progression. It is optimal for these targets to be expressed in micrometastatic cells. Although
there are initial targets that have been identified with these credentials, additional studies are
needed to expand the list of potential target candidates. Tissues from metastatic lesions and
matched primary tumor tissues from the same patients are not widely available at this time
and would provide a broader understanding of target expression profiles and their dynamics
during metastatic progression. Expanding existing biospecimen efforts to collect clinically
annotated tissues throughout the course of disease presentation and progression is required
in order to better understand the development of metastases in osteosarcoma.

Clin Cancer Res. Author manuscript; available in PMC 2015 August 15.
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Drug mechanism of action and pharmacodynamics

It is likely that a more detailed understanding of mechanism of action (MOA), and
associated pharmacodynamic markers of effective therapeutic exposure and target
modulation in tumor and surrogate tissues will be needed for agents that target metastasis
and metastatic progression compared to agents that may act on measurable disease. Since it
is not likely that toxicity will be a primary determinant of dose selection with biologically
defined therapeutics, an understanding of MOA and pharmacodynamics may be critical in
the definition of drug dose and schedule. Furthermore, it is widely recognized that the
complexity of the metastatic cascade is difficult to model in vitro, as such the use of multiple
(distinct) in vitro or preferably ex vivo assays (i.e., Pulmonary Metastasis Assay; PUMA;
(39)) of metastasis should be considered for defining early evidence of therapeutic activity
and more importantly to elucidate mechanisms of action for a metastasis-targeting
therapeutic.

Preclinical and murine models

Data demonstrating the activity of a novel therapeutic agent, at pharmacologically
achievable exposures in several distinct murine cancer models is considered important for
the development of all cancer drugs. The use of experimental metastasis models (tail vein
injection) that result in the seeding of lung with cancer cells are valuable to “screen”
potential therapeutics, however, the use of orthotopic models of osteosarcoma that include
surgical management of the primary tumor and spontaneous pulmonary metastasis should be
prioritized as a means to more fully demonstrate the value of a therapeutic approach.
Genetically engineered models of osteosarcoma have now been described and may be used
in drug evaluation (15, 40). Genetically engineered and other syngeneic models will be
essential for therapeutics that modulate the immune response as part of their mechanisms of
action. It is understood that the magnitude of a therapeutic response will be part of the basis
to prioritize one therapeutic outcome against another. As such, it is essential that the
variables that influence the behavior of a model and therefore the magnitude of potential
responses are considered (i.e., delivered cell number, background of the mouse strain used,
time of treatment initiation) when comparisons between studies (and between therapeutic
agents) are made.

Canine osteosarcoma

Beyond the well-recognized difficulties with drug development in osteosarcoma an
important opportunity has been delivered by nature through the spontaneous development of
osteosarcoma in pet dogs (41). The opportunities of this comparative approach to cancer
drug development have been reviewed elsewhere (42). Biological, histological and genomic
features of osteosarcoma in dogs and humans are highly similar and have provided a basis to
evaluate novel therapeutics in dogs with osteosarcoma (43, 44). As part of the broader field
of comparative oncology, translational drug development studies in dogs with osteosarcoma
have been used to define dose and schedule for therapeutic agents through rigorous
pharmacokinetic-pharmacodynamic endpoints that can involve serial biopsies of tumor and
collection of biological materials (i.e., normal tissue surrogates) before and after exposure to
a novel therapeutic (16, 45). Modeling of such dose-finding studies for agents that target
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metastasis may be an important use of the dog as a model. However the greatest value of the
dog with osteosarcoma as it relates to this “Perspective” is the opportunity to conduct
studies in the setting of micrometastatic disease. In such studies dogs will undergo
management of the primary tumor and then in the adjuvant setting receive investigational
agents alone or in combination with conventional chemotherapy backbones that are similar
to those used in human patients. Through the integration of imaging endpoints, metastasis-
free interval or survival may then be used to evaluate and compare different doses and
schedules of investigational agents. Through the availability of a multi-center consortium of
veterinary centers led by the National Cancer Institute (Comparative Oncology Trials
Consortium - (https://ccrod.cancer.gov) and the high prevalence of osteosarcoma in dogs,
multiple studies (or study arms) may be successfully accrued in a time period that would
allow comparison and prioritization of agents for evaluation in human patients. It is likely
that observed activity in the adjuvant setting in the dog model would provide the most
compelling data for the value of a novel therapeutic that may target metastatic progression.

Pharmacokinetics

The nature and type of pharmacokinetic data needed to advance an agent that targets
metastatic progression is not likely to be different from conventional cancer therapeutics. In
the preclinical setting, studies should be conducted at exposures that are likely to be
achieved in human patients. It is reasonable that studies of distinct treatment regimens
(dose-schedule) in patients may be important to optimize therapeutic responses in the
adjuvant settings. It is also important that these exposures are safely maintained during what
may be extended treatment intervals (i.e., during the period of minimal residual disease).

Human clinical data

For agents that target micrometastatic progression, early human clinical trials will continue
to focus on tolerability. As part of the safety assessment of these agents their use in the
setting of a conventional osteosarcoma backbone (i.e., methotrexate, doxorubicin and
cisplatin) will need to be established. Furthermore, as noted above, it is reasonable that the
duration of assessment of tolerability will need to be extended given the expectation that
novel agents that target metastatic progression may require prolonged treatment exposures.
As described under pharmacodynamics, given the likely absence of response in a
measurable tumor, early phase human trials should optimally include pharmacodynamic
endpoints that will provide confidence on the adequacy of exposure and of the potential
effectiveness of the exposure in accessible biospecimens. Unlike many other cancer
histologies, clinical trials that assess the activity of therapeutic agents against metastatic
progression have been successfully completed and are currently underway in osteosarcoma
patients. These trials including the evaluation of MTP-PE (46), GM-CSF (47), and a src
tyrosine kinase (SARCO012; http://sarctrials.org/Open-SARC-Trials) inhibitor were possible
given the unique pattern of metastatic progression in osteosarcoma patients that includes the
lung as a target organ and the fact that surgical resection of metastases is considered to be
part of the standard of care. As novel trial designs are considered there is a need to prioritize
longitudinal endpoints of survival and metastasis-free interval and to ensure that accrual and
completion of studies can occur in a reasonable time based on careful consideration of
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eligibility criteria and inclusion of multiple partners including both pediatric and adult
oncology (9).

Conclusion

Improvements in long-term outcomes for osteosarcoma patients require a drug development
path that prioritizes agents with activity against metastatic progression and not necessarily
regression of measurable lesions alone. This approach may also improve outcome for
patients with more common cancers too. The successful development of such agents
demands a rigorous preclinical data set, since we may not rely on early human clinical trials
of tumor regression to support the development of these potentially valuable therapeutic
agents. This “Perspective” provides reasonable guidance to consider and prioritize such
preclinical data in osteosarcoma. The use of these guidelines will assist investigators in
conducting studies that are believed to be most valuable in the assessment of agents that
uniquely target metastatic progression. Similarly the use of these guidelines will allow more
consistent evaluation and comparison of potentially active agents as they are considered for
clinical translation. It is reasonable that after sufficient experience is gained through the use
of these guidelines that improvements and refinements can be made so as to optimize the
preclinical and translational development of drugs in osteosarcoma.
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Statement of Translational Relevance

A focus on drug development that targets metastatic progression and not necessarily
regression of measurable lesions is needed to improve the stagnant long-term outcomes
for osteosarcoma patients. Through the input of key opinion leaders in the fields of
metastases biology and osteosarcoma, the following “Perspective” represents a consensus
on the relative value and priorities of a preclinical data set that would support the
translation of a novel therapeutic towards clinical development in osteosarcoma patients.
Such a metastasis-focused and rigorous preclinical data set is needed for such translation
since we may not be able to rely on early human clinical trials of tumor regression to
support the development of these potentially valuable therapeutic agents.

Clin Cancer Res. Author manuscript; available in PMC 2015 August 15.



Page 16

Khanna et al.

a1dojoyio
auo uonoe BWO02JES03)S0 sa|dwes euwo24esos)so
uey} aiow isurebe 10 10} 214193ds 211eISe1aW Ul 9AI9R
A1Anoe jueaiyiubis wisiueydaW 0] payul| AIAnoe 1oy sfeuonel 10 juasaid Apuepunage
S J0 uonensuowsq uolre|npow 1ab1e | a1bojoiq Jes|D s1 ssa20.d Jo 1ebue ]
ABojoisiy EQMNM (Kesse
10 |opow W39 uoiseAul ajnsded
PaleNISUOLUSP Usaq 10 [eual 1o uA<_>_:n_v
sey dvIN 03 Jejiwis 918uabuAs auo ueyy “3'1) sIselselaw
Adesaypowayd alow ul uonenjeAns saInsodxa ajqenslyoe 10 9A1103]J81 aJow
Yl uoIjeuIquiod :sjuabe paseq | 1e s]199/saNnssI) UBASD) sjapowl xa|dwod SISe]seIaWoIoIW
u1 3|Npays -Aj1eaibojounuwiwt u1 pajesisuowsp ul pajeJisuowsp BWO02JES03)S0
¥ pue asop ‘Md Jo4 uolye|npow 196 juabe Jo AuAnoy ul passaidx3
Adeiayrowsyo ABojoisiy
21X010JA2 yum J39ued Aue
UOIeUIQUIOD Ul SYIUOW 10
2 < 1o 'syjuow g |apow sisejselaw
< snoauejuods
Aianoe juabe ajbuis Jo a1dojoyio sjuaied eWO02Jes031S0
uoljeJISUOWIBP ‘aseasip auo jsurebe 10 uolodoud ajqeuoseal
oneIselswoldIw | AlAnoe wediubis U1 9A19® Jo passaldxa
€ yum sbop uj 10 UonenSUOWaQ ssad0.d Jo 1961e ]
Abojoisiy
J32ued Aue Joy
Adelaylowayo siseiselow
(deqiwns 10) dVIN paresisuowap sey (utan jrey)
YlIM uoleuIquiod uoneindod juaired |eluawiIadxa
U1 pajeisuowisp JUeRA3[31 1sutefe
Juabe u1 3|Npays Aunnae juesyiubis BUWO02JBS03]SO Ul [9A3]
Z Mau Jo A1afes pue asop [ewndo 10 uonensUowaq uiayoad ayp 1e passaldx3
(oeipad (Bumaes
30 0} paau siy1 ul AAnoe
10U aney
S90p) uoneInp jou Aew Jo Aew s|apow
ainsodxa syuaied juabe) uoissaiboid 0J1A Ul 3| dinw
JuRA3|3l u1 9|geAsIyoe aseasip Jowin} u1 pajesisuowsq -
sapnjoul ale SwalsAs japowl uewiny o3 Jejiwis Arewnd jsurebe adAouayd onelselsw BW02JeS03]S0
yeyl Apnis ul 9AIloe 8q 0} | pue poolsiapun ABojoiq Ainnoe 01 paxui| ABojoiq AJ14eSS823U J0U ‘Saul|
T | 19seyd aigjdwo) | panaijaq sainsodx3 10 uoissaidxa 1abue | 10 uonenjens 10b.e] pue Bnug | 199 Jedued i uoissaldx3
Qm% 1Lerq
e uiyum solwreuApooew reyd uossa Jdx3 pue
9103S NN erq SPPON (so1ureuApooew reyd) pue uoipy | ABojoig sseoo.id/ebre |
ansaIfod | [eolunD uewnH | SoluUBoIeW RRyd | BwOoD feso9ISQ aulue) SppoNauUIININ uolre|npow BB | Jo wsiueyxm i\ Bnig BWO02 JesodISO

m&%h eReQ [eUOlRSUR |

SISeISeR [N BWOI Jesoa1sO Buleb.re | onnede syl PAON € JO UOITRSUR ] [ed1ul]D 01 [ed1ul]93.1d ayl Bunjoddns 1S ereq Jo 1UBWSSISS Y

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2015 August 15.



Page 17

Khanna et al.

nuoddo annadesayy
JeuoIIR[SURI] 10UNSIP UdaMIB( pasedwod pue paullulalap 8 Ued JLISIA 19sere aAlR[aY aAlR|INWND e ‘sadA | e1eq SS0J0V 1LIBIA aAR|aY 8yl pue (adA L e1eq e UIylIM) 81098 1SN dAISSalb01d sy} m:_ma,.

*018 ‘sAesse uolsaype |[a0 “Jaquieyd uspAog ‘Aesse yolesos Buipnjoul S|opow 0JiIA Ul m_amem_m

(VINNg) Aessy siselsels|N Areuownd OAIA xm_U
"eye [euone|suel] palsi| Jo sadAl |e sapnjoul Teys 19s eIep & aAeY Jou op Jey sBnip [aAou ag Aew a1ay) Jey) poolsiapun s 3| (T = 8409S) ,uoissaixd3/ABojoig 196ie] BUWI0DILS08]SQ,,
uey (z= 2100S) 1SN aAIIR|9Y Ja1ealb e sey ,S|9POIA SULINIA|,, WoJ) elep ‘siuawiubisse pajuasald ayr uo paseq adA | -ejeq yoes 03 paljdde usaq aney € 01 T WOJJ S3109S :SadA ] ereq SS029V IS m>:m_mw_u

'(9 J0 81028 1SN aAISSaIB01d) . SIsauaboyred eWOIBS08]SO Ul [elusLLRpUNy SI 196.8)
Bnup Jo ‘sajdwes ewo2a.1esoaiso ul Juasald Ajppuepunge si 1ebie] ,, ay3 01 patedwod ‘(T JO 8103S 13N dAISSaIb01d) a]qenjeA Se ag 01 PamaIA Jou SI , Saul| |39 Jaoued ul [186ue) e] Jo uoissaidxa,, ays ‘, uoissaldx3
JABoJo1g 196.e ] BWODILS08]SO,, J0 adA1-e1eQ By} Japun ‘ajdwexa 104 "adA 1 -ereq@ yoes uiyim papiao.d erep Jo sadAl ayy ,anjea,, 01 patjdde ag []1m 9 01 T W0y $8109S :adA ] Bleq e UIYIM 1LIBIN m>_mm2mo\_n_g

"SISEISEI9W BUWOIIBS031SO S1aB.e) Yey) Adeiay [3A0U B JO UOME|SURIY [BOIUND 01 [edluljoald aul Ul PaJapIsuod A[9A11991102 8 [|IM Jey) elep Jo sadAl snoLien saquiasaq :adA 1 a1eq [euone|suel IR

,.Eo_\,_ adAL
ereq x 1s|N ome>._.
anne|sy - ered
1B Jasereq SS00Y
ey RN
aAleInWWIND € T € 4 4 T T | eAllepy
BWO02JLS03)S0
1surefe siuaned
ANARoe [esul)d BUW02JBS08)SO
4o oljeISe1sW
189ued uewny uBisap Apnis pajj0Juod 10 Jue)sisal
Aue -0ga2e|d paziwopuel -owayd -
U1 pajesisuowiap B Ul BWO09IeS081S0 woly panuap | Buuonuow annadelayy o°1°p
uoissaiboud J1jeISRIBWOoIDIW s|apowl pue uone|suen o)A Ul adinw
217e1SBIBWO0IW yum sbop ul uoissalboid J0} dreudoldde B Ul pajelisuowap
1sutefe U1 S43 u1 Juawanoidwi oljeIselsW anss1y ajefouins siselselall
9 AuAnoe feaiund 050G< uonensuowsg | Isurebe uonenfen ul uonenpow 1ebre | 1surebe AAROY
(1apow
BUO02JBSA]SO
auo
1ses| 1e Buipnjour)
]apow siselselaw
W39
10 ‘918uabuAs
‘snosuejuods
nmg> 1erq
B uiyum SojwreuApodew freyd uossa Jdx3 pue
9100S 11BN elreq SPpo N (so1wreuApooew feyd) pue uoiy | ABojoig ssa00.id/eb re |
anssafoid | oD uewnH | solupoIeW feyd | BwOD fesosISQ aulue) SPpPoNBUIININ uole|npow BbBIe] | jo wsiueyxm \ Bnig BWO0D JesoaIsSO
m&a\h_. eleq [euolresue.l |

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2015 August 15.



Page 18

Khanna et al.

6¢ HIBA Bseleq aAlreRY SAlre|InwwND 10 |
JUBAS|1 Ul 3]NPaYs pue

4 € ¥ 3s0p [ewndo Jo uonenfens eleq [ea1u1]D uewnH
8 < AlAnae juabe a)buls
10 UoIeIISUOWP ‘3SB3SIP

6 € € 211e)SeIBWOIOIW Y)Mm sBop | S|9PON BuIUBD
|eluswiiadxa 1surefe AuAnoe

% 2z z weayiubis Jo uonensuowsq S|ISPOIAl BULINA
SISLISEIaWOIOIW

¥ T ¥ ui uoissaidx3  uoissaidx3/ABojoig 196re

1N Bsereq sadA ] ereq adAlereqge
aAITRRY SAIRINWWND  SSO0Y HRNAAIRRY  UIYIIM 118 |\ 3AISsa 160 Id eleq Jjo uondiiosaQg adA] BSerq

UOITeS|Ue 1] BLU0D Jes31S0 o) d1inede isy] pAoU B JO 118 |\ Jesered aAITe Ry aAITe|NWND 8y Jo uoiteulw Beq B|duwex3

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2015 August 15.



Page 19

Khanna et al.

uonendod juaired

1E'8Y 8T € 9 JUBA3|8J Ul 8]NPaAYIS pue asop [ewido Jo uonenjens e1eq [e21ul]D uewnH

pajeJisuowap

sey
€9 z 1 Z  uonejndod jusijed jueasjal ul s|npayas pue asop jewndo Sa118U{0oBWIRYd
0 0 0 S|9POIN sulued
0 0 0 SI3POIN BULINA
SO118UI0JEWLIEYd/UOIIRINPOIA
0 0 0 19611

S[apow 0.3IA Ul ajdnjnwi ul
pajesisuowsg SolweuApodew.eyd pue
T T T - adAjouayd oneiselsw 03 paxull ABojoiq 186re1 pue bnig uonoe Jo wsiueyds bnig
6 [ T <] SISEISEIaWOIOIW Ul uolssaldxg uoissaidx3/A60j01g 19618 |

1B N 1Bseleq sadA 1 ereqssony adA] ere@e uiyum

sa0us Jo Y Bunioddng aAllepY aAIRINWIWND HBINBAIRRY 118N dnssa JBo Id ereq jo uondiiosag adA] 1S erq
"BWO0d.resos1sO Ul 4SD-IND 10S0BY JO 11BN 1Bseled aAlfepy aAIre|nwng 8y} Jo uoijeulw pid
09 1B N IBseredaAlreRy aAlrnwwnd el |

Adelayiowayd (rejiwis
2979 1 € v 10) dVINl YlM UuoreuIquiod Ul pajelisuowap Juabe mau Jo A1ajes e1eq [B21UI]D UBWNH
09'65'8S 14 T ¥  uonendod jusned jueasjal ul 8|npayds pue asop [ewndo Jo uonenfeAs Sa118UI{0dRWLIRYd

ubisap Apnis

Pa]10J3u09-0082€|d PSZIWOPUES € Ul BULOIIBSO8]SO J1TISEIaWoIdIW
16'9S 8T € 9 yum sbop ur S43 Ul Juswanoldwi 950G< uolesIsuowaq S|apoN aulueD

J]apow siselselaw snosueluods
] 9 2z € 21dojoylio auo Jsurefie AlARSe JuedLIUBIS JO UoKRISUOWSQ S|9POA BULINIA|
SO113U I 0JeWIBYd/UOIRINPOIN
¥5'€5'2S 0T z S UOI39® JO WISIUBYIaW 0} pasul] uonejnpow 1abie | 10618
SojweuApodewleyd pue
150 S 1 g BWO02JES03)S0 10§ 213193ds A)IAIOE 10y djeuoirel d16ojolqg Jes|d uonae Jo wsiueyasy bnig
6 [ 1 S sa|dwes ewo2es0a]so dljelselaw ul Juasald Apuepunge si 1abie] uoissaidx3/A60j01g 19618 |

10\ IBsereq sadA | adA]1 ereq
SS0Us B2y aAIeRY BegSssoNy e UulyumiBN

Bunioddns  aalreINWWND BN BAIRRY aAISsa 160 1d ereq Jjo uondiioseqg adA] pSerq

"BLU0D 1eS09ISO U1 3d-d LIN JO 11 N 18Seled aAIle Y SAITR|NWND 8y} O Uoieulw oled

S1UB1Ted BWO0D 1eS091SO Ul ApNIS U| Jo palenenl A[1uasay S1usby Jo 11 A 1BSered aAlepy aAlre|nwnd ayl Jo)sajduex3 assn

NIH-PA Author Manuscript

NIH-PA Author Manuscript

¢ ?olgel

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2015 August 15.



Page 20

Khanna et al.

9 1B N Bsered aAlre Ry aAlr|nwwnd el |
1P N 1Bsered sadA | ereq@sso oy adA] erege uiyum
S90UB By Bunyioddng aAITRPRY dAIRR|INWWND NN aAIRRY 110 |\ 9ASS3 160 1d ereq Jo uondiioseq adA] wSerq

NIH-PA Author Manuscript

"BWO02 JeS09ISO Ul 4SD-IND [0S0 8Y JO 1B N 18sered aAlle Ry aAlle[nwinD ay} Jo uolfeulw Bg

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2015 August 15.





