1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Future Oncol. Author manuscript; available in PMC 2016 March 16.

-, HHS Public Access
«

Published in final edited form as:
Future Oncoal. 2014 ; 10(9): 1659-1678. doi:10.2217/fon.14.62.
Immunotherapy in pediatric malignancies: current status and
future perspectives
Christian M. Capitini, Mario Otto, Kenneth B. DeSantes, and Paul M. Sondel

Department of Pediatrics and Carbone Cancer Center, University of Wisconsin School of
Medicine and Public Health, 1111 Highland Ave., WIMR 4137, Madison, WI 53705

Introduction

Treatment of childhood cancer has been a flagship for international collaboration through
cooperative clinical trials and experimentation in multiple treatment modalities, like
chemotherapy, radiation and surgery. Advances in our basic understanding of tumor
immunology and in genomic sequencing of cancers has led to a wealth of information that
invites development of new pharmacologic drugs for cancer, and the identification of new
tumor-associated antigens that can be targeted by immune cells or biologics. The ability to
expand immune cells into large quantities, as well as the availability of clinical grade
cytokines, antibodies and genetically engineered proteins therapeutics, is now making both
cell-based and monoclonal antibody treatments a reality. Within the last 5 years, we have
seen a surge of novel immune-based therapies that are changing the landscape of how
pediatric oncologists treat children with some of the more deadly cancers. In this review, we
will discuss what immunotherapies are being developed and tested (if registered with
clinicaltrials.gov), barriers to widespread application, and the future of immuno-oncology
for childhood cancer.

Monoclonal Antibodies

Recent clinical trials have demonstrated that monoclonal antibodies (moAbs) show anti-
tumor responses in a variety of childhood cancers[1-26]. MoAb technology has the
capability to create distinct agents that can bind to virtually any antigen on the tumor cell
surface, including sugars, lipids, proteins, gangliosides, etc, and either mark that cell for
destruction by the patient’s immune system (e.g. antibody dependent cellular cytotoxicity or
ADCC) or carry a toxin or radionuclide capable of killing the cell directly (e.g.
immunotoxins and radioimmunoconjugates). In addition, moAbs can either act as an agonist
(e.g. death receptor) or antagonist (e.g. growth receptor) to a given receptor on the tumor
thereby facilitating cytotoxicity or growth arrest (Figure 1). Ideally, the antigen recognized
by an immunotherapeutic antibody is preferentially expressed in high quantities on the
tumor as compared to normal tissues, with little cross-reactivity to antigens on normal
tissues. Occasionally the use of antibodies that target tumor antigens present on “dispensable
tissue”, like B cells, is acceptable if that tissue is replaceable, or not essential for health. One
of the appeals of monoclonal antibody therapies in general is that they are an “off the shelf”
reagent, meaning they are more tumor-specific than patient-specific, and can be easily stored
in pharmacies at hospitals and clinics at multiple centers for immediate administration when
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indicated. There is no need for expertise in cell culture, expansion and activation, in order to
create an individualized therapeutic product for each patient. In some instances,
investigators are combining moAbs with cytokines that activate and recruit immune cells to
the moAb-coated tumor cells in order to enhance ADCC[3, 21, 25]. We will discuss the
usage of moAbs targeting pediatric solid tumors followed by leukemias and lymphomas.

MoAb Therapy for Pediatric Solid Tumors

Metastatic solid tumors remain one of the most significant challenges in pediatric oncology,
with survival rates ranging from 40% to less than 5% depending on the tumor type and
location of the metastatic disease. Fortunately survival for one solid tumor, metastatic
neuroblastoma, has improved through development of the moAb ch14.18, a chimeric moAb
against the disialoganglioside GD2[27]. GD2 is restricted to neuroectodermal tissues,
expressed in high density on neuroblastoma, and is not shed from the cell surface. Recent
results from a randomized, phase 111 study showed that 2 year event-free survival of children
with metastatic neuroblastoma improved from 44% to 64% when these patients were given
infusions of ch14.18 along with 13-cis-retinoic acid (CRA), interleukin (IL)-2 and
granulocyte monocyte-colony stimulating factor (GM-CSF) after standard multimodality
therapy[25]. The addition of IL-2 and GM-CSF to ch14.18 moAb therapy is believed to
enhance ADCC by lymphocytes, neutrophils and activated macrophages. Because of these
data, this ch14.18 regimen is now offered as standard of care for children with metastatic
neuroblastoma, and demonstrates that immunotherapy can be incorporated with traditional
treatment modalities to enhance survival.

In addition, other anti-GD2 moAbs are in development, and several have already shown
efficacy in the clinic. The immunocytokine hu14.18-1L2, a humanized 14.18 moAb that is
conjugated to IL-2, has shown activity in phase Il trials in children with relapsed/refractory
neuroblastoma[21]. Treatment with the anti-GD2 moAb 3F8 when combined with GM-CSF
and CRA has improved overall survival in patients with metastatic neuroblastoma treated at
a single institution in a retrospective analysis of consecutive trials[3]. 3F8 conjugated to the
radionuclide 13! lodine (1-131) has also shown efficacy in treatment of CNS/leptomeningeal
metastases of neuroblastoma in a phase I study[10], and has shown activity in a phase I trial
of advanced stage neuroblastoma patients when combined with an oral beta glucan, which
prime leukocyte dectin and complement receptor 3[13]. Thus patients with advanced
neuroblastoma have multiple options in terms of moAb therapy (Table 1). Perhaps utilizing
moADbs in conjunction with other immunotherapies under development may allow for further
synergy against this aggressive disease.

Targeting essential signaling or growth pathways on the surface of pediatric solid tumor
cells, or on the tumor stroma supporting tumor growth, such as endothelial cells, has led to
promising results. The moAb bevacizumab inhibits vascular endothelial growth factor
(VEGF), a signaling pathway presumed to be critical for vascular supply to solid tumors,
and has shown activity as a single agent in some studies of children with relapsed
astrocytoma[2, 8], neuroblastoma and rhabdomyosarcoma[2] but not in other studies[28].
When combined with irinotecan, objective responses have been observed in multiply
recurrent low grade gliomas[5, 16, 18] and medulloblastoma[1]. When compared to adult
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patients, efficacy is lower for high grade gliomas[5, 14, 29]. Minimal to no efficacy was
reported in recurrent ependymomas[30], malignant gliomas and brainstem gliomas[31] in
phase Il studies. Combination of bevacizumab with sorafenib and low dose
cyclophosphamide led to disease responses in rhabdomyosarcoma, rhabdoid tumor and
medulloblastoma in a phase | study[15]. Although the combination of vincristine, oral
irinotecan and temozolomide has shown antitumor activity in children, the benefit of adding
bevacizumab was unclear in a pilot trial that showed responses in Ewing sarcoma[24] but
encouraging in another phase I study in terms of responses in Wilms tumor,
medulloblastoma and hepatocellular carcinoma[23]. Thus bevacizumab seems to show
activity across a variety of tumor types, but we have yet to optimize how to incorporate it
with standard chemotherapy.

Many moAbs have been developed against the insulin growth factor-1 receptor (IGF-1R), a
growth pathway used by select pediatric solid tumors, but anti-tumor activity has been
sparse and variable. AMG 479 is a fully human moAb against IGF-1R that showed
responses in Ewing sarcoma, including a complete response of 28 months, and in
neuroendocrine tumors[32]. Figitumumab is a fully human IgG2 moAb against IGF-1R that
showed objective responses with Ewing sarcoma in a phase | expansion cohort study[17].
R1507, another anti- IGF-1R antagonist moAb, did not show objective responses in a phase
I study[33], whereas a 10% response rate was observed in a multicenter phase 11 study of
Ewing sarcoma[19]. While responses can be striking and long lasting, the overall low
response rates with IGF-1R moAbs may be partially explained by the lack of biomarkers
that help clinicians select which patients will benefit from this treatment.

Combining irinotecan with cetuximab, a moAb against the epidermal growth factor receptor
(EGFRY), led to responses in CNS tumors in a phase | study[22]. Further work is clearly
needed with moAbs targeting the EGFR pathway in pediatric tumors. Antibodies can also
induce cell death if they crosslink a cell surface receptor that can initiate a downstream death
cascade. Lexatumumab is a moAb against tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) receptor 2 that did not cause tumor responses, but led to improvement of
clinical symptoms, changes in PET activity and decreased biomarkers in a phase | study[12].
Because of the association of HER2 expression and worse survival in osteosarcoma,
trastuzumab (an anti HER2 moAb) has recently been used in conjunction with standard
chemotherapy for HER2 -positive osteosarcoma. There was no significant difference in
event-free or overall survival between HER2-positive and HER2-negative groups, with
inferior outcomes reported in both groups[34]. Because HER2 expression in osteosarcoma
does not result from gene amplification, as it does in breast carcinoma, interrupting HER2
signaling may not result in death in this tumor. However, this still leaves open the possibility
to use trastuzumab to induce ADCC for HER2-positive patients by combining the moAb
with ADCC enhancing cytokines, such as IL2 or GM-CSF.

Lastly, agonist moAbs targeting T cell co-stimulatory molecules like CD40[35-37],
4-1BBL[38] and OX40[39], or antagonist moAbs against T cell inhibitory checkpoints like
CTLAA4[40-44], PD-1[44-48] and PDL-1[49], have had dramatic effects in adult solid
cancers, and clinical trials using these agents in children are either underway or in
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development (Table 2). Clinical moAbs against other promising tumor antigens in pediatric
solid tumors have also been proposed[50, 51].

MoAb Therapy for Pediatric Leukemia and Lymphoma

Leukemias and lymphomas combined are the most common malignancies observed in
children. Fortunately, they express a variety of antigens that can be targeted by moAbs with
efficacy. A new class of moAbs, called bi-specific antibodies, are molecules that recognize 2
distinct antigenic targets . Blinatumomab is one such agent, that targets CD19 on B cell
malignancies (and normal B cells) and CD3 on normal T cells. By bringing the CD19-
expressing cancer physically next to a T cell, and simultaneously activating the T cell
through its CD3 molecule, the T cell recognizes the cancer and eliminates it, resulting in
dramatic remissions in patients with a high burden of disease[6, 52, 53]. A multi-center
phase 2 clinical trial in children is already underway through the Children’s Oncology
Group (COQG).

Other moAbs have been conjugated to toxins (immunotoxins), including RFT5-SMPT-dgA,
a moAb conjugated to ricin that targets CD25 on Hodgkin lymphoma[54-56]. BL22[57] and
moxetumomab pasudotox[58] are moAbs conjugated with pseudomonal exotoxin that
targets CD22 on acute lymphoblastic leukemia (ALL). Combotox is a 1:1 mixture of 2
immunotoxins against CD19 and CD22 that has also produced complete remissions in
children with B cell ALL[7].

Conjugating moAbs to radionuclides has been used to increase anti-tumor efficacy and
potency. An anti-CD25 moAb conjugated to 1-131, CHT-25, has shown success in children
with Hodgkin lymphoma[59], while the anti-CD20 moAb conjugated to 20Yttrium,
ibritumomab, has shown activity in pediatric non-Hodgkin’s lymphoma[4]. Because these
therapies result in prolonged cytopenias, they may need to be undertaken in the setting of
autologous stem cell rescue.

Conjugating moAbs to drugs has been an effective method of delivering toxic therapy with
greater specificity to tumors. In 2000, the Food and Drug Administration (FDA) approved
gemtuzumab ozogamicin, an anti-CD33 moAb conjugated with the drug calicheamicin for
treatment of elderly patients with AML. The agent was withdrawn from the US market in
2010 after concerns of hepatic veno-occlusive disease (VOD) were described and clinical
benefit was not documented in an adult AML phase 3 trial (SWOG S0106). However, recent
data has led to renewed interest in this moAb and clinical trials are currently available for
children with refractory AML[26]. As gemtuzumab ozogamicin was approved based on its
activity in advanced AML in adults, this renewed interest is focusing on alternative ways to
integrate this agent into initial treatment regimens in order to improve efficacy and reduce
toxicity. Interestingly, using gemtuzumab ozogamicin with busulfan and cyclophosphamide
as a conditioning regimen for poor-risk CD33+ pediatric AML did not increase the risk of
VVODI60]. In 2011, the FDA approved Brentuximab vedotin, an anti-CD30 moAb
conjugated to monomethyl auristatin E, a drug that inhibits microtubules, after
demonstrating responses in Hodgkin lymphoma and anaplastic large cell lymphoma[61, 62].
Lastly, inotuzumab ozogamicin is an anti-CD22-calecheamicin conjugate that has shown
activity in phase Il studies in children with B cell leukemia[9].
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Unconjugated moAbs can be potent in of themselves. Epratuzumab is a moAb that targets
CD22, and has been combined with chemotherapy to induce remissions in B cell
leukemia[20]. Ipilimumab, an anti-CTLA4 moAb, has shown activity in adults with B cell
malignancies[63], and is currently being explored in pediatric cancers. Rituximab has a long
track record as a moAb against CD20, which is expressed on mature B cells and B cell
lymphomas. Rituximab showed a 96% overall response rate in one phase Il trial for
lymphocyte-predominant Hodgkin lymphoma, with 75% remaining in remission after one
year[64]. Another phase I trial showed similar results[65]. Activity has also been reported
in children with Burkitt lymphoma and diffuse large B cell lymphoma and EBV-associated
post-transplant lymphoproliferative disease (PTLD) [11].

Lastly, some moAbs that have demonstrated activity in adult hematologic malignancies may
warrant expanded study in childhood cancers. The anti-CD19 moAb conjugated to a
mayatansine derivative SAR3419[66], the anti B cell lactosamine moAb mAb216[67] and
the anti-CD37 1gG fusion protein TRU-016[68] may be promising reagents for pediatric B
cell ALL. For B cell lymphomas, other potential “second generation” anti-CD20 moAbs that
could be tested besides rituximab include AME-133v[69], veltuzumab[70],
obinutuzumab[71], ocrelizumab[72] or ofatumumab[73]. For adult T cell leukemias/
lymphomas, the anti-CCR4 moAb mogamulizumab and the anti-CD4 moAb
zanolimumab[74] have had activity and thus warrant investigation in children with these
cancers[75]. For pediatric AML, the anti-inhibitory killer immunoglobulin-like receptor
(KIR) moAb IPH-2101[76], or the novel anti-CD33 moAbs AVE9633[77] and the alpha
particle bismuth-213-lintuzumab[78] also warrant investigation. While there is no shortage
of moAbs that could be tested in children (Table 3), because of the rarity of pediatric
cancers, prioritization and coordination between centers and cooperative groups will be
critical in developing multi-institutional phase 1l studies to accrue enough patients of a given
tumor type.

Chimeric Antigen Receptors

Advances in transfusion medicine and cell culture technologies, along with the availability
of clinical grade cytokines and artificial antigen presenting cells, has allowed for the ex vivo
growth and expansion of high numbers of immune effector cells, like T cells or natural killer
(NK) cells, that can be potentially reinfused to the patient in order to treat pediatric tumors.
In addition to being able to generate large quantities of these cells, advances in genetic
engineering have allowed scientists to manipulate the quality of these cells. In particular, it
is now possible to genetically modify lymphocytes by transfecting them with a vector that
produces in them a “chimeric antigen receptor”. These receptors are often single chain Fv
fragments of a moAb (that recognizes a tumor antigen) fused to the signaling chain of the T
cell receptor (15t generation CAR). In addition, one can fuse one co-stimulatory molecule,
like CD28 (2"d generation CAR), or two co-stimulatory signals, like CD28 and CD137 (3'd
generation CAR), to enhance the T cell activation signal (Figure 2). This technology has led
to the creation of cells that have the targeting properties of moAbs but the killing capacity of
effector cells[79]. T lymphocytes bearing these chimeric antigen receptors (CARs) have had
dramatic results in early clinical studies, and could revolutionize how we treat both newly
diagnosed and relapsed cancers (Table 4).
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CARs for Pediatric Solid Tumors

Clinical experience with CARs in solid tumors with children or adults has been very limited
thus far. While many clinical trials involving solid tumors are ongoing, limited but
promising data has emerged. Children with refractory neuroblastoma were treated with
autologous activated T cells or Epstein Barr virus specific T cells that were engineered to
express a first generation CAR against GD2 in a phase I, dose escalation study. Half of the
subjects were observed to have tumor regressions or necrosis[80]. A follow up analysis
showed 27% of patients with active disease at the time of GD2 CAR infusion eventually
achieved a complete response[81]. It is important to note that since the investigators used a
first generation CAR, which lacks costimulatory molecules, anti-tumor responses and in
vivo persistence of the CARs may be even better with second or third generation GD2
CARs, that can have a single or multiple co-stimulatory molecules to enhance T cell
persistence and activity.

The interleukin-13 receptor alpha (IL-13Ra) is expressed on gliomas and medulloblastomas
but otherwise not expressed within the central nervous system. CAR T cells have been
engineered to express a membrane-tethered IL-13, rather than a moADb, to target the CARs to
the IL-13Ra on gliomas, creating CARs that have been designated as 1L13-zetakine[82].
While a phase | study is ongoing, 3 patients with glioblastoma multiforme have been treated
and transient responses were obtained[83]. In addition to IL-13Ra, there is interest in
targeting the epidermal growth factor receptor variant 111 (EGFRvIII) since it is also
expressed on gliomas[84], as well as CD276 (B7H3) which is expressed on gliomas and
other solid tumors[85]. Clinical trials are ongoing for both IL-13Ra and EGFRvIII CARs
for high grade gliomas.

A phase 1 CAR trial targeting HER2 positive tumors has also been initiated[86], with
potential applicability for osteosarcoma and some cases of medulloblastoma. One adult
patient who received a high dose of HER2 CAR cells unexpectedly died of immune
mediated toxicity; it has been hypothesized that this toxicity potentially reflected HER2
CAR recognition of cross reactivity with low levels of HER2 on lung or cardiac
epithelium[87]. There were two important lessons gleaned from this unfortunate
complication. First, it suggested that CAR-modified T cells do not necessarily safely target
antigens that are safely targeted by moAbs. Second, the dose of T cells utilized was much
higher than used in other CAR studies, and suggests that a dose escalation strategy may be
necessary when designing future CAR trials.

Clearly, other targets on pediatric solid tumors will have to be validated and tested.
Promising antigens include the fibroblast growth factor receptor 4[88, 89] and IGF-1R, but
others will come to light as more results of cDNA microarray and whole genome sequencing
of pediatric tumors become available[51, 90-95].

CARs for Pediatric Leukemias and Lymphomas

Undoubtedly the most exciting data regarding CARs has come from trials involving B cell
malignancies. By targeting CD19, a marker present on normal B cells and B cell leukemias/
lymphomas, adults with advanced follicular lymphoma[96, 97], splenic marginal zone
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lymphoma[97], B cell ALL[98, 99] and refractory chronic lymphocytic leukemia (CLL)[97,
99, 100] have attained sustained complete remissions at 4 different centers after infusion of
independently designed CD19 CARs. In one phase | trial, the CD19 CAR-modified T cells
expanded more than 1000 fold in vivo, were found 6 months after infusion. Based on the
striking clinical remissions induced by infusions of a relatively small number of CAR T
cells, it has been calculated that a single CD19 CAR-modified T cell (and its progeny) was
estimated to kill 2000 CLL cells in vivo [101]. Some of these remissions have lasted at least
a year without further therapy.

Because B cell ALL is the most common leukemia observed in children, studies with CD19
CAR in pediatric ALL were performed with similarly dramatic responses. In the first phase |
study, two children with refractory B cell ALL developed complete remissions, with one
child ongoing remission at 11 months after treatment and the other child relapsing with
CD19 negative disease 2 months after treatment.[102] Similar to adults, CD19 CAR-
modified T cells expanded more than 1000 fold in vivo, and were detectable even in the
cerebral spinal fluid, a common site of B cell leukemia relapse. Both children developed a
cytokine release syndrome that was reversible. In another phase | study using CD19 CAR-
modified multivirus specific T cells, 2 children with B cell ALL were treated after
allogeneic hematopoietic stem cell transplant. One child had leukemia at the time of infusion
and ultimately died of relapse, while the other child was treated in remission and remained
in remission 2 months thereafter, with follow up still ongoing[99]. The relapse of a CD19
negative clone in the first study is informative in that the child was previously treated with
blinatumomab, which may have selected for CD19 negative clones, and indicates that
targeting other antigens in addition to CD19 may be warranted.

With that notion in mind, CARs against lymphoid antigens like CD22[103], CD30[104] and
ROR1[105], myeloid antigens like CD33[106] and CD123[107, 108], stress ligands like
NKG2DLs[109] and B7-H6[110], and signaling pathways like VEGF receptor-1[111] have
been developed and demonstrated efficacy in preclinical models.

NK Cell Infusions

NK cells are lymphoid cells that eliminate virally infected cells and tumor cells, and with
proper expansion and activation, have shown potent activity against pediatric tumors[112—
114]. Because of data demonstrating that when the inhibitory killer immunoglobulin-like
receptors (KIRs) on NK cells are mismatched to host HLA after alloHSCT, there is
improved survival in adults with AML[115] and in pediatric patients with ALL[116], groups
have initiated studies by either infusing KIR mismatched NK cells to children with
refractory cancer or infusing KIR mismatched NK cells after alloHSCT to also take
advantage of the high levels of homeostatic cytokines (e.g. IL-15) present in the early
transplant period that are favorable for NK cell expansion. A pilot study of haploidentical
NK cell infusions administered to children with AML in remission showed no evidence of
graft-versus-host-disease (GVHD) and maintained remission 2—-3 years after infusion[117].
In a separate phase /11 trial after haploidentical HSCT, IL-2 activated NK cell infusions
given to children with high risk leukemia/tumors at day +3, +40 and +100 caused a
temporary elimination of host immune cells and an increase in various cytokines/
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chemokines when compared to unstimulated NK cells[118]. Ongoing studies are exploring
NK cell infusions in children with leukemia (Table 5).

Because of the preclinical data showing that NK cells can recognize and lyse pediatric solid
tumors, some studies have focused on infusing NK cells to children with high-risk
neuroblastoma or sarcomas. In an ongoing phase I/11 trial, allogeneic IL-2 activated
haploidentical NK cells have been used for high-risk neuroblastoma and help remove levels
of soluble MHC class | chain-related gene A (MICA)[119], which is secreted by tumors to
neutralize circulating NK cells. In a pilot study of children with refractory solid tumors,
haploidentical HSCT led to 50% survival at 14 months, with KIR mismatch correlating with
complete and partial remissions[120], and in a separate study, resolution of lung metastases
in a child with rhabdomyosarcoma[121]. Ongoing trials are exploring NK cell infusions in
children with refractory solid tumors (Table 5). The optimal parameters for using NK cell
infusions have still not been defined. Although still somewhat controversial, NK cells do not
seem capable of immunologic memory (at least not in the same way memory T cells retain
specificity). For this reason it is likely that several NK cell infusions may be needed for
optimal anti-tumor effects. With the development of cytokines like IL-15, there may
opportunities to expand NK cells in patients after infusion, improving anti-tumor activity
further. In addition, the availability of several active tumor moAbs in the clinic could be
combined with NK cell infusions as a means of promoting ADCC.

Tumor Vaccines

In order to augment existing T cell responses to tumor-associated antigens, vaccines have
been explored for decades as a means of directing T cells towards tumors. However, prior
usage of vaccines in cancer has been more successful in the setting of minimal residual
disease than with bulky tumors[122]. With the FDA approval of sipuleucel-T for prostate
cancer in 2010, and promising data for Biovax-1D from phase 11 trials in B cell lymphoma,
there is now precedent for successfully moving cell based vaccines to the clinic and
demonstrating activity in patients with metastatic bulky disease.

Vaccines for Pediatric Solid Tumors

Because of the relative rarity of most pediatric solid tumors, creating a broadly applicable
cancer vaccine therapy strategy will be complex. As there are clear biologic differences
between different subtypes of histologically similar tumors, identifying a universal tumor
antigen for a given histologic type will be difficult. Furthermore, as the T cells activated by
a vaccine will need to recognize that vaccine’s epitope as presented by the patients own
HLA antigens, the vast polymorphisms of HLA within our species will make the selection of
a vaccine “cocktail” that might contain epitopes that can be presented by the HLA repertoire
of most individuals, quite complex. Nevertheless for neuroblastoma, scientists have used
peptides derived from the MYCN oncogene, which is amplified in a fraction of high-risk
patients, and have shown that these peptides can induce immune responses that are able to
lyse tumor cells in children with HLA A1* tumors[123]. Dendritic cells (DCs) pulsed with
overlapping peptides derived from full length cancer-testis antigens like MAGE-A1,
MAGE-A3, and NY-ESO-1 were given along with decitabine into neuroblastoma patients in
a phase | study, with one patient harboring residual bone marrow disease after standard
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therapy reported to achieve a complete remission[124]. In one pilot trial, DCs pulsed with
peptides generated from translocation breakpoints in Ewing sarcoma and alveolar
rhabdomyosarcoma have been administered with continuous infusion IL-2 to children with
refractory disease, but no clinical responses were observed[125]. When this approach was
combined with autologous T cell infusions, the 5-year survival was 43% in those patients
that successfully completed immunotherapy, which is favorable compared to historical
controls for these very high risk patients[126]. Pulsing monocytes with RNA derived from
autologous tumor, and using this as a vaccine, has the theoretical advantage of presenting
peptides from whatever immunogenic epitopes might be expressed by the tumor. This
approach, pulsing monocytes with RNA from a child’s tumor, has been used in
neuroblastoma patients after completing chemotherapy, but none of the patients showed a
response[127]. One child with a pleomorphic xanthoastrocytoma showed a partial response
when this approach was used for brain tumors[128].

Rather than having the scientist select the appropriate tumor antigen for vaccination,
approaches using tumor lysates or tumor lysate-pulsed DCs have also been employed to
allow the patient’s immune system to select the most immunogenic antigen. In a phase |
trial, tumor-lysate pulsed DCs were given to children with relapsed solid tumors with a 20%
response rate[129], including a significant regression in a patient with metastatic
fibrosarcoma[130]. Vaccination with tumor lysate-pulsed IL-12 secreting DCs showed a
mixed response in adrenocortical carcinoma[131]. Vaccines of tumor lysate-pulsed DCs
have also been used in children with high grade gliomas, with sustained remissions achieved
in some patients treated at a time of minimal disease[132]. Genetically-modified
neuroblastoma cells encoded with 1L-2[133-135] or IL-2 and the chemokine
lymphotactin[136-138], as a means of attracting immune cells to the vaccine, have been
used in phase I/11 trials with mixed results; responses were seen in some trials but not in
others.

Vaccines for Pediatric Leukemias and Lymphomas

There is limited experience using vaccines for pediatric leukemias and lymphomas at this
time, partly due to the fact that most very high-risk patients go onto allogeneic
hematopoietic stem cell transplant (alloHSCT). For Epstein Barr virus-positive lymphomas,
manipulating the tumor to overexpress LMP2 has led to clinical responses. The Wilms
tumor-1 (WT1) antigen is a transcription factor that is expressed on leukemia cells and is
being explored as a potential vaccine to augment the graft-versus-leukemia (GVL) effect
after alloHSCT[139]. For myeloid leukemias, there is also interest in vaccinating against
PR1, an epitope that is shared by proteinase-3 and elastase. T cell specific responses against
both WT1 and PR1 have been associated with improvement in GVL effects in adult
leukemias[140, 141], but definitive data is still lacking in children.

As was stated earlier in identifying targets for moAbs and CARs, further work is needed in
determining the optimal antigens for vaccination. Whether tumor vaccines should be used to
treat bulky disease or in the setting of minimal residual disease, or even while in remission
to prevent recurrence, remains to be determined (Table 6).
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Strategies to Enhance Immune-Based Therapies

While moAbs and adoptive cell therapies have shown potent efficacy in their own right,
developing clinical grade reagents that could be given concurrently to enhance these effects
would be highly desirable. For example, the success of the moAb ch14.18 was contingent on
combining it with GM-CSF and IL-2 to recruit and activate immune cells capable of
initiating ADCC. In addition, the preliminary anti-tumor effects of alpha interferon has
made this agent a candidate drug to treat children with melanoma and brain tumors.

Interleukins and cytokines

IL-2 is in the gamma (c) cytokine family and is FDA approved for adults with malignant
melanoma and renal cell carcinoma. It was one of the first cytokines studied in children,
with no anti-tumor responses observed as a single agent therapy. More recently, other
clinical grade gamma (c) cytokines have been developed and tested in adults, namely IL-7,
IL-15, and IL-21[142], with potential promise in children. A recent pilot trial using a
modified DC vaccine for pediatric sarcomas has incorporated IL-7 to enhance immune
reconstitution and hopefully increase the number of tumor-reactive T cells (NCT00526240).

Tumor necrosis factor alpha (TNF-a) and dactinomycin was first administered to children in
phase I trials over 20 years ago, with some antitumor responses observed in metatstatic
Ewing sarcoma, non-Hodgkin’s lymphoma and Wilms tumor, [143, 144]. In a more recent
phase Il study of TNF-a and dactinomycin for recurrent Wilms tumor, 15.8% of patients
had complete responses but unfortunately the study terminated early because the TNF-a was
no longer available[145].

IFN-a2a is approved by the FDA for the adjuvant therapy of adults with stage 11 melanoma,
hairy cell leukemia, Kaposi sarcoma and chronic myelogenous leukemia, all of which are
very rare in pediatrics. An ongoing clinical trial is examining the use of IFN-a2a in children
with melanoma. Ongoing phase | trials are also exploring the role of pegylated IFN-a2a for
plexiform neurofibromas and brain tumors in children.

IFN-a2b is FDA approved in adults for hairy cell leukemia, malignant melanoma and
Kaposi sarcoma. One pilot study reported some benefit in children with recurrent
craniopharyngioma[146], while a phase | trial showed responses in children with plexiform
neurofibromas[147]. A phase Il trial showed a delay in time to progression in children with
diffuse intrinsic pontine glioma, but no improvement in 2-year survival[148].

Toll like receptors

In regards to adoptive cell therapies, activating toll like receptors (TLRs) is one potential
strategy to further stimulate immune effector cells and/or directly cause anti-tumor effects.
TLRs are part of our innate immunity and allow cells to be activated by damage associated
molecular patterns (DAMPS) or from microbes (MAMPs) (e.g. DNA, RNA or
lipopolysaccharide [LPS]). In fact, the FDA has already approved the TLR2 and TLR4
agonist Bacillus Calmette-Guerin cell wall skeleton (BCG-CWS) for the treatment of adults
with bladder cancer, the TLR4 agonist monophosphoryl lipid A as an adjuvant for the
human papilloma virus vaccine and the TLR7 agonist imiquimod for basal cell cancer[149].
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The TLR4 agonist Mifamurtide demonstrated improved overall survival in patients with
nonmetastatic osteosarcoma[150], but is only approved in Europe. The TLR3 agonists
Ampligen, Hiltonol, and polyadenylic polyuridylic acid; TLR4 agonists LPS and Picibanil;
TLR5 agonist CBLB502; TLR7 and TLR8 agonists Resiquimod, 852A, and VTX-2337;
TLR9 agonists Agatolimod, GNKG168, and CpG-28; and poly TLR agonists Immuvac and
IMM-101 have been safely given to adults with advanced cancers[151].

Elimination of immunosuppressive cell subsets

It is now evident that the tumor microenvironment is conducive toward attenuating or
abrogating immune responses, thus targeting immunosuppressive cell subsets present in
pediatric tumors may enhance the effectiveness of adoptively transferred T or NK cells. For
example, M2 macrophages localize into the hypoxic regions of tumors and secrete
immunosuppressive cytokines. Because pediatric tumors are infiltrated with
macrophages[152] that may negatively influence outcome[153], therapies should be
developed and explored that selectively deplete this population to prepare the patient for
further immunotherapy. Regulatory T cells (Tregs) in the tumor also produce
immunosuppressive cytokines like 1L-10 and transforming growth factor-beta, suppressing
effector cell function. Tregs have been described in the peripheral blood[154] and in
metastases of children with solid tumors[155]. Because Tregs express the high affinity 1L-2
receptor, CD25, and clinical grade moAbs against CD25 are available, combining Treg
depletion with immunotherapies is an attractive concept[156, 157]. Lastly myeloid-derived
suppressor cells (MDSCs) cause a reduction in arginine levels within the tumor, increasing
nitric oxide, which inhibits T cell activation. MDSCs also produce a tryptophan metabolite
called indoleamine-2,3-oxygenase that suppresses immune function. A subset of MDSCs,
called fibrocytes, have recently been described in pediatric cancers[158]. Thus therapies that
either differentiate MDSCs, like all trans retinoic acid[159], or that inhibit MDSCs, like
Polyphenon E[160] or cyclooxygenase-2 inhibitors[161, 162], may be advantageous in
enhancing immunotherapies by eliminating this suppressor cell subset.

Overview of Immunotherapy Support and Infrastructure Barriers

Advancements in developing novel and/or improved immunotherapies for pediatric cancer
are occurring at a rapid pace. Discoveries are occurring in academic, industrial and
government laboratories. Scientific exchange and collaborations in the field of
immunotherapy are being fostered by multiple scientific and clinical societies in North
America, Europe and Asia. Most promising therapies are being tested initially at the single
institutional level through phase I trials, although in childhood cancer there is precedent for
moving the most exciting therapies to multi-institutional phase I, phase 11, and even phase
I, trials through the Children’s Oncology Group. In addition, more focused consortiums
such as New Agents for Neuroblastoma Therapy, Pediatric Blood and Marrow Transplant
Consortium and the “Pediatric Cancer Dream Team” sponsored by Stand Up to Cancer and
the St. Baldrick’s Foundation, are available to test various immunotherapies in defined
populations of childhood cancer. Another potential avenue, the Cancer Immunotherapies
Trials Network, with support from the National Cancer Institute, is testing clinical grade
biologics in adults, but there may be opportunities for pediatric cancer patients through this
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mechanism as well. Funding in the United States is being driven at the federal level by both
traditional grant mechanisms and translational research initiatives like Production Assistance
for Cellular Therapies from the National Heart, Lung, and Blood Institute. Because of flat
NIH budgets and sequestration, research support for preclinical and clinical research cannot
keep up with inflation or the need to expand, and thus support from industry partners and
private charitable foundations focused on childhood cancer are becoming increasingly
important.

Conclusions

For some childhood cancers, like ALL and Wilms tumor, we have seen great strides with
cure rates pushing 90%. Yet for many other tumors, like metastatic sarcomas and high grade
brain tumors, survival has plateaued despite advances in surgical techniques, chemotherapy
and radiation therapy treatments. Especially in the last 5 years there have been significant
strides in moving novel immune-based therapies from the lab to the clinic with bona fide
responses, and prolonged survival documented in children with certain high-risk cancers.
Treatment strategies, like the combination of ch14.18, IL-2 and GM-CSF, demonstrate that
immune-based therapies can be incorporated into standard multimodality regimens, and
improve survival, as demonstrated in randomized trials. Similar observations were made
with mifamurtide for osteosarcoma. The last decade has shown us just a sample of what is
evolving into a true paradigm shift in the care for children with cancer — the dawn of
immunotherapy.

However, as fast as discoveries in the lab are moving to the clinic, we still have much to
learn about how to properly use immunotherapies safely and effectively in patients. For
example, we have learned that these therapies are different from traditional pharmaceuticals
drugs, in that many cell-based therapies can increase in number and potency in vivo, rather
than be metabolized and have decreased potency over time. We also learned, in the setting
of CARs, that effects predicted from moAbs do not necessarily predict effects observed
when the scFv from the same moAb is attached to a highly activated T cell. Lastly, the pace
of publishing data showing efficacy in preclinical models, moving to early phase testing in
patients and then to large scale phase 111 trials is difficult, expensive and too slow. While
advancements in technology will help speed discoveries into the clinic, changes in the
political and regulatory climate will be equally necessary to help the science continue to be
translated into better clinical outcomes, hopefully with less long term treatment-related side
effects.
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Executive summary
Monoclonal Antibodies

e The improvement of survival for children with metastatic neuroblastoma with
ch14.18 in a phase |11 study demonstrates that immunotherapy can be
successfully incorporated into traditional treatment approaches.

»  Checkpoint stimulators and inhibitors are being explored in several adult solid
tumors, and warrant investigation in pediatric solid tumors.

» Bispecific moAbs bring T cells and B cell malignancies physically together,
leading to tumor lysis and in some cases, dramatic remissions.

» Immunotoxins, radionuclide-conjugated moAbs, antibody-drug conjugates and
unconjugated moAbs are all available that target tumor-associated antigens.

Chimeric Antigen Receptors

e CD19 CAR modified T cells have induced dramatic, sustained remissions in
children with chemorefractory disease, with a reversible cytokine release
syndrome noted.

» GD2 CAR modified T cells have induced complete responses in some children
with neuroblastoma.

e  Clinical trials with EGFRvIII CARs and IL-13 zetakine are underway for adults
with brain tumors, and should be explored in children as well.

NK Cell Infusions

» Haploidentical NK cell infusions have been shown to maintain remissions in
children with AML.

» Inpilot data from children with chemorefractory solid tumors, KIR mismatch
correlated with complete and partial remissions.

Tumor Vaccines

e Tumor lysates or tumor lysate-pulsed DCs have had a modest response rate in
some pediatric solid tumors, with better results noted in children with minimal
disease burden.

» There is limited experience using vaccines for children with hematologic
malignancies, but clinical experiences with vaccines targeting LMP2, WT1 and
PR1 in adults warrant investigation in children.

Strategies to Enhance Immune-Based Therapies

» Clinical grade interleukins, cytokines, and toll like receptor agonists need to be
further expanded in childhood cancers.

e The TLR4 agonist Mifamurtide demonstrated improved overall survival in a
randomized trial of patients with nonmetastatic osteosarcoma, but is only
approved in Europe for this disease.
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»  Eliminating immunosuppressive cell subsets, like Tregs, MDSCs and M2
macrophages, may be necessary to improve efficacy of immunotherapies.

Overview of Immunotherapy Support and Infrastructure Barriers

» Immunotherapies are being developed in academic, government and industrial
laboratories around the world at a rapid pace, and the availability of
multinational cancer consortiums will allow testing of childhood cancers, which
are relatively rare, to occur at a faster rate than any one center can achieve.

»  Because of flat NIH budgets, “fiscal cliffs” and “sequestration” in the U.S.,
maintaining financial support for childhood cancer research has been extremely
challenging, and will require engagement with an evolving political and
regulatory landscape to continue moving these exciting, paradigm shifting
therapies to the clinic.
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Death
pathway

or toxin

Bi-specific
MoAb

Figure 1. Mechanisms of tumor destruction by monoclonal antibodies
Antibodies can mark the tumor for lysis by antibody dependent cellular cytotoxicity

(ADCC), act as an agonist for a death pathway (e.g. TRAIL), inhibit an essential tumor
growth pathway (e.g. IGF-1 receptor), deliver a toxin/radionuclide/drug that lyses the tumor,
or bring a T cell adjacent to the tumor.
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Anti-CD19 Fv

15t generation CAR

Anti-CD19 Fv

2"d generation CAR

Anti-CD19 Fv

3"d generation CAR

Figure 2. Anatomy of a CAR
First generation CARs consist of an Fv fragment against a tumor-associated antigen (e.g.

CD19 on B cell malignancies) linked to the CD3-zeta signaling chain. Second generation
CARs incorporate a co-stimulatory signal (e.g. CD28) to enhance T cell activation and
cytotoxicity. Third generation CARs incorporate two co-stimulatory signals (e.g. CD28 and
CD137) to theoretically provide additional T cell activation. To date, each generation of
CAR has not been compared head to head.

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 27

Capitini et al.

Author Manuscript

[endsoH yosessay s,uap|iyd apne 1S puy uaJp[Iyd Ul Apognuy Zao-Nuy paziuewnH syl 4O [BUL | 8seyd v 96¥€7.00.LON
(INzZao)
BWOISE|(OJN3N A1010RIJ8H/AUBLINIDY UNAA SIUSISIOPY pue UuaiIp|iyDd
ur Adedaypowayd 01 sj13D 4a]11X [enyeN INOYNAN Pue YA (VZZEM8T ¥TNY)

[endsoH yosessay suaip|iyD 8pne 1S | Apognuy za9O-RUY paziuewnH dy} JO UORIPPY 8Up 4O (el L Aljiqisesd/Aieges v 2699/GTOLON
(L)

eLIsSNY ‘BunyasIolsgalapuIy BULY 1S (z-11) upinaIsaPIV "9's SNjd OHO/BT ¥TYD UoIsSnyu| snonunuod wis ) BuoT 6.¥T0LTOLON

eLISNY ‘BUNyasIoysgaIapury] BUUY IS (N3dOIS) 8doin3-dOIS J0 (G'T) T ApMmS Bwolse|qoInaN sty YybiH 9T/¥0/T0LON
J19oue) [eabuluawolda 10 18oue) WaISAS SNOAIBN

Ja1uad Jadue) BulieneM-Ueo|S [eLIOWSIA [e1U8D YA Sluslied Buness | ur 84¢ Apognuy [BUOJIOUOIN TET | 8UIpO] G96G7700.LON
BWIOISE|OINAN XSIY-UBIH JO UOISSIWaY Jareals) 10 puodas Jo uolepljosuod

181u8D JaoueD Bulieney-ueo|s |eLows|A 104 P10V 210UNBY-SID-ET SN|d Adelaypounwiw| 4S3-IND/8-E 8s0d-ybIH ¥88E8TTOLON
MOJLIB|A BUOg Ul BWOISe|qoINaN Aloloelyay Arewild

J31usD Jsoue) BulisNaM-Uueo|S [eLIOWsIA 104 P10y d10uneY-sID-ET SN|d Adelaypounwiw| 4SD-N9/8-E 8s0d-UbIH /68€8TTOLON
BWOISE|GOJNaN YSIy-ybiH
Kiojoelyay/pasde|ay YN siualied Ut (4SD-N9) J1030e4 Bunenwins Auojod

191U8D Jaoue) BulianaM-Uueo|s [eLIoWa abeydouoey -81400]NURID YA 84ENH Apognuy Jo Adesay ] uolreuiquio) 929/G/T0LON
BWOISE|qOINON ASIY-UBIH YN
sjualted Ul Adelay ] aAIR|qeoaAIN-UON J81)Y UOISSILISY 15114 JO UOIEPIoSU0D

Ja1uad Jadue) Bulieney-Ueo|S [eLIOWSIA 104 PIOY 210UNRY-SID-ET SNid Adessyiounwiw| 4S0-IND/84€E 8s0a-UBIH 6¢7E8TTOLON
eulolse|goinsN

181u8D JaoueD Bulieney-ueo|s |eLows|A s1d-YBIH 104 s[180 48] 11X [enieN d1sushio)|y pue Apognuy 84e Za9-nuy 0TT//800LON
siown] p1jos
aA1NIS0d-ZQD pue BUIOISL|qOINSN SIY-UBIH YHAN SIualed Ul Z-upnajial

Ja1usd Jaoue) Bulieney-Ueo|S [eLIOWSIA UNAA PaUIquIoD UBYAA (84ENH) Apognuy [eUOJIOUOIN 84€ paziuewinH ¥08299T0LON
siown | aAINSOd-zd9 pue BWOolSe|qoInaN

181u8D JaoueD Bulieaney-ueo|s |eLows|A 1S1d-UBIH YU Siusied ul (84€nH) Apognuy [BUOJIOUOIN 84€ paziuewnH ¥E€86TTOLON

BJOSSUUIIAN

10 AJISIanIuN “181UaD Jadue) J1UOSBIA BWOISB|COINaN Joj Jue|dsuel | snobojoiny pue Adelaylowsy) asoq ybiH €0992STOLON
BLUOISE|COJN3N 1UB1INI3Y 10 A1010R1JaY UL Sluaied JabunoA Buneal|

aIMIsu| J80ueD [euolieN Ul u10una.108| INOYHAN 10 YHAA APOgiuY [eUOJIOUON pue apIwopleusT] ¥SSTTLTOLON
BWOISE|qOINaN
UMM Siusiled Buiyeas] ul uoryejueldsued | |19 wals Buimojjo4 wnsowelbies

a)Minsu| JsoueD [euolieN pue ‘Z-upinajJau] ‘Apogqnuy [euoj0UOIA INOYNAA 10 YUHAA UIOUIIS10S] ZTE€92000.LON
'WOISE|qoINaN pasdejay 1o
Aio10e149Y YA Sluaired Jabuno A Buneas] ul 8T ¥ TYD Apogiuy [eUOjo0UOIN

9IN}ISu| J3due) [euoiieN 10 SNWIJOJISWA ] YMAA SPILIOJOZOWS | pue apLIojyd0IpAH UeIa10uLl| ¥6T/9/.T0LON

Josuods

L

Jaquinu [eiy [esiund

Author Manuscript

S21POQIIUY [eUOJO0UOIN Zd9-nue Buisn s[eLi dlleIpad uadO

T alqel

Author Manuscript

Author Manuscript

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 28

Capitini et al.

Author Manuscript

sonnadesay ] pauun

BWOISE|OJNaN MSH-YBIH ul Apnis anauijodewieyd 8T #TYd

G¥0¢6STOLON

[endsoH yoeasay s,usp|IyD apn 1S

BUI0ISe|qOIN3N 96eIS PBOUBAPY UNAA UBIP[IYD oy Adesay ]

¥€6/58T0LON

BLIOUR[BIAl 1O BLI0DJBS08]SO ‘BLI0ISE|GOINSN YHAA SIUBISSI0pY

Josuods

ML

Jaquunu [eiy [esiuno

Author Manuscript

Author Manuscript

Author Manuscript

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 29

Capitini et al.

Author Manuscript

aInNsu| yoJeasay

8GS9E6SING OB T-Ad-NUV o s8soq Burereas3

pue Js1ua) Jsaued MHON 997 'H M DA TG VS| 8plueluoA 7 sepndad | sse|d ajdninin T9Y9.TTOLON
BUWO)SB|qOINaN
wniuosuo) Adesay | S1Y-UBIH A1010e148Y 10 1U81INIBY /M SIUsIed Ul

BWOISE|gOJNaN 01 sayoeolddy maN | prow d1uoipajoz 7 ‘apiweydsoydoldaAd ‘gewnzioenag:z0.00ZN 92£58800.LON

18)ua) Jaoue) uosIspuy ‘a’IN [el SNWwi1joJISWa] pue gqewnziodeAag ‘[1xod ¥¥919200.LON
siowny [|8D

J8)ua) Jaoue) uosispuy ‘a’'IN -wia9) pasde|ay sisouboud-i00d Joy Adesayioway) asop-ybiH 9£69E£600LON

181U J9oue) UoSIspuUY "a’IN gewIxXna) ‘pIoy 2101djeA ‘SnWiIjolISWa] ‘gewnzioeAsg YEYZSSTOLON
satoueubifely

18)U8D) J8OUBD UOSIBPUY ‘A’ | P3OUBAPY YHAA SIUBled Ul [8XeN[OBd ‘qewnZIoeAsd ‘qiuneseq 22ZSTOTOLON
Adesay L uoneipey weag [eusa)x3 YHM
paleal] A|SNoIAa1d SBWOI|D aUNUOd asnyQ aAIssaIfoid-UON

181u8) J8oue) BULIEBNSM-UBO|S [BLOWSN YA SIusIled 104 6HS- 17T 40 AIBAII8Q POUBYUT-UOHIBAUOD LT620STOLON
sapisol|Bues) pare]A|09A|6-N Buissaidx3

'V A°4'1'0'V'S 8|3 oLlojeloge] siown oLreIpad YHA Sluslied Ul Gewowniooey 40 8sn ¥S¥86STOLON
139URD) JUEISISaY-IUBWIEa] | UHAA SIUSIS3|opY

|INHIsu| Jsdue) JeuoceN pue uaip|iyd ul (7-v1L0-huy) qewnwijid] yo Apmis | aseyd 6.ESYYTOLON
BUWOJIRSOAWIOPaRYY AJ1010R1J8Y 10 JUBLINISY
YA SIUalled Burieal] ul SnwijoJIswa] Jo qewnzioensg UM

anIsu| Jaoue) [euoleN uoleuIquIoD Ul apiweydsoydojoAD pue a1ele | BUIQISIOUIA ST1/222T0LON
slown] [ewJapoidsoinaN
AW SND J0 ewoise|qo|npaiN Aloioesay
10 JU31IN23Y YA Sluslied BunoA Buneal] ul qewnzioeasg

3INIIsu| J30UBD [BUONEN INOYMM O YNAA 3PHOJYI0IPAH UBISIOULI| PUB BPILO|OZOWS | LEVLTZTOLON
’WOIBSOAWOPgRYY
J17eISEIBIN YU Sludlled Buneal] ur Adessyiowsyd

a)nIsu| Jague) [euoneN uoljeUIqIOD PUE ‘qeulNWNINXID ‘9pIWoj0ZowWwa | ¥TEGSOTOLON
ewol|9 apet9-ybiH
pasoubelrg AJMaN UNM Slusized BunoA ul apiwojozows |
pue gewnzioenag Aq pamojjo4 Adesay ] uoneipey YA

anIsu| Jaoue) [euoleN UoIRUIqUIOD Ul qewnzioeAag 10 ‘apIliojozowa] ‘1e1SoulioA 09S9EZT0LON

Josuods

L

Jaquinu [eiy [esiund

siown_ pIjos Joj Sa1poqiuy [euojdouoly Bunelodiodu] sferil dlleIpad usdo

¢ ?dlqel

Author Manuscript

Author Manuscript

Author Manuscript

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 30

Capitini et al.

Author Manuscript

R RESTIEIEIE Aiojoelyay 1o pasde|ay Ul UOPIA qewixmuaig o Apns v L99TZ¥TOLON

1joues (1MVYAN) erwaxnaT onsejgoydwA andy ul 6TYEYVS 6.TO¥¥TOLON
ewoydwA uiBpoH Al pue gill ‘gl a6eis
UM Slusiled Jabuno A Buireal] ul Adelay] uoleipey pue

[endsoH yosessey suaipliyd 8pne 1S | ‘Adelsyiowsyd uoneuiquIod ‘(UNOPSA qewIXmualg) SLIsopY 2€6026T0LON
(MvAVIN) (171V) erwaesna ansejqoydwiAT

puejbu3 ‘uopuo Jo Ausianiun AreN usand | 81naw 18D g A1010e1)9Y 10 JUBLINIBY Ul S3IPOQIIUY [BUOJOOUOIA 1026/2T0LON
ewoydwA urjbpoH Jo ewoydwA
1180-9b6.e7 onsejdeuyy 21WLISAS A101081)9Y J0 pasdejay YUAA

"JU] ‘S[edlnadeweyd wniuua|(in Sjualyed d1IeIpad Ul (GE-NOS) UIOPaA qewixnuaig Jo Apnis 88026VT0.LON
saloueubI[e|N PIOJBAIN PBOUBAPY YNAA SIUdled
ut (S6TININH Apognuy [BUOIOUOIN EEQD-IUY paziuewnH

J81uaD Jaoue) BulieNay-Ueo|S [BLIOWAIN pajage1-GZZ-WNIUNJY) SI0JeJausD-0uBN J1Woly pajehie G9T2/90010N
ewoydwA unjbpoH Al101oe139Y 10 pasdejay YA

181usD JeoueD BuLIBNeM-UBO|S [BLIOWSIN syuaned 9|q16113 Juedsuel L ul (GE-NDS) UHOPIA qelIxmuaig ¢TE80STOLON
ewoydwAT s,ubpoH-uoN Jo eiwasxna ansejqoydwA aIndy

07171 sunwiwipaiN UMM SHNPY BUNOA pue sJusasa|opy ‘Usp|iyDd ul GT08- 1D GZ¥65900LON
uRIWebozQ qewnzniwas) pue apIxol | d1Uasly

181U 18due) UoSIspuUY "a’'IN VULV UM parealL (dV) elwaxna onkdojaAwiod amnoy T9T60¥TOLON

wniuosuo)

139ueD UOBUIYSBAA JO AUSIBAIUN/IBIUD satoueubife|y o160j0reWaH YU Sluaiied Buiyeal |

YoJeasay JaoueD UosuIyaInH pal4 Ul uejdsuel] [[90 WLlS Jouoq Jayyy UIOPSA qewixniusig 622029T0LON
BILLANNST
AlsIaniun 159104 | 911A20]19AWI0Id 81N2Y 4O BIWSXNaT PIOJBAIA 81Ny Alojoeuyay 1o

e 0 Jalua) Jaoue)D aalsuayaldwo)d pasde|ay YA Siuaired Buiieas | ul udiwebozo qewnzniwas £08698T0.LON
ewoydwA unibpoH Y siusied bBuieal] ui

181us) [eaIpalAl 8doH Jo AuD | juedsueiL |80 WIS SNoBojoINy 810489 UNOPSA qewixmuaig LT/E6ETOLON

usbwy Apnis oureIpad gewnwniued 85985900LON
elWaXNaT onsejqoydwA
9In2y Josindaid-g Alojoeigay/pasde|ay YA Siualied

HaAwo (UdIUNIAY) Yaeasay uaby | Ju90Ss|opy pue JLIJeIPad Ul gewowneulld YA Apnis [ed1ul)d Z8LTLYTOLON
ewoydwAT ubpoH
AKiojoeugey Jo pasde|ay YA Siuanied Jabuno A Buiyeal |

a1nIsu| 1sdued [euoleN Ul 8pHIOJY204PAH BUIGEHIWSD pUR UIOPAA qewiixnusig Z9908LT0LON
BIWSYN3T N2V |[9D-9 10 ewoydwAT
UBIBPOH-UON Al-111 96815 U Sludlied JaBunoA Bumess |

dnoi9 ABojoduQ s, usIp|iyd Ul qewIXniiy INOYHA 10 Ui Adelayiowsyd uoneuiquwiod 8¥0S65T0LON

Josuods

L

Jaquinu [eiy [esiund

salourubIfeIA 2100]01BWSH 10} SAIPOgIIUY [eUOJI0UOIA Buneiodioou] sfeli] JLeipad uado

€9lqel

Author Manuscript

Author Manuscript

Author Manuscript

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 31

Capitini et al.

Author Manuscript

Jaua) ewoydwA urybpoH |eaisse|d

J189ue) anIsuayaidwo) [awwiy Asupis pasde|ay 10} UOPaA qewixniualg pue qewixnity Jo Apnis 967006T0LON
sa1oueubijely snojewoydwAjuoN

R ISIENEIEET RIS aAIIS0d-0EAD YIM SIUBIed Ul UNOP3A qewixniusig 8E€GTIYTOLON

ou] 'saNaudD aeas | ewoydwAT pue eIaNNaT 40} YETAD-NDS J0 Apnis Alajes v 96098/T0LON

oU| 'Sa11BURD) B]1IeaS ewioydwAT 11809 104 Y6TAD-NOS 40 Apmis Alayes v GET98.TOLON

ewoydwAT ubpoH-uoN

Josuods

dnIL

Jaquunu [eiy [esiuno

Author Manuscript

Author Manuscript

Author Manuscript

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 32

Capitini et al.

Author Manuscript

[endsoH s,usJp|IyD aess

eIWSXNST onsejqoydwA aIndy +6TAD pasdeay 40} 6TAD
1sureBy paivalld sj18d L snofiojoiny palyIpoA AJ[eansuss Jo [el | dLeIpad v

6.¢€89T0LON

181UaD J8oue) BULIBNEM-UBO|S [BLIOWSIA

uonejuedsuel 1190 Joyuabold onsiodorewsH d18usbol)y

191V elwsynaT ansejqoydwAT aindy pasdejay JO [enpisay aAlIsod 6TAD
usbnuy oy108ds 1[30-g 8y 0} pasahie | Ajjeonsus (s110-Ag3) seikooydwA
-1 9IX0]0}AD 214193dS SNUIA Jreg-uisisd3 o1suabo))y papuedx3 OIlA U|

06€0E€YTOLON

19)1uaD Jsoue) BuLIBNa-UBO|S [eLIoWsl

eIWaNaT ansejqoydwA anoy
1190-9 pasde|ay UM siualied NPy BUNOA pue dLijeIpad Ul 6TAD Uabnuy
a14193ds [18D-g ay3 01 paiabre] Ajfeansuso saifooydwA- 1 snofojoiny

L€6098TOLON

[eldsoH [esauaD v 1d 8sauIyD

6TLYVO
Aq Aaueubiely [199-g Alo1oeiyay Adesayioway) Jo/pue pasde|ay JO Juaweal |

688798T0LON

|endsoH [elauas) v1d 8saulyd

(e6.L4VD) £€-L4VD Aq BIWaNNaT plojaAN
81NV dAINISOd ££AD Aloioriyay Adesayiowayd Jo/pue pasde|ay 40 Juawieal |

¢06798T0LON

A1 sesueyy [endsoH Aals|A s,uaipiiyd

(BNOT11V.LS) rwoise|qoinaN Aioloeiay/pasdejoy
10} s81800ydwA-1 91X0101AD ‘O1j199ds-SnIIA-INIAl ‘PaALIBQ Jouoq Jo Apnis

T0609¥TOLON

e1ydjope|iyd Jo [endsoH suaipiyd

(6T-LYVD 1pad)

ewoydwA pue elwayna +6TAD AI010eIy0Y J0 JUelSISay Adesayiowayd
UM Slusiied ul surewoq Buijeufis ggT-v pue 2401 03 payoeny 6TAd
-IUY Urejuo) o3 pasaauibug s 1 snobojoiny paloalipay 4o Apnis 10]i1d

§6¥9¢9T0LON

3UIdIP3IA J0 8ba)10D JojAeg

(N334043H)
Aoueubiel aAINISOd ZJoH O Juawileal | Ul ST1D eleg-49 1 pue ziaH

¥5668800.LON

aUIDIPBIA J0 ab3]10D JojAeg

(0£d2D 14v0) ewoydwA
s,unjBpoH-uoN pue ewoydwA s,uBpoH 104 selAoydwAT | Jo uoiessIuIWPY

9¥T9TETOLON

aUIDIP3IA J0 ab3]10D JojAeg

(Ng9-LY3H) INED YN sludlied
ul z43H Bunabire] ¥ Buissaidx3 sa1hooydwAT 1 91X0101AD 214193ds-AIND

G6060TTOLON

aUIdIP3IN J0 aba)10D JojAeg

BLI02JES PaSURAPY Ul S]190 1 Buissaidx3 101dadsy usbnuy ouswiyD z4oH

¥¥0¢0600LON

3UIdIP3IA J0 8ba)10D JojAeg

NIVY9 ‘Buiolse|qoInaN ‘YOUMS Aloges
ap12INg asedseD1 pue J101daday usbnuy dBWIYD Z-49 UONRIBUID pIE

¢S9¢¢8T0LON

2IN11SU| JoueD) [eUOIEN

ewoydwAT 1o eiwaxna
1190 € YN SHNPY BUno A pue uaIp|iyd 404 1190 poog SHUM 6TAD-IuY

969€6ST0LON

Josuods

L

Jaquinu [eiy [esiund

Author Manuscript

Jaoue) 1oy s101daday usbnuy ouswiy) Buisn sjeLil duleIpad usdo

v alqel

Author Manuscript

Author Manuscript

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 33

Capitini et al.

Author Manuscript

|endsoH yaJeasay s,uaipjiyd apnr 1S BwO0ISE|qoINaN 86®1S PaduRApPY YIAA UaIp|IyD Joy Adesay | €6.G8T0LON
saloueubielN o160j01eWwaH YA 30V JO SIBB A OM ] 8y} SSa7 UaIp[IyD

[e)dsoH yousessay s,uaip|iyd apne 1S 10} uonejue|dsuRl ] 13D J3||1H [RINIEN PUR [|3D Wa)S [EANUSPILON-YTH 9¢9S¥TO0LON
(XNzao) ewolse|qonaN
A101981194/1UB1IN23Y YUAA SIUSIS3|OpY pue ualp|iyD ul Adessylowayd
03 813D 3] 11X [RAN¥eN INOUMA PUB UNAA (VZZEMBT 7TNY) Apoqnuy

[e)dsoH yoseasay s,uaip|iyd apne 1S 2A9-huY paziuewnH 3y} Jo UORIPPY aY) Jo [el L AN|iqisead/Aiaes v ¢699/STOLON
jue|dsuel |
219uabo] | Snoinald audsaq Alo1oelyay Jo pasdelay saroueubijey
o160j0yeWaH YMAA Siualed Ut uonelueldsuel | (190 (MN) J9[11M [einieN

[endsoH youessay s,uaIp|Iyd 8pnr 1S snid 1180 wais onstodorewsH Jouod [ednuapiojdeH siv|day [190-1L L1¥TZ9TOLON
Jueldsues | [18D W3S Jouod e JaYy aWOoIpUAS
o11se|dsApolaA Al 0 elWaXNaT JUBSISIad Jo pasde|ay YA Siualied

J181uaD J8oue) Bulisnay-ueo|S [BLIOWAIN Buryeas | ui uoisnyul [18D Ja|1M [ednieN Jouoq e pue Adelayjowayd 2629250010N
BUWOISB|qOINaN

J181us) JeoueD Buliened-Ueo|S [BHOWSN | sid-UBIH 10 180 4911 [eineN dteuafiol|y pue Apognuy 84€ zd-huy 0TTZ.800LON
saloueubie|N p1ojaAN dsiy ybiH Joy uonejueldsuel |

J91us) J8dueD UOSIspUY "'\ onalodoewsH 81qnedwod Y TH YUM S118D (MIN) 18]Iy [einieN 86T€C8TOLON
ureds ‘pLpen sinown pIjos Alojoeljay duleIpaed

'SNS3C OUIN OLIBNSISAIUN |1IUBYU| [eHdsoH Joj uoisnju 1130 MN GT-T11 pue uonelue|dsuel ] |[30 WalS [eonusplojdeH 7S9.EET0LON
J1aoue) 2160j01eWSBH YN
wiNiJosu0) Sjualyed Buireas L ut snwijolde | pue ‘|11ajolA arejousydodA ‘Adessy L
J139ueD) UOBUIYSBAA 4O AUSIBAIUN/IBIUED 1190 J8]|13] [ednieN Jouoq Ag pamojjo uejdsuel | MourelA auog Jouod

42Jeasay JadueD UoSUIYIINH pald pue ‘uoneipels| Apog-jeio ) ‘spiweydsoydojaAD ‘ereydsoyd suigesepn]4 9//68.001ON
Z-Un{nalIa1u] YA paesi L
AISnoIAald eIWaYNaT PIOJBAIA 81INdY YUAA SIUBIEd JO 8WO0INQ 8y} pue

g dnoio erwaxnaT pue Jsoued | s|18D BIWSYNST (11X 03 AUy SI80 J8]I1X [einjeN usamiag diysuonejoy T0/96800L0N
(11-1XN@) uonejue|dsues ] 113D dnviodolewsH [eanuspiojdeH

18]ud] [eIP3IN Uesy 18V UBAID 81180 J8][1X [enieN Jouoq Jo Apms Aoediyyq pue Alayes 8/€S6LT0LON
eIWaYNaT pIojRAN

uoneiodiod 82usiosolg 10}y 8INJY 10} uondNpuU| OV 14 1YY S|18D J8]IX [enieN pajeAlloe-108- L1V ¥,08.¥T0LON
siown pi1jos Alo1oeljay YA SHNPY BUNoA pue usipiyd ul GTTIY

|1nuisu| Jsdue) euceN —/+ S1190 (MIN) 4311131 [einieN pareAndy snobojony Jo Apnis | aseyd v T09G/8TOLON
SeIayNaT pue siown L pIjoS YUAA Sluaiied dLjeIpad ul siouod
palejaiun paydrelAl Jo pale|ay woi4 uoleiuedsuel] |90 Wals poolg

aInisu| Jsdued JeuoireN [etaydiiad d18usboy|y Buimoljo4 uoisnjul 180 N 40 Apnis | 8seyd v ¥0T.8¢T0LON

Josuods 3L | Jaquinu feu [eatund

J199ur) Joj suolsnjul 199 N Buisn sjeriL ouieIpad usdo
g 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 34

Capitini et al.

Author Manuscript

UOSIPBIAl “‘UISUOISIAN JO AlISIBAIUN

slowng] p1joS pue elwaxna]
81N0Y/ OLIIBIPad 40} UoISNJUL [18D MN YA Juejdsuel | [eonusplojdeH

918¢8500LON

[eNdsOH Yoseasayf s,uaIp(IyD 8pne 1S

ewoydwA pue eiwayna onsejqoydwA]
21N9V |]190-9 10SInJa1d A101oR1}aY 10 pasde|ay JLireIpad Jo) Adelay ]

9¥600.T0LON

[endsoH youseasay s,usIp(IyD apne 1S

AoueubBijel o160]01eWSH Jo) uoneluRldSURL] []8D MN pue
1190 Jonuabold onslodorewsH Jouoq [eanuspiojdeH payarewsiin o1

TT9.08T0LON

[eNdsOH Yoseasay s,uaIp(Iyd 8pne 1S

elWaNaT PIOJRAN
81noy pasoubeig AMaN U] uoirelueldsued] 13D MN 4O ApmS v puy
Adelay] uo1ONpU| [RUOIIUBALOD SNSIaA BulgelelAD sn|d aulgelesold

0¢8€0L00LON

[endsoH youseasay s,usIp(IyD apne 1S

elWaMNaT anse|qoydwA a1ndy abeaul
-g Joj suoisnjul |19 43111 [ednieN [eanuapiojdeH payIpolN Aleansusd

LETS6600LON

[endsoH yoseasay s,usIp(Iyd apne 1S

siown | p1jos pue saioueubifeln d16ojorewsH abeaul g-uoN A10ioelyay
104 suoisnyu| 18D J8]|1¥ [eanieN Jouoq ‘papuedx3 Jo Apns 10]1d

96.07900.LON

Josuods

dnIL

Jaquunu [eiy [esiuno

Author Manuscript

Author Manuscript

Author Manuscript

Future Oncol. Author manuscript; available in PMC 2016 March 16.



Page 35

Capitini et al.

191UaD J839ue) aAIsusyaidwo) s103[qns oLTeIpad pUe Jnpy

131SAIAS 1IN JO AUSIBAIUN | Ul SUWLIOYNIA BLUOISEIGOI|S) PUe BWiol|S JUBUBI[RIA 104 BUIDJBA |[8D d1HpUsd 028808T0.LON
19)Ua) J82ue) aAIsusyaidwo) siown

19189A|AS 1werA Jo Ausisniun ureig oLIBIpad Ul UonRINBIAl NUS Ul YHAA Adelsy L suIddeA |30 d1pusg T,./206TOLON
18)UaD J82ue) aAIsuayaidwo) BWOJIES YHAA UBIP[IYD pUe SYNPY

181SaNAS 1WeIA J0 ANIsIaAIuN 10§ JUBWIEaI ] -31d BUIGEHIWAS) INOYIAA JO YHAA SUIDIBA |3 d1ILIpuUaqd ZSTE08TOLON
BWIOJIRS PUR BWIO)SB|OIN3N

311ASIN0T JO AUSIaAIUN UMM SIUBIRd 10} auladeA uabiuy 1aoue) e Ag pamoj|o4 auigelssg 29TTVZT0LON
SBUWOI|S) aUNUOd JISuLU|

J1aysi4 weyels |ned asNyIA /M UBIPJIYD Ul UoIjRIpRY [BUOIIUBAUOD JalY Inwidadopury | aseyd 0S88S0TOLON
BWOISL|qOININ ASIY-UBIH 04 uean|B-¢ [BIQ YA UoNeUIqWOD Ul ‘TZ8-1dO

181UaD) J30uRD BulIBNEM-URO|S [eLIOWSIA eAnlpy [eaiBojounuiw] ayy 40 sasod Bureeas3 YMAA BUIDIBA JUdfeAlg 09STT600LON
uoneziunww|

18)U8D) J80URD UOSIBPUY "'l | 118D dBHPUBA INOYMAA 10 YA Jajsuel | (13D sAandopy snid uons|dapoydwiA L1€8EE00LON

©JOSBUUIIN

40 AlsIaAIUN '18)UD JBOUBD OIUOSBIAl | BWIOIS WIBYS Urelg Ul 8UadeA (O1.L8) 1180 Butreniu] Jown ureg/powinbiwj 2/900¥TOLON
saoueubifen

181Ua) J39UBD dAIsUsyaIdwo) uossuop paouUBAPY YNAA SIuaiied Bunreal] ur Adesay] auidde A pue auss 125169T0LDN
ainnsu| 8G59E6SING e T-Ad-huv

U0Iessay pue J8lua) Jaoued MO 887 'H 40 s3s0Q funereas3 m OA TG VS| apIueluo % sephdad | ssej ajdinin T979.TTOLON
ueLIlAgsald [endsoH BUIOUR[3IA J17RISEIBIN

|eLiows N BeoH 1e ainnsu| Jaaue) HeoH 10 JUa1IN23Y YU Siualied Buneal] ul 4SD-INO pue Adesay] aulddep 0£69E700.LON
(9NV) 490UeD
PaJUBAPY 10} BUIDIEA |30 Jown] snobojoiny pauswbny (4SDIND) 101084

"ou| ‘sijepei Bunejnwns Auojo) abeydoloey a1A0|nueIS pue uLIN-YNYYs-1g JO [el | 0¥8T90TOLON
Sewiol|9 oueIpad ul 101-Ajod

ybangsnid 40 [endsoH s,uaip(iyd Ui uonounfuod ui saurodeA usbnuy pareloossy ewollo Jo Apms 10jid v //00€TTOLON
(OINOLV) ewiolse|qoinaN Ys1y-UBIH Ui siusned

au1oIpalA Jo abiajjoD JojAeg Ul UBX01AD 21LLOUOIIBIA [RI0 YUAA UOITRUIDIBA []3D Jowin ] d1ausbol|y GGGZ6TTOLON

Josuods apuL | Jsquinu ey peaiund

Future Oncol. Author manuscript; available in PMC 2016 March 16.

SauIdoeA Jown] Buneiodioou] sfel] oleipad uado

99|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



