


Figure 29. The morphologic features of apoptosis are induced by ABT-737 in GIST
cells
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GIST-T1 and GISTS882 cells were treated for 72 h with 1 puM imatinib alone, or in
combination with ABT-737 (0.1, 1, 10, 20 uM) and apoptotic cell death was evaluated by
assessment of nuclear morphology after ethidium bromide/acridine orange (EB/AO)
staining. (A) Representative micrographs of GIST-T1 (left) and GIST882 (right) cells
treated with vehicle (DMSO), 1uM imatinib, 10uM ABT-737, or both, demonstrating
nuclear fragmentation and condensation in ABT-737-treated cells. Original
magnification, x200. Abbreviations: (N), normal nuclei; (Thick arrow), late apoptosis;
(Thin Arrow), early apoptosis. (B) Quantitative assessment of normal and apoptotic cells
treated with 1 puM imatinib, alone or with ABT-737 (0, 0.1, 1, 10, 20 uM). Reprinted
from Molecular Oncology, Vol 5:1(93-104). Copyright (2010), with permission from
Elsevier.
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ABT-737 and imatinib combine to activate apoptosis and overcome resistance to

imatinib in GIST48IM cells

Given that ABT-737 effectively augmented the cytotoxicity of imatinib in GIST
cell lines that were initially susceptible to KIT inhibition (GIST-T1 and GIST882), I
wondered whether this therapeutic combination could overcome imatinib-resistance in
GIST48IM cells.

As with GIST-T1 and GIST882 cells, I first evaluated the anti-tumor effects
imatinib and ABT-737 as single agents by MTS assay (Figure 30). In accordance with
their known resistance to KIT inhibition, I observed moderate reductions in viability with
single-agent imatinib for 72 hours, and the ICsy of imatinib was not reached (Figure 30,
top). In contrast, monotherapy with ABT-737 for 72 hours resulted in significant
reductions in viability of GIST48IM cells, with ICsy of 1 uM (Figure 30, bottom).

In combination (Figure 31), ABT-737 and imatinib exhibited superior inhibition
of viability in GIST48IM cells, as compared with either agent alone (One-way ANOVA
p<0.0001). However, because single-agent imatinib has only a moderate effect on the
viability of GIST48IM cells, the degree of synergy between imatinib and ABT-737 in
GIST48IM was decreased (Figure 32). In particular, because the effect of ABT-737 at
doses above 10 uM is unaffected by imatinib, I observed three antagonistic, and two

additive combinations in this GIST48IM cells.
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Figure 30. Antiproliferative effects of imatinib and ABT-737 as single-agents in
imatinib-resistant cells.
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The antiproliferative effect of single-agent imatinib (top) and single-agent ABT-737
(bottom) in imatinib-resistant GIST48IM cells was examined after 24, 48 and 72 hours of
treatment, using the MTS cell viability assay. Columns, mean of triplicate experiments;
error bars, SD. Results were analyzed by two-way ANOVA. Reprinted from Molecular
Oncology, Vol 5:1(93-104). Copyright (2010), with permission from Elsevier.
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Figure 31. ABT-737 and imatinib synergistically inhibit the viability of imatinib-
resistant GIST cells.
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The effect of combined ABT-737 (0, 0.1, 1, 10, 20 uM) and imatinib (0, 0.1, 1, 10 pM)
on the viability of GIST48IM cells at 72 h. Columns, mean of triplicate experiments;
error bars, SD. Results were analyzed by one-way ANOVA. Reprinted from Molecular
Oncology, Vol 5:1(93-104). Copyright (2010), with permission from Elsevier.
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Figure 32. Analysis of synergy between imatinib and ABT-737 in imatinib-resistant
GIST cells.
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Normalized isobologram (top) and Fa-CI plot (bottom) of GIST48IM cells, graphically
depicting synergistic, additive, and antagonistic interactions between imatinib and ABT-
737 in this cell line. Reprinted from Molecular Oncology, Vol 5:1(93-104). Copyright
(2010), with permission from Elsevier.
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To further evaluate whether viability reductions in GIST48IM were caused by
apoptotic cell death, I examined their nuclear morphology after treatment with DMSO or
I uM imatinib, in combination with ABT-737 (0, 0.1, 1, 10, 20 uM) for 72 hours.
Notably, this cell line demonstrates greater apoptosis at baseline (DMSO-treated) than
either GIST-T1 or GIST882 cells (Figure 33). In addition, treatment of GIST48IM cells
with 10 uM ABT-737, with or without 1 uM imatinib, but not with 1 uM imatinib alone,
resulted in marked nuclear fragmentation and chromatin condensation. Overall,
quantitative assessment of nuclear morphology using ImageJ Software confirmed that
apoptosis increased in direct proportion with ABT-737, to a maximum of 100% with 20

uM ABT-737.
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Figure 33. ABT-737 and imatinib induce morphologic apoptosis in imatinib-
resistant GIST cells.
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(A) Nuclear morphology was assessed by EB/AO staining after treatment with ABT-737
and imatinib for 72 h. Representative micrographs of ethidium bromide/acridine orange-
stained GIST48IM cells. Original magnification, x200. (B) Quantification of normal and
apoptotic cells treated with 1 uM imatinib alone, or combined with ABT-737 (0.1, 1, 10,
20 uM).
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Using western blotting, expression of Bcl-2, Bel-xL and Mcl-1, cleavage of
caspase 3, and cleavage of PARP were evaluated after treatment with DMSO, 1 uM
imatinib, 10 uM ABT-737, alone and in combination. While the protein levels of Bcl-2,
Bcl-xL and Mcl-1 were unchanged under these conditions, caspase 3 and PARP were
cleaved by treatment with ABT-737 monotherapy, as well as 1 uM imatinib + 10 uM

ABT-737, but not by imatinib monotherapy.
Figure 34. Western blot detection of Bcl-2 proteins and apoptotic markers in
GIST48IM cells.
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Western blot analysis of Bcl-2, Bel-xL and Mcl-1, as well as the cleavage of caspase 3
and PARP, after treatment with DMSO, 1 uM imatinib, 10 uM ABT-737, or a
combination for 72 hours. Actin was used to demonstrate equal loading. Abbreviations:
(F), full length; (C), cleaved. Reprinted from Molecular Oncology, Vol 5:1(93-104).
Copyright (2010), with permission from Elsevier.
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Table 9. Overall results from isobologram (synergy) analyses of imatinib/ABT-737
combinations in GIST cells.

COMBINATIONS GROWTH INHIBITION APOPTOSIS
Imatinib | ABT- GIST-T1 GIST882 GIST48IM GIST-T1  GISTS82
737

(M) @M) [# Fa CI Fa CI Fa CI|# Fa CI Fa CI
0.1 0.1 1 08 00 057 01 041 06]1 015 01 0.02 0.1
0.1 1 2 082 01 063 03 064 092 026 0.1 008 0.2
0.1 10 3 088 04 08 12 080 19]3 055 00 015 08
0.1 20 4 098 02 098 02 091 06

1 0.1 5 083 02 059 01 047 04 |4 022 03 002 0.1
1 1 6 083 03 067 03 066 085 031 0.1 008 02
1 10 7 08 04 08 10 080 186 069 00 022 0.5
1 20 8 097 02 098 03 091 06

10 0.1 9 081 47 070 0.1 058 04

10 1 10 085 06 082 01 075 04

10 10 11 096 02 095 03 080 18

10 20 12 097 03 098 03 091 0.5

Overall results from isobologram (synergy) analyses of imatinib/ABT-737 combinations
in GIST-T1, GIST882, and GIST48IM cells, performed for growth inhibition and
apoptosis. The combinations are numbered sequentially (# 1-12 for growth inhibition; #
1-6 for apoptosis) and these correspond to the numbers in the normalized isobolograms
and Fa-CI plots (Figures 25, 27 and 32). Abbreviations: (CI), combination index; (Fa),
fraction affected (%growth inhibition or % TUNEL-positive); Legend: #, combination
identifier; CI<0.5, strong synergy; CI<l synergy; CI=1 additive (italics); and CI>1,
antagonism (underlined). Reprinted from Molecular Oncology, Vol 5:1(93-104).

Copyright (2010), with permission from Elsevier.
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Discussion

In spite of its unquestionable superiority in comparison with cytotoxic
chemotherapies, current clinical evidence suggests that imatinib is unable to eradicate all
viable GIST cells in tumors and produce cures. As discussed, acquired imatinib-
resistance, coupled with adaptive cellular responses, enable GIST subclones to survive
monotherapy with imatinib.

The therapeutic options are limited for patients with imatinib-resistant GIST.
Sunitinib, and other second- and third-generation TKIs are transiently-effective treatment
options for imatinib-resistance. Moreover, it is well-known that individual lesions in
patients harbor diverse TKI-resistant mutations, whose capacity for adaptive selection far
outpaces our pharmacologic repertoire. Thus, combining proven targeted therapies in a
rational way might be a more successful therapeutic strategy to overcome imatinib-
resistance or realize durable clinical remissions.

These studies evaluated whether therapeutic Bcl-2 inhibition was cytotoxic in
GIST cells, and, particularly, whether it enhanced the efficacy of imatinib. Direct
activation of the mitochondrial pathway of apoptosis via Bcl-2 inhibition is known to
overcome resistance to TKIs in other solid and liquid tumor models, but this strategy has
not been examined in the setting of GIST. One additional benefit of targeted inhibition of
pro-survival Bcl-2 proteins is that normal tissues are generally not susceptible to this
mode of cell death. That is, healthy tissues, by definition, do not depend on deregulated
pro-survival Bel-2 expression or function for survival and are exempt from the cytotoxic

actions of Bcl-2 inhibitors.
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I hypothesized that ABT-737, a BH3-mimetic inhibitor of the pro-survival Bcl-2
proteins, would complement or enhance the cytotoxicity induced by KIT inhibition in
GIST cells, by specifically activating the intrinsic pathway of apoptosis downstream, and
independently, of imatinib. The primary goals of this preclinical study were to examine
whether ABT-737 augmented apoptosis in imatinib-sensitive GIST cell lines, and to
determine whether it could overcome established imatinib-resistance in GIST cells
refractory to imatinib monotherapy. Additionally, these studies sought to determine
whether the effective concentrations of ABT-737 in vitro might be attained in GIST
patients.

These studies found evidence that ABT-737 and imatinib combine synergistically
to inhibit the proliferation of, and induce apoptosis in, GIST cells. The synergistic
interaction between imatinib and ABT-737 in GIST cells occurs without regard to their
sensitivity or resistance to imatinib. This effect may be explained by the complementary
nature of the mechanisms by which these targeted therapies engage the intrinsic pathway
of apoptosis. Presumably, the effect of imatinib-induced BIM upregulation combined
with Bcl-2 inhibition mediated by ABT-737 achieves greater antagonism of the pro-
survival Bcl-2 proteins than either agent alone.

While this study did not evaluate the degree of inhibition of Bcl-2 proteins in
GIST cell lines, published reports have demonstrated that the pro-apoptotic effects of
ABT-737 are the result of specific inhibition of Bcl-2, Bcl-xL, and Bel-w [150]. Further,
compound A793844, an inactive sterecoisomer of ABT-737 that exhibits decreased

affinity for Bcl-2 and Bcl-xL, does not exhibit cytotoxicity in GIST cells, suggesting that
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GIST cell death was directly related to inhibition of pro-survival Bcl-2 proteins Bcel-2 and
Bel-xL.

The recently-published results of three phase I studies of an orally-bioavailable
ABT-737 analog, ABT-263 (Navitoclax) [154], confirm the safety and biologic activity
of Bcl-2 inhibition in patients with hematologic and solid tumors, including refractory
chronic lymphocytic leukemia (CLL) [155], small-cell lung cancer (SCLC)/pulmonary
carcinoid [156], and multidrug-resistant lymphoid tumors [157]. Wilson and colleagues
found that 10 of 46 patients (22%) with relapsed or refractory lymphoid malignancies
achieved partial responses with ABT-263, and the median progression-free survival
(PES) of responders was 15 months [157]. In this study, the greatest sensitivity to ABT-
263 was demonstrated by patients with CLL and small lymphocytic lymphoma, two
diseases characterized by increased Bcl-2 expression. Importantly, durable responses
were observed with ABT-263 monotherapy in heavily pretreated patients, with a median
of four previous drug regimens (range 1-12). Similarly, Roberts and colleagues observed
partial responses in nine of 26 patients (35%) with relapsed or refractory CLL treated
with Navitoclax >110 mg/d, with median PFS of 25 months [155]. Notably, single-agent
activity was observed in patients with bulky, fludarabine-resistant del(17p) CLL.
Moreover, the antitumor efficacy of ABT-263 extends to solid tumors, as Ghandi and
colleagues found that 10 of 38 patients (26%) with SCLC or pulmonary carcinoid tumors
achieved stable disease or partial responses [156]. In this study, however, median
duration of disease control was only 5 months (range 2-35).

A corollary aim of this study was to determine whether cytotoxic concentrations

of ABT-737 in vitro were feasible in clinical trials. Although pharmacologic data for
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ABT-737 in humans is limited, Cynx ranging from 3 to 14 uM were observed in mice and
dogs gavaged with 10 to 100 mg/kg/day, in the absence of toxicity, and these
concentrations constitute effective exposure in preclinical models [150]. With regards to
pharmacokinetics of the orally bioavailable ABT-263 in human beings, the
concentrations projected to be effective in preclinical models were achieved in humans at
doses between 250 and 325 mg/day on a continuous daily dosing schedule, and these
have been selected for phase II studies [155-157].

Importantly, the synergistic interaction of ABT-737 and imatinib in GIST cells
was apparent with low-concentrations of either drug (0.1 and 1 pM ABT-737 and 0.1 uM
and 1 puM imatinib), suggesting that a safe therapeutic index is achievable for
combinations of ABT-737 and imatinib. Furthermore, whereas most cytotoxic
chemotherapy regimens employed for the treatment of sarcomas and other solid tumors
were developed empirically, I employed a rational approach to combine ABT-737 and
imatinib. Specifically, I considered complementary mechanisms of action as the goal of
therapy, so as to maximize the apoptotic effects while minimizing cross-resistance.

In sum, parallel inhibition of KIT signaling and direct engagement of the intrinsic
pathway of apoptosis is an effective therapeutic strategy in GIST cells. ABT-737
synergistically augments the cytotoxicity of imatinib via apoptosis, in imatinib-sensitive
GIST cells, suggesting that resistance may be preempted. Further, ABT-737 was equally
efficacious against imatinib-resistant GIST cells, implying that addition of a pro-
apoptotic agent may be a suitable approach to overcome established resistance. Most
importantly, synergy between ABT-737 and imatinib provide rationale for clinical

investigation of therapeutic combinations with independent, but complementary,
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mechanisms in GIST. Multi-target studies of rational design are necessary to develop

curative therapies for patients with imatinib-resistant GIST.
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Chapter 4: Conclusion and Future Directions
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Introduction

Most gastrointestinal soft-tissue sarcomas are GISTs. As with all cancers, GIST
cells multiply uncontrollably due to mutations in genes that regulate survival, growth, and
proliferation. KIT and PDGFRA mutations are required for initiation and maintenance of
the malignant phenotype in GIST. Thus, they belong to a group of oncogene-addicted
cancers that are absolutely dependent on specific oncogenes for survival. Until recently,
most patients with advanced GIST died within two years of diagnosis due to the
unrelenting growth and spread of their disease. Survival was extended by 6-9 months if
reduction of tumor burden was surgically feasible, but chemo- and radiotherapy were
ineffective. Over the last decade, targeted therapy with imatinib, through inhibition of
KIT/ PDGFR-a, has more than doubled the life expectancy of patients.

Unlike conventional cytotoxic chemotherapies, which kill cancerous and normal
cells alike, imatinib specifically inhibits the viability of GIST cells while sparing most
normal cells. This is an example of the selectivity that makes targeted therapies attractive,
and has contributed to their establishment as first-line treatments for oncogene-addicted
cancers, including GIST and CML, as well as some lung, breast, and colon cancers.
However, while imatinib in particular, and targeted therapies in general, achieve
substantial disease-control by halting or reversing tumor growth, their efficacy is
transient and rarely translates to cure. In GIST and CML, imatinib-resistance and disease
progression afflict most patients eventually, and our pharmacologic repertoire is outpaced
by the diversity of resistance mechanisms in progressing tumors. At the cellular and

molecular level, evidence abounds that targeted therapies do not induce tumor cell death
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exclusively, but cause a mixture of cytostatic and cytotoxic effects, which beget
resistance in conjunction with secondary mutations.

Although apoptosis is an important cytotoxic effect of imatinib, the specific
molecular effectors that bring about GIST cell death were only recently characterized,
when the pro-apoptotic Bcl-2 protein BIM was identified as a mediator of apoptosis.
However, this evidence was derived from a single study of cultured GIST cells with a
genotype rarely seen in patients (KIT exon 13 mutant GIST882 cells), requiring
confirmation. These studies examined the role of BIM, and its anti-apoptotic Bcl-2
counterparts, in the mechanism of apoptosis in GIST cells with clinically-relevant
genotypes and tumors from patients, and evaluated their potential as biomarkers and/or

therapeutic targets.

Summary of findings

The first set of studies (Chapter 2) examined the expression, regulation, and
function of BIM in GIST cells with clinically-relevant genotypes. This is not trivial,
given that genotype-specific distinctions are common among GIST [70], and effects in
KIT exon 13 mutant GIST do not always extend to tumors harboring exon 11 mutations.
These studies demonstrate that BIM-mediated, imatinib-induced apoptosis is common to
GIST cells harboring KIT exon 11 mutations. In imatinib-sensitive GIST-T1 and
imatinib-resistant GIST48IM cells, inhibition of KIT and PI3K signaling upregulates
three functional isoforms of BIM at the mRNA and protein levels, in parallel with
activation of apoptosis. In contrast to GIST882 cells, inhibition of MEK1/2 failed to

upregulate BIM in GIST-T1 or GIST48IM, suggesting that this pathway does not
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universally mediate BIM suppression in GIST. Importantly, high levels of basal BIM
expression in GIST48IM cells were observed, consistent with the finding that these cells
fail undergo apoptosis to the same extent as GIST-T1 cells when transfected with BIM.
This suggests that, in addition to secondary KIT mutations, imatinib-resistant GIST may
avert apoptosis by neutralizing BIM, or possibly possess additional mechanisms that
inhibit caspases after BIM-mediated activation of BAX/BAK. This is consistent with the
findings of Hoang and colleagues, who reported that the caspase inhibitor survivin, a
member of the inhibitor of apoptosis (IAP) family, is overexpressed in GIST and
correlates with potential for invasion and metastasis [158].

The patient-based studies (Chapter 2) examined whether the function of BIM
extended to patients with GIST. I assessed pre- and post-treatment specimens from 28
patients treated for 3-7 days, based on the expectation that mRNA alterations induced by
imatinib, if any, would be evident at early timepoints. These studies revealed that in
patient tumors imatinib causes time-dependent BIM and Mcl-1 upregulation, and
downregulation of Bcl-2, in parallel with activation of apoptosis. Among gene expression
alterations, only upregulation of BIM correlated significantly with tumor apoptosis,
although basal (pre-treatment) expression of Bcl-xL was significantly associated with
post-treatment apoptosis. Given the role of BIM at the cellular level, I examined its
relation with response at the whole-tumor level, and found greater upregulation of BIM in
PET responders than in non-responders. Moreover, Bel-xL upregulation was significantly
associated with imatinib-resistance by PET, a finding which may explain early resistance
(and immediate-progression) in some patients. Further, BIM upregulation is associated

with prolonged disease-free survival in patients treated with adjuvant imatinib,
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suggesting that BIM expression may have a role in suppressing GIST cells
(micrometastases) lingering after surgery. In other words, the longer time to recurrence
observed in patients with high post-imatinib BIM may translate to inhibition of residual
GIST through activation of apoptosis.

Taken together, these studies demonstrate that the cytotoxic intracellular stresses
initiated by imatinib converge upon the BIM/Bcl-2 axis, and suggested that inhibition of
Bcl-2 proteins directly may be a rational approach to overcome imatinib-resistance. In the
studies described in Chapter 3, the novel BH3-mimetic, ABT-737, causes significant
growth-inhibition in patient-derived GIST cells, regardless of imatinib-
sensitivity/resistance, and combines synergistically with imatinib to induce apoptosis.
Importantly, its stereoisomer A793844, which exhibits lower affinity for Bcl-2 proteins,
has no anti-tumor effects on GIST cells, suggesting that the effects of ABT-737 are
target-specific. These pre-clinical studies demonstrate that combined treatment with
ABT-737 and imatinib may overcome established imatinib resistance in GIST by
synergistic activation of apoptotic cell death.

The guiding principle of these investigations was to acquire knowledge that
contributes in a practical way to the management of patients with GIST. In the following
sections, I consider the translational relevance of these findings, and discuss ways in
which BIM and the Bcl-2 family may be exploited for predictive, prognostic, and
therapeutic purposes. In particular, I focus the discussion on two current clinical hurdles.
First, an important challenge is the inability to predict whether, or how long, individual

patients will respond to imatinib. Second, patients with GIST are generally not cured with
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imatinib, but rational combinations of targeted therapies have the potential for complete

eradication of GIST.

Can we predict who will respond to therapy and act accordingly?

As BIM and the Bcl-2 family of proteins appear to be regulators of imatinib-
induced apoptosis in GIST, one may speculate that profiling their expression in patient
tumors may enable oncologists to forecast important clinical outcomes, including
response or resistance to imatinib, or the extent of benefit (cure versus transient
response). That is, I theorize that BIM and the Bcl-2 family may have predictive or
prognostic value.

The terms ‘predictive’ and ‘prognostic’ have different meanings, but are often
used interchangeably to refer to molecular biomarkers with clinical associations. A
predictive biomarker offers information about response to a therapy, whereas a
prognostic biomarker offers information about the natural history of a disease irrespective
of treatment. To illustrate, KIT expression was the first true biomarker with diagnostic
and prognostic relevance in GIST, enabling accurate diagnosis and characterization of the
clinical behavior of these sarcomas, and later facilitating imatinib therapy. KIT/PDGFRA
genotype, on the other hand, is a predictive biomarker, as patients with GIST harboring
KIT exon 11 mutations exhibit higher imatinib-response rates and longer time to
progression than wild-type tumors, or tumors harboring KIT exon 9 or PDGFRA
mutations [11]. Moreover, patients with KIT exon 9 mutations benefit from dose-
escalation to imatinib 800 mg daily, whereas patients with other genotypes do not [159].

Other than KIT expression or KIT/PDGFRA genotype, few biomarkers have been
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characterized in the imatinib-era, and none affect clinical decision-making to the same
extent. In this context, evidence that BIM is upregulated by imatinib (and correlates with
tumor apoptosis, PET response, and time to progression) evokes intriguing possibilities.
As patients with metastatic GIST are routinely treated with imatinib until progression
ensues, and resection of metastases is increasingly used to decrease tumor burden, a
wealth of clinically-informative data could be obtained from metastases profiled after
resection. Knowledge of a patient’s BIM/Bcl-2 expression profile might then be used to
guide patients toward alternative targeted therapies or enrollment in clinical trials. For
example, a patient whose GIST does not upregulate BIM may expect minimal benefit
from further imatinib, warranting consideration of alternative therapy prior to overt
progression. This would not only enable treatment of viable residual GIST cells earlier,
but would spare the patient the adverse effects of an ineffective drug. On the other hand,
a patient whose tumor responds by upregulation of BIM may be continued on imatinib
after resection of metastases, with the expectation that residual disease will respond
similarly to their resected lesions.

It is important to note one important limitation to molecular profiling in GIST. In
particular, unlike patients with liquid tumors such as CML, tissue required for profiling
solid tumors is often inaccessible to the oncologist. Requiring patients to undergo biopsy
or surgical resection in order to obtain information about current or future response to
therapy seems unethical and inappropriate, as the risks associated with invasive
procedures may not be outweighed by the benefit of having predictive information.
Nevertheless, advances in imaging technology may one day make it possible to label

specific tumor biomarkers, and visualize their expression non-invasively. For instance,
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Kumar and colleagues used a (64)Cu-radiolabeled peptide specific for Thomsen-
Friedenreich (TF) antigen, a disaccharide expressed by human breast cancer cells, for
PET imaging of breast cancer xenografts in mice. Biodistribution studies found that the
radiolabeled peptide accumulated in breast cancer xenografts, but not in other organs,
while in vivo imaging studies demonstrated tumor uptake of the antigen-specific peptide,
but not of a scrambled radiolabeled peptide [160]. These findings suggest that
noninvasive in vivo tumor imaging may be possible if specific antigens are developed. By
extension, a future application of this technology may involve labeling of BIM to assess
response to targeted therapies in GIST or other oncogene-addicted cancers.

In the setting of primary localized GIST, the translational implications are closer
to reality, given that the standard of care for these patients already involves complete
surgery, with or without adjuvant/neoadjuvant imatinib [161]. Most specialized sarcoma
centers currently employ a multidisciplinary approach to manage patients with GIST, and
as part of this approach many patients are treated with imatinib pre-operatively to reduce
the size of their tumors or facilitate surgery [40, 162]. During this pre-operative therapy,
patients are monitored via imaging (CT or MRI), and treated until ‘maximal tumor
response’ is reached (or progression occurs), at which time the tumor is resected. The
exact duration of therapy is not known ahead of time, but generally requires 3-12 months.
Profiling tumors for imatinib-induced changes to assess response early in therapy may
determine whether surgery needs to be expedited or delayed, and may help to decrease
the uncertainty in management of these patients. Moreover, as responses at the time of
recurrence are variable and unpredictable, a trial of neoadjuvant imatinib implemented to

facilitate surgery might also yield information about subsequent response to imatinib.
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Knowledge of individual tumor’s BIM/Bcl-2 profiles would permit early allocation to
effective therapies if, or when, recurrence occurs. For instance, tumors which fail to
upregulate BIM in response to imatinib during the neoadjuvant trial may be expected to
progress on imatinib upon recurrence, allowing these patients to be guided toward

alternative therapies at the time of recurrence.

Can rational combinations of targeted agents cure advanced GIST?

A better understanding of the mechanism by which imatinib kills GIST cells has
the potential to enable the development of more effective therapies. Many oncologists
believe that the efficacy of imatinib monotherapy has already peaked (is “maxed out”),
while others believe that there is room for significant improvement by optimizing dosage
according to patient and tumor variables, including imatinib plasma levels [163-165],
KIT/PDGFRA genotype [166], or presence of CYP450 liver enzymes involved in
imatinib metabolism [167].

Regardless of whether the efficacy of imatinib can be extended to previously-
unresponsive GIST, the likelihood of cure with monotherapy is extremely low, whereas
the odds of disease progression are high, a fact that motivated the study of combined KIT
and Bcl-2 inhibition in GIST cells. Importantly, the high degree of synergy observed
between imatinib and ABT-737 suggests that combining agents with complementary, but
independent, mechanisms of action may enable permanent cures in GIST. Furthermore,
in a collaborative publication, we have found that imatinib synergizes with drugs that

inhibit autophagy, chloroquine and quinacrine, to effect apoptosis in GIST. These studies
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provide rationale for studying the safety and efficacy of multi-target combinations in
patients.

In spite of this evidence, single-agent studies of TKIs continue to predominate
among clinical trials, and no trial has yet compared single-agent imatinib against a
rational combination of targeted agents. Some of this may be due to pharmaceutical
companies’ unwillingness to compare their proprietary product(s) with others, but there is
also the concern for unforeseen drug interactions and extreme adverse events. In this
regard, one can look outside of cancer research to find many safe and effective
combination regimens and learn from their development. For instance, current guidelines
for antibiotic treatment of serious infectious conditions, including sepsis, pneumonia,
meningitis, and pyelonephritis, invariably call for empiric combinations of agents in
consideration of potential antimicrobial resistance [168]. Subsequently, antimicrobial
susceptibility tests are routinely implemented to tailor antibiotic regimens to specific
microbes. While cancer and infectious diseases are not exactly analogous, one can argue
that equipoise exists to test rational combinations of targeted agents in cancer. In other
words, the potential benefit of curing cancer with personalized combinations outweighs
the risk of unforeseen drug interactions.

Outside of science, the challenge will be to sort and enroll patients in appropriate
studies, to find the right drug for the right patient. Moreover, it will be necessary to
modify or overcome the regulatory hurdles in the current drug-development process. In
spite of these real obstacles, we currently stand at a turning point in cancer research,
where advances in synthetic chemistry are intersecting advances in molecular biology,

and the potential for cures seems possible. In this regard, clinical research in GIST has
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the potential to break new ground for other cancers, by providing proof of principle for
the efficacy and safety of multi-target combinations. In conclusion, over the last decade,
GIST has been the subject of intense investigation out of proportion to its incidence. In
spite of its rarity, however, the discoveries derived from GIST have contributed to many
aspects of oncology, and their importance will continue to extend beyond the

management GIST, to other soft-tissue sarcomas and cancer in general.
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