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Abstract
Purpose—Pre-clinical data suggest that combining imatinib with traditional cytotoxic
chemotherapy may improve imatinib efficacy. We conducted a Phase I study of imatinib in
combination with paclitaxel in patients with advanced or metastatic solid tumors.

Methods—Patients were accrued to the study in a standard 3 + 3 design. Patients were restaged
every two cycles, and those with stable disease (SD), or better, continued study treatment without
interruption. Maximally tolerated doses (MTDs) and pharmacokinetic profiles of combination
imatinib and paclitaxel were assessed.

Results—Fifty-eight patients were enrolled, including 40 in the Phase I dose escalation portion.
Alternating dose escalation of imatinib and paclitaxel on a 28-day cycle resulted in MTDs of 800
mg imatinib daily, on days 1–4, 8–11, 15–18, and 22–25, and 100 mg/m2 paclitaxel weekly, on
days 3, 10, and 17. Two expansion cohorts, comprising 10 breast cancer patients and 8 patients
with soft-tissue sarcomas, were enrolled at the MTDs. The most common adverse events were flu-
like symptoms (64 %) and nausea/vomiting (71 %). The most common Grade 3/4 toxicities were
neutropenia (26 %), flu-like symptoms (12 %), and pain (12 %). There were no relevant
differences in the pharmacokinetic profiles of either drug when given in combination compared
with alone. Thirty-eight subjects were evaluable for response, 18 (47.4 %) of whom experienced
clinical benefit. Five patients (13.2 %) had a partial response (PR) and 13 patients (34.2 %) had
SD; the average time to progression in those with clinical benefit was 17 weeks (range: 7–28
weeks).

Conclusions—This combination of imatinib and paclitaxel was reasonably safe and tolerable,
and demonstrated evidence of anti-tumor activity. Further exploration in disease-specific Phase II
trials is warranted.
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Introduction
Imatinib is a well-described protein tyrosine kinase inhibitor that has potent activity against
the oncogene fusion protein, BCR-ABL, the platelet-derived growth factor receptor
(PDGFR), and the growth factor receptor of the tyrosine kinase subclass III family, C-Kit
(or CD117) [1–4]. The clinical activity of imatinib was first established in the treatment of
chronic myelogenous leukemia (CML), a disease defined by the overexpression of BCR-
ABL [5]. When administered to patients with CML, the response rate (RR) to imatinib was
over 90 %, with most patients experiencing long-term disease control [6]. Imatinib is also
indicated for the treatment of gastrointestinal stromal tumor (GIST) in which C-Kit is
typically overexpressed, resulting in a disease control rate of over 80 % [7]. Finally, recent
data from a limited number of patients have suggested that imatinib can induce a positive
response in at least 90 % of patients with dermatofibrosarcoma protuberans (DFSP). Most of
these cases involved a t(17;22) chromosomal translocation that results in overexpression of
functional platelet-derived growth factor (PDGF)-β, a ligand for the PDGFR-β also
expressed by DFSP tumor cells [8]. However, imatinib has limited efficacy as a single agent
in conditions where overexpression of its tyrosine kinase target has not been well defined.
For example, imatinib has been ineffective as a single agent when used in unselected
patients with soft-tissue sarcomas [9, 10]. The emergence of imatinib resistance, as well as
the incomplete response seen in a number of patients receiving this therapy, has led to a
search for combination therapies that could potentially enhance the efficacy of imatinib [11].

Pre-clinical data suggest that combining imatinib with traditional cytotoxic or more
molecularly targeted chemotherapies may improve imatinib efficacy. Imatinib has
demonstrated additive or synergistic activity in pre-clinical models when combined with a
number of chemotherapeutic agents including carboplatin, paclitaxel, docetaxel,
estramustine, gemcitabine, cisplatin, doxorubicin, and rapamycin [12–24]. Furthermore,
several Phase I/II studies provide promising data supporting the benefits of combination
chemotherapy with imatinib. For example, a Phase II study of imatinib plus multi-agent
chemotherapy in patients with newly diagnosed BCR-ABL-positive acute lymphoblastic
leukemia (ALL) demonstrated a complete response (CR) rate of 96 % with an overall
survival that was superior to historical controls of chemotherapy alone [25]. A Phase I study
of imatinib and gemcitabine demonstrated that the addition of intermittently dosed imatinib,
to full or reduced doses of gemcitabine, was associated with greater than expected broad
anti-tumor activity [26]. In a separate study, 23 patients with advanced platinum resistant
ovarian cancer and primary peritoneal carcinomatosis, both of which expressed PDGFRα
and/or C-Kit, were treated with imatinib in combination with docetaxel, resulting in an RR
of 22 %, including 1 CR [27]. Mathew et al. [28] conducted a Phase I study using imatinib
and docetaxel in patients with prostate cancer and, of the 21 participants, 8 (38 %) had a
prostate specific antigen (PSA) level decline of greater than 50 % and 6 (29 %) had a PSA
decline of less than 50 %. In fact, one patient experienced an apparent reversal of docetaxel
resistance with imatinib after previous disease progression on docetaxel alone.

There have been several mechanisms proposed to explain the synergistic effects of imatinib
in combination with other chemotherapeutic agents. For example, the efficacy of
chemotherapy may be enhanced by an imatinib-mediated anti-angiogenic effect [29, 30].
Additionally, imatinib has been shown to enhance cytotoxicity through increased apoptosis
in cell lines [14]. Finally, imatinib may enhance drug delivery via modulation of adenosine
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triphosphate-dependent transporter proteins responsible for regulating uptake and efflux of
agents at the blood brain barrier and at tumor cell membranes [31]. However, the most
compelling explanation for the synergistic effects of imatinib in combination with cytotoxic
chemotherapy has been that imatinib enhances the efficacy of chemotherapy primarily by
reducing tumor interstitial fluid pressure (IFP), resulting in an increase in transcapillary
transport, and thus in an improved delivery of chemotherapeutic agent [32–34]. Pietras et al.
demonstrated that the interstitial pressure of a tumor cell microenvironment is elevated,
primarily due to the local overexpression of PDGF [32]. In another study by the same group,
imatinib was administered in combination with paclitaxel to immunodeficient (SCID) mice
with subcutaneous KAT-4 tumors; long-term (21-day) treatment with PDGFR inhibitors was
found to lower tumor IFP and subsequently enhance the effect of paclitaxel on apoptosis and
proliferation, in vivo [33].

Based on this scientific rationale, we conducted a Phase I study of imatinib in combination
with the broad acting taxane, paclitaxel, in patients with advanced or metastatic solid
tumors. Pharmacokinetic profiles were characterized, and the dose-limiting toxicities and
maximum tolerated doses of each agent in the combined regimen were determined.

Patients and methods
Patient eligibility

Patients who were 18 years or older with a histologically confirmed advanced or metastatic
solid tumor and no standard treatment options were eligible for enrollment. Inclusion criteria
included an Eastern Cooperative Oncology Group (ECOG) performance status of ≤2 and
adequate hematologic, hepatic, and renal function. Patients must have recovered from any
previous therapeutic side effects prior to initiating protocol treatment. Exclusion criteria
included significant baseline neuropathies from previous chemotherapy, poorly controlled
diabetes, a history of prior myocardial infarction within the previous 6 months, and poorly
controlled congestive heart failure. Additionally, patients with inadequate hematologic
function (WBC count <3,000/mm3, absolute neutrophil count ≤1,500/mm3, or platelet count
≤100,000/mm3); inadequate hepatic function (PT/PTT ≥ 1.5 × the upper limit of normal
[ULN], total bilirubin ≥1.5 × the ULN, or AST/ALT ≥ 2.5 × the ULN); or inadequate renal
function (creatinine ≥1.5 mg/dL or creatinine clearance ≤50 mL/min) were also excluded
from the study. Pregnant or lactating women were disallowed, as were patients with the
presence of symptomatic or unstable central nervous system metastases or carcinomatous
meningitis, or any other severe concurrent medical or psychiatric disease that could interfere
with informed consent and follow-up.

A breast-cancer extension cohort consisted of 10 breast cancer patients who, in addition to
fitting the criteria above, had measurable and progressive disease on prior taxane therapy.
Likewise, the sarcoma extension cohort consisted of eight patients with sarcomas (soft tissue
or bone), with measurable disease that was refractory to standard therapy.

Study design and treatment schedule
The primary endpoint of this Phase I study was to determine the MTDs of imatinib and
paclitaxel when given as combination therapy. The secondary endpoints were
pharmacokinetic analysis and RR. Patients were accrued in a standard 3 + 3 manner. The
original protocol involved the continuous daily oral administration of imatinib with weekly
paclitaxel infusions. However, this regimen resulted in several patients developing febrile
neutropenia, and the protocol was amended such that patients received only intermittent
dosing of imatinib (Fig. 1). Thus, an abbreviated schedule of imatinib therapy was used,
involving oral administration of the drug for four consecutive days (D1–4) every 7 days for
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four consecutive weeks. Paclitaxel was given IV on days 3, 10, and 17 of each 28-day cycle.
Patients were pre-treated with dexamethasone, diphenhydramine, and famotidine prior to
each paclitaxel infusion. Patients who underwent two treatment cycles were restaged by
radiographic imaging by CT scan unless additional scans, such as PET or MRI, were
indicated in order to evaluate for disease response.

Pharmacokinetic analysis
Peripheral blood samples were collected in heparinized tubes prior to and at 10 min, 1, 1.5,
3, 4, 7, and 24 h after imatinib administration/paclitaxel infusion initiation on Cycle 1, day 1
(imatinib alone), Cycle 1, day 3 (imatinib and paclitaxel), and Cycle 1, day 10 (imatinib and
paclitaxel). Each blood sample was centrifuged for 10 min at approximately 1,000×g, and
plasma was stored at −70 °C or colder until analysis. Plasma concentrations of paclitaxel,
imatinib, and the active imatinib metabolite, CGP74588, were determined using validated
LC–MS assays [35, 36].

Imatinib and paclitaxel pharmacokinetic analyses were carried out using drug plasma
concentration–time data and model-independent (non-compartmental) methodology,
employing PK Solutions 2.0™ (Summit Research Services, Montrose, CO, USA).

Because of imatinib’s long plasma half-life, this agent would not have reached steady-state
plasma concentrations prior to dosing of patients on day 3 or day 10. Thus, exposure
(AUC0-inf) to imatinib on those days was estimated using 0–24 h plasma concentration–time
data for all QD dose levels, and 0–7 h data for BID dose levels, universally corrected for
exposure to imatinib at 0 h by subtracting Cpre/kel (the pre-dose [0 h] plasma concentration
divided by the elimination rate constant) in each case.

To assess any delayed effect of imatinib on paclitaxel pharmacokinetics, we chose day 3 and
day 10 to study the effect of the full range of imatinib dosing on the maximum plasma
concentration (Cmax) and clearance (Cl) of paclitaxel, at each paclitaxel IV dose level (Table
3).

To assess any effect of paclitaxel on imatinib pharmacokinetics, we compared the maximum
imatinib plasma concentration (Cmax), time to Cmax (Tmax), apparent clearance (Cl/F), and
half-life (t½) on day 1 (imatinib alone) with Cmax, Tmax, Cl/F, and t½ on day 3 (the first day
of combination therapy).

Statistical methods
This Phase I trial was designed to enter enough patients to complete up to five dose cohorts
for escalation by threes to establish the maximum tolerated dose (MTD), with two additional
supplemental cohorts of 10 patients, each with breast cancer and sarcoma. Toxicities were
tabulated according to the total number of toxicities that occurred within each adverse event
category as well as by Grade 3 or higher. Only toxicities that were at least possibly related to
the study drug were included. The highest toxicity grade a subject experienced within a
category was used for the tabulation. Each subject was counted once within each adverse
event, regardless of the number of treatment cycles they received. Subjects were considered
for toxicity data as long as they had at least one study drug administered. Patients were
evaluable for dose-limiting toxicities (DLT) if they either experienced a DLT or completed a
full cycle of therapy without a DLT. Patients not evaluable for DLT were replaced. Best
response was tabulated using the RE-CIST best response criteria. Subjects were considered
evaluable for response if they had response data either through imaging or clinical
evaluation. For subjects who were evaluable for response, time on study was determined as
the number of weeks from study entry to the official date off study.
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Statistical analyses for pharmacokinetic parameters and concentration values were
performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL). Cmax, Cl, and t½ values
were compared using a two-tailed Mann–Whitney signed rank test. A P <0.05 was
considered significant.

Results
Patient characteristics

Between February 19, 2003 and December 8, 2008, 58 patients were enrolled, 40 in the
main Phase I portion, 10 in the breast-cancer extension cohort, and 8 in the sarcoma
extension cohort. Fifty-six patients received treatment (two patients were ineligible on day 1
prior to starting therapy). Patient characteristics are listed in Table 1. Prior therapies
included chemotherapy (n = 42), surgery (n = 44), hormonal therapy (n = 6), and radiation
therapy (n = 26). Patients who went off the study did so for a variety of reasons, the most
prevalent of which was disease progression (66 %). Eight patients, who were taken off the
study before the completion of Cycle 1 for reasons other than dose-limiting toxicities, were
replaced.

Figure 1 details the dose escalation plan; the trial was originally designed to use continuous
daily dosing of oral imatinib with weekly paclitaxel infusions (Cohort 1 = imatinib, 400 mg
daily (D1–28), plus paclitaxel, 60 mg/m2 on days 1, 8, and 15). However, four out of eight
patients enrolled in the first cohort developed Grade 3 neutropenia. Thus, the continuous
oral dose of imatinib was de-escalated to 300 mg daily on days 1–28 (Cohort-1). When yet
another patient in Cohort-1, developed febrile neutropenia, the treatment regimen was
amended such that patients received only intermittent dosing of imatinib, initially concurrent
with the paclitaxel (Cohort−1A), but, due to neutropenia, ultimately offset from the
paclitaxel dosing (Cohorts +1A to +5A and the extension cohorts). Thus, the majority of
patients were treated using the intermittent abbreviated dosing schedule of imatinib on days
1–4, 8–11, 15–18, and 22–25, together with IV paclitaxel on days 3, 10, and 17. Alternating
dose escalation of imatinib and paclitaxel proceeded until the MTDs of imatinib and
paclitaxel were reached: 800 mg of imatinib, orally administered daily on days 1–4, 8–11,
15–18, and 22–25, combined with 100 mg/m2 paclitaxel, administered IV on days 3, 10, and
17, of each 28-day cycle.

Upon nearing completion of the Phase I study, a potential benefit was seen in patients with
breast cancer and patients with sarcomas. Thus, two extension cohorts were added at the
MTD level (+5A, final cohort, Phase I dose). One extension cohort was for breast cancer
patients, in which 10 patients were enrolled, and the other was for patients with sarcomas, in
which eight patients were enrolled.

Suspected drug-related adverse events
All 58 subjects were evaluable for adverse events. Table 2 provides the number of adverse
events by category and cohort for those categories that had ≥10 % of evaluable subjects
experiencing the adverse event. Both the total number of adverse events and those with a
Grade 3 or higher are provided. There were a number of common toxicities typically seen
with imatinib and/or paclitaxel as single agents, such as nausea/vomiting, diarrhea, anemia,
neutropenia, peripheral edema, and sensory neuropathy. The most common adverse events
experienced in the current study were flu-like symptoms and nausea/vomiting (seen in 64
and 71 % of subjects, respectively). The most commonly reported Grade 3 or 4 toxicities
related to therapy were neutropenia (26 %), flu-like symptoms (12 %), and pain (12 %).
Even at the MTDs, treatment with paclitaxel had to be held periodically due to neutropenia,
most often on day 17 of a cycle.
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Pharmacokinetics
Of the 58 patients enrolled, 37 had paclitaxel pharmacokinetic data. Of these 37 patients, 31
had sufficient data to estimate AUC values on both day 3 and day 10. None of the tested
pharmacokinetic parameters differed between day 3 and 10 (Table 3). Although data is
limited, paclitaxel Cmax appeared to display a greater than proportional increase at higher
paclitaxel doses, as expected, which correlated with a greater than proportional decrease in
clearance [37, 38]. Thus, when the dose of paclitaxel was increased to 100 mg/m2, paclitaxel
pharmacokinetics appeared to display non-linearity. Imatinib did not appear to have a
delayed effect on paclitaxel pharmacokinetics (day 10 vs. day 3) (Table 3).

Thirty-nine of the patients enrolled in this study had sufficient imatinib plasma
concentration–time data to obtain pharmacokinetic parameter estimates. Of these 39
patients, 30 had sufficient data to estimate AUC values on both day 1 and day 3, while only
21 patients had sufficient data to estimate pharmacokinetic parameters on all 3 days (Cycle
1: day 1, day 3, and day 10). There was no apparent difference in Cmax, Tmax, Cl/F, and t½
between day 3 and day 10, but no formal statistical tests were performed for day 10
parameters so these data were excluded. No significant difference was observed between
day 1 (imatinib alone) and day 3 (imatinib + paclitaxel) for Cmax or Cl/F. However, we did
observe a significant difference between day 1 and day 3 with respect to Tmax and t½ (Table
4).

Clinical responses
Of the 58 patients enrolled in the study, 38 were evaluable for response. Twenty patients
were taken off the study prior to first restaging analysis. The reasons for withdrawal were
rapid clinical deterioration due to intercurrent illness (12 patients), unexpected and
unacceptable abnormalities in liver function tests on day 1 (two patients), and withdrawal of
consent prior to first restaging analysis (six patients). Among the remaining 38 patients,
there were five partial responses (PRs) with two RECIST confirmed PRs. Of the five
patients, there was one patient each with esophageal cancer, soft-tissue sarcoma, carcinoma
of unknown primary, ovarian cancer, and colon cancer. The overall RR was 13.2 % (Table
5). Additionally, 13 patients (34.2 %) had stable disease (SD), 10 of whom had SD for >12
weeks (range 14–32 weeks). Four of the 10 patients had SD >24 weeks (Fig. 2). The median
time on study for all patients with PR or SD was 13.8 weeks. The overall clinical benefit rate
(PR + SD) was 47.4 %. Interestingly, examination of best response and time on study as a
function of dose level revealed no significant differences, and certainly no incremental
increase with increasing doses of imatinib and paclitaxel (Table 5; Fig. 2).

Discussion
The combination of intermittently dosed imatinib and paclitaxel is reasonably well tolerated
at the MTDs and schedules of 800 mg imatinib, orally administered daily on days 1–4, 8–11,
15–18, and 22–25, combined with 100 mg/m2 paclitaxel, administered IV on days 3, 10, and
17, of a 28-day cycle. In this heavily pre-treated population, the combination of paclitaxel
and imatinib resulted in a clinically meaningful RR of 13.2 %, with an additional 34.2 %
experiencing stable disease (the majority of whom had clinically meaningful stable disease
of at least ≥12 weeks). Continuous daily dosing of imatinib resulted in unacceptable toxicity,
primarily severe neutropenia.

The increased dosing of, and thus the increased exposure to, imatinib explains (in part) the
observed efficacy and toxicity of the drug regimen, as opposed to the combined
pharmacodynamic effect of imatinib and paclitaxel. In the current study, paclitaxel
pharmacokinetic parameter values, estimated following administration of 60 and 80 mg/m2
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paclitaxel to patients, were in agreement with parameter values reported in the literature,
following paclitaxel administration as a 1-h infusion at doses of 80 and 100 mg/m2 [39].
However, in the current study, following administration of 100 mg/m2 of paclitaxel, Cmax
values were higher than expected and the apparent clearance decreased dramatically. The
pharmacokinetic profile of paclitaxel is known to have a non-linear component, even at 3-h
and 24-h infusion durations. A mechanistic explanation for this non-linear behavior has been
under debate for some time, and proposed mechanisms include one or more of the
following: saturable tissue transport; saturable tissue binding; non-linear elimination; non-
linear binding to plasma proteins and blood cells; and binding influenced by Cremophor EL,
part of the vehicle for paclitaxel [37, 38]. It could be expected that if paclitaxel were infused
over a shorter duration, as was the case for our current study, the higher paclitaxel input rate
would result in higher initial concentrations of both paclitaxel and its vehicle, thus
augmenting the non-linearity of the pharmacokinetic profile. In addition, both imatinib and
paclitaxel are predominantly metabolized by cytochrome P450 3A4 (CYP3A4) liver
enzymes, and could potentially interfere with one another’s clearance [40, 41]. However,
any effect of imatinib on the dose-dependent clearance of paclitaxel is likely to be
overshadowed by: (1) the intrinsic variability of paclitaxel pharmacokinetics observed
within patient cohorts and (2) the increase in non-linearity of paclitaxel pharmacokinetics
with increasing paclitaxel dose.

Imatinib apparent clearance values observed were in the range of 5.1–25.7 L/h, which agrees
with apparent clearance values of 12.5 ± 7.2 L/h reported in the literature [40]. Imatinib
pharmacokinetics did not change in the presence of paclitaxel. Cmax values on day 3
(following both imatinib and paclitaxel administration) were not statistically different from
those on day 1 (following imatinib treatment alone). This could be due to the short interval
between the two sampling times (the second sample was taken only 48 h after the first and
this may not be enough time for any induction or inhibition effects on drug metabolism to
take effect). The long half-life of imatinib could not be accurately estimated using plasma
concentration–time data taken over 24 h only; hence, the observed statistically significant
difference in t½ between day 1 and day 3 is likely due to imatinib being closer to steady-
state levels on day 3. The difference in Tmax in some cohorts is more difficult to explain, but
at a constant clearance rate, neither Tmax nor t½ differences between day 1 and day 3 are
likely to be clinically relevant.

At the time of conception of our currently reported trial, it was anticipated that
chemotherapy would enhance the anti-tumor efficacy of imatinib. However, since that time,
imatinib has been shown to be ineffective as a single agent against solid tumors; particularly
where there is no evidence of overexpression of its tyrosine kinase target(s) [9, 10].
Nevertheless, the combination of imatinib and cytotoxic chemotherapy clearly results in
additive, if not synergistic anti-tumor activity [12–28]. In fact, the prevailing hypothesis is
that imatinib enhances the anti-tumor efficacy of chemotherapy by decreasing tumor IFP
and enhancing cytotoxic drug delivery to cancer cells.

Tumor stromal cells and local blood vessels typically exhibit high PDGFR expression, and
signaling through these receptors seems to enhance tumor IFP [32]. Inhibition of PDGFR
signaling decreases tumor IFP and enhances drug delivery to tumors [32–34]. This finding
may explain the clinical benefit seen in our very heavily pre-treated patient population, in
which an overall disease control rate of 42 % following treatment with the imatinib plus
paclitaxel combination does suggest enhanced anti-tumor activity of this drug combination.
Furthermore, our dosing schedule is consistent with pre-clinical evidence that enhanced
delivery of cytotoxic chemotherapy by imatinib is seen when imatinib is given before and
after chemotherapy, on a “bracketed” schedule [34]. Finally, because the enhanced efficacy
of the imatinib plus paclitaxel combination is probably a result of the effects of imatinib on
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tumor IFP, there is likely no dependence on tumor BCR-ABL, or C-kit, making this a drug
combination with potentially broad applicability.

There is a clear evidence (particularly in the dermis) that PDGFR signaling also regulates
IFP in the non-tumor microenvironment, which likely accounts for the increased toxicity
observed with the imatinib plus paclitaxel combination [32, 42]. Thus, it is possible that
imatinib decreases IFP in normal tissues. If this decrease was to occur in the bone marrow
microenvironment, the delivery of paclitaxel would be enhanced and this would result in
increased paclitaxel-related toxicities. The degree of neutropenia, anemia, nausea, vomiting,
diarrhea, sensory neuropathy, and peripheral edema observed in this study was consistent
with the side effects typically seen upon patient treatment with single agent paclitaxel.
However, the rate and the severity of side effects were much greater than expected,
particularly given that nearly half of the patients received a lower than usual weekly dose of
paclitaxel. Clearly, imatinib enhanced paclitaxel activity, despite the fact that there was no
evidence of any pharmacokinetic interaction between imatinib and paclitaxel.

These results are consistent with the outcome of similar Phase I trials where imatinib is
combined with cytotoxic chemotherapy. We compared results from two clinical trials
carried out in prostate cancer patients: one pivotal trial involved treatment of patients with
docetaxel alone, with the aim of establishing the efficacy of the drug in this group of patients
[43] and the other trial involved treatment of patients with a combination of docetaxel plus
imatinib [28]. The combination of docetaxel and imatinib resulted in significantly greater
rates of Grade 3 toxicities than docetaxel alone, including fatigue (35 vs. 5 %), nausea/
vomiting (20 vs. 0 %), and diarrhea (10 vs. 0 %). Interestingly, the rates of Grade 3
neutropenia were identical (2 %) [28, 43]. Similarly, increased toxicities were seen when
imatinib was combined with 5-fluorouracil [44], cisplatin + irinotecan [19], and carboplatin
+ irinotecan [45]. Ali et al. [26] combined imatinib with gemcitabine and found
unexpectedly high rates of nausea and vomiting, neutropenia, elevated liver transaminases,
and neuropathy, particularly given the relatively low doses of gemcitabine administered to
patients. Surprisingly, only our study and the study by Ali et al. demonstrated a greater than
expected clinical response benefit upon the combination of imatinib with chemotherapy,
although Al-Batran et al. did comment on a possible increase in clinical activity on
combination of imatinib with 5-fluorouracil (in all cases, compared with historical data). It is
noteworthy that only clinical trials following a treatment schedule in which imatinib
“bracketed” chemotherapy (our current study, [26, 44]), rather than being administered
every day [19, 28, 45], suggested enhanced anti-tumor activity. These findings suggest that
the combination of imatinib and cytotoxic chemotherapy, using a bracketed imatinib
schedule, warrants further exploration in disease-specific Phase II trials.
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Fig. 1.
Patient entry and evaluability
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Fig. 2.
Study duration by progression status

Pishvaian et al. Page 14

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2013 July 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pishvaian et al. Page 15

Table 1

Patient demographics and disease characteristics

Characteristic N (%)

All patients 58 (100)

Age, years

Median (range) 53.2 (21–80)

Sex

Male 23 (40)

Female 35 (60)

Race

White 40 (69)

Black 10 (17)

Asian 5 (9)

Hispanic 3 (5)

Performance status

Missing 10 (17)

 0 14 (24)

 1 31 (53)

 2 3 (5)

Tumor type

Breast-female 12 (21)

Colorectal 10 (17)

Soft-tissue sarcoma 8 (14)

Osteo- or chondrosarcoma 5 (9)

Lung 4 (7)

Pancreas 4 (7)

Esophagus 4 (7)

Cervix 2 (3)

Ovary 2 (3)

Thyroid 1 (2)

Lip, oral cavity, and pharynx 1 (2)

Kidney 1 (2)

Small intestine 1 (2)

Other 3 (5)

Prior therapy

Chemotherapy 42 (72)

Surgery 44 (76)

Hormonal therapy 6 (10)

Radiation 26 (45)
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