2688

A Phase | Study of Bortezomib Plus Irinotecan in
Patients With Advanced Solid Tumors

David P. Ryan, mp'

Bert H. 0’Neil, mp?
Jeffrey G. Supko, mp'
Carlo M. Rocha Lima, mp®
E. Claire Dees, mp?
Leonard J. Appleman, mp
Jeffrey Clark, mp'

Phinos Fidias, mp'
Robert Z. Orlowski, mp?
Oscar Kashala, mo®
Joseph P. Eder, wp®
James C. Cusack, Jr., mp'

5

' Massachusetts General Hospital Cancer Center,
Boston, Massachusetts.

2 University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina.

3 University of Miami and Sylvester Cancer Cen-
ter, Miami, Florida.

5 Dana-Farber Cancer Institute, Boston, Massa-
chusetts.

5 Millennium Pharmaceuticals, Inc., Cambridge,
Massachusetts.

Presented in part at the 38th Annual Meeting of
the American Society of Clinical Oncology, May
18—21, 2002, Orlando, Florida, and the
39th Annual Meeting of the American Society
of Clinical Oncology, May 31 to June 3, 2003,
Chicago, lllinois.

Supported in part by Millennium Pharmaceutical
Inc. and Johnson & Johnson Pharmaceutical Re-
search and Development, LLC.

We thank E. Regan (Massachusetts General Hos-
pital, Boston, Massachusetts) for her contribution
to this study.

© 2006 American Cancer Society
DOI 10.1002/cncr.22280

BACKGROUND. The authors conducted a Phase I dose-finding trial to study the use
of combined bortezomib plus irinotecan in patients with advanced solid tumors.
METHODS. Patients who had received >1 prior chemotherapy regimen were eligi-
ble. Patients received bortezomib (1.0 mg/m? 1.3 mg/m?, or 1.5 mg/m? on Days
1, 4, 8, and 11 and received irinotecan (from 50 mg/m2 to 125 mg/mz) on Days
1 and 8 of each 21-day cycle for a maximum of 8 cycles. Bortezomib followed iri-
notecan on coadministration days in Cycle 1 and Cycles 3 through 8 but pre-
ceded irinotecan in Cycle 2 to assess the effect of administration sequence on
bortezomib pharmacodynamics.

RESULTS. Fifty-one enrolled patients with malignancies, including colorectal cancer
(n = 23 patients), lung cancer (n =6 patients), gastroesophageal cancer (n =6
patients), and pancreatic cancer (n = 3 patients), received >1 dose of study drug.
Nausea, vomiting, and diarrthea were the principal dose-limiting toxicities and led
to the maximum tolerated doses of 1.3 mg/m? bortezomib and 125 mg/m? irinote-
can. The most common grade >3 bortezomib-related nonhematologic adverse
events were fatigue (n = 5 episodes), diarrhea (n = 4 episodes), and nausea (n = 4
episodes). grade >3 bortezomib-related hematologic adverse events included neu-
tropenia (n = 6 episodes) and thrombocytopenia (n = 4 episodes) and rarely were
dose limiting. Of 34 evaluable patients, no objective responses according to the
Response Evaluation Criteria in Solid Tumors were seen; 10 patients achieved stable
disease. The degree of proteasome inhibition in whole blood indicated that the bio-
logic activity of bortezomib was unaffected by irinotecan coadministration.
CONCLUSIONS. The results of this Phase I study in patients with solid tumors indi-
cated that bortezomib at a dose of 1.3 mg/ m? on Days 1, 4, 8, and 11 plus irinote-
can at a dose of 125 mg/m? on Days 1 and 8 every 21 days were the recommended
Phase II doses. Cancer 2006;107:2688-97. © 2006 American Cancer Society.
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ortezomib (VELCADE®; Millennium Pharmaceuticals, Inc. and
Johnson & Johnson Pharmaceutical Research and Development,
LLC), a modified dipeptidyl boronic acid derived from leucine and
phenylalanine, is the first proteasome inhibitor to be selected for
clinical development as an anticancer agent." The proteasome is a
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multicatalytic enzyme that degrades diverse intracel-
lular proteins. Substrates for the proteasome include
IkB, an endogenous inhibitor of nuclear factor B
(NF-«B); the cyclin-dependent kinase inhibitors p21
and p27; cyclins; and the tumor suppressor protein
p53.2* Proteasome inhibition with bortezomib leads
to an accumulation of the growth-inhibitory mole-
cules p21 and p27 and cell cycle arrest.>® Moreover,
stabilization of IkB inhibits NF-«kB activity, which
may lead to enhanced susceptibility of multiple my-
eloma cells to chemotherapy-mediated cytotoxicity
and sensitization of resistant cells to conventional
chemotherapy.>’ Objective antitumor responses were
noted in Phase I and II clinical trials of single-agent
bortezomib in patients with hematologic malignan-
cies and solid tumors.®'2 In a randomized, interna-
tional, Phase III trial that compared bortezomib with
high-dose dexamethasone, bortezomib demonstrated
a higher response rate, a longer time to disease pro-
gression, and better overall survival in patients with
multiple myeloma after they had received from 1 to
3 prior therapies,'* leading to the recent full approval
of bortezomib by the US Food and Drug Administra-
tion for the treatment of patients with multiple my-
eloma who have received at least 1 prior therapy and
similar approval by the European Medicines Evalua-
tion Agency; however, patients must be ineligible for
or previous recipients of stem cell transplantation.'®
Unlike patients with multiple myeloma, bortezomib
has limited or no activity in patients with solid
tumors.

Irinotecan, which is a water-soluble prodrug for
parenteral administration, undergoes enzymatic con-
version by carboxylesterases, predominantly in the
liver, to the biologically active metabolite 7-ethyl-10-
hydroxy-camptothecin (SN-38).'® SN-38 is a potent
inhibitor of topoisomerase I, a nuclear enzyme that
reduces the torsional stress of supercoiled DNA dur-
ing the replication, recombination, transcription, and
repair of DNA. The camptothecins bind to and stabi-
lize a normally transient, covalent complex that is
formed between DNA and topoisomerase 1. The pre-
sence of this ternary, drug-enzyme-DNA complex
results in the generation of irreversible, double-
strand breaks in DNA during ongoing DNA synthesis,
the accumulation of which ultimately leads to cell
death. Irinotecan is approved for the treatment of
advanced colorectal cancer as follows: as first-line
therapy in combination with 5-fluorouracil, as sal-
vage treatment for 5-fluorouracil-refractory disease,
and in combination with cetuximab for epidermal
growth factor receptor-expressing colorectal cancer
that is refractory to irinotecan-based chemotherapy.'’
Promising antitumor activity was observed in Phase
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II trials that evaluated treatment with irinotecan plus
cisplatin in patients with small cell and nonsmall cell
lung cancer, with response rates from 30% to 50%.
The irinotecan/cisplatin combination is undergoing
Phase II testing against other tumor types, including
ovarian, cervical, and gastric cancers.'®

In studies of colon cancer cells, pretreatment
with bortezomib inhibited the activation of NF-«B
induced by SN-38 and reduced the growth of colon
tumor xenografts implanted in nude mice by greater
than 90%, which was a greater-than-additive effect.?
A similarly impressive antitumor effect of the borte-
zomib and irinotecan combination was observed in
mice bearing BXPC3 pancreatic tumor xenografts.'®
Those findings suggested that bortezomib may
enhance irinotecan-mediated cytotoxicity by prevent-
ing NF-«B activation.

The results of a Phase I clinical trial to evaluate
the safety and biologic effects of bortezomib and iri-
notecan coadministered to patients with advanced
solid tumors are described in this report. This study
was designed to establish the maximum tolerated
dose (MTD) of bortezomib on Days 1, 4, 8, and 11
together with irinotecan on Days 1 and 8 of each 21-
day cycle. Pharmacodynamic studies also were underta-
ken to evaluate the effect of concurrently administered
irinotecan on proteasome inhibition in peripheral blood
cells.

MATERIALS AND METHODS

Participant Protection

In accordance with the Declarations of Helsinki, the
protocol for this clinical trial was reviewed and ap-
proved by the appropriate Institutional Review Board at
each participating study site. All patients were required
to provide written informed consent prior to study par-
ticipation according to institutional and federal guide-
lines.

Patient Selection

Patients were required to have histologically con-
firmed, locally advanced or metastatic, solid malig-
nancies that were either measurable or otherwise
evaluable and for which there was no known curative
therapy. Eligibility requirements included the follow-
ing: aged 18 years or older, Karnofsky performance
status (KPS) >60% (Eastern Cooperative Oncology
Group score, 0-2), life expectancy >3 months, prior
treatment with at >1 chemotherapy regimen, abso-
lute neutrophil count >1500/mm?, platelet count
>100,000/mm?, serum total bilirubin concentration
within normal limits, serum alanine aminotransfer-
ase and aspartate aminotransferase <2.5 times the
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upper limit of normal (<5 times the upper limit of
normal for patients with liver metastases), and serum
creatinine concentration <1.5 mg/dL.

Patients were excluded from the study if they
had received chemotherapy within 4 weeks, chlor-
oethylnitrosourea within 6 weeks, or antibody ther-
apy within 8 weeks of study enrollment. Patients who
had received radiation therapy to >35% of the bone
marrow within 4 weeks of enrollment and patients
who had not recovered from the toxic effects of any
previous chemotherapy, radiation therapy, or anti-
body therapy were ineligible for the study.

Patients who had undergone major surgery within
the previous 4 weeks or who had received strontium-
89 within 12 weeks of enrollment were not allowed to
participate. Other exclusion criteria included electro-
cardiographic evidence of acute ischemia or new car-
diac-conduction abnormalities, a history of myocardial
infarction within the previous 6 months, a history of
inflammatory bowel disease, a history of grade 4 toxic-
ity while receiving an irinotecan-containing chemother-
apy regimen, or the presence of uncontrolled brain
metastases or nonneoplastic central nervous system
disease. Women who were pregnant or breastfeeding
also were excluded, and all men and women of repro-
ductive potential were required to use an acceptable
method of birth control for the duration of the study.

Treatment Plan

Patients underwent a complete history and physical
examination at baseline and a symptom-directed
physical examination prior to bortezomib and irino-
tecan administration on Days 1 and 8 of each treat-
ment cycle. A complete blood count with differential
and a measurement of serum electrolytes were ob-
tained at baseline; prior to bortezomib administra-
tion on Days 1, 4, 8, and 11 of each treatment cycle;
and at the end-of-study and follow-up visits. A serum
chemistry panel was obtained at baseline and prior
to the administration of medication on Days 1 and 8
of each treatment cycle.

Irinotecan hydrochloride (CAMPTOSAR™; Phar-
macia & Upjohn, Kalamazoo, MI) was administered
as a 90-minute intravenous (i.v.) infusion on Days 1
and 8 of each 21-day treatment cycle. Bortezomib
was supplied as a sterile, lyophilized powder in glass
vials that contained 2.5 mg or 3.5 mg of drug and
25 mg or 35 mg of mannitol, respectively, for recon-
stitution with 0.9% sodium chloride injection (US Phar-
macopeia) to a final drug concentration of 1 mg/mL.
Bortezomib was administered as a rapid intravenous
bolus injection over 3 to 5 seconds on Days 1, 4, 8,
and 11. On days during which both drugs were given,
bortezomib was administered 1 hour after patients

completed the irinotecan infusion, with the exception
of Cycle 2, when bortezomib was given 1 hour before
patients started the irinotecan infusion to assess the
effect of the administration sequence on bortezomib
pharmacodynamics (Fig. 1). A maximum of 8 treat-
ment cycles (32 bortezomib doses and 16 irinotecan
doses) were to be administered per patient. All pa-
tients were premedicated with antiemetics 30 minutes
before they received irinotecan. Loperamide was used
for the management of late-onset diarrhea induced by
irinotecan. The prophylactic use of loperamide was
not recommended, and the routine use of colony-sti-
mulating factors was prohibited.

The bortezomib dose was fixed initially at 1.0 mg/
m?, and the dose of irinotecan was escalated from
50 mg/m? by a constant increment of 25 mg/m? until
the MTD was identified, up to a maximum dose of
125 mg/m? (Table 1). Groups of 3 patients were entered
for treatment into each dose cohort. In the absence of
dose-limiting toxicity (DLT) in the initial 3 patients dur-
ing a period of 21 days after they began the first cycle
of treatment, dose escalation proceeded in the next
cohort of patients. However, an additional 3 patients
were entered into a dose cohort if a DLT occurred in
1 of the initial 3 patients treated. Dose escalation con-
tinued if no DLTs occurred in these additional patients.
The MTD was considered to be exceeded if at least 2
patients in a cohort of 3 to 6 experienced a DLT during
the first cycle of therapy, in which case, the preceding
dose was considered the MTD. Upon establishing the
MTD of irinotecan with bortezomib 1.0 mg/ m?, 10 addi-
tional patients were to be enrolled at this dose level.
Thereafter, in a similar manner, the MTD of irinotecan
combined with bortezomib 1.3 mg/m?® was established,
beginning with irinotecan at a dose 1 level below the
MTD when given with bortezomib 1.0 mg/m?. Finally,
in a similar manner, the MTD of irinotecan combined
with 1.5 mg/m? of bortezomib also was determined.

All treatment was to be held upon the appearance
of grade >2 diarrhea that was not controllable with
loperamide or any grade >3 treatment-related toxicity.
Upon improvement to grade 1 or resolution of the toxic-
ity, treatment was resumed at a 25% reduced-dose. In
the event of grade 2 neutropenia, the irinotecan dose
was reduced by 25%. After Cycle 1, bortezomib was to
be held on Days 4 and 11 if the platelet count decreased
below 20,000/mm?. Treatment was to be discontinued
upon failure to improve of any grade >3 toxicity that
mandated withholding of treatment, upon evidence of
disease progression, or after 8 cycles of therapy.

Evaluation of Toxicity
All patients were assessed for toxicity prior to and af-
ter each treatment cycle, and events were graded



Cycles 1 and 3 through 8

Day 1 Day 8
Administer Administer
irinotecan irinotecan

Administer Administer
bortezomib bortezomib
Cycle 2
Day 1 Day 8
Administer Administer
bortezomib bortezomib

Administer
irinotecan

Administer
irinotecan

according to the National Cancer Institute Common
Toxicity Criteria (version 2.0). Patients who received
at least 1 dose of study medication were considered
evaluable for toxicity. A DLT was defined initially as
any adverse event of grade >3 nonhematologic or
hematologic toxicity related to bortezomib. The crite-
ria for DLT were amended twice during the protocol.
After the second dose cohort was completed, grade 3
neutropenia was not considered a DLT. For the cohort
of patients receiving bortezomib 1.5 mg/m? plus irino-
tecan 125 mg/m? thrombocytopenia was considered
a DILT only if the platelet count was <20,000/mm?,
whereas all other DLT criteria remained the same in
each dose cohort. In addition, the use of any concomi-
tant medications, procedures, or supportive therapies
was recorded.

Evaluation of Response

Computed tomographic scans were obtained at base-
line to provide initial documentation of measurable
disease. Lesions were categorized as either measura-
ble or evaluable (i.e., nonmeasurable lesions accom-
panied by detectable tumor markers that would
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Days 12 through 21

—

Days 12 through 21

—)

FIGURE 1. This is a schematic diagram of the 21-day bortezomib and irinotecan administration schedule.

TABLE 1
Dose-Escalation Schedule and Number of Patients
with Dose-Limiting Toxicities

Bortezomib Irinotecan No. of No. with
Dose cohort dose (mg/m?) dose (mg/m?) patients DLT
1 1.0 50 3 0
2 1.0 75 6 1
3 1.0 100 3 0
4 1.0 125 15 3
5 1.3 100 3 0
6 1.3 125 15 2*
7 15 125 6 3

DLT indicates dose-limiting toxicity.
* These 2 patients (1 in the original cohort and 1 in the expanded cohort) were classified with DLT
after the study was completed.

allow response assessment). Tumors also were identi-
fied either as target lesions or as nontarget lesions,
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) guidelines.'®

Tumor response evaluations were based on com-
puted tomographic scans that were obtained every 6
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weeks and at the end of the study. Patients who had
an objective response or stable disease but not pro-
gressive disease needed a confirmation of response
by a second series of scans 6 weeks later.

Pharmacodynamic Studies

The pharmacodynamics of bortezomib were deter-
mined by using an ex vivo spectrofluorometric assay
of the activity of the 20S proteasome in lysed blood
cells, as described previously.?® Samples for this
assay were obtained immediately before and 1 hour
after administration of bortezomib on Days 1 and 8
of Cycles 1 and 2.

RESULTS

Patient Characteristics and Disposition

Fifty-two patients were enrolled between May 31, 2001,
and January 10, 2003, at 4 study centers (Massachusetts
General Hospital, Boston, MA; Dana-Farber Cancer
Institute, Boston, MA; H. Lee Moffitt Cancer Center and
Research Institute, Tampa, FL; and the University of
North Carolina at Chapel Hill, Chapel Hill, NC), and; 51
patients received at least 1 dose of study drug and were
evaluable for safety. Thirty of 51 patients (59%) were
male, and the median age was 56 years (range, 25-76
years) (Table 2). Most patients had a good performance
status at baseline (median KPS, 90%; range, 70-100%).
The most frequent primary malignancies were colorec-
tal (n = 23 patients), nonsmall cell lung cancer (n = 6
patients), and adenocarcinoma of the esophagus or gas-
troesophageal junction (n = 6 patients). Forty-nine of
51 patients (96%) had received prior chemotherapy; and
most had been pretreated heavily (median, 3 prior regi-
mens; range, 0-7 prior regimens), including 22 patients
(43%) who previously had received irinotecan and 1
patient who previously had received bortezomib. Two
patients who had no documentation of receiving prior
chemotherapy in their case report forms were consid-
ered protocol violations; however, according to the
patient narratives within the clinical study report, 1 of
these patients previously had received chemotherapy
regimens that included irinotecan. Twenty-one of 51
patients (41%) had received prior radiation therapy.

Determination of the MTD

The irinotecan dose was increased from 50 mg/m? to
125 mg/m? in 25-mg/m” increments through the first
4 planned dose levels with bortezomib 1.0 mg/m?
(Table 1). One patient who was treated in Dose
Cohort 2 (irinotecan 75 mg/m?* and bortezomib 1.0
mg/m?) experienced grade 3 neutropenia, which was
defined as a DLT, resulting in expansion of the cohort
to 6 patients, and no additional DLT was observed in

TABLE 2
Demographic and Baseline Clinical Characteristics
for All Dose Cohorts (N = 51)

Characteristic No. of patients (%)
Median age, [range], y 56 [(25-76)]
Sex
Men
Women
Race
White 48 (94)
Black/Hispanic 2(4)
Asian/Pacific Islander 12
Primary tumor
Colon or rectum 23 (45)
Lung 6(12)
Gastroesophageal 6(12)
Pancreas 3(6)
Other* 13 (25)
Median KPS (range), % 90 (70-100)
Median no. of prior regimens (range) 3(0-7)
No. of prior therapies (%)
Chemoradiotherapy' 49 (96)
Radiation 21 (41)
Surgery 48 (94)

KPS indicates Karnofsky performance score.

* Synovial sarcoma (n = 1 patient), malignant melanoma (n = 1 patient), neuroendocrine carcinoma
with unknown primary (n = 1 patient), and tumors of the stomach (n = 1 patient), ovary (n = 3
patients), small bowel (n = 2 patients), cervix (n = 1 patient), anus (n = 1 patient), kidney (n = 1
patient), and urinary bladder (n = 1 patient).

T Two patients who did not receive prior chemotherapy were not assessable for response, but they
were assessable for safety.

that cohort. Subsequently, the protocol was amended
to redefine dose-limiting neutropenia as a grade 4
event. In the absence of DLT among the initial 3
patients in Dose Cohort 4 (irinotecan 125 mg/m?
and bortezomib 1.0 mg/m?), that cohort was ex-
panded to a total of 15 patients so that toxicity could
be determined at the maximum irinotecan dose prior
to escalating the bortezomib dose. Three DLTs were
reported in 3 patients in the expanded cohort (grade
3 diarrhea in 2 patients and grade 3 thrombocytope-
nia in 1 patient). The bortezomib dose was increased
to 1.3 mg/m2 in Cohort 5, and the irinotecan dose
was lowered to 100 mg/m? and all 3 patients were
accrued without DLT. In Cohort 6 (irinotecan 125
mg/m? and bortezomib 1.3 mg/m?), 0 of 3 patients
experienced a DLT; however, 1 patient was classified
later with a DLT (grade 3 fatigue). Cohort 6 was ex-
panded to include 12 additional patients, including 1
patient who experienced an adverse event (grade 3
increase in blood amylase levels) that was classified
as a DLT after the study was completed. The bortezo-
mib dose was escalated further to 1.5 mg/m? with iri-
notecan 125 mg/m?. Three patients were enrolled, and 1
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TABLE 3
Bortezomib-Related Grade 3 or 4 Adverse Events
No. of adverse events

Variable Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6 Cohort 7 All Cohorts
Bortezomib/irinotecan dose (mg/mz) 1.0/50 1.0/75 1.0/100 1.0/125 1.3/100 1.3/125 1.5/125 —
No. of adverse events* 3 6 3 15 3 15 6 51
No. of patients with at least 1 Grade 3 or 4 adverse event 0 3 1 8 2 9 4 27
Gastrointestinal disorders

Diarrhea 0 0 1 2 0 0 1 4

Nausea 0 0 0 1 0 0 3 4

Emesis 0 0 0 0 0 0 3 3

Constipation 0 0 1 0 0 0 0 1

Hyperamylasemia 0 0 0 0 0 2 0 2

Hyponatremia 0 0 1 0 0 0 0 1
Infections

Candida 0 1 0 0 0 0 0 1

Esophageal candidiasis 0 1 0 0 0 0 0 1
Postural hypotension 0 0 0 0 0 0 1 1
Pleural effusions 0 0 1 0 0 0 0 1
Hematologic disorders

Anemia 0 1 0 0 0 0 0 1

Leukopenia 0 0 0 0 1 1 0 2

Lymphopenia 0 0 0 0 0 1 0 1

Neutropenia 0 1 0 1 0 4 0 6

Thrombocytopenia 0 0 0 1 0 3 0 4

Abnormal WBC count 0 0 0 0 0 1 0 1
Rash or skin eruption 0 0 0 0 1 0 1 2
Neurologic disorders

Neuralgia 0 1 0 0 0 0 0 1

Hypoesthesia 0 0 0 0 0 1

Paresthesia 0 1 0 0 0 0 0 1
General disorders

Fatigue 0 0 2 0 2 0 5

Aggravated fatigue 0 0 0 0 0 0 1

Weakness 0 0 0 1 0 0 0 1
Musculoskeletal disorders

Arthralgia 0 0 0 0 0 1 0 1

Pain in limb 0 0 0 0 0 1 0 1

WBC indicates white blood cells.
* More than 1 adverse event may have occurred in a single patient.

patient experienced DLT with grade 3 nausea/vomiting.
According to the study schema, 3 additional patients
were enrolled to that cohort, and 2 of those patients
experienced DLTs (1 with grade 3 nausea/vomiting, 1
with grade 3 rash and diarrhea). Because of DITs
observed in 3 of 6 patients enrolled in Cohort 7 (irino-
tecan 125 mg/m? and bortezomib 1.5 mg/m?), treatment
at that dose level was stopped. Thus, we determined that
the MTD was bortezomib 1.3 mg/m? and irinotecan 125
mg/m?, and the study was closed for enrollment.

Toxicity

At least 1 grade 3 or 4 adverse event that possibly or
probably was related to treatment was reported in 27
of 51 patients (53%) (Table 3). The most common

grade >3 treatment-related, nonhematologic adverse
event was fatigue (5 of 51 patients; 10%), followed by
other primarily gastrointestinal events: diarrhea (4 of
51 patients; 8%), nausea (4 of 51 patients; 8%), and
vomiting (3 of 51 patients; 6%). The incidence of
treatment-related grade 3 or 4 neurotoxicity was low:
grade 3 hypoesthesia (numbness in toes) and grade 3
paresthesia (tingling in toes) were reported together
in 1 patient with bortezomib 1.0 mg/m? neither event
was considered a DLT, because neither occurred dur-
ing the first cycle of treatment.

The most common grade 3 or 4 treatment-
related hematologic adverse events were neutropenia
(6 of 51 patients; 12%) and thrombocytopenia (4 of
51 patients; 8%). Other treatment-related grade 3 or
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TABLE 4

Treatment Administration, Patient Disposition, and Response by Dose Group

No. of patients (%)

Variable Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6 Cohort 7
Bortezomib/irinotecan dose (mg/mz) 1.0/50 1.0/75 1.0/100 1.0/125 1.3100/ 1.3/125 1.5/125
Total no. of patients 3 6 3 15 3 15 6
No. of cycles completed
0 0 0 0 0 0 0 2
1 0 2 0 5 0 1 2
2 3 0 2 4 2 7 0
<3 0 4 1 6 1 7 2
Early discontinuations
Adverse events 0 1 0 1 1 0 3
Progressive disease 3 3 3 9 0 11 2
Poor health status 0 0 0 2 0 0 1
Patient request 0 1 0 1 0 3 0
Other* 0 0 0 0 1 1 0
No. of evaluable patients 2 4 2 12 1 11 2
No. with stable disease 0 2 1 3 1 3 0
Primary tumor site - Colon, ovary GE junction Rectum, pancreas, lung Lung Colon -

GE indicates gastroesophageal.

* One patient withdrew because of a bortezomib-related grade 3 rash, and the other patient withdrew to participate in a different investigational study of bortezomib.

T Seventeen patients were not evaluable for efficacy because of insufficient data.

4 hematologic adverse events that occurred in <5%
of patients included leukopenia (n =2 patients),
lymphopenia (n =1 patient), and anemia (n =1
patient). These events generally were short-lived and
did not require hospitalization. Adverse events of any
grade, regardless of their relation to treatment, that
were reported in >20% of patients were fatigue (42
of 51 patients; 82%), diarrhea (39 of 51 patients;
76%), nausea (38 of 51 patients; 75%), vomiting (29
of 51 patients; 57%), constipation (24 of 51 patients;
47%), abdominal pain (21 of 51 patients; 41%), ano-
rexia (18 of 51 patients; 35%), anemia (15 of 51
patients; 29%), decreased appetite (11 of 51 patients;
22%), dizziness (11 of 51 patients; 22%), dyspnea (11
of 51 patients; 22%), pyrexia (11 of 51 patients; 22%),
and thrombocytopenia (11 of 51 patients; 22%).

Response

There were no objective responses. Of the 51 patients
enrolled, 34 patients were evaluable for response
(i.e., patients who had received at least 1 dose of bor-
tezomib or irinotecan, had a baseline imaging scan,
and at least 1 postbaseline assessment); 17 patients
were not evaluable because of insufficient data. The
best response to treatment according to RECIST cri-
teria occurred in 10 of 34 patients (29%) who achieved
stable disease (Table 4), and 4 of those patients pre-
viously had received irinotecan.

The numbers of cycles administered to each
cohort appear in Table 4. Most patients (49 of 51 pa-
tients; 96%) completed at least 1 cycle of treatment
with bortezomib and irinotecan, and 21 patients
(41%) completed 3 or more treatment cycles. The av-
erage number of cycles of bortezomib completed at
the 1.0 mg/m? or 1.3 mg/m? dose was approximately
3. Two patients were enrolled in an extension trial
under a separate protocol, including 1 patient with
nonsmall cell lung cancer from Cohort 4 who re-
ceived 10 additional cycles of treatment (irinotecan
165 mg once weekly for the first 2 weeks of the 3-
week cycle and bortezomib 1.0 mg/m? for 2 cycles,
which was increased to 1.3 mg/m? for the last 8
cycles). Disease progression was the primary reason
for study discontinuation, as shown in Table 4.

Pharmacodynamics

The maximum inhibition of 20S proteasome activity
measured at 1 hour postdose on Day 1 was similar to
that observed on Day 8 of the same cycle (Fig. 2). The
mean percentages of 20S proteasome inhibition were
similar among the 3 bortezomib dose groups (1.0 mg/
m?, 1.3 mg/m? and 1.5 mg/m?. No apparent differ-
ences were observed among the various irinotecan dose
groups. With regard to recovery of proteasome function,
in most cohorts, the mean percentage of proteasome in-
hibition predose on Day 8 was reduced by approxi-
mately 50% compared with postdose values on Day 1.
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FIGURE 2. The mean percentage proteasome inhibition (compared with baseline levels) was measured on Days 1 and 8 in each dose cohort. (A) Cycle 1. (B)
Cycle 2. Bars indicate standard deviation. Numbers in bars indicate the number of patients.

Therefore, approximately 50% of proteasome function
had recovered 4 days after the previous administration
of bortezomib on Day 4. Although the administration of
bortezomib followed that of irinotecan during Cycle 1,
and vice versa during Cycle 2, the pharmacodynamics
of bortezomib did not appear to be altered by drug
sequencing.

DISCUSSION

An understanding of mechanisms underlying irinote-
can resistance is emerging rapidly.?’ Up-regulation of
NF-kB-directed transcription of antiapoptotic factors,
such as Bcl-2, is associated with irinotecan resist-
ance. In a murine model of colorectal cancer, borte-
zomib combined with irinotecan resulted in enhanced
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apoptosis in LoVo tumor xenografts.> The NF-«B
effect that was observed in mice also may occur in
human colorectal tumors, potentially circumventing
tumoral resistance to irinotecan.

In the current study, the combination of bortezo-
mib and irinotecan generally was tolerated well with
manageable toxicities. The MTD for the combination
regimen was bortezomib 1.3 mg/m® and irinotecan
125 mg/m?®. Overall, the most common grade 3 or 4
nonhematologic adverse events were fatigue, diar-
rhea, nausea, and vomiting, whereas neutropenia
was the most common hematologic event.

The majority of DLTs were gastrointestinal in na-
ture (specifically, diarrhea, nausea, and vomiting).
Given the overlapping toxicities of irinotecan and
bortezomib, this finding was not unexpected. grade
>3 diarrhea is a dose-related and dose-limiting toxic-
ity of irinotecan and has been reported in 24% to
37% of patients in other studies treated at irinotecan
doses similar to those used in the current trial, albeit
with a more intense administration schedule (4 of
every 6 weeks).”>?® grade >3 diarrhea was reported
in 8% of patients who were treated with bortezomib
at the doses used in this study'? and was dose-limit-
ing at higher doses.® In contrast, hematologic events
(i.e., neutropenia and thrombocytopenia) rarely were
dose limiting in our study.

Grade 3 peripheral neuropathy was reported in
only 1 of 51 patients (2%), a frequency lower than that
observed in earlier Phase I trials using single-agent
bortezomib treatment in patients with solid tumors
or hematologic neoplasms.?® However, fewer patients
received bortezomib 1.3 mg/m? and the frequency of
neuropathy was lower at the 1.0-mg/m?® dose than at
the 1.3-mg/m? dose in a previous Phase II trial'’; the
1.0-mg/m? dose was received by the majority of pa-
tients in the current study.

With respect to the pharmacodynamics of the
bortezomib/irinotecan combination, the mean per-
centages of proteasome inhibition at the time points
evaluated were similar among all bortezomib dose
groups (1.0 mg/m?, 1.3 mg/m?, and 1.5 mg/m?). This
is consistent with the described sigmoid maximum-
effect model for bortezomib, in which proteasome
inhibition has a steep dose response that reaches a
plateau and does not increase significantly beyond
60% to 70% with doses increasing from 1.0 mg./m?
to 2.0 mg/m?.%?* The range of proteasome inhibition
that we observed at doses of 1.0 mg/m?, 1.3 mg/m?
and 1.5 mg/m* was similar to that reported in other
studies of bortezomib at similar doses in patients
with solid tumors or hematologic neoplasms.?® No
apparent differences were observed when bortezo-
mib was combined with 4 dose groups of irinotecan,

suggesting that irinotecan has a negligible effect on
the ability of bortezomib to inhibit proteasome activ-
ity. However, contrary to findings from previous stu-
dies that evaluated the pharmacodynamics of single-
agent bortezomib in advanced malignancies,®® we
observed that proteasome activity did not recover
fully to pretreatment baseline levels at the predose
assessments (Day 8 for Cycle 1 and Days 1 and 8 for
Cycle 2). The mechanism and implication of this
prolonged inhibitory effect on proteasome activity
are unknown and warrant further investigation in
both preclinical and clinical settings.

In the current study, 22 patients had received
prior treatment with irinotecan, and 4 of those
patients achieved stable disease after treatment with
irinotecan and bortezomib. Three of those patients
had achieved stable disease as their best response to
prior irinotecan treatment; for the remaining patient,
response information to prior treatment regimens
was not documented on the case report form.
Although stable disease was noted, no objective
responses were observed in this study after treatment
with irinotecan and bortezomib. Because bortezomib
has limited or no activity in solid tumors, this finding
raises concerns that bortezomib may not enhance
irinotecan activity, like what was observed in precli-
nical studies. It is unclear whether this is because of
alternative mechanisms of irinotecan resistance, such
as the up-regulation of breast cancer resistance pro-
tein 1 (BRCP-1),%® excision repair genes like ERCC1,%°
and multidrug resistance-associated protein 4,>” or
the unimportance of NF-kB in irinotecan resistance.
However, the observation of prolonged stable disease
in patients who received previously treatment with
irinotecan may indicate that some modulation of iri-
notecan resistance was occurring.

Proteasomal degradation of topoisomerase I in
response to irinotecan inhibition and the consequen-
tial transcriptional arrest because of stalled topo-
isomerase I is postulated as a primary irinotecan-
resistance mechanism (for a review, see Xu and Villa-
lona-Calero).?® Preclinical studies using tumor cell
lines have demonstrated synergy between irinotecan
and proteasome inhibitors, leading to strong antitu-
mor activity against various malignancies.”**° The
lack of objective tumor responses at the MTD in the
current trial suggests that additional therapeutic stra-
tegies, such as optimization of the schedule and/or
sequence of administration, may be required to cir-
cumvent drug resistance to irinotecan.

The combination of bortezomib 1.3 mg/m?* and
irinotecan 125 mg/m? was tolerated with and had a
manageable toxicity profile. The use of bortezomib
in combination with irinotecan did not appear to



result in additive gastrointestinal or hematologic
toxicities. Administration of irinotecan did not inter-
fere with the pharmacodynamic activity (proteasome
inhibition) of bortezomib. These results warrant fur-
ther investigation of combination treatment with
bortezomib and irinotecan, especially in cancers that
are known to be responsive to irinotecan therapy.
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