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Abstract

Purpose: In phase I studies with oral CI-1033, dose-limiting toxicities were primarily gastrointestinal, supporting the exploration of i.v. dosing to achieve optimal drug exposures by increasing bioavailability.
Experimental Design: Fifty-three patients with advanced nonhematologic malignancies
received i.v. CI-1033 via 30-minute infusions (10-500 mg) on a thrice-weekly schedule.
Pharmacokinetic samples were collected on days 1and 8 and evaluated using noncompartmental
analysis.
Results: Dose levels evaluated were 10, 20, 30, 45, 67.5, 100, 150, 225, 337.5, and 500 mg.
The maximum administered dose was 500 mg, whereas the maximum tolerated dose was
225 mg. The most common treatment-related grade 1 to 2 adverse events were rashes (38% of
patients), nausea (17%), vomiting (17%), stomatitis (14%), and diarrhea (13%). Most common
grade 3 adverse events were hypersensitivity reactions (7.5%), rashes (3.8%), and diarrhea
(3.8%). No grade 4 toxicities were observed. Ten of the 53 (19%) patients had disease stabilization at their first efficacy evaluation visit (including two with minor responses). A 5- to 10-fold
increase in i.v. Cmax was noted with a 3-fold increase in AUC compared with oral CI-1033 at
equivalent doses. Treatment-related gastrointestinal adverse events were notably less frequent
with this i.v. regimen.
Conclusions: CI-1033 was safely given i.v. up to 225 mg/dose on a thrice-weekly schedule,
with evidence of antitumor activity. At equivalent doses, the bioavailability of i.v. CI-1033 is thrice
that of the oral formulation. Treatment with i.v. CI-1033 is feasible and may be warranted when
increased drug exposures are desired.

The erbB receptors are a family of four closely related receptors:
epidermal growth factor receptor (EGFR; ErbB-1), Her2/neu
(ErbB-2), Her3 (ErbB-3), and Her4 (ErbB-4; ref. 1, 2). Increased
erbB expression was shown to be a negative prognostic factor (3, 4)
in non–small cell lung cancer (NSCLC; ref. 5), breast (6, 7),
prostate (8, 9), head and neck (10), brain (11), ovary (12, 13), and
stomach cancers (14, 15), providing the rationale for development
of compounds inhibiting erbB signaling (7).
CI-1033 (canertinib dihydrochloride; Pfizer Global Research
and Development, Ann Arbor, MI; Fig. 1) is an orally
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bioavailable 3-chloro,4-fluoro,4-anilinoquinazoline. It irreversibly inhibits the tyrosine kinase (TK) domain of all erbB
members (7) by alkylation of the cysteine in the TK domain of
the erbB receptors.
In preclinical studies, CI-1033 has two distinct advantages
over the currently available oral TK inhibitors (TKI), gefitinib,
and erlotinib. (a) The covalent binding of CI-1033 results in
prolonged suppression of erbB activity (16, 17) requiring
de novo synthesis of the receptor to maintain erbB signaling. (b)
There is pan erbB inhibition. In essence, these features may
afford a greater therapeutic advantage to CI-1033 relative to
other erbB TK inhibitors, which have reversible actions and
target one specific erbB subfamily (18).
In phase I studies with oral CI-1033, dose-limiting toxicities
(DLT) were primarily gastrointestinal (7). Based on the
mechanism of action, it was hypothesized that the gastrointestinal toxicity may be a function of local drug effects as well as
systemic drug action, and that an i.v. formulation might
ameliorate the gastrointestinal toxicities thus allowing for
further dose escalation. Here, we report the results of a phase
I trial with i.v. CI-1033 designed to increase the bioavailability
of the drug beyond those achieved by using the drug orally at
the maximum tolerated dose (MTD).
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alanine amino transaminase V3 times the institutional upper normal
limit); and renal function (calculated creatinine clearance z45 mL/min;
ref. 19); and (f) no concurrent serious infection or coexisting medical
problem of sufficient severity to potentially limit full compliance with
the protocol. All patients gave written informed consent before entry
into the study in accordance with federal and institutional guidelines.

Dosage and drug administration

Fig. 1. CI-1033 (canertinib dihydrochloride; Pfizer Global Research and
Development) is an orally bioavailable 3-chloro,4-fluoro,4-anilinoquinazoline.
It irreversibly inhibits theTK domain of all erbB members by alkylation of the cysteine
in theTK domain of the erbB receptors.

Materials and Methods
Study design
This was an open-label, noncomparative, single center, dose
escalation trial of i.v. CI-1033 in patients with advanced solid tumors
to establish the MTD and DLT of the i.v. dosing schedule and to
compare the bioavailability of the i.v. preparation at its MTD with the
oral formulation of CI-1033 at its MTD.

Patient selection
Patients with histologically documented, advanced-stage nonhematologic malignancies that were refractory to standard therapy, or for
whom no effective therapy existed, were candidates for this study.
Eligibility criteria were: (a) age z18 years; (b) Karnofsky performance
status z60%; (c) life expectancy of at least 12 weeks; (d) no
chemotherapy within 4 weeks before the first dose of CI-1033 and no
hormonal therapy, immunotherapy, or radiotherapy within 2 weeks;
(e) adequate hematopoietic (absolute neutrophil count z1,500/AL,
platelet count z100,000/AL), hepatic (total bilirubin V1.5 times the
institutional upper normal limit, aspartate amino transaminase, and

At the beginning of the study, CI-1033 was administered as a single
i.v. dose over 30 minutes thrice a week with at least 1 day between
doses (e.g., Monday, Wednesday, and Friday) for 4 consecutive weeks
followed by 2 weeks without treatment. Before escalation to the next
higher dose level, patients who did not receive all protocol-specified
study medication doses during the first 4 weeks of therapy for reasons
other than a DLT were replaced in order to achieve a full cohort of at
least three patients per cohort.
Dose escalation started at the 10 mg dose (schedule A), with
subsequent dose escalations at 20, 30, 45, 67.5, and 100 mg (see
Table 1 for dose escalation schema). At the 100 mg dose, after obtaining
regulatory approval, the dosing schedule was modified to a continuous
regimen (schedule B), thrice a week (without the 2-week interruption).
Dose escalation then continued in schedule B, with the 150, 225, 337.5,
and 500 mg dose levels being explored.
At least three patients were to be treated at each dose level that did
not result in a DLT during the first cycle. If one of the first three patients
experienced a DLT in cycle 1, at least three additional patients were
enrolled at the same dose level to verify its validity. The MTD was
defined as the highest dose at which less than two of the first six
patients experienced a DLT during the first cycle of treatment. DLT
was defined as (a) any grade 4 hematologic toxicity; (b) an absolute
neutrophil count <1,000/AL with a documented infection or fever of
>38.5jC; (c) any grade 3 or 4 nonhematologic toxicity (excluding
nausea, vomiting, or diarrhea associated with suboptimal premedication and/or management of tolerable cutaneous toxicity); and (d) a
delay exceeding 14 days in the initiation of treatment of CI-1033
because of toxicity that did not resolve to grade V1 or pretreatment
levels. Patients were permitted to begin successive treatments as long as
drug-related toxicities had resolved to the levels specified previously,
and there was no evidence of disease progression. Toxicity was graded
according to the National Cancer Institute Common Toxicity Criteria,
version 2.0. (http://ctep.cancer.gov/reporting/CTC-3.html). In the event
of DLT, patients could be continued on treatment with CI-1033 at the
next lower dose level. Intrapatient dose escalation was not permitted.

Table 1. Dose escalation schema
Dose tier
Schedule A
1
2
3
4
5
6
Schedule B
7
8
9
10
11

CI-1033 dose (mg)

No. of patients

Total no. of cycles/cohort

No. of first cycle DLTs/cohort

10
20
30
45
67.5
100

5
3
6
5
3
3

22
3
12
12
4
8

0
0
0
0
0
0

100
150
225*
337.5c
500c

3
8
7
7
3

7.5
8.25
27
9
<1cycle each

0
1
0
2
2

*Maximum tolerated dose.
cMaximum administered dose.
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CI-1033 was supplied by Pfizer Global Research and Development
(Ann Arbor, MI) as a solution of 2.5 mg/mL in two different vial sizes: a
75 mg vial containing 30 mL of CI-1033 in solution, and a 250 mg vial
containing 100 mL of CI-1033 in solution (2.5 mg/mL  100 mL = 250
mg). An absolute dose was administered irrespective of the body surface
area and weight of the patient based on the results of previous
pharmacokinetic studies that did not show a relationship between
clearance with either body weight or body surface area.

Table 2. Patient characteristics
No. of patients
(N = 53)
Characteristics
Gender (male/female)
Median age (range), years
Median KPS (range)
Previous therapy CT/RT/HT/IT
Median number of cycles/patient (range)
Tumor types
NSCLC
Colorectal carcinoma
Mesothelioma
Melanoma
Breast cancer
Sarcoma
Head and neck cancer
Unknown primary
Other solid tumors

Pharmacokinetic evaluations
Pharmacokinetic sampling. Plasma samples were collected on days 1
and 8 before the infusion, 10, 20, and 30 minutes after the start of the
infusion and at the following times after the end of the infusion: 5, 10,
20, and 40 minutes and 1, 2, 4, and 8 hours for pharmacokinetic
profiling. Plasma samples were stored and shipped at 20jC or less
until the time of assay. CI-1033 stability under these conditions exceeds
the retention time for all samples collected in this study.
Assay. CI-1033 was isolated from potassium EDTA/ascorbic acid –
treated human plasma using a protein precipitation reaction. Internal
standard [3H]-CI-1033 was added to the protein precipitation reagent
(acetonitrile). Analysis was conducted by liquid chromatographytandem mass spectrometry using multiple reaction monitoring.
Regression variables were estimated using a linear model with
reciprocal squared response weighting and used to back-calculate QC
and patient sample concentrations. The range of quantitation for CI1033 as determined by suitable (<10% absolute error) accuracy and
precision was 1.00 to 500 ng/mL in potassium EDTA/ascorbic acid –
treated human plasma, based on a sample volume of 0.2 mL. QC
overall precision (%CV) was 9.9%, whereas QC overall accuracy (%RE)
ranged from 7.7% to 1.6% (20). Matrix effects were not observed.
CI-1033 was assayed in urine without extraction. A 50 AL aliquot
of urine was diluted with 30 ng/mL of internal standard in acetonitrile
and assayed directly by liquid chromatography-tandem mass spectrometry using multiple reaction monitoring. The range of quantitation for
CI-1033, as determined by suitable accuracy and precision, was 10 to
500 ng/mL, based on a sample volume of 50 mL. QC overall precision
(%CV) was 13.0%, whereas QC overall accuracy (%RE) ranged from
5.08% to 6.56%.
Data analysis. Plasma CI-1033 pharmacokinetic variable values
were calculated for each subject for each treatment using noncompartmental analysis of concentration-time data. Samples below
the limit of quantitation were reported as zero. Nominal sample
collection times were used for pharmacokinetic analysis and the
generation of mean profiles. Pharmacokinetic variable values were
calculated using WinNonlin version 4.0.1. Plasma and urine CI-1033
concentration-time profiles were inspected visually for similarities to
and difference from a typical profile following oral dosing.

Results
Fifty-three patients with advanced nonhematologic malignancies received i.v. CI-1033 via 30-minute infusions (10-500
mg) on a thrice weekly schedule (please see dose escalation
schema in Table 1). Patients were initially given treatment 4 out
of 6 weeks, and subsequently, the protocol was modified to
allow continuous dosing without interruption. Pharmacokinetic
samples were collected on days 1 and 8 and evaluated using
noncompartmental analysis.
Thirty-one men and 22 women were treated (please see
Table 2). The median Karnofsky performance status was 90
with the range being 70 to 100. The median age was 64 (range,
23-78). Patients with NSCLC (n = 14), colorectal cancer (10),
mesothelioma (10), melanoma (5), breast cancer (2), sarcoma
(2), head and neck cancer (2), carcinoma of unknown primary
(2), and one each with cancers of the endometrium, thyroid,

www.aacrjournals.org

31/22
64 (23-78)
90 (70-100)
41/26/1/6
2 (1to 20+)*
14
10
10
5
2
2
2
2
6

Abbreviations: KPS, Karnofsky performance status; CT, chemotherapy; RT,
radiotherapy; HT, hormonal therapy; IT, immunotherapy.
*One patient continues on trial.

anus, kidney, round cell tumor, and bladder were enrolled.
Patients were enrolled in the 10, 20, 30, 45, 67.5, 100, 150,
225, 337.5, and 500 mg dose levels. The maximum administered dose was 500 mg. Two DLTs occurred in the three patients
enrolled at this dose level, a grade 3 myalgia and syncope
secondary to prolonged corrected QT interval in the EKG. Three
additional patients were then enrolled at the 337.5 mg dose
level. Out of the seven patients enrolled in this dose level, two
DLTs were encountered which were grade 3 hypersensitivity
reaction and grade 3 diarrhea. Hence, the next lower dose level,
i.e., 225 mg dose level, at which seven patients were previously
treated, was determined to be the MTD.
Safety. A total of 116 cycles were administered in 53
patients (median, 2; range, 1-20). The most common toxicities
(all grades; regardless of causation) encountered are listed in
Table 3. The most common all-grade treatment-related events
were rashes (64%), nausea (26%), facial flushing and lightheadedness (23%), stomatitis (21%), dyspnea (19%), myalgia
(19%), vomiting (19%), diarrhea (17%), and thrombocytopenia (15%). Grade 3 toxicities included hypersensitivity reactions (7.5%), rashes (3.8%), and diarrhea (3.8%). No grade 4
toxicities were observed (see Table 3 for a list of toxicities seen
in all grades and in all cycles).
Despite the i.v. route of administration, we did encounter
gastrointestinal toxicities that were most commonly stomatitis,
nausea, vomiting, and diarrhea. In the majority of instances,
there were other mitigating factors for nausea, most commonly, the use of concomitant narcotics and other medications,
although a causal relation to CI-1033 could not be unambiguously excluded. In all situations, nausea and vomiting were
controlled with routine antiemetic measures and did not
require the interruption of treatment. Diarrhea was also grade
1 or 2 in the majority of the patients and easily controlled with
the use of loperamide. Two patients had grade 3 diarrhea, one
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Table 3. Summary of toxicities (all grades) encountered during the study with an incidence of 15% or more
Daily dose (mg)
3 days per week for 4 weeks
on/2 weeks off (Schedule A)

All patients
(n = 53) no. of
patients (%)

3 days per week
continuously (Schedule B)

10
20
30
45
67.5
100
100
150
225
337.5
500
(n = 5) (n = 3) (n = 6) (n = 5) (n = 3) (n = 3) (n = 3) (n = 8) (n = 7) (n = 7) (n = 3)
Cutaneous toxicities
Pain
Asthenia
Nausea
Vasodilation*
Stomatitis
Dyspnea
Myalgia
Vomiting
Diarrhea
Infection
Thrombocytopenia

2
3
2
2

1
1
2

2

2
2

1
2
1
1

1
3

1
2
1

1
1
2
1
1
1

2

1

2
4
2

3

1
1

1
1

1

2

1
1

8
5
1
2
2
3
1
1
3

5
2
2
2
2
2
1
2
2

1
3

3
1

7
4
3
3
6
3

2
2
1
1
2

34 (64)
24 (45)
14 (26)
14 (26)
12 (23)
11 (21)
10 (19)
10 (19)
10 (19)
9 (17)
9 (17)
8 (15)

1
1
1
2
1
2

1
2
3
1

*Vasodilation implies facial flushing, lightheadedness, orthostasis, or dizziness.

of which happened during the first cycle, at the 337.5 mg dose
level, and therefore was a DLT. In this patient, treatment was
resumed at the 225 mg dose, and completed after a brief dose
interruption without encountering further diarrhea.
The stomatitis encountered in this study was mild and
palliated easily with routine measures. Interestingly the
occurrence of stomatitis seemed to coincide with the presence
of rashes.
Hypersensitivity reactions were seen in this trial and were the
DLT at both the maximum administered doses of 500 and
337.5 mg. These reactions almost always occurred in the first

cycle (although not necessarily with the first dose). Two grade 3
hypersensitivity reactions occurred with the first cycle and these
patients were not rechallenged. In all other instances, patients
were rechallenged after prophylaxis with steroids and/or
benadryl, and/or just by doubling the time of infusion.
Subsequently, in some instances, we were able to continue
treatment without steroid and/or benadryl prophylaxis and
were able to continue infusion at the regular rate. In some
instances, patients continued to require the additional premedications and/or a slower rate of infusion but were able to
continue with treatment.

Table 4. Pharmacokinetic variables averaged by dose for days 1 and 8
Dose (mg)

10
20
30
45
68
100
150
225
338
500
Average
RSD (%)

n

5
3
6
5*
3
6
8
6*
7*
3*

Day 1

Day 8

Cmax
(ng/mL)

AUC
(0-1)

t1/2
(h)

Vd
(L)

CL
(L/h)

Cmax
(ng/mL)

AUC
(0-1)

t1/2
(h)

VD
(L)

CL
(L/h)

121
203
545
1,0 19
828
1,407
1,245
2,084
2,676
6,027

117
294
477
1,003
1,408
1,476
1,983
3,533
4,949
10,862

3.83
2.70
2.99
3.49
6.66
3.02
3.56
3.64
3.53
2.49
3.59
32

686
270
283
249
439
334
420
325
372
180
356
39

115
71
66
47
57
76
79
68
72
50
70
27

118
325
727
892
1,686
1,023
1,087
2,188
2,512
4,417

139
358
524
1,315
1,722
1,351
1,795
3,387
4,853
8,331

3.54
3.61
3.93
4.64
4.11
3.24
3.75
2.89
4.18
2.45
3.63
18

496
301
426
235
275
350
483
293
437
214
351
29

92
57
84
37
44
76
91
70
80
60
69
28

Abbreviations: AUC, area under the curve from 0 to infinity expressed in ng  h/mL; t1/2, half-life; VD, volume of distribution; CL, clearance; RSD, relative SD from
the mean.
*Day 8 profiles missing for one patient at each of these doses.
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Dyspnea was reported by 19% of the patients. In all instances
they were grade 1 or 2. All patients were evaluated as the
clinical situation mandated. On workup, two patients were
found to have atrial fibrillation and one patient was found to
have a deep venous thrombosis with a suspected pulmonary
embolism. Other patients required treatment for possible
infectious bronchitis or for their chronic obstructive pulmonary
disease. Generalized myalgia was reported by 19% of the
patients. In all instances, they were grade 1 or 2 and were well
palliated with acetaminophen.
Thrombocytopenia was seen only in schedule B and was
spread across all dose levels and did not seem to be doserelated. In all instances, it was grade 1 or 2 and treatment
was continued without a further drop in platelets. There were
no clinical manifestations associated with these episodes of
thrombocytopenia. The thrombocytopenia seemed to be
idiosyncratic rather than dose related.
In the majority of patients, treatment was discontinued
secondary to progressive disease. Only at the maximum
administered doses was treatment discontinued secondary to
toxicity. At the MTD, i.v. CI-1033 was well tolerated.
Pharmacokinetics. Pharmacokinetic profiles were obtained
in all patients. Four patients discontinued treatment prior to
characterization of the day 8 profile. Data for these patients are
included in the day 1 analysis and in both graphical and tabular
study summaries. Urinary excretion of the parent drug
represented a small percentage of the administered dose and
will not be further evaluated.
Systemic exposure was dose-proportional and without
accumulation under this thrice weekly dosing regimen
(Table 4). Elimination was strongly multiphasic with an initial
distribution phase apparent over the first 2 to 3 hours following
infusion. Concentrations dropped to f30% of their respective
peak values within 20 minutes of stopping the infusion
(see Fig. 2 for a representative pharmacokinetic graph at the
100 mg dose level). Within 2 to 4 hours of stopping the
infusion, concentrations were f10% of respective peak values
and approximated those observed following oral administra-

Fig. 3. Relative systemic exposure following i.v. dosing at the MTD (225 mg) as
well as oral dosing at the MTD (500 mg) and at a dose (725 mg) bioequivalent to
the i.v. MTD.Within 2 to 4 hours of stopping the infusion, concentrations were
f10% of respective peak values and approximated those observed following oral
administration. Subsequent elimination approximated that observed following oral
dosing and was characterized by an elimination half-life of f3 to 4 hours.

tion of a bioequivalent dose (Fig. 3). Subsequent elimination
approximated that observed following oral dosing and was
characterized by an elimination half-life of f3 to 4 hours.
Total body clearance and the respective volume of distribution
(CL/Kel) averaged 73 L/h and 371 L, respectively.
Antitumor activity. Ten of the 53 (19%) patients had disease
stabilization at their first efficacy evaluation visit (week 8), two
of whom had minor responses. No major responses were
seen. Tumors demonstrating disease stabilization were NSCLC,
colon cancer, breast cancer, mesothelioma, and thyroid cancer.
One patient with thyroid cancer and previously documented
progression continues to enjoy stable disease and has had
20+ cycles of treatment. Two additional patients with previously documented progression (one with mesothelioma and
one with NSCLC) enjoyed progression-free survival for 6
months.

Discussion

Fig. 2. CI-1033 plasma concentration-time curve after treatment with 100 mg of
CI-1033 i.v. on days 1and 8. Elimination was strongly multiphasic with an initial
distribution phase apparent over the first 2 to 3 hours following infusion.
Concentrations dropped to f30% of their respective peak values within
20 minutes of stopping the infusion. Day 1and day 8 concentration-time curves
were essentially identical.

www.aacrjournals.org

Despite an f20-fold increase in Cmax and 3-fold increases in
AUC following i.v. administration compared with oral administration at equivalent doses, treatment-related gastrointestinal
adverse events were notably less frequent with this regimen
(Table 5). Although plasma CI-1033 concentrations during and
shortly after a 30-minute infusion greatly exceed those achieved
during oral dosing, these exposures were transient and
converged with those more typical of oral regimens within a
few hours (Fig. 3). The brief nature of this relatively high
exposure, together with avoidance of direct exposure of the
gastrointestinal tract to the drug may have facilitated achieving
an MTD that, whereas lower (225 versus 500 mg), provided an
almost 10-fold increase in Cmax and f50% increase in AUC.
This ability to increase drug exposures may be relevant in
light of the recently concluded clinical trials with gefitinib and
erlotinib. Gefitinib was used at its biologically effective dose
(21, 22) and has been especially effective in inducing responses
in patients with activating mutations in the ATP-binding pocket
of its TK domain (22 – 25). However, it has failed to show
efficacy in any malignancy other than NSCLC, presumably
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Table 5. Comparison of pharmacokinetic variables
between the oral and i.v. CI-1033 at the MTD and
bioequivalent oral dose
Variable

Canertinib-Cl-1033
I.v.

Dose
Kel
t1/2
t max
Cmax
AUC
VD
CL
F (%)

Oral

MTD

MTD

225
0.232
3.2
0.4
2233
3,518
371
73

500
0.157
4.4
2.3
265
2,385
1,336
210
31

Bioequivalent
725
0.157
4.4
2.3
384
3,458
1,336
210
31

Abbreviations: Kel, elimination rate constant expressed in hours-1; t1/2, plasma
half-life hours; t max, time the maximum concentration occurs in hours; Cmax,
maximum concentration expressed as ng/mL; AUC, area under the curve
expressed as ng  Hr/mL; VD, volume of distribution expressed in liters (L);
CL, clearance expressed as ng/h; F, fraction of drug absorbed expressed as a
percentage.

because activating mutations have not been detected in tumors
other than NSCLC. Additionally, in a phase III randomized trial
with previously treated patients with advanced stage NSCLC,
unselected for the presence of activating mutations, gefitinib
failed to show a statistically significant advantage in survival
when compared with placebo (26).
Erlotinib, on the other hand, is used at its MTD and has
shown statistically significant improvement in survival of
unselected patients with previously treated NSCLC. Erlotinib
is currently being evaluated in several malignancies other than
NSCLC.
Hence, oral EGFR-TKIs have only found a limited role in the
clinic, despite the demonstrable overexpression of EGFRs in a
wide variety of epithelial tumors. Currently, its use is confined
to previously treated advanced-stage NSCLC. The gefitinib/
erlotinib experience suggests the wider clinical applicability of
EGFR-TKIs if used at its MTD. We therefore speculate that
increasing the bioavailability of EGFR-TKIs by its i.v. use may
further extend their clinical application(s). Here we show that
i.v. CI-1033 increases drug exposures, with very little variability
between doses, versus the oral preparation.
Patients with NSCLC that harbor EGFR mutations activate
the phosphatidylinositol-3 kinase (PI3K)/Akt survival path-

way. This pathway is also a major effector of mutant K-ras
signaling. Therefore, in tumors bearing EGFR mutations,
treatment with EGFR-TKIs leads to tumor regression owing to
brisk tumor apoptosis. In contrast, the wild-type EGFR is a
weak activator of PI3K/Akt. In these tumors, the PI3K/Akt
pathway may be predominantly activated by other signaling
inputs (i.e., K-ras, etc.). Hence, in tumors with wild-type
EGFR, treatment with EGFR-TKIs may not have a major
inhibitory effect on PI3K/Akt, potentially explaining the lack
of antitumor activity in NSCLC with K-ras mutations (27).
This would argue against obtaining improved benefit by
increasing drug exposures.
However, other markers associated with sensitivity to EGFR
inhibitors have been described (28). Increased EGFR gene copy
numbers based on fluorescence in situ hybridization analysis
may be a good predictive marker for response, stable disease,
time to progression, and survival. The optimal paradigm for
selection of patients for treatment with EGFR-TKIs is yet to be
determined and validated in prospective clinical trials (29 – 31).
Designing clinical trials with i.v. EGFR-TKIs in a selected
population of patients who do not have the activation
mutations but who overexpress EGFR by fluorescence in situ
hybridization may be a prudent strategy.
Based on this phase I experience, we conclude that the i.v.
formulations of EGFR-TKIs CI-1033 allows for increased drug
exposures that may be of clinical relevance in select group of
patients. The oral bioavailability of CI-1033 is about one-third
of that observed following i.v. dosing. Additionally, with
respect to CI-1033, variability in drug exposure is reduced
through i.v. administration. Day 1 and day 8 profiles in this
study showed remarkable similarity within individual patients
(Fig. 2). Hence, disease-specific phase II trials, in a well-selected
population of patients, may be warranted with i.v. formulation
of CI-1033. It is likely that this paradigm could be extended to
other EGFR-TKIs as well.
Nevertheless, the inconvenience of continuous i.v. use of
CI-1033 is a significant deterrent to widespread clinical use and
may not be justified secondary to the rapid lowering of peak
concentrations to approximate those observed following oral
administration at a bioequivalent dose a few hours after the
conclusion of the infusion. Therefore, a loading dose followed
by an oral maintenance may be an alternative strategy that is
both practical and backed by pharmacokinetic observations.
Studies exploring weekly or 3-weekly cycles may therefore be
justified with the EGFR-TKI being given i.v. initially followed
by daily oral doses for the rest of the cycle. At the very least,
the clearly shown decrease in gastrointestinal toxicity by the
i.v. preparation may allow for the continued use of CI-1033
in patients who are unable to tolerate the drug owing to
gastrointestinal toxicities.

References
1. Klapper LN, Kirschbaum MH, Sela M, Yarden Y.
Biochemical and clinical implications of the ErbB/
HER signaling network of growth factor receptors.
Adv Cancer Res 2000;77:25 ^ 79.
2. Lemmon MA, Schlessinger J. Regulation of signal
transduction and signal diversity by receptor oligomerization. Trends Biochem Sci 1994;19:459 ^ 63.
3. Albanell J, Rojo F, Averbuch S, et al. Pharmacodynamic studies of the epidermal growth factor receptor
inhibitor ZD1839 in skin from cancer patients: histo-

pathologic and molecular consequences of receptor
inhibition. J Clin Oncol 2002;20:110 ^ 24.
4. Simon GR, Ruckdeschel JC,Williams C, et al. Gefitinib
(ZD1839) in previously treated advanced non-smallcell lung cancer: experience from a single institution.
Cancer Control 2003;10:388 ^ 95.
5. Giatromanolaki A, Koukourakis MI, O’Byrne K, et al.
Non-small cell lung cancer: c-erbB-2 overexpression
correlates with low angiogenesis and poor prognosis.
Anticancer Res 1996;16:3819 ^ 25.

Clin Cancer Res 2006;12(15) August 1, 2006

4650

6. Tang CK, Perez C, Grunt T, Waibel C, Cho C, Lupu R.
Involvement of heregulin-h2 in the acquisition of the
hormone-independent phenotype of breast cancer
cells. Cancer Res 1996;56:3350 ^ 8.
7. Calvo E,Tolcher AW, Hammond LA, et al. Administration of CI-1033, an irreversible pan-erbB tyrosine
kinase inhibitor, is feasible on a 7-day on, 7-day off
schedule: a phase I pharmacokinetic and food effect
study. Clin Cancer Res 2004;10:7112 ^ 20.
8. Schwartz S, Jr., Caceres C, Morote J, et al. Gains of

www.aacrjournals.org

Downloaded from clincancerres.aacrjournals.org on December 4, 2021. © 2006 American Association for
Cancer Research.

Phase I PharmacokineticTrial of I.V. CI-1033
the relative genomic content of erbB-1 and erbB-2 in
prostate carcinoma and their association with metastasis. Int J Oncol 1999;14:367 ^ 71.
9. Leung HY,Weston J, Gullick WJ,Williams G. A potential autocrine loop between heregulin-a and erbB-3
receptor in human prostatic adenocarcinoma. BrJ Urol
1997;79:212 ^ 6.
10. Almadori G, Cadoni G, Galli J, et al. Epidermal
growth factor receptor expression in primary laryngeal
cancer: an independent prognostic factor of neck
node relapse. Int J Cancer 1999;84:188 ^ 91.
11. Hurtt MR, Moossy J, Donovan-Peluso M, Locker J.
Amplification of epidermal growth factor receptor
gene in gliomas : histopathology and prognosis.
J Neuropathol Exp Neurol 1992;51:84 ^ 90.
12. Scambia G, Benedetti-Panici P, Ferrandina G, et al.
Epidermal growth factor, oestrogen and progesterone
receptor expression in primary ovarian cancer: correlation with clinical outcome and response to chemotherapy. Br J Cancer 1995;72:361 ^ 6.
13. Meden H, KuhnW. Overexpression of the oncogene
c-erbB-2 (HER2/neu) in ovarian cancer: a new prognostic factor. Eur J Obstet Gynecol Reprod Biol 1997;
71:173 ^ 9.
14. Hirono Y, Tsugawa K, Fushida S, et al. Amplification
of epidermal growth factor receptor gene and its relationship to survival in human gastric cancer. Oncology
1995;52:182 ^ 8.
15. Yonemura Y, Ninomiya I, Yamaguchi A, et al. Evaluation of immunoreactivity for erbB-2 protein as a marker of poor short-term prognosis in gastric cancer.
Cancer Res 1991;51:1034 ^ 8.
16. Fry DW, Bridges AJ, Denny WA, et al. Specific,

www.aacrjournals.org

irreversible inactivation of the epidermal growth factor receptor and erbB2, by a new class of tyrosine
kinase inhibitor. Proc Natl Acad Sci U S A 1998;95:
12022 ^ 7.
17. Fry DW. Site-directed irreversible inhibitors of the
erbB family of receptor tyrosine kinases as novel chemotherapeutic agents for cancer. Anticancer Drug
Des 2000;15:3 ^ 16.
18. Grunwald V, Hidalgo M. Developing inhibitors of the
epidermal growth factor receptor for cancer treatment. J Natl Cancer Inst 2003;95:851 ^ 67.
19. Cockcroft DW, Gault MH. Prediction of creatinine
clearance from serum creatinine. Nephron 1976;16:
31 ^ 41.
20. Nemunaitis J, Eiseman I, Cunningham C, et al.
Phase 1 clinical and pharmacokinetics evaluation of
oral CI-1033 in patients with refractory cancer. Clin
Cancer Res 2005;11:3846 ^ 53.
21. Fukuoka M,Yano S, Giaccone G, et al. Multi-institutional randomized phase II trial of gefitinib for previously treated patients with advanced non-small-cell
lung cancer (The IDEAL 1 Trial) [corrected]. J Clin
Oncol 2003;21:2237 ^ 46.
22. Kris MG, Natale RB, Herbst RS, et al. Efficacy of
gefitinib, an inhibitor of the epidermal growth factor
receptor tyrosine kinase, in symptomatic patients with
non-small cell lung cancer: a randomized trial. JAMA
2003;290:2149 ^ 58.
23. Cella D, Herbst RS, LynchTJ, et al. Clinically meaningful improvement in symptoms and quality of life for
patients with non-small-cell lung cancer receiving
gefitinib in a randomized controlled trial. J Clin Oncol
2005;23:2946 ^ 54.

4651

24. Lynch TJ, Bell DW, Sordella R, et al. Activating
mutations in the epidermal growth factor receptor
underlying responsiveness of non-small-cell lung
cancer to gefitinib. N Engl J Med 2004; 350:
2129 ^ 39.
25. Janne PA, Gurubhagavatula S, Yeap BY, et al. Outcomes of patients with advanced non-small cell lung
cancer treated with gefitinib (ZD1839, ‘‘Iressa’’) on
an expanded access study. Lung Cancer 2004;44:
221 ^ 30.
26. Tamura K, Fukuoka M. Gefitinib in non-small cell
lung cancer. Expert Opin Pharmacother 2005;6:
985 ^ 93.
27. Baselga J, Arteaga CL. Critical update and
emerging trends in epidermal growth factor receptor targeting in cancer. J Clin Oncol 2005;23:
2445 ^ 59.
28. Hirsch FR,Witta S. Biomarkers for prediction of sensitivity to EGFR inhibitors in non-small cell lung cancer.
Curr Opin Oncol 2005;17:118 ^ 22.
29. Scagliotti GV, Selvaggi G, Novello S, Hirsch FR. The
biology of epidermal growth factor receptor in lung
cancer. Clin Cancer Res 2004;10:4227 ^ 32s.
30. Hirsch FR,Varella-Garcia M, Bunn PA, Jr., et al. Epidermal growth factor receptor in non-small-cell lung
carcinomas: correlation between gene copy number
and protein expression and impact on prognosis.
J Clin Oncol 2003;21:3798 ^ 807.
31. Hirsch FR, Scagliotti GV, Langer CJ, Varella-Garcia
M, Franklin WA. Epidermal growth factor family of
receptors in preneoplasia and lung cancer: perspectives for targeted therapies. Lung Cancer 2003;41:
S29 ^ 42.

Clin Cancer Res 2006;12(15) August 1, 2006

Downloaded from clincancerres.aacrjournals.org on December 4, 2021. © 2006 American Association for
Cancer Research.

Increased Bioavailability of Intravenous Versus Oral CI-1033,
a Pan erbB Tyrosine Kinase Inhibitor: Results of a Phase I
Pharmacokinetic Study
George R. Simon, Christopher R. Garrett, Stephen C. Olson, et al.
Clin Cancer Res 2006;12:4645-4651.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://clincancerres.aacrjournals.org/content/12/15/4645

This article cites 31 articles, 10 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/12/15/4645.full#ref-list-1
This article has been cited by 6 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/12/15/4645.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/12/15/4645.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on December 4, 2021. © 2006 American Association for
Cancer Research.

