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A B S T R A C T

Purpose
To investigate the gefitinib, fluorouracil (FU), leucovorin, and oxaliplatin regimen (IFOX) in
previously treated patients with metastatic colorectal cancer.

Patients and Methods
Eligible patients had stage IV colorectal adenocarcinoma and had demonstrated progression

or intolerance to a prior chemotherapy regimen not including oxaliplatin. Each cycle consisted
of 14 days. Cycle 1 consisted of oxaliplatin 85 mg/m? intravenously (IV) during 2 hours on day
1, hours 0 to 2; leucovorin 200 mg/m? IV on days 1 and 2, hours 0 to 2; FU 400 mg/m? IV push
on days 1 and 2; and FU 600 mg/m? IV on days 1 and 2, hours 2 to 24 (FOLFOX-4). All
subsequent cycles consisted of FOLFOX-4 with gefitinib at 500 mg/d administered orally
throughout the 14-day cycle.

Results
Twenty-seven patients were enrolled onto the study. The median number of prior chemo-

therapy regimens was two, and 74% of all patients received prior irinotecan. Nine of the 27
patients (33%) and six of the 20 patients (30%) who had prior FU and irinotecan had a partial
response by Response Evaluation Criteria in Solid Tumors Group criteria. Median overall
survival was 12.0 months. Median event-free survival was 5.4 months. Grade 3 to 4 toxicities
included neutropenia (48%), diarrhea (48%), nausea (22%), and vomiting (15%).

Conclusion
IFOX is an active regimen in patients with previously treated metastatic colorectal adeno-

carcinoma, demonstrating higher response rates than those reported with FOLFOX-4 alone
in a similar patient population.

J Clin Oncol 23:5613-5619. © 2005 by American Society of Clinical Oncology

FU.>’ The addition of the platinum drug
oxaliplatin to infusional FU led to the

The treatment of metastatic colorectal can-
cer (CRC) has changed dramatically during
the last 5 years with the introduction of ac-
tive new chemotherapeutic and biologically
targeted agents. In 2000, the combination of
irinotecan, bolus fluorouracil (FU), and leu-
covorin (IFL) was shown to be superior to
FU and leucovorin alone." Infusional FU
was shown to have reduced toxicity while
improving efficacy compared with bolus

development of the infusional fluoroura-
cil, leucovorin, and oxaliplatin (FOLFOX)
regimens for second-line treatment of
metastatic CRC.* In a phase ITI study in pa-
tients who had progression of metastatic
CRC after IFL, the FOLFOX-4 regimen
demonstrated a 10% objective response
rate compared with a 1% response rates
seen with FU/leucovorin or oxaliplatin.’
The FOLFOX-4 regimen also resulted in
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superior time to progression (4.6 v 2.7 months) and im-
proved relief of tumor-related symptoms as compared with
FU/leucovorin.

Even with these advances, the response rate for second-
line therapy in metastatic CRC remains low. The search for
additional active treatment regimens in this setting has led
to the investigation of new agents targeting cell-signaling
molecules such as epidermal growth factor receptor (EGFR)
tyrosine kinase. Preclinical studies inhibiting EGFR with
either antibodies or small molecules demonstrated a dose-
dependent inhibition of tumor cell growth in vitro and in
animal models.®'°

EGEFR expression has been demonstrated in up to 60%
to 80% of CRC tumors,'"'* and has been associated with
decreased survival."> A recent phase III study demon-
strated that the anti-EGFR antibody, cetuximab, in com-
bination with irinotecan produced a 22% response rate
in patients refractory to irinotecan-based chemotherapy,
whereas cetuximab alone produced a 10% response
rate."* Preclinical models also demonstrate that inhibi-
tion of the EGFR signaling pathway can sensitize tumor
cells to chemotherapy.'>"”

Gefitinib (Iressa; ZD1839, Wilmington, DE), a potent
small-molecule inhibitor of the tyrosine kinase domain of
EGFR, has been studied extensively in patients with tumors
of epithelial origin, such as lung and head and neck cancers,
but studies in patients with CRC are limited.'®** Gefitinib
is orally bioavailable, and is an attractive therapeutic option
because of its biologic activity and ease of administration.

Werecently completed a phase I study to determine the
optimal doses of gefitinib, FU, leucovorin, and oxaliplatin
(IFOX) therapy in patients with advanced solid malignan-
cies.”* On the basis of the results of our phase I study, we
proceeded to a phase II study evaluating the efficacy of the
IFOX regimen for the second-line treatment of patients
with metastatic CRC.

Patients

Patients were considered eligible for this study if they were
older than 18 years of age and had histologically confirmed meta-
static colorectal adenocarcinoma with documented progressive
disease after first-line chemotherapy. Patients receiving any prior
therapy for metastatic disease or patients developing metastatic
disease within 6 months of receiving adjuvant therapy were in-
cluded. Other criteria for eligibility included measurable disease
by Response Evaluation Criteria in Solid Tumors Group criteria,
no more than three prior chemotherapy regimens, completion of
prior chemotherapy = 4 weeks before enrollment, no prior expo-
sure to oxaliplatin or EGFR inhibitors, an Eastern Cooperative
Oncology Group (ECOG) performance status = 2, adequate
blood counts (neutrophils = 1,500/uL and platelets = 100,000/
L), renal function within normal limits, total bilirubin = 1.5
mg/dL, and aminotransferases = 2.5X the upper limit of normal.
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Confirmation of tumor EGFR status was not required for inclu-
sion in this study and there was no determination made of EGFR
status before treatment initiation. All patients signed an informed
consent form approved by the Stanford University Committee for
the Protection of Human Subjects.

Treatment

The first cycle of treatment was FOLFOX-4 chemotherapy
alone at dosages previously published.>® This was done to obtain
more experience with the acute toxicities of IFOX compared with
FOLFOX-4 alone. On day 1, patients received oxaliplatin 85
mg/m? intravenously concurrent with leucovorin 200 mg/m? in-
travenously during 2 hours. Then, FU 400 mg/m” was adminis-
tered by intravenous bolus injection followed by FU 600 mg/m*
administered by continuous intravenous infusion during 22
hours. On day 2, leucovorin, bolus FU, and infusional FU was
delivered at identical doses as day 1. Pretreatment with a
5-hydroxytryptamine-3 receptor antagonist and dexamethasone
was administered before oxaliplatin.

In the second and subsequent cycles of treatment, patients
received the IFOX regimen. Each cycle lasted 14 days. Thus, be-
ginning with cycle 2 and for each subsequent cycle, gefitinib 500
mg/d orally was administered for the entire 14 days.

All toxicities were graded according to the National Cancer
Institute Common Toxicity Criteria (CTC) version 2.0, except for
neurotoxicity (Table 1). Re-treatment at the start of each cycle
required adequate hematologic function (absolute neutrophil
count = 1,500/uL and platelets = 100,000/uL) and resolution of
all toxicities to CTC = grade 2.

During treatment, dose modifications for dermatitis, diar-
rhea, and myelosuppression were carried out as listed in Table 2.
Daily gefitinib was continued if initiation of chemotherapy for the
next cycle of treatment was delayed due to myelosuppression.
Toxicity definitions and oxaliplatin dose modifications for neuro-
toxicity are outlined in Table 1. All treatment was withheld for tox-
icity CTC = grade 3 until resolution to CTC = grade 2, then
treatment was restarted with the appropriate dose modification.

Treatment was continued until development of progressive
disease or unacceptable toxicity, withdrawal of patient consent, or
decision to perform surgical resection of disease.

Evaluation

Baseline tumor measurements by computed tomography
were obtained within 28 days before study treatment was started.
Physical examination, including medical history, laboratory stud-
ies, and assessment of performance status, were conducted at the
beginning of each 2-week cycle. Patients were asked to keep a diary
of daily gefitinib ingestion and record their experience of nausea
and diarrhea.

Tumor response was evaluated approximately every 8 weeks
by computed tomography imaging and tumor measurement per-
formed using Response Evaluation Criteria in Solid Tumors
Group criteria.”® A response was defined as a reduction of = 30%
in the sum of the longest diameters of all measured lesions, con-
firmed on a subsequent scan performed at least 4 weeks after the
initial scan documenting the reduction.

Statistical Analysis

The primary end point of the study was to determine the
objective response rate for patients with metastatic CRC treated
with this study regimen. Secondary end points included determi-
nation of the safety profile of this regimen and determination of
median event-free survival (EFS) and overall survival (OS) times.
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Table 1. Oxaliplatin Dose Modification Guidelines for Neurologic Toxicity

Duration of Toxicity

Toxicity 1-7 Days

Persistent” Between
> 7 Days Cycles

Paresthesias/dysesthesiast of short
duration that resolve and do not
interfere with function (grade 1)

Paresthesias/dysesthesiast interfering
with function, but not ADL (grade 2)

Paresthesias/dysesthesiast with pain
or with functional impairment that
also interfere with ADL (grade 3)

Persistent paresthesias/dysesthesiast Stop
that are disabling or life-threatening
(grade 4)

Pharyngolaryngeal dysesthesias

No change

No change

time, | to 40 mg/m?

No change

First time, | to 65 mg/m?; second

No change No change

No change | to 65 mg/m?

First time, | to 65 mg/m?; second Stop
time, | to 40 mg/m?

Stop Stop

Duration of infusion
to 6 hours

Duration of infusion to 6 hours

Abbreviation: ADL, activities of daily living.
*Not resolved by the beginning of the next cycle.
tMay be cold induced.

EFS was defined as the interval of time from enrollment onto
this study to the occurrence of the first event. In this study, an
event was defined as death, any evidence of disease progression,
withdrawal from study treatment because of toxicity, or proceed-
ing to surgical resection or radiofrequency ablation of residual
disease. The OS time was calculated as the interval of time from
enrollment until the date of death as a result of any cause or until
the date of the last follow-up, at which time the data were cen-
sored. Both the EFS and OS times were estimated by the Kaplan-
Meier method.

To calculate the proposed sample size, we used the baseline
response rate of 10% seen with FOLFOX-4 in the second-line
setting as our null hypothesis. To detect a 20% improvement in
response rate (10% v 30%) with the proposed regimen, with an
a = .10 and B = .10, we estimated accrual to be 35 patients in a
two-stage design.”” Because the response rate was slightly higher
than expected (33% v 30%) and referral of patients declined be-
cause of the introduction of oxaliplatin in first-line regimens, the
study was closed after the accrual of 27 patients.

Baseline Characteristics
Between April 2002 and May 2004, 27 patients were
enrolled onto this study. Although two patients discontin-

ued chemotherapy before completion of two cycles and
were lost to follow-up for nonmedical reasons, all 27 pa-
tients enrolled are included in the toxicity and efficacy
analyses, on the basis of intention to treat. The baseline
characteristics of the 27 assessable patients are listed in
Table 3. All patients had an ECOG performance status of
= 1, with 78% ECOG performance status of 0. The propor-
tions of patients receiving one, two, or three prior therapies
were similar, and 74% of patients (20 of 27) had received
irinotecan. The median duration of first-line irinotecan-
based treatment was 6 months and the majority of patients
(15 of 20; 75%) showed evidence of progressive disease
while receiving treatment.

Treatment Administration

The total number of cycles administered was 195, with
amedian of six cycles per patient (range, 1 to 15 cycles), and
a mean of 7.2 cycles per patient.

Efficacy

The primary efficacy end point for this study was ob-
jective response rate. By intent-to-treat analysis, nine of 27
patients (33%) experienced a partial response, whereas an-
other 12 of 27 (44%) had stable disease for at least four

Table 2. Dose Modification Guidelines for the IFOX Regimen

Toxicity First

Second Third Fourth

Dermatitis = CTC grade 3
PO daily
Diarrhea = CTC grade 3 refractory to  Reduce FU bolus and
oral antidiarrheal medication infusion by 20%
Nadir ANC = 500/uL or nadir platelet Reduce oxaliplatin by 20%
= 50,000/pL

Reduce gefitinib to 250 mg  Discontinue gefitinib

Reduce gefitinib to
250 mg PO daily 20% study
Reduce FU bolus and
infusion by 20% by 20%

Reduce oxaliplatin by Withdraw patient from

Further reduce oxaliplatin ~ Reduce FU or oxaliplatin at
investigator discretion

neutrophil count.

Abbreviations: IFOX, gefitinib, fluorouracil, leucovorin, and oxaliplatin regimen; CTC, Common Toxicity Criteria; PO, orally; FU, fluorouracil; ANC, absolute

WWW.jco.org
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Table 3. Baseline Characteristics of Patients
Characteristic No. of Patients % (n = 27)

Age, years

Median 57

Range 37-79
Sex

Male 10 37

Female 17 63
Race

White 17 63

Asian 7 26

Black 1 3.7

Hispanic 1 3.7

Native American 1 3.7
Performance status (ECOG)

0 21 78

1 6 22
Number of prior therapies

1 8 30

2 12 44

8 7 26
Prior irinotecan therapy 20 74
Abbreviation: ECOG, Eastern Cooperative Oncology Group.

cycles (Table 4). When we consider only the 25 patients who
were evaluated for response, 36% experienced a partial
response, whereas another 48% had stable disease. For the
20 patients previously receiving irinotecan-based chemo-
therapy, the response rates were 30% partial responses and
45% stable disease. Response rates did not differ on the basis
of the number of prior regimens the patients received.

The secondary efficacy end points were EFS and OS.
The median EFS in this study was 5.4 months (95% CI, 4.0
to 5.8 months). Of the 27 patients, IFOX was stopped after
six to 12 cycles in two patients (7%) with responding disease
and two patients (7%) with stable disease to attempt defin-
itive treatment with surgical resection or radiofrequency
ablation of residual metastases (Table 5). Fifteen patients
(56%) were taken off study treatment because of progres-
sive disease, and six patients (22%) were taken off because
of toxicity. For all 27 patients, median time to disease pro-
gression, including the four patients who discontinued
IFOX to receive surgical resection or radioablation for re-

Table 4. Antitumor Response Rates to IFOX Therapy

Patients
Receiving Prior

All Patients Irinotecan

(n=27) (n = 20)
Response No. % No. %
Partial remission 9 33 6 30
Stable disease 12 44 9 45
Progressive disease 6 22 3 25
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Table 5. Events Leading to Discontinuation of Study Treatment

Event No. of Patients %
Surgery/RFA 4 15
Progressive disease 15 56
Toxicity 8 29

Abbreviation: RFA, radiofrequency ablation.

sidual metastases, was 8.0 months. The median OS for all
assessable patients was 12.0 months (95% CI, 9.6 to 22.1
months; Fig 1). Survival analysis was also performed ex-
cluding the two patients who had surgical resection of their
metastatic lesion after experiencing stable disease during
treatment with IFOX. This was done to evaluate whether
these two patients, who were likely in a more favorable
category than the rest of the study population by virtue of
their resectable disease at enrollment, significantly influ-
enced the results. For the 25 patients in this secondary
analysis, the EFS was unchanged at 5.4 months (95% CI, 3.4
to 5.8 months) and the OS was 11.1 months (95% CI, 8.8 to
20.6 months). The two survival curves were not signifi-
cantly different (P = .8).

Toxicities

The toxicities of the study regimen were evaluated as a
secondary end point of this study. The initial safety profile
and maximum-tolerated dose of IFOX were previously es-
tablished in a phase I study.** This study provides addi-
tional information on toxicities encountered with this
regimen (Table 6). In this study, 48% of patients experi-
enced grade 3 or 4 neutropenia and/or diarrhea at some
point in the treatment course. Patients older than age 60
had more myelosuppression, with 88% experiencing grade
3 or 4 neutropenia compared with 32% of patients younger
than 60 years (P = .004).

Additional toxicities included grade 2 dermatitis or dry
skin attributable to gefitinib in 16 patients (59%), and grade
2 peripheral neuropathy attributable to oxaliplatin in three

1.04

0.8 4

0.64

0.4+

Probability

0.2

0 5 10 15 20 25
Months

Fig 1. Kaplan-Meier curve of overall survival for all patients (median, 12.0
months; 95% Cl, 9.6 to 22.1 months).
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Table 6. Grade 3 or 4 Adverse Events Related to Treatment
Patients
Older Than
All Patients 60 Years
(n = 27) (n=28)
Adverse Event No. % No. %
Neutropenia 13 48 7 88
Diarrhea 13 48 4 50
Nausea 6 22 1 13
Vomiting 4 15
Dehydration 8 11 1 13
Hypokalemia 3 11 2 25
Increase in aminotransferases 3 11
Fatigue 3 11 2 25
Infection 2 7
Anemia 2 7 2 25
Thrombocytopenia 1 4
Anorexia 1 4 1 13
lleus 1 4
Hand-foot syndrome 1 4
Abdominal pain 1 4

patients (11%). A greater number of patients experienced
toxicity in cycles 2 and 3 (FOLFOX with gefitinib) than in
cycle 1 (FOLFOX alone). The most significant differences
were observed for myelosuppression, diarrhea, and derma-
titis, as listed in Table 7.

A total of 17 patients (63%) underwent at least one
dose reduction of oxaliplatin (Table 8) because of grade 3 or
4 neutropenia (29%), grade 3 nausea or vomiting (18%),
grade 2 peripheral neuropathy (18%), or grade 2 increase in
aminotransferases. Thirteen patients (48%) underwent a
dose reduction of FU because of grade 3 diarrhea (85%),
grade 3 hand-foot syndrome (8%), or grade 4 neutropenia
(8%). Six patients (22%) underwent a dose reduction of
gefitinib because of grade 3 diarrhea (50%) or grade 2
dermatitis or dry skin (50%).

One patient was removed from the study because of the
development of asymptomatic interstitial pneumonitis af-
ter 12 cycles of treatment. Bronchoscopic washings and
blood studies were negative for infectious etiologies of the
pneumonitis, and the patient’s radiographic abnormalities

improved after the discontinuation of IFOX therapy. The
manifestations of this pneumonitis were consistent with a
drug-induced toxicity, which has been described previously
with gefitinib monotherapy.?®

The recent advent of several new agents for the treatment of
metastatic CRC has markedly enhanced the therapeutic
armamentarium for this disease. Oxaliplatin in combina-
tion with infusional FU in the FOLFOX-4 regimen has been
shown to be effective in achieving an improved response
and time to progression compared with FU/leucovorin in
the second-line setting when progressive disease occurs af-
ter irinotecan-based regimens.’ The monoclonal antibodies
cetuximab (which targets EGFR) and bevacizumab
(which targets vascular endothelial growth factor) have
also demonstrated therapeutic efficacy in CRC, and
many studies to optimize their use in combination with
chemotherapies are underway.

The high level of EGFR expression in CRC specimens
has sparked great interest in using this target to develop
more directed and specific therapies. To date, positive re-
sults with EGFR inhibition in CRC have only been reported
for the monoclonal antibody cetuximab in combination
with irinotecan-based regimens using bolus FU."* The
combination of EGFR inhibition with FOLFOX-4 is being
investigated currently in a randomized phase III trial of
FOLFOX chemotherapy with and without cetuximab.
However, although cetuximab and gefitinib target the
same cellular pathway, small-molecule inhibitors of EGFR
have not yet been tested in combination with chemotherapy
in CRC.

Despite preclinical evidence for chemotherapy sensiti-
zation of human tumor xenografts, four major randomized
trials have shown no benefit for the addition of gefitinib or
erlotinib to standard chemotherapy for non—small-cell lung
cancer.”®*! Our data suggests that colorectal cancers differ
substantially from non—small-cell lung cancers in the ability
of EGFR inhibitors to enhance the effects of chemotherapy.

Table 7. Differences in Selected Adverse Events Between Cycle 1 and Cycles 2/3
No. of Patients Experiencing Toxicity
Cycle 1 Cycle 2 Cycle 3
Toxicity No. % No. % No. %
Any grade 3/4 toxicity 6 22 11 44 18 72
Neutropenia 2 7 7 28 4 16
Diarrhea 1 4 4 16 9 36
Nausea/vomiting 1 4 0 0 4 16
Grade 2 dermatitis 0 0 4 16 5 20
www.jco.org 5617
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Table 8. Frequency and Cause of Drug Dose Reductions

Dose Reduction Required

Agent No. of Patients % Most Common Reasons for Dose Reduction
Oxaliplatin 17 63 Neutropenia (29%) N/V (18%) Neuropathy (18%) AST/ALT (18%)
FU 13 48 Diarrhea (85%) HFS (8%) Neutropenia (8%)
Gefitinib 6 22 Diarrhea (50%) Dermatitis (50%)

Abbreviations: N/V, nausea and vomiting; AST, aspartate aminotransferase; ALT, alanine aminotransferase; FU, fluorouracil; HFS, hand-foot syndrome.

The response rate achieved in this study is encouraging com-
pared with reported results with FOLFOX-4 alone in a similar
setting, and suggests that gefitinib exerts a chemotherapy-
sensitizing effect in CRC. This is consistent with the findings of
a previous phase III trial using cetuximab, in which that EGFR
inhibitor combined with irinotecan produced a 22% remis-
sion rate in patients with prior irinotecan resistance.'* The
relative lack of single-agent activity of gefitinib in CRC also
supports a chemotherapy-sensitizing role in this disease.

In this study we report on EFS as a secondary end point
rather than time to progression because 44% of patients
discontinued treatment because of a reason other than pro-
gressive disease. Four patients were taken off study with
either stable or responding disease, so that surgical resec-
tion or radiofrequency ablation could be performed. These
four patients remain without evidence of disease with a
median follow-up of 12.3 months. The overall median time
to progression in our study population was 8.0 months,
when calculated regardless of any subsequent therapy after
discontinuation from the study treatment. FOLFOX alone
in the second-line setting was reported to result in a median
time to progression of 4.6 months.’

As would be expected with combination therapy, cer-
tain toxicities were significantly increased compared with
the published data from several studies using FOLFOX
alone. Adverse events known to be increased by gefitinib
from other phase I and II studies include diarrhea and skin
changes (either acneiform rash or dry skin). Thus, grade 3
diarrhea was experienced in 48% of patients receiving our
study treatment compared with 11% reported previously,
suggesting an additive toxicity of gefitinib and FU on the
lower GI tract.” Grade 3 or 4 neutropenia was not enhanced
compared with historical controls (48% for IFOX v 44% for
FOLFOX alone). There was more myelosuppression in pa-
tients older than 60 years of age, with 88% developing grade

5618

3 or 4 neutropenia at some point in their treatment course,
suggesting that early, preemptive dose modification of ox-
aliplatin in this population may be warranted.

In this study, we also compared acute toxicities of [FOX
and FOLFOX alone by withholding gefitinib until the sec-
ond cycle of chemotherapy. There was an increase in neu-
tropenia and diarrhea in cycles 2 and 3 (with gefitinib) as
compared with cycle 1 (without gefitinib), but some of these
changes are likely due to cumulative toxicities of oxaliplatin
and FU, rather than additive toxicity of gefitinib.

In conclusion, this phase II study demonstrated that
EGFR tyrosine kinase inhibition with gefitinib may enhance
the antitumor efficacy of FOLFOX-4 chemotherapy in
patients with previously treated metastatic CRC. This
study adds to the growing body of evidence that inhibi-
tion of the EGFR pathway in CRC can sensitize some
colorectal cancers to cytotoxic drugs and provide sub-
stantial benefits to patients.

With the increasing use of oxaliplatin-based regi-
mens for first-line treatment because of the demon-
strated improved efficacy of FOLFOX compared with
IFL, additional investigation of EGFR inhibition in this
setting is warranted. To this end, we continue to accrue
patients to a parallel study using IFOX for first-line ther-
apy of metastatic CRC.
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