
Abstract. Background: Based on our pre-clinical data, we
hypothesized that sequencing chemotherapy with erlotinib
would increase the tumor response rate in patients with
metastatic colorectal cancer. Patients and Methods: A phase
II trial (planned n=58) using second-line therapy for
metastatic colorectal cancer with either oxaliplatin-based
(mFOLFOX6) or irinotecan-based (FOLFIRI) combination
chemotherapy and 100 mg erlotinib daily on days 3-8 after
each infusion (days 1 and 2) every 14 days. The primary
endpoint was the response rate compared to the historical
response rate. Results: The FOLFIRI/erlotinib arm met the
pre-specified response rate criteria of at least 10% to expand
accrual to the intended sample size. The trial was halted
after an interim safety analysis (n=11) due to excess grade
3 neutropenia, dose reductions and treatment delays. Grade
3 or 4 neutropenia was observed in 64% of patients. The
response rate was 18%. Conclusion: In second-line
treatment for metastatic colorectal cancer, mFOLFOX6 or
FOLFIRI with erlotinib in a sequence-dependent fashion is
not feasible despite potential promising activity. 

Colorectal cancer is the third most common type of adult
cancer in the world, with an estimated 1.8 million cases and
881,000 deaths annually by the GLOBOCAN estimate in 2018

(1). While more than 20% of these patients are diagnosed with
metastatic disease, advancement in systemic treatment options
have improved their expected median survival from 11-12
months with fluoropyrimidine alone to approximately 2.5
years with modern combination therapies (2, 3). Combination
chemotherapy of either oxaliplatin, 5-fluorouracil and
leucovorin (FOLFOX) or irinotecan, 5-fluorouracil, and
leucovorin (FOLFIRI) has similar response rates and survival
outcomes in the first-line metastatic setting (3-5). Moreover,
these chemotherapy platforms have further incorporated
biological agents, such as bevacizumab or monoclonal
antibodies to epidermal growth factor receptor (EGFR),
thereby improving response rates to approximating 60% in the
first-line metastatic setting, as well as prolonging survival
endpoints (3, 5, 6). However, second-line chemotherapy
platforms using the alternate chemotherapy regimen with a
biological agent, typically demonstrates less clinical activity
and lower response rates of 6-35% (7-9).

Given the expanding repertoire of biological agents,
tyrosine kinase inhibitors (TKIs), and most recently immune
checkpoint inhibitors for the treatment of metastatic colorectal
cancer, there is a continued need to optimize second-line
treatment options by integrating chemotherapy with more
targeted approaches. This is particularly true as our knowledge
based on colorectal cancer subtypes increases (10). Indeed,
tumor location and molecular biomarkers, such as extended
RAS mutations [testing beyond KRAS proto-oncogene,
GTPase (KRAS) exon 2 to also include both KRAS and NRAS
proto-oncogene, GTPase (NRAS) from exons 2 through 4], B-
Raf proto-oncogene, serine/threonine kinase (BRAF)
mutations, and mismatch repair deficiency, are also
increasingly used to predict activity to specific therapeutic
agents. EGFR is a receptor that activates signaling pathways
to promote cell proliferation and is frequently overexpressed
in colorectal adenomas and cancer (11-13). Monoclonal
antibodies to EGFR, such as cetuximab and panitumumab,
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inhibit this pathway by directly blocking the receptor while
erlotinib, an orally administered TKI, targets EGFR by
preventing receptor auto-phosphorylation intracellularly.
However, tumors with RAS and BRAF V600E mutations
confer resistance to anti-EGFR-based therapies by maintaining
constitutively active signaling proteins downstream of EGFR.
In fact, only patients who have wild-type RAS tumors have
any clinical benefit from anti-EGFR therapy (14).

When erlotinib was first studied in clinical trials for
metastatic colorectal cancer, it did not lead to any objective
response as a single agent in unselected patients as RAS
testing was not available at that time (15). Interestingly,
gefitinib, another small molecule EGFR inhibitor, in
combination with chemotherapy demonstrated feasibility in
single-arm phase II studies (16, 17), although follow-up
confirmatory studies were not completed. Subsequent
erlotinib tolerability studies found that continuous erlotinib
dosing with FOLFIRI or FOLFOX caused significant
neutropenia, diarrhea, mucositis, fatigue, and disfiguring rash
(18-20). Preclinical studies, however, supported combining
EGFR TKI with cytotoxic agents, as conventional
chemotherapy may lead to up-regulation of EGFR expression
to resist apoptosis and cell damage from chemotherapy (21-
23). In vitro studies also demonstrated that anti-EGFR TKI
can more effectively induce cell death when given after
cytotoxic agents, also known as sequence-dependent
inhibition (24). Based on the findings of these pre-clinical
and early safety studies, we hypothesized that sequential
dosing and scheduling of anti-EGFR TKI in combination
with chemotherapy for metastatic colorectal cancer is critical
for potentiating optimal antitumor effects while avoiding
additive toxicity seen in the early clinical trials. We
performed pre-clinical testing to demonstrate that alternative
sequencing of EGFR TKI with cytotoxic chemotherapy
enhanced colorectal tumor cell apoptosis. We then conducted
a phase II clinical trial in patients with metastatic colorectal
cancer being treated with either second-line FOLFOX or
FOLFIRI to also receive 6 days of erlotinib after each
administration of chemotherapy infusion in an alternating,
sequence-dependent fashion.

Patients and Methods

Pre-clinical model. Human colorectal cancer cell lines isogenic for
TP53 and KRAS mutation (HCT116) was used to determine the
optimal timing of EGFR inhibition and chemotherapy. Oxaliplatin
chemotherapy was dosed at concentration of 60 μM, and erlotinib
was dosed at 12.5 nM. Six types of treatments of HCT116 cells in
culture, with each in triplicate, were completed: untreated,
oxaliplatin alone, erlotinib alone, both drugs concurrently,
oxaliplatin first for 24 hours followed by erlotinib, and erlotinib first
for 24 hours followed by oxaliplatin. Apoptosis measurement by
flow cytometry and annexin V staining was carried out 72 hours
after initial treatment exposure.

Study design and patients. Following pre-clinical data, the clinical
study was a non-randomized two-centered phase II trial (including
Salem Hospital) that assigned treatment intervention based on
patients’ first-line treatment, FOLFOX or FOLFIRI, and with the
addition of erlotinib for all (NCT00642746). Patients who were 18
years or older with biopsy-proven, unresectable metastatic colorectal
adenocarcinoma that had progressed on first-line FOLFOX or
FOLFIRI with or without bevacizumab were eligible for enrollment.
A washout period of at least 4 weeks was required if a biological
agent was used previously. Monoclonal antibodies to EGFR had not
yet been approved for use in front-line therapy at the time of the
study. The role of RAS mutation as a predictive biomarker became
known only after the study had begun. Eligible patients had
performance status of 0 or 1 with adequate organ function and pre-
treatment laboratory parameters to receive standard second-line
FOLFOX or FOLFIRI. Patients were excluded if they had prior
treatment with an EGFR TKI, prior second-line chemotherapy, brain
metastases, other recent malignancies, significant co-morbidities,
anemia with hemoglobin <9.0 g/dl, uncontrolled diarrhea, bowel
obstruction, inability to take oral medications, human
immunodeficiency virus infection, or were pregnant.

Treatment Interventions. Patients were treated using standard
second-line modified FOLFOX6 (mFOLFOX6) or FOLFIRI that
they had not received in the first-line and a 6-day course of erlotinib
immediately following each chemotherapy infusion. Each cycle was
every 28 days with two rounds of chemotherapy followed by a 6-
day course of erlotinib in an alternating fashion. Specifically,
mFOLFOX6 was administered as 85 mg/m2 oxaliplatin i.v. on days
1 and 15, 400 mg/m2 leucovorin on days 1 and 15, and 400 mg/m2
fluorouracil i.v. bolus on days 1 and 15, followed by 2,400 mg/m2
continuous infusion over 46 hours on days 1-3 and 15-17. Likewise,
FOLFIRI was administered by 180 mg/m2 irinotecan on days 1 and
15, 400 mg/m2 leucovorin on days 1 and 15, and 400 mg/m2
fluorouracil i.v. bolus on days 1 and 15, followed by 2,400 mg/m2
continuous infusion over 46 hours on days 1-3 and 15-17. Erlotinib
was dosed at 100 mg orally once daily and given on days 3-8 and
17-22. Days 9-14 and 23-28 were treatment-free days to allow
erlotinib clearance prior to the next chemotherapy administration.

Outcome measures. The primary study endpoint was the radiographic
response rate according to the Response Evaluation Criteria in Solid
Tumors (RECIST) 1.0 criteria (25). Secondary study endpoints were
time to progression (TTP), progression-free survival, and toxicity
and safety according to National Cancer Institute Common Toxicity
Criteria version 3.0 (26). The screening assessment was completed
within 21 days before starting the first treatment cycle. Patients
underwent clinic visits with standard laboratory monitoring every 14
days before each chemotherapy infusion. Evaluation with computed
tomographic imaging occurred every two cycles, or approximately
every 2 months. Tumors were optionally obtained to test for EGFR
sequencing and KRAS exon 2 if available.

Safety. Erlotinib was reduced to 50 mg daily (first level) for known
grade 3 dermatological, hepatic, or gastrointestinal toxicities. If
patients were not able to tolerate first level dose reduction, erlotinib
was reduced to 25 mg daily (second level). If patients were unable
to tolerate two dose reductions, developed erlotinib-associated
interstitial lung disease, or had any related grade 4 adverse events,
erlotinib was discontinued. Study treatments were also discontinued
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for unacceptable toxicity, more than three consecutive dose delays,
at patient or physician request, or progressive disease.

Statistical analysis. The study was developed as a Simon’s optimal
two-stage design with two parallel independent arms, mFOLFOX6
plus erlotinib (mFOLFOX/E) and FOLFIRI plus erlotinib
(FOLFIRI/E). Each arm was designed with 80% power to detect an
increased response rate with the addition of erlotinib to
chemotherapy by using predicted historical response rates for
second-line mFOLFOX6 and FOLFIRI, using Fisher’s exact test
with 5% significance. Specifically, mFOLFOX/E was predicted to
increase the response rate from 10 to 30%, and FOLFIRI/E, from
5-20%, thereby estimating a required sample size of 29 patients for
each arm. However, when one treatment arm enrolled 10 patients,
an interim analysis for that arm was required before continuing
accrual for all 29 patients in that arm. At least a partial response by
RECIST criteria was required in more than two out of 10 patients
in the mFOLFOX/E arm and one out of 10 patients in the
FOLFIRI/E arm to continue enrollment. Each treatment intervention
would be considered promising if six or more out of 29 patients in
the mFOLFOX/E arm or four or more out of 29 patients in the
FOLFIRI/E arm had at a least partial response by RECIST criteria.

Results
Because EGFR TKIs can induce G1/G0 cell-cycle arrest
modulating the apoptotic threshold (24, 27, 28), we utilized
pre-clinical models with the human colorectal cancer cell

line HCT116 (KRAS-mutant) to determine the importance of
scheduling EGFR TKI inhibition after cytotoxic therapy with
respect to induction of tumor cell death before launching the
phase II clinical trial (Figure 1). Oxaliplatin-induced tumor
cell killing was first established at a dose and time point that
caused approximately 45% apoptosis compared to baseline
apoptosis. Interestingly, concurrent oxaliplatin and erlotinib
reduced apoptotic tumor cell death compared to oxaliplatin
alone. However, when colorectal cancer cells were
sequentially treated with oxaliplatin first followed by
washout and then with erlotinib, apoptosis significantly
increased compared to that with oxaliplatin alone, erlotinib
alone, or concurrent oxaliplatin with erlotinib (Figure 1). In
contrast, dosing with erlotinib first followed by oxaliplatin
dramatically inhibited apoptosis compared to the opposite
sequence as well as to oxaliplatin alone (Figure 1). Small
molecule EGFR TKI inhibition induced a G0/G1 cell-cycle
arrest in HCT116 cells that inhibited chemotherapy-induced
apoptosis (data not shown). Taken together, these pre-clinical
data supported the rationale for sequence chemotherapy
(mFOLFOX6 or FOLFIRI) followed by erlotinib in the
second-line treatment of patients with metastatic colorectal
cancer. Dosing and schedule was designed to permit
sufficient washout of erlotinib (based on its half-life of 36
hours) prior to the next chemotherapy administration.

Kearney et al: Erlotinib Chemotherapy for Colorectal Cancer

247

Figure 1. In vitro effects of oxaliplatin and erlotinib schedule/sequencing on the percentage HCT116 human colorectal cancer cells undergoing
apoptosis, as measured by annexin V staining and flow cytometry in (y-axis). HCT116 cells were untreated, or treated with oxaliplatin alone, erlotinib
alone, concurrent oxaliplatin and erlotinib, oxaliplatin followed by erlotinib, or erlotinib followed by oxaliplatin. Experiments were performed in
triplicate, and data are means with error bars indicating standard deviation. The second drug was added 24 hours after washing out of first drug
in sequential experiments. Apoptosis was measured 72 hours after initial drug exposure. −Drug absent; + drug present (+ for both drugs indicates
concurrent therapy); 1 or 2: order of drugs in sequential therapy experiments. 



Following the pre-clinical results, the phase II study was
activated in March 2008 and closed in December 2011 after
an interim safety analysis. After obtaining written consent
from 16 patients, two patients withdrew consent and three
patients did not meet screening criteria. Eleven patients were
enrolled in the study: 10 on the FOLFIRI/E arm, and one on
the mFOLFOX/E arm. The majority of patients were over
the age of 60 years and Caucasian. Table I summarizes the
baseline characteristics. Ten patients received first-line
oxaliplatin-based therapy while one patient received first-line
FOLFIRI. Five patients (45%) obtained a partial response to
first-line chemotherapy prior to study enrollment, including
the patient who received FOLFIRI. Bevacizumab was used
in the first-line setting in six (55%) patients.

The primary objective was to determine response rate in
each treatment arm. Table II summarizes the response rates
and TTP of the FOLFIRI/E and mFOLFOX/E arms. Within
the FOLFIRI/E arm (n=10), one patient had a partial
response, one had a mixed response, four had stable disease,
and four had progressive disease. The FOLFIRI/E arm met
the pre-specified criteria of at least 10% response rate to
expand accrual to the intended sample size, while the
mFOLFOX/E arm had not yet enrolled enough patients. The
single patient in the mFOLFOX/E arm demonstrated a partial
response. KRAS exon 2 mutation testing became available
only after study initiation. Six patients had wild-type KRAS,
and five had KRAS mutations, as shown in Table II. Both
patients with partial responses had wild-type KRAS. The
median TTP for patients in the FOLFIRI/E arm was 2.7
(range=0.5-6.9) months, and TTP for the mFOLFOX/E
patient was 4.1 months.

Our data on safety, specifically grade 3 and 4 toxicities, are
summarized in Table III. Cytopenia, oral pain, fatigue, nausea,
diarrhea, and rashes were all observed. The most common
grade 3 or 4 adverse events were neutropenia in seven (64%)
patients, followed by mucositis and diarrhea, both seen in two
(18%) patients. Four (36%) patients received outpatient
intravenous fluids, and two (18%) patients required blood
transfusions. Five (45%) patients required filgrastim. Nine
(82%) patients had cycle delays due to toxicity, and three
(27%) patients required erlotinib dose reductions. Three (27%)
patients experienced grade 3 or 4 adverse events requiring
treatment discontinuation. No deaths were observed during the
study. The median time to any grade 3 or 4 adverse event was
14 days (range=0-104 days). As summarized in Table IV, the
median duration of chemotherapy administered was 2
(range=0.5-6) months, and the median days of erlotinib
administered was 30 (range=6-71) days. 

An unplanned interim safety analysis was performed at the
investigators’ discretion due to frequent neutropenia resulting
in cycle delays and dose reductions. This led to study
termination due to excess grade 3 neutropenia, excess dose
reductions and treatment delays. 

Discussion

We observed a combined response rate of 18% (two out of
11 patients) during the first stage of accrual. For the
FOLFIRI/E arm (n=10), this met the pre-specified criteria of
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Table I. Baseline characteristics of study patients (N=11). 

                                                                                           Value 

Age, years
  Median (range)                                                            64 (27-73)
Gender
  Male                                                                               4 (36%)
  Female                                                                           7 (64%)
Race/ethnicity
  Non-Hispanic White                                                    10 (91%)
ECOG performance status
  0                                                                                     4 (36%)
  1                                                                                     7 (64%)
Cancer staging
  Stage IV at first diagnosis                                           10 (91%)
Location of primary tumor
  Right-sided (cecum to transverse colon)                     5 (45%)
  Left-sided (descending colon to rectum)                     6 (55%)
Site of metastases
  Liver                                                                              9 (82%)
  Lung                                                                               7 (64%)
  Intra-abdominal                                                             6 (55%)
Prior first-line chemotherapy
  Oxaliplatin-based                                                         10 (91%)
  Irinotecan-based                                                             1 (9%)
Prior response
  Partial response                                                             5 (45%)
  Mixed response                                                             3 (27%)
  Stable disease                                                                 0 (0%)
  Progressive disease                                                       3 (27%)
Baseline laboratory data                                                        
AST (U/l)
  Median (range)                                                            33 (16-55)
ALT (U/l)
  Median (range)                                                           20.5 (7-54)
ALP (U/l)
  Median (range)                                                           97 (50-273)
T-Bilirubin (mg/dl)
  Median (range)                                                          0.7 (0.3-1.4)
Albumin (g/dl)
  Median (range)                                                          3.4 (1.3-4.2)
Creatinine (mg/dl)
  Median (range)                                                          0.6 (0.5-0.9)
WBC (×103/μl)
  Median (range)                                                         6.2 (3.8-12.6)
Hct (g/dl)
  Median (range)                                                          37.9 (32-44)
Plt (×103/μl)
  Median (range)                                                         269 (110-497)
CEA (ng/ml)
  Median (range)                                                        67.4 (1.6-1371)

ECOG: Eastern Cooperative Oncology Group; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; ALP: alkaline
phosphatase; T-Bilirubin: total bilirubin; WBC: white blood cell count;
Hct: hematocrit; Plt: platelet; CEA: carcinoembryonic antigen.



at least 10% response rate to expand accrual to the intended
sample size (n=29). However, excessive toxicity resulted in
nine out  of 11 participants experiencing cycle delays and
three out of 11 participants experiencing treatment
discontinuation secondary to side-effects. Additionally, after
this trial initiated, the widespread adoption of approved
biological agents, such as bevacizumab, cetuximab, and
panitumumab, in the second-line treatment setting led to
slow accrual. Thus, the study was terminated due to the
unlikelihood that the primary endpoints would be met.

Subsequent to our trial, investigators have tested
capecitabine plus oxaliplatin in combination with continuous
erlotinib, a strategy that allows immediate dose interruption
and adjustment based on toxicity. Standard capecitabine plus
oxaliplatin every 21 days along with erlotinib led to response
rates of 25-28% with tolerable toxicity (29, 30). However,
capecitabine plus irinotecan along with continuous erlotinib
was found to have a high incidence of diarrhea (31).
Moreover, another trial combining capecitabine with
erlotinib recorded high discontinuation rates due rash and
diarrhea (32). Consistent with the theme of excess toxicities,
another EGFR TKI, gefitinib, was found to have a similar
toxicity profile resulting in 23.1% withdrawing from the
study (33). Although these studies did not follow the scheme
of sequence-dependent inhibition that we hypothesized to
increase efficacy, the observations of increased toxicities in
some of these studies were consistent with our findings. A
separate study combining capecitabine plus oxaliplatin with
erlotinib also did not observe toxicity differences between
continuous versus intermittent dosing with chemotherapy,
but noted 49 out of 60 patients having cycle delays during
the study (34).

Maintenance therapy allows patients to take breaks from
conventional chemotherapy that would have eventual dose-
limiting toxicities. Targeting EGFR with a TKI could
theoretically be useful in the maintenance setting after
induction treatment with chemotherapy with or without a
biological agent. In the OPTIMOX3 study, patients with

metastatic colorectal cancer who had at least stable disease
after bevacizumab-based combination chemotherapy were
randomized to receive bevacizumab maintenance or
bevacizumab plus erlotinib combination. However,
progressive-free survival and overall survival were both only
marginally increased in the combination group, and thus this
approach has not been adopted in unselected patients (35).
Perhaps biomarker-selected patient subsets may benefit.
Nevertheless, until such biomarkers are identified, dual
targeting of EGFR and angiogenesis in maintenance therapy
without chemotherapy remains disappointing. Combination
therapy with bevacizumab and cetuximab during induction
chemotherapy did not show any synergistic activity (36), and
subsequently the Nordic ACT2 trial found that bevacizumab
plus erlotinib was no better than bevacizumab alone for
maintenance therapy (37). Despite studies suggesting that
there may be a role for first-generation EGFR TKI in
metastatic colorectal cancer, we have yet to find a way to
safely dose and schedule these agents with other therapies
and to identify predictive biomarkers that could select
patients who are most likely to benefit.

As new classes of agents have become available for
metastatic colorectal cancer along with accompanying
predictive biomarkers, yet another treatment strategy is to
target multiple steps in the EGFR signaling pathway. For
instance, the single-arm phase II DUX study, which used
both cetuximab and erlotinib for previously treated patients
with colorectal cancer, reported a response rate of 31%
although high rates of rash and hypomagnesemia were noted
(38). SWOG 1406 is an ongoing study that combines
cetuximab and irinotecan with vemurafenib, a BRAF
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Table II. Objective response rate (N=11).

Response                            FOLFIRI+erlotinib       mFOLFOX+erlotinib

Complete response                           0                                      0
Partial response                            1 (wt)                              1 (wt)
Stable disease                      4 (wt: 2, mut: 2)                          0
Mixed response                            1 (wt)                                  0
Progressive disease             4 (wt: 1, mut: 3)                          0
TTP (median/range)         2.7 (0.5-6.9) months              4.1 months

FOLFIRI: Irinotecan, 5-fluorouracil, and leucovorin; mFOLFOX:
oxaliplatin, 5-fluorouracil, and leucovorin; wt: wild-type KRAS; mut:
mutant KRAS.

Table III. Toxicities experienced by patients treated with second-line
chemotherapy and erlotinib.

                                                                                            N=11

Grade 3 and 4 adverse events
  Neutropenia                                                                   7 (64%)
  Diarrhea                                                                         2 (18%)
  Liver function                                                                2 (18%)
  Oral pain                                                                        2 (18%)
  Abdominal pain                                                             1 (9%)
  Fatigue                                                                           1 (9%)
  GI bleed                                                                         1 (9%)
  Hyponatremia                                                                1 (9%)
  INR elevation                                                                1 (9%)
  Nausea                                                                            1 (9%)
  Rash                                                                               1 (9%)
Cycle delays and dose reductions                                      
  Chemotherapy cycle delays                                          9 (82%)
  Erlotinib dose reductions                                              3 (27%)
  Erlotinib discontinuations                                             3 (27%)



inhibitor, in patients with BRAF-mutant metastatic colorectal
cancer. It remains to be seen if EGFR TKIs can work
synergistically with BRAF inhibitors, and other mutations in
the RAS and BRAF signaling pathways might predict
response from this combination. It is also not known if
newer-generation EGFR TKIs such as osimertinib may have
better clinical efficacy and tolerability in metastatic
colorectal cancer than erlotinib and gefitinib, as recently a
pre-clinical study also demonstrated synergy between
osimertinib and fluoropyrimidine (39). These investigations
suggest that small-molecule inhibitors targeting the EGFR
pathway remain promising in the correct setting.

Our study has several methodological limitations. Firstly,
KRAS testing was not available until after the study began,
and the enrolled patients with KRAS mutation were perhaps
unlikely to respond. This observation reflects the importance
of characterizing predictive biomarkers when planning
clinical trials that target specific signaling pathways.
Additionally, most patients at our collaborating centers had
been previously treated with first-line oxaliplatin-based
therapy which significantly slowed accrual in the
mFOLFOX/E arm. Indeed, FOLFIRI/E was the driver of
toxicities in our study that led to termination. Thus, it
remains possible that mFOLFOX/E may be more tolerable,
and we cannot rule out that sequence-dependent
mFOLFOX/E might have demonstrated increased efficacy. 

Conclusion

With expanding treatment options for metastatic colorectal
cancer, there remains a need for increasing efficacy in the later
lines of therapy, when tumors become chemotherapy-resistant.
For this reason, targeting specific signaling pathways,
sometimes with multiple agents, serves as an exciting area of
research. While we observed a combined response rate of 18%

(two out of 11 patients) in this phase II trial testing erlotinib
in combination with multi-agent chemotherapies, excessive
toxicities and tolerability concerns ultimately caused
significant cycle delays and treatment discontinuations.
Identifying the optimal sequence of dosing these targeted
agents with well-established chemotherapy backbones and
robust biomarkers to select appropriate patients is essential.
Newer, more tolerable EGFR TKIs and other drug targets
along the EGFR pathway may ultimately serve as therapeutic
options for patients with metastatic colorectal cancer.
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