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Abstract. The combination of EGFR inhibitors and anti-
angiogenic drugs has a strong pre-clinical rationale, yet its 
use has produced controversial clinical results. We conducted 
two sequential phase I trials to evaluate the feasibility and 
the recommended dose of erlotinib when combined with 
fluoropyrimidine-oxaliplatin-based chemotherapy with or 
without bevacizumab. A total of 21 metastatic colorectal 
cancer (mCRC) patients were treated in two sequential phase I 
trials. In the first trial, 12 patients were treated with escalating 
doses of erlotinib plus FOLFOX. In the second, 9 patients 
were treated with escalating doses of erlotinib combined 
with oxaliplatin, capecitabine and bevacizumab. No MTD 
was reached in either of the trials. The only dose-limiting 
toxicities observed were neutropenia and diarrhea. No unex-
pected toxicities were noted. Hematological toxicity was the 
most frequently noted adverse event with infusional 5FU 
therapy, while gastrointestinal toxicity was the most common 
adverse event. In the second trial most patients withdrew from 
treatment due to toxicity, and less than half completed the 
therapeutic program as per protocol, mostly due to toxicity. 
In conclusion, the present study confirms the disappointing 
results of the double combination of EGFR inhibitors and 
anti-angiogenic drugs in mCRC patients. 

Introduction 

Colorectal cancer (CRC) is the fourth most common malig-
nancy worldwide (1). Nineteen percent of CRC patients are 

diagnosed with metastatic disease, and 50% of those with 
local disease ultimately develop metastases; the 5-year 
survival rates are 90.8% for localized, 69.5% for regional and 
11.3% for metastatic disease (2). However, due to the proper 
combination of active drugs, the survival of metastatic 
colorectal cancer (mCRC) patients has been increased to 
over 25 months.

The combination of oxaliplatin and capecitabine (XELOX) 
is considered a standard regimen for patients with mCRC 
based on the results of several studies. Recently, a randomized 
phase III trial designed to demonstrate the non-inferiority of 
XELOX vs. FOLFOX met its primary endpoint showing no 
difference between the two treatments with regard to response 
rate (RR), progression-free survival (PFS) and overall survival 
(OS) (3). Moreover, a meta-analysis of six phase II  and III 
clinical trials, comparing 5FU- and capecitabine-based regi-
mens, showed no difference in terms of PFS and OS between 
the two types of regimens, and a slight advantage in terms of 
RR for the 5FU-based therapy (4). 

Angiogenesis is crucial to tumor growth and development 
of distant metastases (5); VEGF is a key player and a potential 
target for therapy (6). Since 2005, bevacizumab, a humanized 
monoclonal antibody directed against VEGF-A, has been 
integrated in the first-line therapy of mCRC patients based on 
the results of a phase III randomized trial by Hurwitz et al (7). 
The addition of bevacizumab to 5FU-irinotecan (IFL) therapy 
produced a significant increase in median OS when compared 
to IFL alone (20.3 vs. 15.6 months). When bevacizumab was 
added to first-line FOLFOX or XELOX therapy, a significant 
increase in PFS (9.4 vs. 8.0 months), median OS (21.3 vs. 19.9 
months) and RR (47 vs. 49%) was noted when compared to 
the chemotherapy alone (8). However, the shorter duration of 
therapy and the smaller number of patients receiving beva-
cizumab until disease progression in the latter study were 
claimed to be the main reasons for the lower strength of these 
results as compared to those found by Hurwitz et al.

The EGFR pathway plays a pivotal role in the growth and 
progression of the majority of human epithelial cancers, and 
its overexpression is associated with a poor prognosis (9). 
Monoclonal antibodies targeting EGFR have been approved to 
treat mCRC patients with a wild-type KRAS tumor, either in 

Addition of erlotinib to fluoropyrimidine-oxaliplatin-based  
chemotherapy with or without bevacizumab: 

Two sequential phase I trials
Chiara Carlomagno*,  Gennaro Daniele*,  Roberto Bianco,  Roberta Marciano,   

Vincenzo Damiano,  Elide Matano,  Lucia Nappi,  Stefano Pepe, 
Sabino De Placido  and  Giampaolo Tortora

Department of Molecular and Clinical Endocrinology and Oncology, University of Naples Federico II, 80131 Naples, Italy

Received October 11, 2010;  Accepted February 21, 2011

DOI: 10.3892/etm.2011.218

Correspondence to: Dr Giampaolo Tortora, Department of 
Molecular and Clinical Endocrinology and Oncology, University of 
Naples Federico II, Via S. Pansini 5, 80131 Naples, Italy 
E-mail: gtortora@unina.it

*Contributed equally

Key words: phase I trial, colorectal cancer, bevacizumab, erlotinib, 
capecitabine, FOLFOX



carlomagno et al:  Double inhibition of EGFR and VEGF for mCRC450

combination with chemotherapy (10-12) or as a monotherapy 
(13,14). Conversely, data are limited in regards to the use of 
erlotinib in combination with oxaliplatin-based therapy for 
either pre-treated (15) or chemo-naïve (16) mCRC patients. 
One study in which erlotinib was administered continuously 
at the dose of 150 mg in combination with capecitabine and 
oxaliplatin to previously treated patients reported beneficial 
activity, but raised important safety issues. In fact, the first 
13 patients enrolled in this study presented G3 diarrhea, 
leading to the reduction of the capecitabine dose from 2,000 
to 1,500  mg/m2 (15). A second phase Ib trial identified the 
maximum tolerated dose (MTD) of erlotinib as 100 mg/day 
administered continuously when combined with XELOX. In 
this trial, G3 diarrhea was the most commonly noted adverse 
event and the dose-limiting toxicity (DLT) (16). 

Several pre-clinical studies have suggested that EGFR 
and VEGF are functionally linked (17). VEGF appears to be 
a preferred escape pathway to overcome the inhibitory effect 
of anti-EGFR agents in colon cancer cells with acquired resis-
tance to anti-EGFR agents (15,16). Consequently, the resistant 
cancer cells express 5- to 10-fold more VEGF-A and VEGFR-1 
than the parental cells (18).

Pre-clinical studies suggest that erlotinib may have poten-
tial cooperative activity with fluoropyrimidines, oxaliplatin 
and bevacizumab. However, few clinical data are available in 
regards to the possibility of combining these agents.

Based on the above findings, we prospectively evaluated in 
two trials, MO17974 and ML18511 (EudraCT 2005005548-21), 
the feasibility of the addition of erlotinib to therapy with fluo-
ropyrimidines and oxaliplatin, with or without bevacizumab.

Patients and methods

Patient eligibility. Patients with histologically confirmed 
mCRC, previously untreated for metastatic disease, ≥18 years 
of age, an ECOG performance status (PS) 0 to 1, with a life 
expectancy of ≥12 weeks and at least one measurable lesion 
according to RECIST criteria (19) were eligible. All patients 
had normal organ function defined as: neutrophils ≥1,500 and 
platelets ≥100,000; total bilirubin ≤1.5 x UNL, ASAT and 
ALAT ≤2.5 x UNL (≤5 in case of liver metastases), ALP ≤2.5 

x UNL (<5 in case of liver metastases; ≤10 in case of bone 
metastases); creatinine ≤1.5 x UNL or creatinine clearance 
>50 ml/min; and urine dip-stick proteinuria <2+.

Main exclusion criteria included: radiotherapy adminis-
tered within 4 weeks before the start of the study, the presence 
of brain metastases, prior adjuvant therapy containing oxali-
platin, history of inflammatory bowel disease and or acute 
occlusion/sub-occlusion, presence of non-healing ulcers or 
coagulopathies, uncontrolled hypertension or clinically active 
cardiovascular disease, current and ongoing treatment with 
anticoagulant drugs, receiving other investigational drugs 
within 30 days before the study entry, or subjected to major 
surgical procedures within 28 days before the study entry.

Prior informed consent was obtained from all patients 
before enrollment in the study. The trials were conducted 
in accordance with the Declaration of Helsinki and the 
latest version of the ICH Harmonized Tripartite Guideline: 
Guideline for Good Clinical Practice and local laws and 
regulations. The protocols were approved by the Ethics 
Committee of the University Federico II of Naples. Both trials 
were designed, implemented and analyzed independently by 
the investigators.

Treatment plan. A classical 3+3 dose escalation design was 
used for both trials.

The first trial (MO17974) evaluated the combination of 
fixed doses of FOLFOX4 with escalating doses of erlotinib 
(100, 125 and 150 mg/day) administered orally from day 3 to 
day 10 of each 14-day cycle (Fig. 1). 

In the second trial (ML18511), escalating doses of erlotinib 
(100 and 150 mg/day, on days 2-18) were combined with fixed 
doses of capecitabine (1,650 mg/m2, on days 1-14) and oxalip-
latin (130 mg/m2, day 1) (XELOX) plus bevacizumab (7.5 mg/
kg, day 1). Treatment was repeated every 21 days (Fig. 1). The 
initial dose of erlotinib in both trials was lower than the MTD 
reported in the literature to minimize potential side effects. 

Patients received up to 6 months of combined treatment 
(12  cycles in the FOLFOX trial or 9 cycles in the XELOX 
trial). Thereafter, they continued treatment with erlotinib or 
with erlotinib plus bevacizumab until disease progression or 
intolerable toxicity.

Figure 1. MO17974 trial: erlotinib, at escalating doses, administered orally from day 3 to day 10, was combined with FOLFOX4 administered every 14 days. 
ML18511 trial: erlotinib, at escalating doses, was administered on days 2-18 of each 21-day cycle combined with XELOX plus bevacizumab. qd, once a day; 
bid, twice a day.
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Dose escalation, dose-limiting toxicities and definitions of 
the maximum tolerated dose. Three patients were sequentially 
treated at each dose level (DL). DL was expanded to six when 
a DLT was observed during the first cycle. Dose escalation 
was continued when <33% of patients experienced a DLT. In 
the event that ≥2/3 or ≥2/6 of patients experienced a DLT, the 
MTD was considered to be exceeded.

DLT was reached when any of the following events 
occurred in the first cycle of treatment: i) febrile neutropenia 
for >3 days, ii) G4 neutropenia lasting >7 days, iii) G4 
thrombocytopenia, or iv) any drug-related non-hematological 
toxicity ≥G3 (apart from alopecia). The MTD was defined as 
the dose below that which caused DLT in >33% of patients 
treated at a DL. 

Patient monitoring and response assessment. Pre-treatment 
assessment within 2 weeks of the start of treatment included 
receipt of informed consent, evaluation of demographic infor-
mation, procurement of a full medical history, general physical 
examination, ECG, laboratory tests (including blood chemistry 
and urine analysis) and total body CT-scan. Chest X-ray was 
required when a CT-scan of the chest was unavailable.

A clinical examination was performed at each cycle of 
treatment. Laboratory analyses were performed weekly. The 
severity of all the adverse events and abnormal laboratory 
results were graded according to the CTCAE v3.0.

Reassessment imaging was performed every 4 cycles 
for FOLFOX and 3 cycles for XELOX, or as required when 
progressive disease (PD) was suspect. Responses were evalu-
ated according to the RECIST guidelines (19). 

Materials. Roche kindly supplied erlotinib for both the trials 
(MO17974 and ML18511) and bevacizumab for the ML18511 
trial. 

Results

Patient characteristics and treatment
MO17974 trial. From June 2004 to July 2005, 12 patients 

were enrolled in the trial (Table I). Seventy-five percent of 
the patients had ≥2 sites of metastatic disease, most of them 
involving the liver. Overall, 100 cycles of chemotherapy were 
administered, with a median of 9.5 cycles/patient (range 2-12). 
Three of the 12 enrolled patients discontinued treatment due to 
disease progression (after cycle 6, 8 and 9); 4 patients discon-
tinued chemotherapy due to toxicity (1 unacceptable toxicity 
after cycle 1; 1 after cycle 3 due to G2 hyperbilirubinemia; 
1 after cycle 7 for prolonged G3 thrombocytopenia and 1 after 
cycle 11 due to G3 peripheral neuropathy and mucositis). Five 
patients, after the completion of chemotherapy, continued 
with erlotinib treatment alone for a median of 3.7  months 
(range 1-8.8) until disease progression.

ML18511 trial. From June 2006 to June 2007, 9 patients 
were enrolled in the trial (Table I). All patients completed at 
least 1 cycle of therapy. A total number of 51 cycles of therapy 
was delivered with a median of 3 per patient (range 1-19). One 
patient at DL 1 and one at DL 2 received further cycles (3 
and 10 cycles, respectively) of erlotinib and bevacizumab after 
the completion of the first 9 cycles of therapy. Three patients 
at DL 1 withdrew from treatment due to PD after 12, 3 and 

5 cycles of therapy, respectively. Five patients withdrew due to 
toxicity: 3 at DL 1 (1 patient due to rectal bleeding at cycle 5, 
and 2 patients due to G4 diarrhea at cycle 2 and 3, respectively) 
and 2 at DL 2 (due to G4 diarrhea experienced at cycle 1 and 
2). One patient withdrew on a voluntary basis after 19 cycles, 
although she experienced only mild toxicity, consisting of G2 
rectal bleeding.

Toxicity
MO17974 trial. At DL 1 (erlotinib 100 mg) and 2 (erlo-

tinib 125 mg), no unacceptable toxicity was noted during the 
first cycle of treatment. At DL 3 (erlotinib 150 mg), 1/6 of the 
enrolled patients experienced unacceptable toxicity at the first 
cycle of treatment, consisting of G3 diarrhea and G3 neutro-
penia. Thus, the MTD was not reached.

The most severe side effects experienced by the 12 enrolled 
patients throughout treatment are listed in Tables II  and 
III. Non-hematological toxicity was mild. In addition to the 
episodes of unacceptable toxicity reported above (G3 diar-
rhea), only 1 patient experienced ≥G3 gastrointestinal toxicity 
(mucositis); ≥G2 peripheral neuropathy occurred in 2 patients 
and was related to the cumulative administered dose of oxalip-
latin, as it appeared after the eighth cycle of chemotherapy. As 
expected with the FOLFOX regimen, hematological toxicity 
was frequent: 50% of patients experienced G3-4 neutropenia 
and 2 patients presented with G3 thrombocytopenia.

G1-2 skin reactions as acneiform dermatitis, very likely 
related to EGFR inhibition by erlotinib, were observed in 50% 
of the treated patients, but in no cases were delay or discon-
tinuation of erlotinib administration required.

ML18511 trial. No DLT was observed at DL 1, while at 
DL 2, 1 patient experienced a DLT consisting of G4 diar-
rhea. Most common toxicities occurring during the first 
cycle consisted of diarrhea, nausea and vomiting, skin rash, 

Table I. Patient characteristics.

	M O17974 trial	ML 18511 trial
	 (n=12)	 (n=9)

Age (years)
  18-64	   8	 5
  ≥65	   4	 4
Gender
  Male	   8	 6
  Female	   4	 3
Baseline PS (WHO)
  0	 11	 6
  1	   1	 3
  2	 -	 -
Site of metastasis
  Liver	 10	 8
  Lung	   1	 4
  Node	   7	 7
  Other	   2	 1
	 (peritoneum)	 (serratus muscle)

PS, ECOG performance status.
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paresthesia and rectal bleeding (Table II). Their entity was 
moderate and did not require a treatment delay. Table III 
summarizes the toxicity observed at cycles other than 1. 
The most common adverse event was diarrhea. In 2 cases, 
1 at DL 1 and 1 at DL 2, diarrhea was severe and required 
medical therapy. The incidence of nausea and vomiting was 
lower than expected and was severe in 1 patient at DL 1. One 
patient at DL 1 experienced hypersensitivity during bevaci-
zumab administration, consisting in a spasm of the larynx and 
requiring medical treatment. Two patients, 1 at DL 1 and 1 at 
DL 2, experienced rectal bleeding, which was complicated by 
G3 anemia in the patient at DL 1. Only 1 patient at DL 1 and 
1 at DL 2 experienced G2 neutropenia, after cycle 6 and 3 
of therapy, respectively. Three patients at DL 1 experienced a 
mild increase in liver enzymes.

Tumor response
MO17479 trial. All patients were assessable for tumor 

response: at DL 1, 2 patients obtained a partial response (PR) 
and 1 stable disease (SD); at DL  2, 1  patient experienced a 
PR and 2 SD. Five SD and 1 PD cases were noted at DL 3 
(Table IV). Ten patients received further chemotherapy after 
disease progression (mostly an irinotecan-containing regimen 
with or without cetuximab); 5  patients received ≥2 lines of 
additional chemotherapy.

ML18511 trial. Six patients at DL 1 and 2 patients at DL 2 
were evaluable for tumor response. Three patients at DL 1 and 
1 patient at DL 2 experienced a PR; 2 SD cases were noted at 
DL 1 and 2, respectively. Two patients at DL 1 experienced PD 
as the best response (Table IV). All patients received at least a 
second-line chemotherapy regimen. One patient at DL 2 under-
went liver metastasectomy after second-line chemotherapy. 
Seven patients received ≥2 lines of therapy after the trial. 

Discussion 

Oxaliplatin-based therapy is at present considered a standard 
first-line treatment for mCRC patients. Since the addition of 
cetuximab to FOLFOX therapy has demonstrated substantial 
efficacy in the treatment of mCRC patients (12,20) and erlotinib 
has showed beneficial activity as a monotherapy in first-line 
mCRC therapy (21), a combination of erlotinib and FOLFOX in 
a first-line setting may represent an appealing treatment option. 

In both the present trials, MTD was not reached. Our first 
trial, MO174974, found that FOLFOX-erlotinib is a feasible treat-
ment for first-line mCRC, since the combination demonstrated a 
good safety profile, with no synergism of toxicity between the 
drugs and an acceptable median number of cycles delivered 
(9 cycles). The results are consistent with the encouraging results 
of two recently published phase I studies, which demonstrated a 
satisfactory toxicity profile and beneficial activity for erlotinib 
combined with oxaliplatin and fluoropyrimidines (16,22). 

In a study by Hanauske et al, (22) the MTD of erlotinib 
was found to be 150 mg when administered continuously 
with FOLFOX in 32 patients with advanced solid tumors 
(including 23 with mCRC). The most common adverse events 
included diarrhea, nausea, stomatitis and rash. Among the 
mCRC patients, 1 obtained a complete response (CR) and 7 
a PR. In another trial (16), the MTD of erlotinib was deter-
mined to be 100 mg when administered continuously with 
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XELOX. The most common adverse events were diarrhea, 
rash, nausea and neurotoxicity, with an expected dose-depen-
dent trend. The rate of rash and diarrhea prevented any further 
escalation to higher doses of erlotinib and capecitabine. 

In our second trial, ML18511, the most common toxicity 
was diarrhea, thus confirming the finding of previous studies 
(23,24). Although the treatment regimen resulted in only 
1 DLT at the first cycle, in subsequent cycles almost all patients 
experienced a moderate/severe toxicity that variably hampered 
daily living activities and forced patient withdrawal from treat-
ment. The median number of administered cycles of therapy 
was very low (3 cycles) considering the first-line setting. 

Previous studies have also explored this combination as a 
first-line therapy of mCRC patients. In a phase II trial by Spigel 
et al (23) the combination of erlotinib (150 mg) administered 
continuously with FOLFOX-4 and bevacizumab every 14 days 
caused G3 diarrhea in 31% of patients and G3 nausea in 14% 
of patients. Moreover, there were four deaths possibly related 
to treatment. For these reasons, the study was discontinued. 

Meyerhardt et al published the results of a phase II trial 
combining mFOLFOX-6 plus bevacizumab with continuous 
administration of erlotinib (150 mg) (24). The primary endpoint 
of the trial, PFS, was not reached, partly due to the toxicity 
observed. In fact, 7 patients discontinued the trial due to 
toxicity before the first restaging: 4 of them voluntarily with-
drew due to uncomfortable moderate toxicity, and 3 due to 
severe toxicity. In total, 77% of the patients exited the study 
due to toxic effects or withdrawal of informed consent. The 
toxicity with the most impact was diarrhea (83% of patients). 
Fifty-four percent of the patients required at least one dose 
reduction of erlotinib, and 4 patients requiring two dose reduc-
tions (final erlotinib dose, 50 mg daily). 

Although treatment activity was beyond the scope of our 
trial, all patients were followed up for evaluation of tumor 
response. Four patients (50%) obtained a PR, 3 at the first DL 
and 1 at the second DL, and only 2 patients had PD. These 
data are comparable to those of the above-mentioned two 
phase II studies, in which PR was obtained in 43% (23) and 
34% of the patients (24), respectively.

Current evidence shows that severe or uncomfortable 
non-acute toxicity is the main concern regarding the combina-
tion of bevacizumab and erlotinib with fluoropyrimidine and 
oxaliplatin chemotherapy. Even though these early data show 
promising activity for this combination, recently published 

phase III  trials (25,26) have raised the question of whether 
the double blockade of EGFR and VEGF by two monoclonal 
antibodies is an effective treatment for mCRC patients. In fact, 
in the CAIRO-2 study, the combination of cetuximab, bevaci-
zumab and CAPOX resulted in a significant decrease in PFS, 
the primary endpoint of the trial (9.7 vs. 10.4 months, p=0.001), 
when compared to that of CAPOX plus bevacizumab (26). In 
the PACCE study, the addition of panitumumab to bevacizumab 
plus oxaliplatin or irinotecan-based chemotherapy resulted in a 
worse PFS vs. the same therapy without panitumumab (25). 
A possible explanation for the disappointing results achieved 
in these studies, as compared to pre-clinical findings, is the 
decreased amount of therapy administered to the patients 
receiving the triple-combination therapy, due to toxicity. 

It has recently been pointed out that only KRAS wild-type 
patients are able to benefit from anti-EGFR therapies. However, 
the KRAS or EGFR mutational status of our patients was 
unknown. Thus, we could not draw any conclusions regarding 
the degree of activity in this subgroup of patients who are the 
best candidates for anti-EGFR therapy.

Therefore, based on the safety profile observed in our 
and previous studies investigating the combination of erlo-
tinib with fluoropyrimidine-based chemotherapy, and on the 
concerns raised by studies which combined anti-EGFR anti-
bodies with bevacizumab plus chemotherapy, we conclude 
that combining an anti-EGFR TKI, such as erlotinib, with 
chemotherapy and bevacizumab may be unsuitable for the 
treatment of mCRC patients. 
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