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Abstract
AIM: To evaluate the efficacy and the safety of 
combined 5-Fluorouracil, irinotecan, bevacizumab and 
sirolimus in refractory advanced colorectal carcinoma.

METHODS: We initiated a regimen with at day 1 an 
injection (iv ) of bevacizumab at 5 mg/kg, followed by  
180 mg/m2 ir inotecan, fol lowed by Leucovorin  
400 mg/m2, followed by a 5-Fluorouracil bolus 400 mg/m2  
and a 46-h infusion 2400 mg/m2. Sirolimus was given 
orally as continuous administration of 2 mg twice a day 
every days. This treatment was repeated every 14 d. 

RESULTS: A total of 12 patients were enrolled. 
All patients presented with metastatic disease that 
had failed at least three lines of chemotherapy that 
contained oxaliplatin, irinotecan and bevacizumab. 
Cetuximab failure was also observed in all K-Ras wild-
type patients. The median number of cycles was 8.5 
(range 2-20) and clinical benefit was observed in 
eight patients. The median time to progression was 
5 mo and the median survival was 8 mo. Grade 3 
neutropenia developed in four patients, and grade 3 
diarrhea and stomatitis in two.

CONCLUSION: The combination regimen of 5-Fluorouracil, 

irinotecan, bevacizumab and sirolimus in advanced colorectal 
carcinoma after failure of classical treatment is feasible and 
promising. Further evaluation of this combination is required.
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INTRODUCTION
Colorectal cancer is the third most common cancer 
worldwide[1]. Approximately 25% of  patients with 
colorectal cancer present with overt metastatic disease, 
and metastatic disease develops in 40%-50% of  newly 
diagnosed patients. Standard first-line treatments include 
fluorouracil (5-FU) with leucovorin and irinotecan[2,3] 
or oxaliplatin[4], alone or combined with bevacizumab[5]. 
Cetuximab, a chimeric IgG1 monoclonal antibody 
against epidermal growth factor receptor (EGFR), 
has efficacy as monotherapy and in combination with 
irinotecan in irinotecan-resistant patients, if  the tumor 
expresses wild-type K-RAS and B-RAF[6,7]. However 
if  these standard treatments fail, there are no accepted 
treatment options, and for such patients historical 
estimation of  progression-free survival (PFS) and overall 
survival (OS) are about 2 and 4 mo, respectively[8].

Recent results have suggested that inhibitors of  
mTor (mammalian target of  rapamycin) signal are 
able to improve survival and induce tumor response 
in patients with poor-prognosis renal cell carcinoma[9], 
and combination of  mTor inhibitors and classical 
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chemotherapy is currently under clinical investigation. 
In colorectal carcinoma cell lines in vitro, rapamycin 
enhances the antitumor effect of  irinotecan through 
Hypoxia- induc ib le factor-1α inh ib i t ion (a key 
transcription factor that regulates angiogenesis) and 
by disruption of  tumor vasculature[10]. Therefore, we 
hypothesize that, in multi-treated colorectal patients, 
multimodal angiogenesis targeting using irinotecan, 
bevacizumab and the mTor inhibitor sirolimus can have 
a therapeutic effect.

The goal of  this pilot study was to evaluate the safety 
and efficacy of  sirolimus, bevacizumab, leucovorin, 5-FU, 
and irinotecan (FOLFIRI) in patients with advanced 
colorectal cancer that had progressed after treatment 
with 5-FU, irinotecan, oxaliplatin, bevacizumab and anti-
EGFR therapy.

MATERIALS AND METHODS
Eligibility criteria
The eligibility and exclusion criteria, and pretreatment 
characteristics of  the patients are presented in Table 1. 
Written informed consent was required before chemo
therapy.

Treatment protocols and dose modification
On day 1, irinotecan (180 mg/m2) was administered as a 
2-h iv infusion. Then leucovorin 400 mg/m2 followed by 
a 5-Fluorouracil bolus 400 mg/m2 was administrated as a 
bolus iv injection. Then 5-Fluorouracil 2400 mg/m2 was 
given as a 46-h iv infusion, Bevacizumab was given at  
5 mg/kg as an iv infusion every two weeks over 60 min 
before the beginning of  the chemotherapy. Sirolimus 
was given orally as continuous administration of  2 mg 
twice a day every days. The doses used for fluorouracil, 
irinotecan and bevacizumab were the classical recom-
mended doses[2-5]. For sirolimus, a dose of  4 mg/d was 
chosen because a phase Ⅰ study has demonstrated that 
this is tolerable and sufficient to achieve mTor inhibi-
tion[11]. Dose modifications of  irinotecan or 5-FU were 
made for hematological or non-hematological toxicity, 
on the basis of  the most severe grade of  adverse effect 
that occurred during the previous cycle. Treatment was 
delayed until the absolute number of  neutrophils was > 
1000/μL, platelets were > 100 000/μL, and mucositis, 
diarrhea, or skin toxicity had recovered to grade 1 or 
less. The 5-FU dose was reduced after the occurrence 
of  National Cancer Institute Common Toxicity Criteria 
(NCI-CTC) grade 3 diarrhea, stomitis or dermatitis. For 
toxicity of  grade 3 or higher, a 20% dose reduction for 
irinotecan was prescribed by the protocol. Bevacizumab 
was retained for uncontrolled hypertension or protein-
uria of  > 3 g in 24 h. Bevacizumab was discontinued for 
grade 3 or 4 hemorrhage, thromboembolic events that 
required full dose anticoagulation, or any grade 4 toxic-
ity. Sirolimus was discontinued for grade 3 or 4 diarrhea 
or stomatitis. Treatment was administered until the dis-
ease progressed, unacceptable toxic effects developed, or 
the patient refused further treatment. 

Pretreatment and follow-up evaluation
Pretreatment evaluation included physical examination, 
complete blood cell counts, blood chemistry, tumor marker 
level (carcinoembryonic antigen, CEA), and computed 
tomography (CT) within 15 d of  starting chemotherapy. 
Tumor responses were determined by RECIST and Choi 
criteria[12,13]. Complete blood cell counts, serum chemistry, 
including liver and renal function, were performed at 
least every two weeks, and tumor assessment by CT was 
performed every three cycles.

Statistical analysis
Efficacy analysis was performed according to the intention 
to-treat principle. Patients were considered assessable for 
response if  they were eligible, had measurable disease, 
and had received at least one dose of  study therapy. In 
the analysis of  survival and subsequent treatment, all 
patients were followed until death, loss to follow-up, or 
termination of  the study. PFS and OS were calculated 
using the Kaplan-Meier method. PFS was calculated from 
the date therapy started to the date of  disease progression, 
and OS was calculated from the date therapy started to 
the date of  death.

RESULTS
Patient characteristics
Between January 2008 and December 2008, a total 
of  12 patients were included in this pilot study at the 
Department of  Medical Oncology, Georges-Francois 
Leclerc Cancer Center, Dijon, France. Demographic 
details of  the patients included in the study are shown in 
Table 2. There were seven male and five female patients, 
median age 61 years (range 51-75). All patients had 
progressed after prior 5-FU, irinotecan and bevacizumab 
therapy, and 5-FU, oxaliplatin and bevacizumab therapy. 
Importantly, all patients had been treated previously with 
FOLFIRI bevacizumab chemotherapy and experienced 
progression according to the RECIST criteria following 
this treatment. Nine patients harbored wild-type K-Ras 
tumor and progressed on irinotecan plus cetuximab 
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Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Histologically confirmed colorectal 
cancer (adenocarcinoma)
Measurable disease 

Thromboembolism that 
required therapeutic 
anticoagulation 

No secondary malignancy 
Age > 18 years 

Central nervous system 
metastasis

ECOG performance status 0-2 Major surgery within 6 wk
Adequate hematological, hepatic and 
renal function (including urinary 
excretion of no more than 500 mg 
protein/d)
Failure of bevacizumab, oxaliplatin and 
irinotecan-based treatment
For wild-type K-Ras: failure with 
cetuximab and irinotecan combination 
was required
Failure caused by significant intolerance 
to either drug was allowed

Nonhealing wounds
Uncontrolled hypertension
Pregnant or lactating women
Bleeding diathesis, active or 
recent
Cardiovascular disease 
Cerebrovascular accident



therapy. All 12 patients were assessable for response, for 
toxicity and survival.

Objective tumor responses and survival
There were a median 8.5 cycles (range 2-20) of  
chemotherapy. Chemotherapy was stopped because of  
disease progression in 10 patients, and two discontinued 
because of  toxicity (grade 3 diarrhea and stomatitis). 
Median follow-up duration was 9 mo. At 2 mo, CEA 
level decreased in all except one patient (mean level 882 
± 510 vs 579 ± 320; P = 0.025, Wilcoxon test; Figure 1). 
According to RECIST criteria, one patient had a partial 
response, seven had stable disease for > 3 mo, and four 
had progressive disease. According to the Choi criteria, 
three patients had a partial response, five had stable 
disease, and four had progressive disease (Figure 2). PFS 
was 5 mo (95% CI: 2.5-6), and median OS was 7 mo (95% 
CI: 4-NR). Figure 3 shows PFS and OS curves. 

Toxicity
A total of  116 cycles of  chemotherapy were administered. 

www.wjgnet.com

Table 2  Patient characteristics

Characteristics n

Median age (Range) (yr) 62 (51-75)
Sex
   Male   7
   Female   5
ECOG performance status
   0–1   8
   2   4
CEA level (range) (ng/mL) 882 (21-6327)
Primary site
   Colon 10
   Rectum   2
Sites of metastasis
   Liver   9
   Lung   7
   Lymph nodes   6
   Others   5
K-Ras status
   Wild-type   9
   Mutated   3

Figure 1  Carcinoembryonic antigen (CEA) serum level before and 2 mo 
after the beginning of the treatment. 
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Figure 2  Representative CT scan of patients responding according to 
Choi criteria. A: (Patient 5) Contrast-enhanced CT-scan (arterial phase) 
showed three large liver metastases before inclusion; B: Two months later, a 
significant decrease in the enhancement of the metastases was observed by 
CT performed under the same conditions (arterial phase). Although lesions were 
classified as stable disease using RECIST criteria, they could be considered 
as a partial response using Choi criteria; C: (Patient 8) Contrast-enhanced CT-
scan (arterial phase) showed two latero aortic lymph node metastases. Density 
was 82.8 UH (arrow). To assure comparability, density was also measured in 
muscle (72.8 UH) (arrow head); D: After 2 mo, although size of lymph node 
metastases was stable, there was a significant decrease in density (59 UH) 
(arrow), which led to a partial response using Choi criteria. In comparison, 
muscle exhibited no decrease in density (73 UH) (arrow head).
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All patients received at least 1 mo of  the chemotherapy and 
sirolimus regimen. Dose modifications or interruptions were 
required in three patients. The incidence of  hematological 
and non-hematological toxicity is summarized in Table 3.  
The major grade 3/4 hematological toxicity included 
neutropenia in three patients (25%) and thrombocytopenia 
in two (16%). No neutropenic fever was observed. Grade 
1/2 nausea, vomiting and diarrhea developed in five 
patients; however, this toxicity was mild and manageable. 
In two patients, sirolimus-related grade 3 stomatitis led to 
treatment discontinuation. Only grade 2 nose bleeding were 
observed and did not require therapeutic modification. 
Hypertension occurred in three patients and was managed 
without drug modification. Proteinuria > 2 g/24 h occurred 
in one patient and was treated by angiotensin-converting 
enzyme inhibitors. All patients with stable disease had 
minor grade 1/2 manageable adverse effects. There was 
no treatment-related death. Eight deaths were caused by 
disease progression.

DISCUSSION
Recent trials with advanced colorectal carcinoma have 
shown that patients may survive for 24-30 mo[14]. However, 
after failure of  irinotecan, oxaliplatin, bevacizumab and anti-
EGFR therapy, there are no accepted treatment options. 
Estimated PFS is about 2 mo and OS is 4 mo[8]. 

Few nonrandomized trial have demonstrated that 
association of  fluorouracil or capecitabine with mitomycin 
may give some response in heavily pretreated patients[15-18]. 
Such treatments give an objective response rate of  about 
10% and PFS of  2-3 mo. Although, in these trials, patients 
did not benefit from new target therapies. 

Recently, target therapy such as sorafenib and sunitinib 
have given some promising results in patients with end-
stage colorectal cancer. Sunitinib was tested in a phase 
Ⅱ trial in patients with previously treated colorectal 
metastases at a dose of  50 mg/d for 4 wk, followed 
by 2 wk off  treatment[19]. Median time to progression 
was 2.5 mo and median OS was 7 mo in bevacizumab-

pretreated patients and 10 mo in those not pretreated with 
bevacizumab. Sorafenib has been tested in association with 
oxaliplatin in a phase Ⅰ trial in patients with oxaliplatin-
refractory colorectal cancer. The recommended dosage 
was 130 mg/m2 oxaliplatin and continuous sorafenib 
400 mg twice daily. This treatment showed promising 
efficacy[20].

The phosphoinositide 3-kinase/mTOR axis is a pivotal 
pathway in cell growth and cell-cycle progression, in 
response to different stimuli, such as nutrients and growth 
receptors[21]. The mTor pathway is activated aberrantly 
in around half  of  human tumors and plays a crucial 
role in angiogenesis. mTor inhibition is now considered 
as an important target for new anticancer drugs[22]. In a 
phaseⅠtrial, mTor inhibitors showed minor efficacy in 
colorectal carcinoma[23]. In vitro and preclinical studies 
have demonstrated the synergistic efficacy of  combined 
rapamycin and irinotecan[10]. In fact, irinotecan and 
rapamycin act on tumor growth by inhibiting angiogenesis 
by acting on Hypoxia inducible factor-1α[24,25]. Recently, 
combination of  everolimus and bevacizumab has 
demonstrated some activity in patients with refractory 
metastatic colorectal cancer who had progressed on 
a bevacizumab-based regimen, which suggests that 
bevacizumab and mTor inhibitors overcome resistance 
to bevacizumab[26]. Therefore, we hypothesized that 
combination of  sirolimus, bevacizumab and irinotecan may 
provide some synergistic antiangiogenic effects that can 
reverse resistance to bevacizumab- and irinotecan-based 
chemotherapy. 

In our pilot study, combination of  sirolimus, 
bevacizumab, 5-FU and irinotecan demonstrated that, 
for patients with advanced colorectal cancer, some 
clinical stabilization and prolonged stable disease can be 
obtained. CT monitoring suggested an antiangiogenic 
effect of  the therapy, with tumor necrosis obtained in 
three patients. Median PFS of  5 mo and median OS 
of  8 mo suggest a potential clinical benefit of  a such 
treatment. Despite its potent efficacy, this target therapy 
can have adverse effects, and we have to balance the 
efficacy, toxicity and cost of  such therapy. Further 
studies will be needed to confirm our results.

www.wjgnet.com

Table 3  Observed toxicity according NCI-CTC grading  
(n = 12)

NCI-CTC grade

1 2 3 4

Hematological
Anemia 1 3
Leucopenia 2 4
Neutropenia 2 4
Thrombocytopenia 1 2
Non hematological
Nausea/vomiting 2 5
Mucositis 3 4 2
Diarrhea 5 2
Proteinuria 1
Asthenia 3 5
High blood pressure 3

Figure 3  Kaplan–Meier curves of progression-free survival (PFS) and 
overall survival (OS).
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COMMENTS
Background
Novel combinations of new chemotherapeutic agents and target therapies 
have demonstrated an improvement in tumor response and overall survival in 
patients with advanced colorectal cancer. Although, after failure of irinotecan, 
oxaliplatin, bevacizumab and cetuximab, no treatment demonstrates efficacy. 
Research frontiers
The phosphoinositide 3-kinase/mTOR (mammalian target of rapamycin) axis 
is activated aberrantly in around half of human tumors and plays a crucial 
role in angiogenesis. In a phase Ⅰ trial, mTor inhibitors showed minor efficacy 
in colorectal carcinoma. In vitro and preclinical studies have demonstrated 
the synergistic efficacy of combined rapamycin and irinotecan. Recently, 
combination of everolimus (an mTor inhibitor) and bevacizumab have 
demonstrated some activity in patients with refractory metastatic colorectal 
cancer who had progressed on a bevacizumab-based regimen, which suggests 
that bevacizumab and mTor inhibitors overcome resistance to bevacizumab. 
Therefore, the authors hypothesized that combination of sirolimus, bevacizumab 
and irinotecan provides some synergistic antiangiogenic effects that can 
reverse resistance to bevacizumab- and irinotecan-based chemotherapy. 
Innovations and breakthroughs
This is believed to be the first study to investigate the capacity of an mTor inhibitor 
to reverse resistance to conventional therapies. The data suggest that both 
treatment regimens demonstrate efficacy and tolerable toxicity in this setting.
Applications
These data are in accordance with the preliminary findings from ASCO 2009, 
which demonstrate that sirolimus may reverse resistance of colorectal cancer 
to bevacizumab therapy. The data suggest that the therapy may have some 
clinical efficacy but substantial adverse effects.
Terminology
Sirolimus, also called rapamycin, is an mTor inhibitor. This drug is used as an 
immunosuppressant but demonstrates antitumor efficacy by inhibiting the mTor/
AKT pathway. Irinotecan kills cells by inhibiting the enzyme topoisomerase I, 
which is also involved in DNA synthesis in proliferating cells. Bevacizumab is 
a monoclonal antibody that inhibits VEGF, which is expressed in some cases 
of colorectal cancer and aids the blood supply to tumors; bevacizumab inhibits 
this process and tumor cell growth.
Peer review
This is an interesting small pilot study that investigated fourth-line chemotherapy 
in patients with advanced metastatic colorectal cancer that had failed at least 
three previous chemotherapeutic regimens. A major finding was that clinical 
benefit was observed in 8/12 patients with severe adverse effects and relatively 
short overall survival.
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