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Purpose: To determine whether irinotecan plus oxaliplatin (mIROX) is superior to irinotecan

plus infusional 5-fluorouracil, leucovorin (FUFIRI) as first-line therapy of patients with met-

astatic colorectal cancer (mCRC).

Patients and methods: A phase III, randomised, open-label multicentre study compared

standard treatment with FUFIRI (irinotecan 80 mg/m2, 5-fluorouracil 2000 mg/m2, folinic

acid 500 mg/m2 weekly times 6) to mIROX using an identical schedule of irinotecan plus
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oxaliplatin 85 mg/m2 applied on days 1, 15 and 29 of a 7-week cycle. The primary end-point

was progression-free survival (PFS).

Results: A total of 479 eligible patients were randomly assigned. Progression-free survival

was 7.2 months in the mIROX arm and 8.2 months in the FUFIRI arm [hazard ratio = 1.14;

95% confidence interval (CI) 0.94–1.37; P = 0.178]. Comparable results were also obtained

for overall survival time with 19 months in the mIROX-arm and 22 months in the FUFIRI-

arm (hazard ratio = 1.08, P = 0.276). Both regimens induced an identical objective response

rate (ORR) of 41%, but disease control rate (ORR plus stable disease) was significantly

greater in the FUFIRI group (81% versus 68%, P = 0.001). Most frequent grades 1–4 side-

effects of mIROX and FUFIRI treatment were nausea (80% versus 73%) and delayed

diarrhoea (79% versus 68%). Grades 3–4 toxicities were generally below 10%, except for

diarrhoea which was more frequent in the mIROX-arm compared to the FUFIRI-arm (19%

versus 30%, P = 0.006)

Conclusion: mIROX failed to show superior activity compared to high-dose 5-FU/folinic acid

plus irinotecan. Due to better tolerability the combination of high-dose 5-FU/folinic acid

and irinotecan remains a standard of care in first-line treatment of metastatic colorectal

cancer.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The introduction of irinotecan and oxaliplatin caused a major

improvement in the treatment of metastatic colorectal cancer

(mCRC). The combined use of 5-fluorouracil (5-FU)/folinic acid

(FA) together with irinotecan or oxaliplatin not only increased

remission rates but also prolonged progression-free and over-

all survival compared to 5-FU/FA alone.1–3

The combined use of irinotecan and oxaliplatin was based

on three assumptions: (1) There is little overlapping toxicity

between the two agents with irinotecan mainly causing diar-

rhoea and haematotoxicity, while neurotoxicity is dose-limit-

ing for oxaliplatin. (2) The technical applicability of the

treatment may be improved if infusional 5-FU regimens

requiring pump systems can be avoided. (3) Preclinical studies

demonstrated that topoisomerase-I inhibitors may potentiate

the cytotoxicity of DNA-damaging agents. In this context, it

was shown that SN-38, the active metabolite of irinotecan,

delayed the reversion of oxaliplatin-induced DNA interstrand

crosslinks causing a superadditive tumour growth reduction.4

The pharmacodynamic potentiation was observed only at the

cellular level, while plasmatic pharmacokinetic interactions

were not reported.4,5

Substantial clinical activity of irinotecan plus oxaliplatin

in the treatment of advanced colorectal cancer was supported

by numerous phase I–II studies.5–11 In patients pretreated

with fluoropyrimidine-based chemotherapy, this combination

induced objective response rates of 15–64% and overall sur-

vival times of 11–16 months which appeared promising com-

pared to those previously reported.12–14

These results led us to combine these two active agents

and to investigate mIROX as a fluoropyrimidine-free combi-

nation for first-line chemotherapy of metastatic colorectal

cancer. The FUFIRI-regimen was chosen as a comparator. This

regimen applies infusional 5-FU given as a weekly 24-hour

infusion which appeared to be associated with better tolera-
bility and efficacy compared to bolus-5-FU regimens such as

IFL. To minimise the effects of heterogeneous second line

treatment on survival and to obtain data on consecutive treat-

ment, crossover between the two study protocols was advised

in case of failure of first-line therapy.

2. Patients and methods

2.1. Study design

This study was a randomised, multicentre phase III trial to

investigate the efficacy of FUFIRI versus mIROX as first-line

chemotherapy in patients with metastatic colorectal cancer.

The study was conducted according to the Declaration of Hel-

sinki and was approved by the local ethics committee. Regu-

lar site visits were performed. The study was funded by

Aventis and Pfizer.

2.2. Patient evaluation

Patients between 18 and 75 years were eligible if they had his-

tologically proven metastatic adenocarcinoma of the colon or

rectum without prior chemotherapy for metastatic disease.

Prior adjuvant chemotherapy was allowed with a treatment-

free interval P6 months and did not include topoisomerase

I inhibitors or platinum compounds. A Karnofsky perfor-

mance status P70%, adequate liver- and bone marrow func-

tion parameters and bidimensionally measurable tumour

lesions were mandatory. Written informed consent was ob-

tained from each patient. Patients were excluded in the pres-

ence of symptomatic peritoneal carcinomatosı́s or brain

metastasis, chronic inflammatory bowel disease or bowel

obstruction, intolerability of 5-fluorouracil or folinic acid, sec-

ondary malignancies (except for basal cell skin cancer or

in situ carcinoma of the cervix) or known Gilbert’s syndrome.

Further exclusion criteria were administration of other
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antineoplastic drugs, pregnancy and/or lactation and radia-

tion treatment within 6 weeks prior to study entry.

2.3. Random assignment and stratification

Patients were assigned to treatment arms by central randomi-

sation via fax. Stratification was performed according to the

following factors: Karnofsky performance status (100% versus

70–90%), lactate dehydrogenase (6240 U/L versus >240 U/L),

adjuvant pretreatment (yes versus no).
2.4. Treatment plan

The trial compared the standard treatment with FUFIRI to the

experimental treatment with mIROX using an identical regi-

men of irinotecan application in both arms. In the standard

arm, patients received FUFIRI: irinotecan 80 mg/m2 as a 0.5-

hour infusion followed by folinic acid 500 mg/m2 applied over

2 hours and 5-fluorouracil 2000 mg/m2 given as a 24-hour

infusion. In the experimental arm, patients received a modi-

fied IROX regimen (mIROX): irinotecan 80 mg/m2 as a 0.5-hour

infusion weekly times 6 plus oxaliplatin 85 mg/m2 as 2-hour

infusion on days 15 and 29 of each cycle. In both arms, treat-

ment was repeated every 49 d. In case of isolated resectable

liver metastases, resection was recommended after comple-

tion of two treatment cycles.

Patients achieving complete remissions (CR) received one

further cycle of therapy, and treatment was stopped only after

confirmation of CR. Patients achieving partial remission or

stable disease continued therapy until progression or toxicity.

At the time of disease progression or treatment intolerability,

crossover from FOLFIRI to mIROX and vice versa was

recommended.

Toxicity-related dose adjustments were predefined, e.g.

occurrence of NCI-CTC toxicities grade P1 for diarrhoea,

mucositis/stomatitis and thrombocytes or grade P2 for leuco-

cytes and every other toxicity >2 on the day of planned

therapy resulted in postponement of treatment until normal-

isation. Dose reduction of oxaliplatin by 25% was performed

at the occurrence of persistent paresthesia or painful pares-

thesia lasting >7 d, a 50% reduction was performed in case

of paresthesia with functional impairment for >7 d, while

treatment was stopped at the occurrence of persistent painful

paresthesia or persistent functional impairment.

2.5. Patient assessment and follow-up

Prestudy evaluation included full medical examination, vital

signs, CBC and blood chemistry tests. Tumour assessments

were performed preferably by computed tomography scans,

but also included magnetic resonance imaging, X-ray and

ultrasound. During therapy, tumour assessments were car-

ried out after the first and the second cycle, thereafter every

two cycles. Response was evaluated by World Health Organi-

sation (WHO) criteria. For evaluation of progression-free sur-

vival, overall survival and efficacy of 2nd-line treatment,

patients were followed up at 3-months intervals. National

Cancer Institute Common Toxicity Criteria (NCI-CTC) version

2.0 were used to assess toxicity.
2.6. Statistical considerations

The primary objective of the study was progression-free

survival (PFS) comparing FUFIRI with mIROX. Secondary

end-points were response rate, overall survival, resectability

of liver metastases and toxicity. Both study arms were com-

pared within a group-sequential design. Assuming a median

PFS of 6.7 months in the control group (FUFIRI) it was sought

to reach a presumed hazard ratio of 0.787 in favour of the

experimental regimen (mIROX). With a power of 80% and a

two-sided type-one error of a = 0.05 an average number of

365 events were expected. This led to the assumption that

with a probability of 90% the sample size would not exceed

569 patients. There were 495 patients assigned when the Data

Safety and Monitoring Board decided to close the study based

on a PFS analysis indicating that the primary end-point could

not be reached.

The duration of PFS, remission duration and overall sur-

vival (OS) were estimated using the Kaplan–Meier technique.

Cox proportional hazards modelling was used to calculate

hazard ratios and confidence intervals (CI). Fisher’s exact test

and the Chi-square test were applied to compare tumour re-

sponse rates and toxicities. All P values were calculated as

two-sided, and P < 0.05 was considered as statistically

significant.
3. Results

3.1. Patients

The study enrolled 495 patients from 48 German centres be-

tween July 2000 and October 2004. Sixteen patients were inel-

igible (1 hyperbilirubinaemia, 15 documentation failure) and

479 patients were randomly assigned to treatment with either

FUFIRI (n = 238) or with mIROX (n = 241). All analyses were per-

formed as intent-to treat analyses based on the full analysis

set of patients. Overall, the treatment arms were well bal-

anced with regard to stratification factors and other patient-

or tumour characteristics (Table 1). With a median age of

63 years, approximately 50% of patients were in excellent

general condition with a Karnofsky index of 100%, 60% suf-

fered from metastatic cancer of the colon, and lactate dehy-

drogenase (LDH) was elevated in 42%. Twenty-nine percent

of patients had received prior adjuvant therapy which mainly

consisted of 5-FU/folinic acid (14.4%) or chemoradiotherapy

(9.2%). Median follow-up time in the FUFIRI arm was

20.7 months (95% CI, 17.9–23.6 months) and in the mIROX

arm it was 17.2 months (95%, CI 15.4–19.0 months) (see Figs. 1

and 2).

3.2. Treatment administration and safety

In the FUFIRI arm 238 patients received a total of 841 cycles,

while in the mIROX arm 716 cycles were applied in 241

patients. Duration of 1st-line therapy was 5.2 months (range

0–18.2 months) in the FUFIRI-arm and was 4.7 months

(range 0–19.0 months) in the mIROX-arm during which a

median of 2 cycles was applied per patient (range 1–10

cycles). Dose reductions in the FUFIRI versus mIROX arm



Table 1 – Patient characteristics.

Characteristics FUFIRI mIROX
(n = 238) (n = 241)

No. of patients % No. of Patients %

Sex
Male 158 66 177 73
Female 80 34 64 27

Age (years)
Median 63 63
Range 32–79 21–79

Karnofsky performance status
100% 118 50 118 49
70–90% 120 50 123 51

Primary tumour
Colon 138 58 149 62
Rectum 100 42 92 38

Previous adjuvant treatment
Yes 70 29 67 28
No 168 71 174 72

Time from diagnosis to randomisation
<3 months 132 55.5 128 53.1
P3 months 106 44.5 113 46.9

No. of metastatic sites
1 135 57 151 63
P2 101 42 87 36
NA 2 1 3 1

Metastatic site
Liver 200 84 204 85
Liver only 114 49 134 56

LDH
6240 U/l 137 58 139 58
>240 U/L 101 42 102 42

CEA
6ULN 49 21 44 18
>ULN 157 66 170 71
NA 32 13 27 11

Alkaline phosphatase
6ULN 127 53 129 53
>ULN 89 37 95 39
NA 22 9 17 7

White blood cells
<8000 128 54 143 59
P8000 102 43 94 39
NA 8 3 4 2

FUFIRI, 5-fluorouracil plus folinic acid plus irinotecan; mIROX, modified irinotecan plus oxaliplatin; CEA, carcinoembryonic antigen.
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were observed in 19.4 versus 20.8% of patients, while dose

delays occurred in 18.4% versus 17.6% of patients, respec-

tively. In the FUFIRI versus mIROX arm, P80% of the sched-

uled irinotecan doses were applied in 87% versus 85% of

cycles, respectively; P80% of the scheduled 5-FU doses

were applied in 83% of FUFIRI cycles, and P80% of the

scheduled oxaliplatin doses were applied in 83% of the

mIROX cycles.

The most frequent side-effects were nausea, diarrhoea,

anaemia, vomiting and leucocytopenia (Table 2). With regard

to all-grade toxicities (CTC-NCI grades 1–4), mIROX induced
significantly more delayed diarrhoea (79% versus 68%,

P = 0.01), sensory neuropathy (48% versus 13%, P < 0.001),

leucocytopenia (60% versus 48%, P = 0.01) and thrombocyto-

penia (32% versus 12%, P < 0.001) than FUFIRI.

Grade 3–4 delayed diarrhoea was significantly more fre-

quent in the mIROX arm (29.9% versus 18.9%, P = 0.006). As ex-

pected, grade 3–4 neurosensory toxicity did not occur in the

FUFIRI arm, but was only 2.1% in the IROX arm. Otherwise,

haematological and non-haematological grade 3–4 toxicities

occurred in <10% of patients and did not show significant dif-

ferences between treatment arms.



No at risk 0 6 12 24 36 48 60

FUFIRI 237 148 69 21 9 2 1

mIROX 240 138 58 14 5 1 1

FUFIRI

mIROX

FUFIRI
Median = 8.2
95% CI, 7.0-8.9
mIROX
Median = 7.2
95% CI, 6.3-8.2
Hazard Ratio = 1.14
95% CI, 0.94-1.37
p = 0.184 (log-rank)    

Fig. 1 – Progression-free survival. FUFIRI, 5-FU/folinic acid plus irinotecan; mIROX, irinotecan plus oxaliplatin.
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3.3. Sixty-day mortality

The overall 60-day mortality rate was 5.5% in the FUFIRI arm

and 4.6% in the mIROX-arm (P = 0.680). The rate of deaths

possibly related to treatment was 1.3% versus 1.7%

(P = 0.695), while deaths related to other causes occurred in

4.2% versus 2.9% of patients respectively (Table 3).

3.4. Efficacy

Median PFS was evaluated as a primary end-point of the

study. At the time of analysis, 81.4% and 85.0% of patients

had experienced progressive disease, respectively. First-line

treatment in the FUFIRI-arm resulted in a PFS of 8.2 months

(95% CI, 7.0–8.9), while it was 7.2 months (95% CI, 6.3–8.2) in

the mIROX-arm (hazard ratio 1.14, 95% CI, 0.94–1.37, log rank

P = 0.184). A multivariate analysis defined baseline carcino-

embryonic antigen (CEA) (P = 0.014) and LDH (P = 0.032) as

independent prognostic factors for PFS.

Also overall survival times were not significantly differ-

ent between treatment arms (hazard ratio 1.08, 95% CI,

0.88–1.33, log rank P = 0.472) and reached medians of

21.8 months (95% CI, 19.2–25.6) versus 18.9 months (95%

CI, 16.4–22.8) in the FUFIRI- and mIROX-arm, respectively.

In a multivariate analysis, baseline CEA (P = 0.005), LDH

(P < 0.001), haemoglobin (P < 0.001) and leucocytes

(P = 0.001) were identified as independent prognostic factors

for overall survival.

Tumour response rates were identical for FUFIRI and mIR-

OX (41% versus 41%) (Table 4). However, evaluation of disease
control rate (DCR), which included complete response, partial

response and stable disease, showed a significant superiority

of the FUFIRI regimen (DCR 81%, 95% CI, 75–85%) compared to

the mIROX-regimen (DCR 68%, 95% CI, 61–73%). A trend for a

longer remission duration was observed in the FUFIRI – com-

pared to the mIROX-group (9.5 months versus 7.7 months,

P = 0.310).

3.5. Secondary resection of liver metastases

The analysis of the intent-to-treat population indicated that

38 patients (7.9%) underwent surgical resection of liver metas-

tases, 10% (23/238) in the FUFIRI-arm and 6% (15/241) in the

mIROX-arm. When those 248 patients were evaluated who

suffered from liver metastasis only, the resection rate was

20% (23/114) in the FUFIRI arm compared to 11% (15/134) in

the mIROX arm. R0-resections were achieved in 16% versus

8% of patients.

3.6. Second-line therapy

Second-line chemotherapy after FUFIRI versus mIROX was

documented in 70% (167/238) versus 68% (164/241) of patients.

According to the study protocol, centres were encouraged to

switch patients after failure of first-line therapy to the respec-

tive other treatment arm. A cross-over from the FUFIRI-arm to

mIROX was performed in 39%, and from the mIROX-arm to

FUFIRI in 35% of patients. All three agents (5-fluorouracil, iri-

notecan and oxaliplatin) were applied in 53% versus 56% of

patients, respectively. In assessable patients crossed over to



No at risk 0 12 24 36 48 60 

FUFIRI 238 177 97 36 13 2 

mIROX 241 163 77 28 10 0 

 FUFIRI 

 mIROX

FUFIRI 
Median = 21.8 
95% CI, 19.2-25.6 
mIROX 
Median = 18.9 
95% CI, 16.4-22.8 
Hazard Ratio = 1.08
95% CI, 0.88-1.33 
p = 0.473 (log-rank)    

Fig. 2 – Overall survival. FUFIRI, 5-FU/folinic acid plus irinotecan; mIROX, irinotecan plus oxaliplatin.

Table 2 – Analysis of CTC grades 1–4 toxicities (per patient analysis).

Toxicity FUFIRI
(n = 238)

mIROX
(n = 241)

P* P**

Grades 1–2 Grades 3–4 Grades 1–2 Grades 3–4 (G3–4) (G1–4)

No. % No. % No. % No. %

Nausea 162 68.1 11 4.6 172 71.4 20 8.3 0.137 0.086
Vomiting 126 52.9 7 2.9 133 55.2 9 3.7 0.800 0.519
Diarrhoea early 79 33.2 10 4.2 95 39.4 17 7.1 0.234 0.052
Diarrhoea delayed 117 49.2 45 18.9 118 49.0 72 29.9 0.006 0.010
Mucositis 58 24.4 2 0.8 70 29.0 3 1.2 1.316 0.222
Constipation 46 19.3 5 2.1 41 17.0 2 0.8 0.283 0.358
Alopecia 68 28.6 – – 80 33.2 – – – 0.279
Skin 41 17.2 1 0.4 37 15.4 1 0.4 1.501 0.625
Pain 91 38.2 5 2.1 101 41.9 10 4.1 0.294 0.231
Cholinergic syndrome 21 8.8 – – 28 11.6 2 0.8 0.499 0.236
Neuropathy sensory 32 13.4 – – 110 45.6 5 2.1 0.061 <0.001
Leucopenia 105 44.1 10 4.2 124 51.5 21 8.7 0.062 0.010
Anaemia 153 64.3 7 2.9 167 69.3 8 3.3 1.200 0.232
Thrombocytopenia 27 11.3 1 0.4 73 30.3 5 2.1 0.216 <0.001
Neutropenic fever 6 2.5 5 2.1 5 2.1 7 2.9 0.772 1.000
Fever 38 16.0 4 1.7 46 19.1 6 2.5 0.751 0.302

FUFIRI, 5-FU/folinic acid plus irinotecan; mIROX, irinotecan plus oxaliplatin.

P* comparison of grade 3–4 toxicities; P** comparison of grades 1–4 toxicities.
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mIROX versus FUFIRI, the overall response rate was 14% ver-

sus 26% (P = 0.047), and the disease control rate was 58% ver-

sus 74%, respectively (P = 0.046) indicating greater 2nd-line
activity of FUFIRI (Table 4). Median post-progression survival

was nearly identical between treatment arms (10.9 versus

10.6 months).



Table 3 – Sixty-day mortality.

FUFIRI mIROX Total P-value

No. % No. % No. %

All 13 5.5 11 4.6 24 5 0.68

Death possibly related to treatment 3 1.3 4 1.7 7 1.5 0.695
GI-syndrome 0 1 1
Sepsis 1 1 2
GI-syndrome + sepsis 2 2 4
Death related to other causes 10 4.2 7 2.9 17 3.5 0.659
Tumour progression 5 7 12
Thromboembolism 2 0 2
Others 3 0 3

FUFIRI, 5-FU/folinic acid plus irinotecan; mIROX, irinotecan plus oxaliplatin.

Table 4 – Best response to first- and second-line therapy.

Response parameter FUFIRI
(n = 238)

mIROX
(n = 241)

P

n % n %

Complete response (CR) 18 8 19 8 1.135
Partial response (PR) 79 33 79 33 1.077
Overall response rate (CR + PR) 97 41 98 41 1.074
Stable disease 95 40 65 27 0.004
Disease control rate (CR + PR + SD) 192 81 163 68 0.001
Progressive disease 19 8 37 15 0.015
Not assessable 27 11 41 17 0.089

Patients receiving 2nd-line therapy 167 70.2 164 68.0
Patients with 2nd-line cross-over 92 38.7 85 35.3

Cross-over patients assessable for response 2nd-linemIROX (88) 2nd-lineFUFIRI (72) P

n % n %

Complete response (CR) 2 2.3 3 4.2 0.658
Partial response (PR) 10 11.4 16 22.2 0.085
Overall response rate (CR + PR) 12 13.6 19 26.4 0.047
Stable disease 39 44.3 34 47.2 0.751
Disease control rate (CR + PR + SD) 51 58.0 53 73.6 0.046
Progressive disease 37 42.0 19 26.4 0.046

FUFIRI, 5-FU/folinic acid plus irinotecan; mIROX, irinotecan plus oxaliplatin.
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4. Discussion

This study was designed to compare the combination of irino-

tecan plus oxaliplatin (mIROX) with the standard first-line

combination of irinotecan plus infusional 5-FU/folinic acid.

The rationale of this combination was based on the preclini-

cal observation of synergistic drug interaction and on impres-

sive results obtained in second-line treatment of patients

after failure of fluoropyrimidines. Goldberg and colleagues

were among the first to investigate the IROX combination in

a randomised first-line study. They used a regimen where iri-

notecan (200 mg/m2) and oxaliplatin (85 mg/m2) were applied

at 3-week intervals. The mIROX regimen of the present study

employed a different regimen with a higher initial dose inten-

sity and weekly drug application. Irinotecan (80 mg/m2) was

given weekly six times and oxaliplatin (85 mg/m2) was given

every 2 weeks in a 7-week treatment cycle. Within two cycles
of the mIROX regimen (14 weeks) patients received compara-

ble cumulative doses of irinotecan and a 20% greater dose of

oxaliplatin compared to IROX-regimen used in the Goldberg

trial.

As a comparator, irinotecan plus high-dose infusional FU/

FA according to the standard AIO FU/FA regimen was selected

in the present trial. Both treatment arms were defined by

identical dose intensities for irinotecan and thus set the basis

for a comparison of oxaliplatin versus infusional high-dose

FU/FA.

The present trial did not meet its primary end-point in that

the PFS time in the mIROX-arm was not superior compared to

irinotecan plus infusional 5-FU/folinic acid (HR = 1.14,

P = 0.178). Moreover, no significant difference was observed

with regard to median overall survival time and objective

response rate. This trial therefore clearly indicates that

replacement of the fluoropyrimidine by oxaliplatin in the
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mIROX regimen did not improve clinical efficacy. Accordingly,

the use of a fluoropyrimidine remains a standard of care in

the first-line treatment of metastatic colorectal cancer.

It should, however, be pointed out that mIROX clearly

demonstrated clinically relevant antitumour activity. With

an ORR of 41%, a median PFS of 7.2 months and an overall sur-

vival time of 19 months this regimen compares well with

other chemotherapy combinations such as FOLFIRI or FOL-

FOX.1,15–17 In the unselected patient population, the rate of

liver resections (8%) and R0-resections (6%) was comparably

high and closely matched the linear correlation of ORR and

resection rate established by Folprecht and colleagues.18 In

accordance with an identical response rate in mIROX- and

FUFIRI-treated patients, there was no significant difference

in resection rates between treatment arms.

The efficacy data of this trial may be discussed in relation

to the study by Goldberg and colleagues who compared the

3-weekly IROX regimen to FOLFOX4 and IFL. Compared to

IROX, FOLFOX was superior with regard to response rate, time

to progression and overall survival. IROX, however, induced a

significantly longer survival time than IFL (17.4 versus

15 months, P = 0.04).16,19 Becouarn and colleagues performed

a randomised phase II trial which investigated a biweekly reg-

imen of irinotecan plus oxaliplatin and compared it to stan-

dard chemotherapy with LV5-FU2 plus either irinotecan or

oxaliplatin.20 Comparable efficacy was reported with regard

to ORR (52.5% versus 55%), PFS (8.4 versus 8.1 months) and

OS (19 versus 20.4 months).

Based on the available data, the present trial provides

strong arguments to apply mIROX in patients with contraindi-

cations and/or intolerance against 5-FU. Candidates for mIR-

OX are patients with proven or suspected cardiac toxicity of

5-FU and are patients with reduced 5-FU catabolism caused

by defects in the rate-limiting enzyme dihydropyrimidine

dehydrogenase.

Both, the present trial and the EORTC trial 40986 investi-

gated the FUFIRI regimen.17 The latter reported a median

PFS time of 8.5 months and a median overall survival time

of 20.1 months. These results closely match with those

obtained in the present trial (PFS = 8.2 months, OS = 21.8 -

months) and thus support the consistently high activity of

irinotecan plus infusional high-dose 5-FU/folinic acid.

Tolerability of mIROX and FUFIRI was generally acceptable

with grade 3–4 toxicities mostly below 10%. The most fre-

quent all-grade toxicities in both arms were nausea and

delayed diarrhoea. Grade 3–4 delayed diarrhoea was signifi-

cantly more frequent in the mIROX arm (30% versus 19%,

P = 0.006) which is well in keeping with previous reports on

the IROX-regimen and reflects overlapping gastrointestinal

toxicity of both agents.16,21

Sensory neuropathy was expectedly more pronounced in

the mIROX- compared to the FUFIRI-arm (48% versus 13%),

but grade 3–4 neuropathy in the mIROX-arm was only 2%.

This observation is supported by previous phase II and III

studies where grade 3–4 neuropathy in the IROX regimen

was 0–8%6,9–11,16,21 and thus contrasts with higher rates re-

ported for the FOLFOX regimen (18–34%).3,16,22

Patients clearly benefit from second- and further-line treat-

ment.23 In the present trial, 69% of patients received second

line therapy and 37% performed the recommended cross over
from mIROX to FUFIRI and vice versa. The high rate of 2nd-line

treatment and the high percentage of patients receiving all

three drugs (54%) may explain the survival time observed in

the trial (22 versus 19 months). The comparable rates of 2nd-

line therapy and the nearly identical post-progression survival

time in both arms (10.9 versus 10.6 months) indicate that

treatment-associated toxicity did not induce an imbalance

with regard to further treatment. By comparison, the rate of

2nd-line treatment was 56% in the EORTC 40986 trial.17

At the time this trial was performed, neither anti-EGFR-

nor antiangiogenic agents were part of treatment recommen-

dations. Monoclonal antibodies such as cetuximab or

bevacizumab were generally not applied in 2nd-line therapy

and therefore had no effect on treatment outcome. Accord-

ingly, the survival results obtained with combination chemo-

therapy in this as well as in the EORTC 40986 trial may serve

as an evidence-based benchmark against which new regi-

mens involving targeted therapy need to be compared.24–26

In conclusion, the mIROX-regimen failed to show superior

activity compared to high-dose 5-FU/folinic acid plus irinotec-

an. While both regimens appeared to have comparable clini-

cal activity with regard to ORR, PFS and OS, the more

unfavourable toxicity profile of mIROX favours the combina-

tion of irinotecan plus infusional high-dose 5-FU/folinic acid.

Accordingly, the inclusion of a fluoropyrimidine into first- line

treatment of mCRC remains a standard of care, while the

mIROX-regimen may be reserved for patients who do not tol-

erate infusional regimens or who have contraindications

against fluoropyrimidines.
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