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Abstract

Background The past years’ therapy for colorectal cancer
has evolved rapidly with the introduction of novel cytotoxic
agents such as irinotecan, capecitabine and oxaliplatin. Fur-
ther advances have been achieved with the integration of
targeted agents such as bevacizumab, cetuximab and
recently, panitumumab. As a result, third-line treatment is
now a necessary step in the optimal treatment of patients
with metastatic colorectal cancer (MCRC).

Materials and methods We conducted a literature review
of English language publications on third-line therapy for
MCRC from January 2000 to April 2007. Data on median
overall survival (mOS), median time to progression
(mTTP) and response rate were recorded.

Results We found 27 articles and 22 abstracts to fulfil the
criteria. Patients who received regimens containing oxalipl-
atin and infusional 5-fluorouracil (5-FU) demonstrated
mTTP up to 7 months and a mOS of 16 months. With irino-
tecan and 5-FU, mOS around 8 months were reported and
with cetuximab combined with irinotecan, the highest mOS
was 9.8 months.

Conclusion Third-line therapy in advanced colorectal
cancer may improve mOS for patients with MCRC. There-
fore, randomized studies should be conducted in the future.
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Introduction

Every year one million patients worldwide are diagnosed
with colorectal cancer and approximately 50% of them will
relapse after curative intended surgery [1]. During the last
four decades the first drug of choice for patients with meta-
static colorectal cancer (MCRC) was the fluoropyrimidine
5-fluorouracil (5-FU) [2].

Major advances have occurred during the last years in
the treatment of MCRC with the introduction of new treat-
ment modalities. Thus, two randomized trials have estab-
lished the role of irinotecan as second-line agent in patients
who have failed on 5-FU based treatment [3, 4].

Oxaliplatin is a third-generation platinum, which has
shown activity in patients with MCRC refractory to 5-FU
and leucovorin (LV) [5]. The role of oxaliplatin combined
with 5-FU (FOLFOX) as second-line treatment in MCRC
was demonstrated in a randomized trial comparing FOL-
FOX4, oxaliplatin monotherapy and 5-FU plus LV. Treat-
ment with FOLFOX4 showed superior response rate (RR)
and time to progression [6].

Further progress in the treatment of MCRC has been
made by years of translational research. Recently bev-
acizumab (avastin), a monoclonal antibody (mAb) against
the vascular endothelial growth factor (VEGF) and cetux-
imab (erbitux), a mAb that targets the endothelial growth
factor receptor (EGFR), have shown promising activity in
patients with MCRC.

In a phase III study by Hurwitz et al., median survival was
significantly increased from 15.6 months to 20.3 months
with the addition of bevacizumab to irinotecan, 5-FU and LV
for patients with previously untreated MCRC [7].

A randomized phase II study compared cetuximab with
cetuximab plus irinotecan in the treatment of irinotecan
refractory MCRC and showed improvements in RR in

@ Springer



Cancer Chemother Pharmacol (2008) 61:1-13

favor of the combination, with RRs of 23% in the combina-
tion group compared to 11% in the group treated with
cetuximab alone. Patients had been treated with one or
more than three previous chemotherapy lines [8]. Cetux-
imab was approved by the FDA in 2004 and is indicated for
patients with EGFR positive tumours who have failed irino-
tecan-based chemotherapy or as a single agent for patients
who are intolerant to irinotecan-based treatment [9].

While there are a number of well-documented treatment
options for first- and second-line treatments of MCRC,
there are less data on the beneficial effect of systemic treat-
ment used in third-line therapy. Therefore we reviewed the
current literature on third-line treatment of MCRC.

Materials and methods

We conducted a literature review for English language pub-
lications on third-line therapy for MCRC from January
2000 to April 2007 using the search terms: colorectal can-
cer, advanced, metastatic, third line. The database Medline
and abstracts from major meetings including the following
were searched: American Society of Clinical Oncology
(ASCO), European Society for Medical Oncology
(ESMO), Annals of Oncology, Cancer Chemotherapy and
Pharmacology and European Cancer Conference (ECCO).
For each trial the number of patients included and the
numbers of previous treatments were recorded. The admin-

istered drugs were specified in the order of first-, second- or
third-line treatment if this was specified, in order to exam-
ine any possible correlation between previous treatment
and response to third-line therapy. Trials involving fewer
than ten patients were considered too small and were not
included. Furthermore, trials where the activity of third-line
therapy was not clearly specified were excluded. Any kind
of chemotherapy or targeted therapy was allowed as previ-
ous therapy. The clinical trials could be phase II or III. Ret-
rospective trials were also considered.

Data on median overall survival (mOS), median time to
progression (mTTP) and RR, that is complete and partial
response, were recorded from each trial. Where progres-
sion-free survival (PFS) was reported, the result was
referred to as the mTTP.

Any toxic death was presented in this review. Quality of
life and adverse events were not clearly reported in all trials
and the data are therefore not presented.

Results

A total of 27 published articles and 22 abstracts were iden-
tified to fulfil the search criteria. Two studies were random-
ized phase III trials [10, 11]. This section reports on the
mTTP and mOS for selected trials whereas data on RR
and confidence interval (CI) are reported in Tables 2, 3, 4,
and 5. Table 1 shows RR and mTTP for the most common

Table 1 Most common chemo-

. . Regimen Administration  Treatment with ~ Doses 5-FU RR (%) mTTP
therapy regimens used in the 5-FU (days) (mg/m?) (months)
first-line treatment of MCRC
and the efficacy of each regimen 5-FU/LV

De Gramont [64] CI+B dl1+2 400 B 22.3 6.2
600 CI
Mayo [73] B d1-5 425 B 22.6 5.3
Modified de Gramont [74] CI+B dl 400 B 36 9.3
2,800 CI
5-FUl/irinotecan
IFL (Saltz) [75] B W x 4 500 B 39
FOLFIRI [60] CI+B dl 400 B 56 8.5
2,400-3,000 CI
OXALIPLATIN/5-FU
FOLFOX 2 [76] CI dl+2 1,500-2,000 CI  45.3 8.3
CI continuous infusion, B bolus, FOLFOX 3 [77]* CI dl+2 1,500 CI 20
d day, W weekly, PO per oral, FOLFOX4 [64] CI+B d1+2 400 B 50.7 9
LV leucovorin, FUFOX oxalipl- 600 CI
atin, folinic acid and 5-FU,
XELOX xeloda (capecitabine) FOLFOX6 [60] CI+B d1 400 B 54 8
and oxaliplatin, RR response 2,400-3,000 CI
rate, mTTP median time to FOLFOX7 [78]° cI a1 2,400 CI 59.2 8.7
progression
. . FUFOX [73] CI W x 4 2,000 CI 48.3 7.9
Second-line therapy
XELOX [79] PO dl-d15 1,000 PO x 2 55 7.7

® Reinduction of FOLFOX7

@ Springer



Cancer Chemother Pharmacol (2008) 61:1-13

chemotherapy regimens used in first-line treatment of
MCRC. mOS and mTTP for each trial are illustrated in
graphs as well.

5-FU + oxaliplatin based regimens

Table 2 summarizes the data in 13 studies from 644
patients, who received infusional 5-FU and oxaliplatin as
third-line treatment.

There were nine clinical phase II studies and one phase
IIT study. The number of patients per study varied from 11
to 126. mTTP ranged from 4.4 to 8 months and mOS from
5.9+ to 16 months [12-20].

One phase III study investigated the sequence of therapy
by randomizing patients between treatment with FOLFOX4
and irinotecan after previous second-line therapy with the
opposite [10]. The primary goal of the trial was to investi-
gate efficacy of FOLFOX4 and irinotecan as second-line
therapy after first-line exposure to 5-FU. Patients were allo-
cated to third-line therapy with the opposite agent when fail-
ure of second-line treatment in a non-random fashion. The
mTTP was 5 months, when FOLFOX4 was administered
after irinotecan and 2.7 months, when irinotecan was admin-
istered after FOLFOX4. For the FOLFOX-treated group, the
mOS was 10 months compared to 8.7 months for the irino-
tecan-treated group. The difference was not reported to be
statistically significant. There was more gastrointestinal tox-
icity in the irinotecan-treated group and more neutropenia
and paresthesia in the FOLFOX4 treated patients.

One randomized phase II study compared the de
Gramont regimen with FOLFOX4 after therapy with
fluoropyrimidine/capecitabine and irinotecan in different
combinations. The majority of patients had previously
received sequential fluoropyrimidine and irinotecan, and
the study showed a significantly greater mTTP (4.8 months
vs. 2.4 months) in favor of the FOLFOX4 regimen [12].
However, the FOLFOX4 exposed patients did not demon-
strate any improvement in mOS (9.9 months vs.
11.4 months). Sixty-nine percent of patients from the de
Gramont arm crossed over to FOLFOX4 due to treatment
failure, besides mOS was not a primary end point.

Trials investigating different FOLFOX regimens were
found including FOLFOX2, 3 and 4. One study compared
FOLFOX2 with FOLFOX4 [18] and showed higher mTTP,
7 months vs. 5 months, and higher mOS, 9 months vs. 7+
months, in favor of FOLFOX2 regimen.

The study reporting the highest mOS of 16 months and
the highest mTTP of 8 months included 78 patients. In this
study, patients had chronomodulated oxaliplatin and 5-FU
plus LV. Previous therapy was not reported but the patients
were pre-treated with 2—7 lines [20].

One trial reported one toxic death because of neutrope-
nia and sepsis [15]. The study by Kemeny etal. [12]

reported three toxic deaths in the FOLFOX4 arm. Two
patients had small bowel obstruction and a third patient had
respiratory failure.

5-FU + irinotecan based regimens

Four phase II trials with a total of 119 patients included
used irinotecan as third-line treatment (Table 3). The num-
ber of patients varied from 13 to 61. mTTP ranged from 2.3
to 5.7 months and mOS from 7 months to 8.7 months [24—
27]. mOS were not reported in two trials. In one trial, previ-
ous irinotecan had been given [24] and all studies reported
previous treatment with oxaliplatin. Irinotecan was admin-
istered with infusional 5-FU (FOLFIRI) in 106 patients
[24-26] and in one study irinotecan was delivered weekly
with high-dose 5-FU plus LV [27]. No toxic deaths were
reported in any of these trials.

Regimens with miscellaneous agents

In 479 patients the treatment with third-line therapy con-
sisted of agents or regimens not previously mentioned in
this review (Table 4). Sixteen studies were phase II studies
and included from 15 to 77 patients. The mTTP for the
different regimens ranged from 2.3 months to 5.6 months
and mOS from 5 to 14.2 months [28-43].

Oxaliplatin was re-induced in one retrospective trial and
delivered as hepatic arterial infusion (HAI) preceded by
treatment with 5-FU, oxaliplatin and irinotecan in two or
three palliative lines. mTTP was found to be 4 months and
the mOS was reported to be 13 months [44].

In one trial, the oral agent S-1, a combination of tegafur,
gimeracil and oteracil potassium, was investigated. The
mTTP was found to be 3 months and mOS 13.8 months
[33].

Irinotecan was given to 77 patients as chronomodulated
therapy together with oxaliplatin and 5-FU. mTTP was
reported to be 5.5 months and mOS was 14.2 months, the
highest observed among these trials [41]. Two patients
were alive without any detectable disease after a median
follow-up of 38 months. These patients had subsequently
been surgically treated and had postoperative received fur-
ther chronotherapy.

Two trials reported one toxic death each because of neu-
tropenic sepsis [42, 43]. In the study by Gubanski et al.
[29], one patient died, probably due to one episode of
febrile neutropenia.

Regimens with targeted therapies including antibodies
and growth factors

Table 5 summarizes the studies performed with patients
receiving targeted therapy as third line. In total 1,033
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Table 3 Third-line 5-FU + irinotecan in MCRC

Reference n Previous treatment (line) Treatment RR n (%) Median (months)
regimen

TTP (N}

Gervais et al. [24], phase II 16  Irinotecan + 5-FU/ZD9331, Folfiri3 3(19) 4.1 NR
FOLFOX
Kim et al. [25], phase 1T 29  Oxaliplatin (2) Folfiri 6(20.7) 5.7,95%C1 8.7,95%CI
(3.8-7.6) (7.8-9.5)
Maindrault et al. [26], phase IT 61 De Gramont (1), FOLFOX (2) Folfiri 305 2.3 NR
Stickel et al. [27], phase IT 13 AIO (1), AIO + oxaliplatin (2)  AIO + irinotecan 2(15)95%CI 3.9, range 3-6 7, range 2—18
(2-45)

Total n 119

RR = response rate (complete and partial response), TTP time to progression, OS overall survival, NR not reported, AIO folinic acid (500 mg/m?)
as a 1 to 2-h infusion day 1; followed by 5-FU (2.000 mg/m?) intravenous (IV) administered as a 24-h infusion once weekly, ZD9331 antifolate

inhibitor of thymidylate synthase

patients were treated. One phase III and 13 phase II trials
were found. According to the phase II trials, the number
of patients included ranged from 10 to 346 [45-56].
mTTP varied from 1.4 months to 4.7 months and mOS
from 5.5-9.8 months, though only reported in half of the
studies.

Panitumumab, a mAb targeting the EGFR, benefited
patients with MCRC in a multicentre phase III trial. A
total of 463 patients were randomized between best sup-
portive care (BSC) (n=232) alone or BSC and pani-
tumumab (n =231) [11]. One patient included did not
receive the treatment as third- or fourth-line therapy. The
primary end point was PFS. The mTTP for the pani-
tumumab treated group (1.9 months) was significantly
prolonged compared to mTTP in the BSC group
(1.7 months). No differences were found in mOS. Sev-
enty-six percent of the patients in the BSC group crossed
over to panitumumab after treatment failure. There was a
good safety profile. In two smaller trials, mTTP were
shown to be 2 and 3 months, respectively, for treatment
with panitumumab single-agent. mOS were not reported
[55, 56].

In three trials cetuximab monotherapy was used as the
targeted agent after treatment with oxaliplatin, irinotecan
and for some patients 5-FU. The mTTP was demonstrated
to be between 1.4 and 2.4 months and mOS between 6.6
and 7 months [45-47].

Treatment with cetuximab was well tolerated with mini-
mal toxicity. In the study by Chen et al. [51] bevacizumab
toxicity was similar to that seen in other trials with hyper-
tension and bowel perforation among others. Two deaths
reported were of unknown aetiology. Data on adverse
events was reported for 338 patients enrolled and not speci-
fied for the current 100 patients assessable. Besides, no
toxic deaths were reported in any of the trials.

Discussion

Randomized studies reporting efficacy after failing second-
line treatment for MCRC have been limited, and at this
time there is no standard third-line therapy for MCRC
according to NCI [59].

The integration of oxaliplatin and irinotecan at the end
of the 1990s definitely improved mOS for patients in the
first-line treatment of MCRC [60]. Unfortunately the
prognosis for these patients is still dismal with 5-year sur-
vival less than 10% [61]. In view of these figures, and
increased survival after first- and second-line treatment,
there is a need for treatment options for fit patients in third
line.

Current evidence supports the combination of fluoropyr-
imidine with either irinotecan or oxaliplatin as first-line
therapy [62] and treatment with the other combination as
second-line therapy [63]. Today, the vast majority of
patients have already received these three drugs, when they
become candidates for third-line therapy.

In this review, all clinical studies were conducted as
phase 1II trials except for two phase III trials [10, 11].
Though small, the phase II studies may be directing for a
rational design of a confirmatory phase III trial. Level of
evidence for the phase III trial by Van Cutsem [11] was 1b.
For the trial by Rowland et al. [10], level of evidence was
Ic. According to the phase II trials, level of evidence was
2a or 2b.

When considering the clinical trials using combinations
of 5-FU + oxaliplatin in third line, the results were in gen-
eral encouraging. In the intergroup N9841 phase III trial by
Rowland et al. [10] the sequence of FOLFOX4 and irino-
tecan in 5-FU refractory patients was investigated in a
cross-over trial of second and third-line therapy. In third
line, FOLFOX4 was associated with an improved mTTP
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Fig. 1 Most common chemo-
therapy regimens used in the
first-line treatment of MCRC
and the efficacy of each regimen
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Fig. 2 Third-line infusional 5-FU + oxaliplatin in MCRC

and mOS. The study showed activity for both agents after
failure of 5-FU and the complementary regimen. The ques-
tion of the optimal use of oxaliplatin and irinotecan based
regimens after first-and second-line therapy is not solved
and needs further investigation.

Studies that define the optimal FOLFOX regimen with
or without targeted agents in third line are still lacking.
Oxaliplatin has demonstrated synergism with 5-FU with
significantly higher anti-tumour activity than for 5-FU
alone in first line [64]. One trial confirmed higher efficacy
of a FOLFOX regimen compared to de Gramont also in
third line [11], but the study did not give information on a
possible advantage of re-induction of FOLFOX. However,
the results supported the strategy of offering all five active
drugs in advanced colorectal cancer [63].

When looking at trials with irinotecan and infusional
5-FU in third line, the results were satisfactory, however
the trials were not randomized and with a limited number of
patients. None of the studies used bolus 5-FU in combina-
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Fig. 3 Third-line 5-FU + irinotecan in MCRC

tion with irinotecan (IFL). Reports on severe toxicities
especially diarrhoea for the use of IFL came from an inde-
pendent panel of CRC experts in 2001 [65].

In the trials using miscellaneous drugs, the third-line
treatment modality differed widely as regards both the
drugs and the schedules. When capecitabine was combined
with MMC, the mTTP and mOS differed widely between
the studies. Due to the small number of patients and differ-
ent pre-treatment modalities, the possible antitumour activ-
ity with this combination cannot be established.

Tomudex (raltitrexed) was used alone or in combination
with irinotecan or MMC [34-36]. There was no response
for the combinations or for the single agent. Despite a pos-
sible role in first line demonstrated in one large phase III
trial [66], the palliative effect of tomudex as a third-line
agent in MCRC has not been confirmed.

S-fluorouracil was administered in first- or second-line
setting in almost every trial (Tables 2, 3, 4), and previous
data suggest a benefit from re-induction of 5-FU [67]. The
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Miscellaneous agents in third line treatment in MCRC
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Fig. 5 Monoclonal antibodies alone or in combination with chemo-
therapy in MCRC

number of patients was, however, too small in order to
establish a possible benefit of re-induction of 5-FU.

Targeted therapies are now in focus in combination with
chemotherapy however, clinical trials on third line targeted
therapy are still few. The efficacy of cetuximab in combina-
tion with irinotecan in patients with irinotecan-refractory
MCRC was established by Cunningham etal. [8]. The
combination demonstrated an advantage over single-agent
cetuximab in regard to mOS and mTTP in both second- and
third-line therapy. The efficacy of cetuximab plus irino-
tecan was clearly shown in three studies [48, 49, 57]. In a
recent press release from Merck the results from the NCIC-
CO.17 trial of cetuximab vs. BSC in third-line patients
were reported. The trial met its primary efficacy end point
showing a statistically significant improvement in OS. This
is the first data of an EGFR targeted mAb to demonstrate
such efficacy (data presented at ASCO 2007) [68].

When added to FOLFOX, bevacizumab has shown
improvements in mOS compared to FOLFOX alone for
patients previously treated with irinotecan-based chemo-
therapy [69].

Recent data from a phase II trial (BONDII) has shown a
benefit of combining bevacizumab and cetuximab in previ-
ously treated MCRC [70] and any additive efficacy from
this combination needs to be confirmed in phase III trials.

In two studies by Chen etal. and by Emmanouilides
et al., the RRs were surprisingly low for bevacizumab in
combination with 5-FU and LV [51, 52]. The studies are
ongoing and final results are still pending. Whether there is
a benefit in continuing therapy with bevacizumab for
patients progressing on a bevacizumab-containing regimen
still needs to be investigated. Thus, the role of bevacizumab
in third line is still unclear.

Significant improvement of mTTP was shown for treat-
ment with panitumumab in a phase III study in patients
with chemo refractory colorectal cancer [11]. In a large
phase II study the efficacy of panitumumab for patients fail-
ing standard chemotherapy was shown in year 2004 [71].
The patients had failed previously therapy with fluoropyr-
imidine and irinotecan or oxaliplatin or both. In September
2006 panitumumab granted approval from FDA for patients
with EGFR expressing metastatic CRC who progressed on
or following regimens containing fluoropyrimidine, irino-
tecan and oxaliplatin [9].

The best combination and sequence of chemotherapeutic
agents and mAb’s is an unanswered question. Selecting the
right patients for therapy with the VEGF-inhibiting bev-
azicumab and the EGFR-inhibiting cetuximab and pani-
tumumab is an issue. Evaluating the molecular and
biochemical markers for tumour response is a must to opti-
mize the possibility for the right treatment choice.

In general, searching for literature resulted in the finding
of clinical trials, which were small (10-346 patients). We
found wide variations in the results of third-line treatment
both with respect to the RR, the mTTP and the mOS. The
differences can be related to the selection of patients, sto-
chastic variations due to low number of patients and the
actual or previous treatment regimen. Information on all
efficacy parameters needed to draw conclusions on the
activity are missing in many trials. Whether third-line treat-
ment for patients with MCRC can improve the mOS still
needs to be confirmed in randomized trials.

Conclusions
Big challenges in designing the third-line trials exist. With
the great abundance of treatment modalities available, the

therapeutic goals are more likely to be achieved by expos-
ing the patients to every possible treatment in a continuum
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of care instead of practising successive lines of therapy
with treatment till disease progression within the same line.
This must be regarded as a paradigm shift in the treatment
strategy of MCRC. The patients are treated individually in
regard to minimize toxicity and improve quality of life and
mOS. The treatment strategy has changed from the “line
treatment” to different concepts, i.e. the use of shifting ther-
apy prior to progression, intermittent therapy, maintenance
of therapy and use of stop/go fashion with reintroducing a
drug after a planned interruption. The individualized plan-
ning yet delays the performing of randomized clinical trials
and the ultimate treatment sequence and combination of
chemotherapy with targeted therapy still remains unknown.
Especially the outcome of mOS for the different modalities
is difficult to conclude [72].

All fit patients should be exposed to the five to six active
agents at some time point during their disease progression.
The exposure of patients to five to seven different drugs
must be balanced with minimizing toxicities and quality of
life. Patients who have already received these agents may
benefit from reintroduction of some of the drugs or new
strategies like sequential use/stop and go or being enrolled
into phase I and II trials of novel agents. Fig. 1, 2, 3,4, 5
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