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Introduction

During the last decade, advances in surgery, specif-
ically the use of meticulous sharp dissection of the
mesorectum (total mesorectal excision, TME) together
with pre- or post-operative radiotherapy have markedly
mproved local control in patients with rectal cancer.
Local relapse rates above 10-15% are now no longer
acceptable. However, this progress was achieved by
optimal use of all therapeutic modalities: radiation,
surgery and chemotherapy. Systemic chemotherapy
has at least two important roles in this multi-modality
approach:

+ addition to radiotherapy in pre- and post-operative
chemoradiation, aiming to enhance efficacy of
radiation (resulting in favourable local control)

* adjuvant systemic chemotherapy after completion
of radio(chemo)therapy, aiming to eradicate mi-
crometastasis and therefore reduce rate of distant
relapse
As the role of chemotherapy in combination with

radiotherapy is extensively discussed in the article by

Dr Valentini [1], the present article focuses on the

systemic treatment options.

Role of adjuvant chemotherapy as single
modality

In stage II or III rectal cancer, three trials evaluated
the role of surgery alone or with chemotherapy in
addition to radiation and chemoradiation (Table 1).
The GITSG trial showed no influence on local
failure rate, but a trend towards mmproved survival
for chemotherapy modalities [2]. Furthermore, in the
NSABP RO1 trial, post-operative chemotherapy with
Methyl-CCNU, Vincristine and 5-Fluorouracil (5-FU)
(MOF regimen) resulted in a significant improvement
i overall survival [3]. This survival benefit was
mainly observed in male patients receiving MOF,
and therefore, the subsequent NSABP RO2 trial
randomised male patients to receive chemotherapy
with MOF or 5-FU whereas female patients received
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5-FU treatment. All patients were randomised to
receive either chemotherapy alone or chemotherapy
combined with chemoradiation [4]. As a result of
chemoradiation, the local failure rate was significantly
reduced (13% vs. 8%, P=0.02) by additional ra-
diation, but this relatively small benefit of 5% did
not translate into improved overall survival when
compared to resection and chemotherapy without
radiation. There was no difference in comparison of
either chemotherapy regimen. In conclusion, these
trials indicate that arms with chemotherapy alone will
not alter local relapse rate but lead to an improvement
in overall survival.

Role of adjuvant chemotherapy in combination
with radiotherapy

In order to obtain both optimal local control and
reduction of distant relapses, two US trials [2,5] and
a Norwegian study [6] were designed to compare bi-
modality of chemotherapy and radiation versus single
modality (resection +/— radiation or chemotherapy).
As i the GITSG trial, the NCCTG trial demonstrated
a significant reduction of both local relapse rates and a
survival benefit of 10% absolute difference for patients
who were treated with chemotherapy. The Norwegian
trial underlined the finding that this approach should
be favoured. However, these data have to be interpreted
carefully due to the extensively high local relapse
rates.

Both US trials used 5-FU in combination with
Methyl-CCNU and in both trials 5-FU was admin-
istered as bolus. Subsequent trials showed that the
addition Methyl-CCNU (which has a high mutagenic
potential) leads to increased toxicity, but not to an
increase in therapeutic efficacy when compared to
5-FU alone [8]. As a consequence, this information
prompted a National Institutes of Health consensus
conference, convened m 1990, to recommend post-
operative adjuvant chemoradiotherapy as standard
treatment for patients with rectal cancer classified as
AJCC stage II (i.e. a tumour penetrating the rectal
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Table 1

Randomised trials with a single chemotherapy regimen in adjuvant treatment of stage II/III rectal cancer

Trial regimen Local failure Distant 5y OS
metastasis

GITSG [2] (n=227) Resection 24% 34% 43%
Resection+RT 20% } P=0.08 30% 52%
Resection+ 5-FU/MeCCNU 27% 27% 56% } P<0.05
Resection+ RT-5-FU/MeCCNU 11% 26% 59%

NSABP R-01 [3] (n=574) Resection+RT 25% P=0.06 26% 43% P <0.05
Resection + RT 16%} e 31% 41%} =
Resection+ MOF 21% 24% 53%

NSABP R-02 [4] (n=694) Resection+CT* 13% P=0.02 29% 64%
Resection+RCT 8% } e 31% 64%

NCCTG/Mayo [5] (n=204) Resection+RT 25% P=0.04 46% P=001 81%" P=0.005
Resection+RT + 5-FU/MeCCNU 13%} e 29%} e 91%#} e

Norwegian Trial (Tveit) [6] (n=144) Resection 30% P=001 39%
Resection+RT +5-FU 12%} e 33%

Italian trial [7] (n=218) Resection+RT 20% n.s. 38% n.s.
Resection+5-FU/LEV +RT+5-FU/LEV 22 % 27%

(RT and CT sequential)

RT: radiotherapy; 5-FU: 5-fluorouracil; 5y OS: 5-year overall survival; LEV: levamisole; CT: chemotherapy

wall, without regional lymph-node involvement) or
stage III (i.e. any tumour with regional lymph-node
mvolvement) [9].

What is the optimal regimen in post-operative
chemotherapy with radiation?

O’ Connell and colleagues were the first to successfully
optimise the post-operative simultaneous chemother-
apy regimen in combination with radiation. In a
randomised trial, a patient group receiving continuous
infusion of 5-FU (225mg/m?) yielded significantly
mproved progression-free survival, distant metastasis
rate and overall survival [10]. These results were
surprising because of their impact on the endpoint
overall survival and generated the hypothesis that a
more active simultaneous chemotherapy should not
only improve the effect of radiotherapy (and therefore
local control) but also seems to have a larger impact
on early distant metastasis than expected. However,
further improvement of modulation 5-FU with folinic
acid (FA) and/or levamisole was not possible in a
4-arm Intergroup trial (INTO114) in which no arm was
superior to the bolus 5-FU [11].

In conclusion, the former NCI schedule should no
longer be used as a reference schedule for adjuvant
chemo-/chemoradiation (which should itself only be
replaced by pre-operative chemoradiation). The NCI
schedule started 4-8 weeks after resection with two
cycles of bolus 5-FU (without FA). Radiotherapy was

not started before day 63 with bolus 5-FU, followed
by two more cycles of post-chemoradiation therapy
with 450 mg/m? bolus 5-FU. In view of the O’ Connell
results, 5-FU should be administered as a continuous
infusion during the whole period of radiation (as in
the CAO/ARO/AIO-94 trial), followed by systemic
chemotherapy which is discussed separately. Further-
more, recent data from Korea indicates that an early
onset of therapeutic modalities after resection results
in an improvement in disease-free survival when
compared to a later start [12]

Pre-operative radiotherapy as the novel standard
of care

Despite optimal surgery, several randomised studies
have found lower rates of local failure with pre-
operative radiotherapy than with TME surgery alone.
However, only the Swedish Rectal Cancer Trial, which
evaluated a short course of pre-operative irradiation
in 1168 patients (25Gy, delivered in five fractions),
found an advantage in overall survival [13]. The
authors of a subsequent meta-analysis also concluded
that the combination of pre-operative radiotherapy and
surgery, as compared with surgery alone, significantly
improves local control and overall survival [14]. The
Dutch Colorectal Cancer Group reported that the
addition of short-course pre-operative radiotherapy to
optimal surgery with TME reduced the rate of local
recurrence but did not improve 2-year survival [15].
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Table 2

Effects of pre-operative chemoradiation versus radiation alone in rectal cancer

Trial Regimen pCR (%)  Sphincter Local failure rate 5y DFS S5y OS
preservation (%) (%)

Frykholm (n=70) [8]? RT 17 38 18

RT/FU/Mtx 44 66 29
P=0.03

FFCD trial (n=762) [18] RT 5-FU/FA 4# 3.7 52 16.5 56 66

RT/5-FU 5-FU/FA4# 117 53 n.s. 8.0 59n.s. 671.s.
P <0.05 P=0.003

EORTC trial (n=1011) [19] RT 5 55 17.1 54 65
RT chemo } } 9.6 } }
RT/5-FU 1 5 8.8 }P:0.00Z 56 66
RT/5-FU  chemo } } LS 8.0 } .5 } .5

Polish trial [16] RT (5x5) 61
RT/5-FU 16 58 n.s.

2 Primarily staged as irresectable; pCR: pathological complete response; 5y DFS: 5-year disease-free survival; 5y OS: 5-year overall

survival; 5-FU: 5-fluorouracil; FA: folinic acid; RT: radiotherapy

Conventional radiation with 45-50.4 Gy adminis-
tered in daily fractions of 1.8 Gy for 5-6 consecutive
weeks offers the chance of tumour shrinkage and
downsizing/downstaging of large tumours. Ongoing

trials suggest that pre-operative * long time’ radiation is

mdicated when maximal tumour shrinkage is required
prior to surgery, i.e. in locally advanced T4-disease and
tumours of the lower part of the rectum when sphincter
preservation 1s attempted. A Polish trial addressed
this treatment approach in comparison of pre-operative
5x 5 radiation (vs. conventional radiation) and a
significant higher rate of tumour downsizing and a
lower rate of incomplete (R1) resections was yielded.
However, sphincter preserving was not improved in
this trial [16].

The recently published German AIO/CAO/ARO-
94 trial [17] finally addressed the question whether
(chemo)radiotherapy should be given post- or pre-
operatively. The findings in 799 patients clearly
indicate that pre-operative administration is less toxic
and enables sphincter preservation in a higher number
of patients although this was not a primary endpoint.
Furthermore, the local failure rate was significant
lower (6%) with pre-operative chemoradiation when
compared to the 13% in the post-operative group
(P <0.006). These effects were not limited to the

‘ high-risk” groups only, but also for T3NO-1 tumours.

However, the question about the role of chemother-
apy in these novel standards 1s:
* Is chemotherapy necessary as a part of (chemo)-

radiation pre-operatively and does it influence local
control and overall prognosis?

* Will chemotherapy, given as systemic treatment
post-operatively, be able to reduce rate of distant
metastasis?

+ Is an onset of early systemic treatment beneficial?

Pre-operative radiation or chemoradiation?
(Table 2)

Many patients with locally advanced disease show
T4 stages with involvement of adjacent structures
where a RO resection is unlikely or they present low-
lying tumours where sphincter preservation is an issue.
For this patient group, pre-operative (chemo)radiation
was administered frequently. Due to the modulating
effect of chemotherapy on tumour cells and therefore
enhanced sensitivity for radiation damage, chemora-
diotherapy was expected to be superior to radiotherapy
alone. This hypothesis is supported by a single
published trial that showed superiority in local control
after chemoradiotherapy in primarily irresectable dis-
ease [8]. This year, two large randomised trials from
the EORTC [19] and the French FFCD group [18]
addressed that question by randomisation between 45
Gy. conventional radiotherapy (25 fractions/5 weeks)
versus 5-FU modulated radiation of the same dose and
regimen. 5-FU was administered as bolus injection of
350 mg/m? day 1-5 on weeks 1 and 5 in both trials. In
two arms of the 2 x2 factorial EORTC trial and in both
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Table 3

Correlation of local relapse rates to disease-free and overall survival

D. Arnold et al.

Trial Regimen Local failure Distant S5y DFS Sy OS (%)
pre-operative  post-operative rate (%) metastasis (%)
(%)
Frykholm (n=70)"® [8] RT 17 38 b o0z 18
RT/FUMtx 44 66 } T 29
FFCD trial (n=762) [18] RT 5-FU/FA 4# 16.5 P=0.003 56 66
RT/5-FU 5-FU/FA 4# 8.0 } - 59 } S 67 }n's'
EORTC trial (n=1011) [19] RT 17.1 38 54 65
RT chemotherapy 9.6 34 } }
RT/5-FU 8.8 }P:0.002 35 56 66
RT/5-FU chemotherapy 8.0 31 } oS- } s
CAO/ARO/AIO-94 trial (n=823)° [17] - RT/FU + FU bolus 13 P=0.006 36 68 76
RT/5-FU FU bolus 6 } e 38 } IS 65 } ! } L5
Dutch 5 x5 trial (n=1861) - - 11.4 64.3
RT5x5 - 5.8 63.5 } 18-

2 S5y DFS: 5-year disease-free survival; 5y OS: 5-year overall survival; n.s.: non significant; RT: radiotherapy; 5-FU: 5-fluorouracil;

Mtx: methotrexate; FA: folinic acid.
b Primarily staged as irresectable.
¢ Median follow-up 46 months.

arms of the FFCD study, systemic 5-FU/FA was given
post-operatively as systemic adjuvant treatment.

As expected, the addition of chemotherapy enhances
radiation effects, resulting in significant higher rates
of tumour eradication (pathologic complete response,
pCR) and in a significant reduction of local relapse
rate. Tumour eradication was seen in 11% and 16%
respectively in the chemoradiation arms whereas it
was rarely observed after radiation alone. Local failure
rates for radiation alone were in the range of 17% and
therefore more than twice as high when compared to
radiation with chemotherapy. However, although pre-
operative radiotherapy significantly reduced tumour
size, pTN stage and significant decreased lymph node
mvagion, rates of sphincter preserving surgery could
not be improved; this in contrast with the findings of
the German trial where pre-operative chemoradiation
could improve rates of sphincter preservation —
but when compared to no treatment. However, the
mportance of this finding is difficult to interpret due
to variability in terms of assessment of operability,
patient selection and others.

The major advantage of the pre-operative 5 x 5 Gy
radiation is the fast completion of peri-operative
modalities. However, this short period does not cause
significant tumour shrinkage in advanced disease.
The Polish trial of Bujko compared a short pre-
operative radiotherapy with conventional 5-FU mod-

ulated chemoradiation. Chemoradiation did lead to
tumour eradication in more than 10%, but so far,
an increase in curative (R0Q) resection or sphincter
preserving surgery could not be shown [16].

In conclusion, pre-operative concomitant chemo-
therapy should be used as standard when it is
combined with 45(—50.4) Gy. Although pre-operative
chemoradiation significantly reduces tumour size and
stage and significantly reduces local failure rates
(which is a major problem and therefore the main
reason for chemotherapy), there is no benefit in terms
of improved disease-free survival or overall survival.
Even the absolute reduction of 5-7% for local relapses
does not alter the relapse rate of 40—45% after five
years.

The German CAO/ARO/AIO group [17] also
showed that pre-operative continuous infusion of 5-FU
could significantly reduce local relapse rate from 13%
to 6% (when compared to no pre-operative treatment),
but this reduction did not influence disease-free or
overall survival.

These data stress the importance in controlling
distant relapses. In all trials with pre-operative treat-
ments, rates of local relapse are now 6-8% as a
result of a continuously improved and now almost
optimal locoregional management of surgery and
radiotherapy. However, rates of distant metastasis are
31-38% (Table 3) with a 5-year overall relapse rate
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of 40-45%, although in the majority of trials patients
were treated with systemic chemotherapy. The 5-year
overall survival rates for stage II/III rectal cancer are
lower than for stage III colon cancer due to distant
metastasis. As a consequence, further improvement
can only be achieved if the rate of distant metastasis
is reduced. Even if the local relapse rate will be
(hypothetically) 0%, the overall prognosis with more
than 30% distant relapses would not be altered.

Ways to improve chemotherapy

5-FU with or without FA was and still is the corner-
stone (and almost the only active drug) in treatment of
colorectal cancer for more than 40 years. Optimisation
of 5-FU treatment by modulation with levamisole
and FA as well as different ways of administration
(bolus, infusional) leads to slightly improved outcomes
m both adjuvant treatment of colon cancer and
treatment of metastatic colorectal cancer. Due to the
findings of O’ Connell [10], even the modification of
post-operative concomitant 5-FU administration with
radiotherapy yielded an improved in overall survival
so that the optimal way of chemotherapy should not
be underestimated.

Standard treatment with pre-operative chemoradia-
tion allows optimisation of chemotherapy either pre-
operatively or after resection as ° typical’
chemotherapy.

Pre-operative chemotherapy

The above mentioned trials clearly indicate that pre-
operative chemotherapy leads to significantly better
local control and this could lead to lower rates
of distant metastasis. Furthermore, retrogpective data
indicates that patients with complete eradication of
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Fig. 1. Tumour regression grading in correlation to disease-free
survival. German CAO/ARO/AIO-94 trial [20].

adjuvant
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tumour cells (pathological complete regression) have
a favourable prognosis. Analysis of tumour specimens
in randomised trials (the German CAO/ARO/AIO-
94 trial and the (not fully recruited) US NSABP
R 03 trial) comparing pre-operative chemoradiation
with no chemoradiation underline these findings (Figs.
1, 2). In the German trial, a correlation between grade
of tumour regression with disease-free survival was
shown. In addition, the rate of pathological response
was associated with a better outcome in the analysis
of the NSABP RO3 protocol [20,21].

However, it is still unclear whether a good patholog-
ical response is a predictive marker for the combined
treatment response or a prognostic marker for a
favourable prognosis. Despite that, the optimisation
of pre-operative chemotherapy should lead to a
consistently higher rate of pathological responses.

Capecitabine mimics the pharmacokinetics of con-
tinuous 5-FU infusion while avoiding the potential
complications associated with central venous access
and reducing the time patients need to spend recetving
treatment in infusional centres. Moreover, capecita-
bine is preferentially converted to the active 5-FU
metabolite within tumour cells by exploiting the higher
activity of the enzymatic activity in tumour tissue
compared with normal tissue [22]. Consequently,
capecitabine was evaluated in numerous phase II trials
in pre-operative chemoradiation (Table 4). Toxicity
was predominantly diarrhoea (grade 3 and 4: 7%) and
hand-foot-syndrome. Not surprisingly, the schedule
leads to radiographical downstaging of tumours and
pathological complete response rates of 11-24% and
therefore seems to be as active as 5-FU [23-27].

Fig. 2. Correlation of pathological response to disease-free survival.
NSABP R 03 trial [21].
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Table 4

Phase 1II trials of pre-operative chemoradiation with novel drugs: Capecitabine

Trial N regimen Main toxicity pCR=
Kim [23] 45 45 Gy/25 fractions, followed by a 5.4 Gy/3 fractions boost, ~Grade 3: hand-foot syndrome 7%, 11%
capecitabine 825 mg/m? twice daily, day 1-14 and 22-35,  diarrhoea 4%, fatigue 4%
folinic acic 20-mg/m?/d
Kim [24] 95 50 Gy over 5 weeks (46 Gy to whole pelvis+4 Gy boost), Grade 3: diarrhoea 3%, neutropenia 1% 12%
capecitabine daily 825 mg/m?* twice daily day 1-40
Dunst [25] 98  50.4 Gy in 28 fractions and 5.4 Gy boost, Grade 3: diarrhoea 4%, leuko- and 57%
capecitabine 825 mg/m? twice daily from first to last day lymphopenia 10%, hypopotassemia 4%, local
of radiotherapy skin erythema in the radiation fields 1%,
bilirubin increase 1%, hypocalcemia 1%,
hyponatremia 1%
Grade 4: hyperglycemia 1%
De Paoli [26] 53 45 Gy/25 fractions and 5.4 Gy boost, Grade 3: diarrhoea 7% 24%

capecitabine 825 mg/m?, twice daily, 7 days/week

Dupuis [27] 45 Gy/25 fractions, 5 weeks,

Grade 3: diarrhoea 4%, local skin reaction 4%  24%

capecitabine 825 mg/m? twice daily from first to last day

of radiotherapy

Oxaliplatin and irinotecan are also excellent candi-
dates for inclusion into neoadjuvant regimens because
of their rapid cytoreductive capacity.

Oxaliplatin is an attractive combination partner to
5-FU because of lack of similar acute dose-limiting
side effects. Moreover, recent in vitro and in vivo
preclinical and clinical studies have demonstrated
oxaliplatin to be a potent radiosensitising agent [28].
Several phase II trials (Table 5) have incorporated Ox-
aliplatin with SFU/FA [29-32], capecitabine [33-36],
UFT/FA [27-38] and Raltitrexed [39,40]. The results
indicate that these combinations are feasible and show
mteresting activity with pCR rates of 15% to 28%.
These rates are higher compared to 5-FU.

About the same pathological response rates were
seen in 5-FU/irinotecan and capecitabine/irinotecan
regimens [41-49] (Table 6). As expected, irinotecan-
containing regimens seem to be more difficult to
handle due to (dose-related) grade 3 and 4 diarrhoea
m 10-28% of patients (Tables 4—6).

Recently, the novel ° targeted’
tered treatment of metastatic colorectal cancer. Be-
vacizumab, which has become standard first-line
treatment, has preclinically demonstrated synergistic
activity with both chemotherapy and radiation [49].
Cetuximab is active in systemic treatment of colorectal
cancer and is a very potent radiosensitiser that has im-
proved survival in patients with head and neck cancer
(with concomitant radiotherapy). Both Bevacizumab
and Cetuximab are now tested in phase I/II trials [50].

therapies have en-

Post-operative chemotherapy

There is no standard post-operative adjuvant chemo-
therapy in patients with rectal cancer and data on
adjuvant chemotherapy in rectal cancer treatment
remain controversial. As mentioned above, in a former
post-operative trial the use of continuous infusional
versus bolus 5-FU resulted not only in improved
relapse-free but also in overall survival. Furthermore,
the addition of chemotherapy to radiotherapy in all
trials with post-operative treatments resulted in the
reduction of distant metastasis and improved overall
survival. In most of these trials, chemotherapy was
given only during radiotherapy.

The role of a ‘ real” adjuvant chemotherapy after
simultaneous chemoradiation was investigated in a
German and a Greek trial without showing a clear
benefit from therapy versus observation or for 6 versus
12 months administration of 5-FU [51,52] (Table 7).

More evidence 1S coming from the UK QUASAR
trial where 3238 patients of whom 91% had stage II
(most © high-risk’ ) colorectal cancer were randomised
to receive either a 5-FU/FA regimen or observation.
The 5-year recurrence rate and the overall survival
favoured the chemotherapy arm by an absolute in-
crease of 4% and 3% respectively. A relevant subgroup
of 29% had rectal cancer, and this subgroup of
relatively early stages had a higher benefit than
patients with colon cancer (Fig. 3) [54].

There are almost no data on adjuvant post-
operative chemotherapy after pre-operative treatment
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Table 5
Phase 1II trials of pre-operative chemoradiation with novel drugs: Oxaliplatin
Trial N regimen Main toxicity pCR=
Gérard [29] 40 50 Gy over 5 weeks with a concomitant boost, Grade 4: diarrhoea 2.5%, mucositis 2.5% 15%
oxaliplatin 130 mg/m (2) on day 1 and 29 followed by Grade 3: fatique 7.5% diarrhoea 5%,
5-day continuous infusion of fluorouracil 350 mg/m? and rectitis 5%, neutropenia 2.5%
L-folinic acid 100 mg/m?
Carraro [30] 22 45 Gy/25 fractions, followed by a 5.4 Gy boost, Grade 4: neutropenia 4.5%, 25%
oxaliplatin 25 mg/m?/day in 30-min infusions, followed by  leukopenia 4.5%, anaemia 4.5%, one
bolus LV 20 mg/m(2)/day and bolus 5-FU 375 mg/m(2)/day. treatment-related death (4,5%)
All drugs were given on 4 days during Weeks 1, 5 and 10 Grade 3: diarrhoea 27%, cutaneous
(after radiochemotherapy), single oxaliplatin dose of toxicity 14%, vomiting 4,5%,
50 mg/m” was also given on the third week of radiotherapy  neutropenia 4.5%, leukopenia 4.5%,
thrombocytopenia 4.5%, anorexia 4,5%
chemoradiotherapy)
Alonso [31] 53  50.4Gy/28 fractions, Grade 3: diarrhoea 7.5% 23%
oxaliplatin 60 mg/m* on day 1 every week (weeks 1-6), Grade 4: cardiac (miocardial infarct) 2%
continuous infusion of 5-FU 200 mg/m?/day on days 1-5
Aschele [32] 25 50.4Gy/28 fractions, Grade 3: diarrhoea 16% 28%
oxaliplatin 60 mg/m2 and continuous infusion 5-FU 225
mg/m?2/day
Rodel [33] 26 50.4 Gy/28 fractions, Grade 3: diarrhoea 8%, Skin, local 19%
oxaliplatin 50 mg/m? on days 1, 8, 22, and 29, capecitabine toxicity, perianal 8%
825 mg/m? twice daily day 1-14 and 22-35
Glynne-Jones [34] 84 45 Gy/25 fractions, 10% pts had G3-4 diarrhoea and 2% had  18%
capecitabine 650 mg/m? twice daily 7 days/week during RT, G3—4 lethargy
oxaliplatin 130 mg/m?, days 1 and 29
Duck [35] 31 1.8 Gy/fraction, total dose 45 Gy, 5 weeks, 5 days a week, Grade 3-4 diarrhoea 22% 6
oxaliplatin 50 mg/m? weekly for 5 weeks, (1/17)
capecitabine 825 mg/m? twice a day, each day of radiation.
Tucei [36] 14 1.8 Gy daily up to 45 Gy followed by a 5-fraction boost up  Grade 3 diarrhoea 21% 28
to 54 Gy in 6 weeks,
capecitabine 825 mg/m? bid (days 1 to 40),
oxaliplatin 60 mg/m* every 2 weeks (3 administrations)
Aschele [37] 15 50.4 Gy — 28 fractions, Grade 3: diarrhoea 16% 19%
oxaliplatin 60 mg/m?, tegafur-uracil (2/11)
(200-250-300-350 mg/m?/day, Monday through Friday for
all the duration of RT) combined with weekly
Wang [38] 63 45Gy in 20 fractions over 28 days, 25%
tegafur-uracil 200 mg/m?/day and folinic acid 45 mg/day on
day 1-28, tegafur-uracil 250 mg/m?/day and folinic acid
45 mg/day day 36-63 grade 3—4: diarrhoea 9%,
leucopenia 3%
Casado [39] 43 50 Gy over 5 weeks with a concomitant boost approach, Grade 3: diarrhoea 7% 18%

Gambacorta [40] 48

three courses of raltitrexed 3 mg/m2 followed by oxaliplatin
130 mg/m2 every 21 days

50 Gy, 5 d/wk for 5 weeks,
raltitrexed 3 mg/m?* and oxaliplatin 60 to 130 mg/m? days 1,
19, and 38 Grade 3 acute toxicity occurred in 18.7%

neutropenia 7%

28%
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Table 6
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Phase 1II trials of pre-operative chemoradiation with novel drugs: Irinotecan

Trial N  regimen Main toxicity pCR*
Metha [41] 32 45 Gy/25 fractions, followed by a 5.4 Gy boost, Grade 3: diarrhoea 28%, mucositis 21%, 37%
irinotecan 50 mg/m? days 1, 8, 15, and 22, 5-FU rectal sores (skin) 21%, abdominal
200 mg/m?® daily, 7 days per week, days 1-33 cramping 9%, nausea/vomiting 3%
Mitchell [42] 28 45 to 54 Gy, 1.8 Gy daily, Grade 3—4 diarrhoea 27% 21%
irinotecan 50 mg/m? on days 1, 8, 15, 22, 5-FU continuous
infusion, 300 mg/m? initially, and subsequently,
225 mg/m®/day on days 1-5 weekly during radiation
Navarro [43] 34 45 Gy/25 fractions for 5 weeks, Grade 3: diarrhoea 12%, vomiting 5.9%, 20%
irinotecan 50 mg/m? on days 1, 8, 15, 22, 29, 5-FU radio-dermatitis 2.9%, leukopenia 2.9%
225 mg/m*/day 5 day continuous infusion on days 1-5 Grade 3—4 neutropenia 5.9%
weekly during the period of RT
Levine [44] 31  45Gy/25 fractions for 5 weeks, Grade 3: diarrhoea 3% 21%
irinotecan 60 mg/m? once per week, during weeks 1, 2, 3
and 4, continuous infusional 5FU at 200 mg/m? per day
including weekends
Alonso [45] 39 50.4 Gy/28 fractions, n.a. 20%
irinotecan 50 mg/m? on day 1 every week (weeks 1-6),
continuous infusion of 5-FU 200 mg/m?/day on days 1-5
Klautke [46] 37  45Gy/25 fractions for 5 weeks and boost of 5.4 Gy, Grade 3: diarrhoea 23%, 22%
irinotecan 40 mg m~>day 1, 8, 15, 22, 29, continuous thrombocytopenia 2%, leukopenia 8%
infusion 5-FU 250 mg/m?/day days 1-43 Grade 4: diarrhoea 5%, leukopenia 2%, one
extrapontine myelinolysis due to severe
electrolyte imbalance 2 weeks after
completion of therapy
Klautke [47] 23 50.4 Gy, 1.8 Gy fractions with a local boost of 5.4 Gy, Grade 3—4: diarrhoea 10% 18%
irinotecan 40 mg/m? day 1, 8, 15, 22, 29, 36, Capecitabine
was given daily throughout treatment (d1-43)
1500 mg/m?/day
Willeke [47] 12 45 Gy/25 fractions for 5 weeks and boost of 5.4 Gy, Grade 3: diarrhoea 11%, 18%

irinotecan 50 mg/m? days 1, 8, 15, 22, 29, capecitabine
500 mg/m?® twice daily days 1-38

nausea/vomiting 3%, increased activity of
transaminases 3%
Grade 4: leukopenia 6%

Table 7

Randomised trials with systemic chemotherapy following post-operative chemoradiation in rectal cancer UICC stage II/III?

Trial

Regimen

Local Distant 5-year OS
failure (%) metastasis (%) (%)

Fountzilas [51] (n=220) S/5.FU RT

S/5-FU RT — FU/FA bolus

Queiler [52] (n=263) S+5-FU/FA +R1/5-FU — 4# bolus 5-FU/FA
S+5-FU/FA +R1/5-FU — 10# bolus 5-FU/FA
Akasu [53] (n=276) S
S+UFT/FA

13 25 73
13 23 77
15 35 76 (years)
11 35 70 (years)
13 78% (3 yrs.)
8 91% (3 yrs.)
P=0.005

2 S: surgery; 5-FU: 5-fluorouracil; RT: radiotherapy; FA: folinic acid; #: cycles; OS: overall survival
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Fig. 3. QUASAR-study: chemotherapy versus observation in
patients with stage II (high-risk) rectal cancer [54].

Progression-free survival
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Fig. 4. EORTC trial: 2x2 factorial design: Post-operative

observation versus systemic chemotherapy (5-FU/FA). 5-year
disease-free survival [19].

with (chemo)radiation. In patients treated with 5 x 5
pre-operative radiation, post-operative chemotherapy
has not been evaluated so far but is currently inves-
tigated in a randomised trial (PROCTOR trial, cape-
citabine versus observation). Interestingly, a Japanese
study (NSAS-CC01) shows that chemotherapy alone
after optimal resection may also improve prognosis;
after TME and lateral lymph node dissection, a
regimen using UFT could improve overall survival
when compared to TME alone in stage III patients —
without any radiotherapy in any treatment arm [53].
The EORTC trial presented at this year’ s ASCO
meeting is the only trial that randomised between
chemotherapy and observation only after conven-
tional radiotherapy. In the 2 x2 factorial design,
patients received either 4 cycles of bolus 5-FU/FA
post-operatively versus observation (with the other
randomisation pre-operative chemoradiation versus
radiation alone as discussed above). Interestingly,
the arms with chemotherapy had a trend to im-
proved 5-year progression-free (52.2% vs. 58.2%;

Duration of survival
By Adjuvant treatment

". 100
a0

80

5.year 0S (95%Cl)
63.2 (58.3 -68.1)
o7, 1.8)

No Adj CT

P=0.1187
HR for CTino CT=0.85 (95%Cl: 0.68 - 1.04)

4 6 8 0 LF]

EORTC

Fig. 5. EORTC trial: 2x2 factorial design: Post-operative
observation versus systemic chemotherapy (5-FU/FA). 5-year
overall survival [19].

"l Cumulative incidence of distant metastases
% at 5 years (95 % Cl)
RT 38.2(31.7-44.8)

RT/adj CT 35.3(29.0 - 4.
RTCT/adj CT 30.7 (24.7- 36.8)

Overall P = 0.4687

EORTC

Fig. 6. EORTC trial: 2x2 factorial design: Post-operative
observation versus systemic chemotherapy (5-FU/FA). Cumulative
incidence of distant metastasis [19].

95% CI: 0.72-1.04; P=0.1327) and overall survival
(63.2% vs. 67.2%, 95% CI: 0.68-1.04, P=0.1187).
As expected, the rate of distant metastasis was
mainly reduced by chemotherapy, and the combination
arm with pre-operative chemoradiation followed by
systemic treatment was the most effective treatment
(Figs. 4-6) [19]. Interestingly, post-operative chemo-
therapy compensated for the lack of pre-operative
chemoradiation on local failure (local relapse rate for
chemoradiation with no adjuvant chemotherapy 8.7%;
for radiation followed by chemotherapy: 9.6%).
Although these data show that 5-FU/FA bolus
regimens are beneficial in reducing distant metastasis
and may improve overall survival, the benefit is
limited. The high distant relapse rates (e.g. 36% in
the German trial, as displayed in Table 2) indicate
that 5-FU/FA is not active enough. In adjuvant
colon cancer therapy for stage III (and II), oral
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fluoropyrimidines (e.g. X-ACT trial) [55] and/or the
combination of 5-FU with oxaliplatin (MOSAIC trial
and NSABP C 07 trial, [56,57]) have replaced the
former standard bolus administration of 5-FU/FA after
resection by improving both toxicity and/or efficacy.
Novel combination regimen allowing more conve-
nient administration (e.g. XELOX, Capecitabine and

oxaliplatin [58]) and/or combinations with ° targeted’

therapies (e.g. bevacizumab and cetuximab) are under
mvestigation and may be transferred to adjuvant
systemic therapy of rectal cancer.

How to further improve treatment of rectal
cancer?

The findings that a more intensive pre-operative
chemoradiation may lead to a better prognosis lead
to a variety of phase II trials currently investigating
combination protocols (Fig. 7). So far, only two
protocols with pre-operative chemoradiation followed
by post-operative chemotherapy have finished accrual
(German CAO/ARO/AIO-04, UK CORE trial) with
results being awaited soon.

The open questions of intensification of pre-
operative chemoradiation and post-operative adjuvant
treatment are addressed by the design of the currently
discussed multinational PETACC-6 trial (Fig. 8).
Primary endpoint is disease-free survival at three
years after pre-operative capecitabine/oxaliplatin mod-
ulated chemoradiation, followed by TME and another
18 weeks of adjuvant capecitabine/ oxaliplatin or
capecitabine modulated radiation, followed by TME
and adjuvant systemic therapy with capecitabine.
Secondary endpoints are rate of pathological response
rates, sphincter preservation, local failure rate and
toxicity.

Ongolng Trials of XRT with CT combinations

Proctor:

Sx5Gy —
Chronicle

RT + 5FU —

Surgery ==k #/- Capacitabine

Surgery  wp +/- G CapeOx

AIOJARO/CAO-04
CapeOxRT == Surgery

CORE
CapaOx RT =+ Surgery

= 4% CapeOx

— CapaOx

Spanish trial

FOLFOX

UK trial

FOLFOX + Cetwndmab 3 mos.

Tegafur/ RT =p Surgery

FU + Cetuximab =» Surgery

Fig. 7. Ongoing trials of combinations of pre-operative and/or post-
operative chemotherapy.

PETACC-6: T 3,4 or N+ rectal cancer.

-Preoperative
chemoradiation

postoperative
{systemic)
chemotherapy

Capecitabine
4.5 months

XRT: 45 - 504 Gy
Capecliabine

Fig. 8. Design of the PETACC-6 trial.

However, the next generation of clinical trials is
about to start now and will integrate the novel * tar-
geted” drugs like bevacizumab and cetuximab in both
pre-operative and post-operative setting. Furthermore,
the early onset of highly active systemic combination
treatment before chemoradiation and TME is currently
investigated in phase II trials. Chemotherapy as
first treatment in a multimodal setting may lead to
further improvement by preventing early dissemination
of micrometastasis and may enable a reduction of
radiation fields by pre-radiation tumour shrinkage.
This approach indicates that advanced rectal cancer
has become a real ‘ multimodal entity’ , requiring all
improvement in the fields of surgery, radiation and
chemotherapy for the optimal local control and in
chemotherapy to reduce onset of distant metastasis and
therefore improve overall prognosis.

However, in the face of current and future schedules
and the increasing number of therapy options and
intengities, translational research is urgently required
for the identification of patient groups, by both
clinical-pathological features and molecular and ge-
netic markers, that will gain maximum benefit from
each treatment option. In this time of changing
therapeutic standards, it clearly appears that a common
standard for large heterogeneous patient groups will
prospectively be substituted by more individualised
therapies in the future.

References

1 Valenti V. Radiotherapy in rectal cancer: technical aspects and
regimens. Eur J Cancer Suppl 2005, 3(3), 373-388.

2 Gastrointestinal Tumor Study Group. Prolongation of the
disease-free interval in surgically treated rectal carcinoma.
N Engl J Med 1985, 3, 1465-1472.

3 Fisher B, Wolmark N, Rockette H, ef al. Post-operative adjuvant
chemotherapy or radiation therapy for rectal cancer: Results from
NSABP Protocol R-01. J Natl Cancer Inst 1988, 3, 21-29.



W

10

1

—

12

13

14

15

16

17

18

19

20

Chemotherapy in rectal cancer

Wolmark N, Wieand HS, Hyams DM, et al. Randomized
trial of post-operative adjuvant chemotherapy with or without
radiotherapy for carcinoma of the rectum: National Surgical
Adjuvant Breast and Bowel Project Protocol R-02. J Natl Cancer
Inst 2000, 3, 388-396.

Gastrointestinal Tumor Study Group. Prolongation of the
disease-free interval in surgically treated rectal carcinoma.
N Engl J Med 1985, 3, 1465-1472.

Tveit KM, Guldvog I, Hagen S, ef al. Randomized controlled trial
of post-operative radiotherapy and short-term time-scheduled 5-
fluorouracil against surgery alone in the treatment of Dukes B
and C rectal cancer. Norwegian Adjuvant Rectal Cancer Project
Group. Br J Surg 1997, 3, 1130-1135.

Cafiero E, Gipponi MRL, Lionetto R, ef al.; PA.R. Cooperative
Study Group. Randomized clinical trial of adjuvant post-
operative RT vs. sequential post-operative ER plus 5-FU and
levamisol in patients with stage IT-III resectable rectal cancer:
a final report. J Surg Oncol 2003, 3, 140-146.

Frykholm GJ, Pahlman L, Glimelius B. Combined chemo- and
radiotherapy vs. radiotherapy alone in the treatment of primary,
nonresectable adenocarcinoma of the rectum. Int J Radiat Oncol
Biol Phys 2001, 3, 427-434.

NIH consensus conference: adjuvant therapy for patients with
colon and rectal cancer. JAMA 1990, 3, 1444-1450.

O’ Connell MJ, Martenson JA, Wieand HS,et al. Improving
adjuvant therapy for rectal cancer by combining protracted-
infusion fluorouracil with radiation therapy after curative surgery.
N Engl J Med 1994, 331, 502-507.

Tepper JE, O’ Connell M, Niedzwiecki Dgt al. Adjuvant therapy
in rectal cancer: analysis of stage, sex, and local control-final
report of intergroup 0114. J Clin Oncol 2002, 3, 1744-1750.
Lee JH, Ahn JH, Bahng H, et al Randomized trial of post-
operative adjuvant therapy in stage II and III rectal cancer to
define the optimal sequence of chemotherapy and radiotherapy:
a preliminary report. J Clin Oncol 2002, 3, 1751-1758.
Swedish Rectal Cancer Trial. Improved survival with pre-
operative radiotherapy in resectable rectal cancer. N Engl J Med
1997, 3, 980-987.

Camma C, Giunta M, Fiorica F, et al. Pre-operative radiotherapy
for resectable rectal cancer: a metaanalysis. JAMA 2000, 3, 1008—
1015.

Kapiteijn E, Marijnen CAM, Nagtegaal ID, et al. Pre-operative
radiotherapy combined with total mesorectal excision for
respectable rectal cancer. N Engl J Med 2001, 3, 638-646.
Bujko K, Nowacki MP, Nasierowska-Guttmejer A, et al
Sphincter preservation following pre-operative radiotherapy
for rectal cancer: report of a rnadomised trial comparing
short-term radiotherapy vs. conventionnally fractionated
radiochemotherapy. Radiother Oncol 2004, available online:
hitp.//www.sciencedirect.com/science/journal/01678140

Sauer R, Becker H, Hohenberger W, et al. Pre-operative versus
post-operative chemoradiotherapy for rectal cancer. N Engl J
Med 2004, 3, 1731-1740.

Gerard J, Bonnetain E Conroy T, ef al. Pre-operative (preop)
radiotherapy (RT) + 5 FU/folinic acid (FA) in T3-4 rectal
cancers: results of the FFCD 9203 randomized trial. Proc. ASCO
2005, abstr 3504.

Bosset JE, Calais G, Mineur L, et al. Pre-operative radiation
(Preop RT) in rectal cancer: effect and timing of additional
chemotherapy (CT) 5-year results of the EORTC 22921 trial.
Proc. ASCO 2005, abstr 3505.

Sauer R, Roedel C, Martus M, Fietkau R, Wittekind C; for the
German Rectal Cancer Study Group. Prognostic factors after

2

—_

22

23

24

25

26

27

28

29

30

3

—

32

33

34

35

36

399

neoadjuvant radiochemotherapy for rectal cancer: Update of the
CAO/ARO/AIO-94 Phase III study. Proc. ASCO, abstr 3503.
Hyams DM, Mamounas EP, Petrelli N, ef al. A clinical trial
to evaluate the worth of pre-operative multimodality therapy in
patients with operable carcinoma of the rectum: a progress report
of National Surgical Breast and Bowel Project Protocol R-03.
Dis Colon Rectum 1997, 3, 131-139.

Schiiller J, Cassidy J, Dumont E, et al. Preferential activation of
capecitabine in tumor following oral administration to colorectal
cancer patients. Cancer Chemother Pharmacol 2000, 3, 291—
297.

Kim JS, Kim JS, Cho MJ, et al. Pre-operative chemoradiation
using oral capecitabine in locally advanced rectal cancer. Int J
Radiat Oncol Biol Phys 2002, 3, 403-408.

Kim JC, Kim TW, Kim JH, et al. Pre-operative concurrent
radiotherapy with capecitabine before total mesorectal excision
in locally advanced rectal cancer. Int J Radiat Oncol Biol Phys
2005 May 20 [Epub ahead of print].

Dunst J, Reese T, Debus J, et al. Phase-II-study of pre-operative
chemoradiation with capecitabine in rectal cancer. Proc ASCO
2004, abstr. 3559.

De Paoli A, Chiara S, Luppi G, et al. A phase II study of
capecitabine (CAP) and pre-operative radiation therapy (RT) in
resectable, locally advanced rectal cancer (LARC). Proc ASCO
2004, abstr. 3540.

Dupuis O, Vié B, Lledo G, Capecitabine (X)
chemoradiation (CRT) in the pre-operative treatment of patients
(pts) with rectal adenocarcinomas: A phase II GERCOR trial.
Proc ASCO 2004, abstr 3538.

Cividalli A, Ceciarelli F, Livdi E, et al. Radiosensitization by
oxaliplatin in a mouse adenocarcinoma: influence of treatment
schedule. Int J Radiat Oncol Biol Phys 2002, 52, 1092-1098.
Gérard JP, Chapet O, Nemoz C, et al. Pre-operative concurrent
chemoradiotherapy in locally advanced rectal cancer with high-
dose radiation and oxaliplatin-containing regimen : the Lyon
R0-04 phase II trial. J Clin Oncol 2003, 3, 1110-1124.
Carraro S, Roca E, Cartelli C, ef al. Radiochemotherapy with
daily infusion of low-dose oxaliplatin, leucovorin, and 5-FU in
T3-T4 unresectable rectal cancer: a phase II IATTGI study. /nt
J Radiat Oncol Biol Phys 2002, 3, 397-402.

Alonso V, Salud A, Escudero P, et al Pre-operative
chemoradiation with oxaliplatin and 5-fluorouracil in locally
advanced rectal carcinoma. Proc ASCO 2004, abstr. 3607.
Aschele C, Friso ML, Pucciarelli S, ef al. A phase I-1I study of
weekly oxaliplatin, 5-fluorouracil continuous infusion and pre-
operative radiotherapy in locally advanced rectal cancer. Ann
Oncol 2005 July, 16(7), 1140-1146.

Rodel C, Grabenbauer GG, Papadopoulos T, Hohenberger W,
Schmoll HJ, Sauer R. Phase I/II trial of capecitabine, oxaliplatin,
and radiation for rectal cancer. J Clin Oncol, 2003, 3, 3098—
3104.

Glynne-Jones R, Sebag-Montefiore D, Samuel L, Falk S,
Maughan T, McDonald A. Socrates phase II study results:
capecitabine (CAP) combined with oxaliplatin (OX) and pre-
operative radiation (RT) in patients (pts) with locally advanced
rectal cancer (LARC). Proc ASCO 2005, abstr 3527.

Duck LR, Sempoux C, Honhon H, et al. A phase II
study of pre-operative oxaliplatin, capecitabine, and external
beam radiotherapy in patients with locally advanced rectal
adenocarcinoma. Proc. ASCO 2004, abstr 3552.

Tucci E, Algeri R, Giulianotti PC, et al Pre-operative
capecitabine, oxaliplatin and high-dose pelvic conformal

et al



400

37

38

39

40

4

—_

4

S

43

45

46

47

radiotherapy in locally advanced rectal cancer (LARC). Proc
ASCO 2004, abstr 3646.

Aschele M, Vitali ML, Binda GA, et al. A phase I study
of uracil/tegafur (UFT) and oral leucovorin (LV) + weekly
oxaliplatin (OXA) and pre-operative radiotherapy (RT) in locally
advanced rectal cancer (LARC). Proc. ASCO 2004, abstr 3637.
Wang LW, Yang SH, Lin JK, et al Pre-operative
chemoradiotherapy with oral tegafur-uracil and leucovorin for
rectal cancer. J Surg Oncol 2005 Mar 15, 89(4), 256-263.
Casado E, De Castro J, Castelo B, et al. Phase II study
of neoadjuvant treatment of rectal cancer with oxaliplatin,
raltitrexed and radiotherapy. Proc ASCO 2004, abstr 3746.
Gambacorta MA, Valentini V, Coco C, et al. Chemoradiation
with raltitrexed and oxaliplatin in pre-operative treatment of
stage II-1II resectable rectal cancer: Phase I and II studies. Int
J Radiat Oncol Biol Phys 2004, 60, 139-148.

Metha VK, Cho C, Ford JM, et al. Phase II trial of pre-
operative 3D conformal radiotherapy, protracted venous infusion
5-fluorouracil, and weekly CPT-11, followed by surgery for
ultrasound-staged T3 rectal cancer. Int J Radiat Oncol Biol Phys
2003, 3, 132-137.

Mitchell EP, Anne PR, Fry R, et al. Chemoradiation with CPT-11,
5FU in neoadjuvant treatment of locally advanced or recurrent
adenocarcinoma of the rectum: A phase I/II study update. Proc
ASCO 2003, abstr 1052.

Navarro M, Dotor E, Rivera E et al. A phase II study of
irinotecan (CPT-11) and 5-Fluorouracil (5-FU) concomitantly
with pre-operative radiotherapy (RT) in patients (pts) with locally
advanced resectable rectal cancer. Proc ASCO 2003, abstr 1235.
Levine EL, Gollins S, Susnerwala S, et al. Phase II study of
radiotherapy plus concurrent irinotecan (CPT-11) and infusional
5-fluorouracil (5FU) in the treatment of T3-T4 locally advanced
inoperable rectal cancer. Proc ASCO 2004, abstr 3612.

Alonso V, Salud A, Escudero P, Bueso P, Mira M, et al. Phase 11
trial of pre-operative chemoradiotherapy with irinotecan and
infusional 5-fluorouracil in locally advanced operable rectal
carcinoma. Proc ASCO 2004, abstr 3542.

Klautke G, Feyerherd P, Ludwig K, Prall E Foitzik T, Fietkau
R. Intensified concurrent chemoradiotherapy with 5-fluorouracil
and irinotecan as neoadjuvant treatment in patients with locally
advanced rectal cancer. Br J Cancer 2005 Apr 11, 92(7), 1215-
1223.

Klautke G, Foitzik TK, Ludwig K, et al. Intensified neoadjuvant
chemoradiotherapy (CRT) with capecitabine and irinotecan in
patients with locally advanced rectal cancer (LARC): A phase I/II
study. Proc ASCO 2004, abstr 3693.

D. Arnold et al.

48 Willeke F, Tiefenbacher U, Hochhaus A, ef al. Phase II trial

4

5

5

5

5

5

5

5

5

5

ol

(=3

—

2

3

4

W

6

7

e

of capecitabine and irinotecan in combination with concurrent
radiotherapy for neoadjuvant treatment of locally advanced rectal
cancer. Proc ASCO 2005, abstr 3589.

Willett CG, Boucher Y, di Tomaso E Duda DG, et al. Direct
evidence that the VEGF-specific antibody bevacizumab has
antivascular effects in human rectal cancer. Nat Med. 2004 Feb,
10(2), 145-147.

Willett CG, Chung D, Sahani D, ef al Phase I study of
neoadjuvant bevacizumab, 5-fluorouracil, and radiation therapy
followed by surgery for patients with primary rectal cancer. Proc.
ASCO 2004, abstr 3587.

Fountzilas G, Zisiadis A, Dafni U, et al. Post-operative radiation
and concomitant bolus fluorouracil with or without additional
chemotherapy with fluorouracil and high-dose leucovorin in
patients with high-risk rectal cancer: a randomized phase III
study conducted by the Hellenic Cooperative Oncology Group.
Ann Oncol 1999, 10, 671-676.

Queifler W, Hartung G, Kopp-Schneider A, et al. Adjuvant
radiochemotherapy with 5-fluorouracil and leucovorin in stage
II and III rectal cancer. Onkologie 2000, 3, 334-339.

Akasu T, Moriya Y, Yoshida S, et al. Adjuvant oral uracil
and tegafur (UFT) improves survival after complete mesorectal
excision (ME) for pathologic TNM stage III rectal cancer (RC):
Results of the National Surgical Adjuvant Study (NSAS)-
Colorectal Cancer (CC) 01 randomized trial. Proc Am Soc Clin
Oncol 2004, abstr 3524.

Gray RG, Barnwell J, Hills R, ef al. QUASAR: A randomized
study of adjuvant chemotherapy (CT) vs observation including
3238 colorectal cancer patients. Proc ASCO 2004, abstr 3502.
Twelves C, Wong A, Nowacki MP, et al. Capecitabine as adjuvant
treatment for stage III colon cancer. N Engl J Med 2005 Jun 30,
352(26), 2696-2704.

André T, Boni C, Mounedji-Boudiaf 1., et al. Oxaliplatin,
fluorouracil, and leucovorin as adjuvant treatment for colon
cancer. N Engl J Med 2004, 350(23), 2343-2351.

Wolmark N, Wieand HS, Kuebler JP, Colangelo L, Smith RE. A
phase III trial comparing FULV to FULV + oxaliplatin in stage
II or III carcinoma of the colon: Results of NSABP Protocol
C-07. Proc ASCO 2005, abstr 3500.

Schmoll HJ, Tabernero J, Nowacki M, et al. Early safety findings
from a phase III trial of capecitabine plus oxaliplatin (XELOX)
vs. bolus 5-FU/LV as adjuvant therapy for patients (pts) with
stage III colon cancer. Proc ASCO 2005, abstr 3523.



