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Abstract. Background: There is no standard treatment for
patients with advanced colorectal cancer (CRC) progressing
after irinotecan and oxaliplatin treatment and having good
performance status (PS). Patients and Methods: We
investigated gemcitabine 1,000 mg/m2 days 1, 8 and 15 q28d
combined with protracted 5-fluorouracil continuous infusion
at 200 mg/m2/day, in 37 consecutive patients progressing
after oxaliplatin-irinotecan-containing chemotherapies.
Results: Partial response (PR) was achieved in 4 (10.8% )
and disease stabilization (SD) in 19 (51.4% ) cases (PR+SD:
62.2% ). Median time to progression and survival were 4.2
and 8.9 months, respectively. Grade III toxicities were
thrombocytopenia, neutropenia (in 3 patients) and mucositis
(in 2 patients). Clinical benefit was observed in 18 patients
(48.6% of the entire population; 64.3% of those patients
with PS>0 at study entry). Conclusion: The combination of
gemcitabine and 5-fluorouracil continuous infusion was
found to be an active and manageable palliative regimen for
heavily pre-treated patients with metastatic CRC.

Colorectal cancer (CRC) is the second leading cause of
cancer death in Western countries (1) . Approximately
30% of all patients with CRC have metastases at
diagnosis and 50% of early-stage patients will develop
advanced disease (2).
5-Fluorouracil (5FU), usually modulated by folinic acid,

represented the mainstay treatment for patients with
advanced CRC for a long period. Response rates, however,
were low (10-20% ) and overall median survival did not

exceed one year. Mainly owing to the introduction of
irinotecan and oxaliplatin in the past decade, the median
duration of survival among patients with advanced disease
has increased from 12 to more than 20 months. This figure
has further been improved very recently by the introduction
of the new biological target-specific agents bevacizumab and
cetuximab (3).
While a number of treatments are available for treating

patients in first- and second-line settings, today there are no
standard therapeutic options for those patients in good
performance status whose tumour is resistant to oxaliplatin
and irinotecan. Several phase II studies explored the role of
different single agents or combination chemotherapy (4-10).
These studies, which enrolled selected patients (i.e. those
with tumours sensitive to chemotherapy), demonstrated that
this patient subgroup, experiencing a progression after a
second-line treatment, had a median life expectancy of at
least 6 months. It is important, then, to continue exploring
whether new agents or new combination therapies might be
beneficial to these patients, prolonging time to progression
and survival, or at least palliating symptoms.
Gemcitabine is a nucleoside analogue of deoxycytidine in

which two fluorine atoms have been inserted into the
deoxyribofuranosyl ring. As a prodrug, it is phosphorylated
in the cells by deoxycytidine kinase to the main metabolite
2’2’-difluorodexoxycytidine 5’-triphosphate. This metabolite
inhibits ribonucleotide reductase, which is responsible for
producing the deoxynucleotides required for DNA synthesis
and repair. The combination of 5FU and gemcitabine may
result in longer stabilization of thymidylate synthase and
hence in the enhanced inhibition of DNA synthesis (11).
Experimental data testing the combination of 5FU and

gemcitabine confirmed this regimen to be active against CRC
cells in vitro (12, 13). The combination of these two drugs
administered by using different schedules and dosages has
also shown a significant antitumour activity in patients with
different advanced gastrointestinal carcinomas (14-16),
including CRC (17, 18). Combination chemotherapy
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consisting of gemcitabine plus protracted continuous
infusion of 5FU has been demonstrated to be a manageable,
low-toxicity regimen in several studies including patients
with pancreatic or biliary tumours (19-21).
In view of these encouraging results, we tested this

schedule in patients with metastatic CRC previously
submitted to irinotecan and oxaliplatin-based chemotherapy
for advanced disease. The primary aim of the study was to
evaluate the activity of the combination regimen expressed
as disease control rate (clinical response plus disease
stabilisation); secondary aims were tolerability, time to
progression, overall survival and clinical benefit.

Patients and Methods
Patients. Patients who had received at least two prior lines of
chemotherapy containing irinotecan and oxaliplatin were eligible for
this study if they had confirmed progressing adenocarcinoma of the
colon or rectum radiologically assessable according to the RECIST
criteria of disease response (22). Other eligibility criteria included
adequate bone marrow reserve, adequate hepatic and renal function,
and an estimated life expectancy of at least 12 weeks. Exclusion
criteria were central nervous system (CNS) metastases, second
primary malignancies (except in situ carcinoma of the cervix or
basal cell carcinoma of the skin), any investigational agent
administered 1 month before enrolment, or prior exposure to
gemcitabine. The study was approved by the local Ethics
Committee. Written informed consent was obtained from all patients
before starting treatment.

Treatment schedule. Treatment consisted of gemcitabine 1,000
mg/m2 on days 1, 8, and 15 every 28 days given as a 30 minute
infusion; 5FU 200 mg/m2/day given as a protracted continuous
infusion. Dose modifications were performed as follows. In cases
of grade 3 or 4 myelosuppression according to the WHO scale,
gemcitabine was withheld and 5FU continued. Gemcitabine was
then discontinued until toxicity was fully alleviated (i.e. grade 0) in
the following programmed chemotherapy day. In cases of two
consecutive gemcitabine omissions, its dose was reduced by 25%
in the subsequent cycles. 5FU infusion was discontinued until
toxicity recovery in cases of severe palmoplantar erythema, grade
3-4 diarrhoea, or grade 3-4 mucositis. In these two latter cases, a
25% dose reduction of 5FU was planned for subsequent cycles.
Relative dose intensity was defined as the actual delivered

weekly doses of gemcitabine and 5FU at the end of treatment
divided by the planned weekly dose. Supportive care included blood
transfusion, administration of analgesics, antiemetics and growth
factors as appropriate.

Assessment of response and toxicity. Pretreatment evaluation
included medical history and physical examination, complete blood
cell count, serum chemistries, electrocardiogram, carcinoembryonic
antigen and radiological staging. Clinical monitoring, complete
blood tests and toxicity evaluation according to common toxicity
criteria (CTC) v.2.0 were performed once weekly.
Antitumour activity was evaluated every 3 months on all

measurable lesions according to the RECIST criteria (22); all
patients were scheduled for at least a 2-month treatment in order to

be eligible for assessment of tumour response. Clinical responses
were confirmed at least one month after the first occurrence. In
patients with tumour response or stable disease, the treatment was
planned to be continued for up to 6 months. After the completion
of the treatment plan, patients were monitored every 3 months or at
a new symptom appearance.
All deaths and treatment discontinuations were considered as

progressive disease. Clinical benefit response was evaluated
accordingly to the method proposed by Rothenberg et al. (23). Time
to progression was calculated from the beginning of cytotoxic
chemotherapy until the date of objective evidence of progressive
disease (PD). Survival was dated from the first day of treatment
until death or was censored on the date of the last follow-up
appointment.

Statistical analysis. The primary study end-point was the assessment
of the disease control [objective response (OR) + SD]. According
to the optimal two-stage phase II study Simon design (24), the
sample size was assessed to be 4 responses in the first 16 patients
and 16 responses in a total of 33 patients. Time to progression and
survival were represented using the Kaplan-Meier method and
compared with the Log-rank test. All statistical analyses were
performed using the Statistica for Windows software program Ver.
6.0 (Tulsa, OK, USA).

Results

From May 2001 to March 2004, 37 consecutive patients
with a median age of 64 years were enrolled. The
demographic data, sites of metastatic tumour and prior
therapies are listed in Table I. The study population
consisted of 26 patients (70.3% ) with adenocarcinoma of
the colon and 11 patients (29.7% ) with adenocarcinoma of
the rectum. Liver metastases were found in 26 patients
(70.3% ), lung metastases were found in 23 (62.2% ).
Thirty-five patients (94.6% ) had undergone radical
resection of the primary tumour and 14 patients (37.8% )
had undergone metastatic resection after first-line therapy:
10 had hepatectomy, 3 had resection of the lung, and 1 both.
Previous chemotherapy lines are listed in Table II. As a
whole, the majority of the patients (30/37, 81% ) had
received oxaliplatin-containing regimens as first-line
treatment and 27/37 patients (73% ) had received irinotecan-
containing regimens as second-line option.

Treatment activity. All registered patients were assessed for
response, including 2 patients undergoing early treatment
interruption: 1 for allergic reaction and 1 for consent
withdrawal; these 2 patients were considered as failures.
According to the RECIST criteria, 23 out of 37 cases
attained disease control (62.2% ), consisting of 4 (10.8% )
partial responses and 19 (51.4% ) clinical stabilisations,
whereas 14 progressed (37.8% ). Clinical benefit was
observed in 18 patients (48.6% of the entire population;
64.3% of those patients with PS>0 at study entry). At the
last follow-up appointment (February 2006), all the patients
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showed disease progression and 36 (97.3% ) had died.
Median time to progression (TTP3) and overall survival
were 4.2 (lower and upper quartiles: 2.9-6.3 months) and 8.9
(lower and upper quartiles: 6.3-12.1) months, respectively.
One-year survival was 27.0% (10/33).

Toxicity. A total of 160 cycles of therapy were administered
(median: 4 cycles; range: 1-9). Fourteen patients (37.8% )
ended the treatment plan (6 cycles or more), 2 (5.4% )
received 5 cycles, 10 (27.0% ) received 4 cycles, 3 (8.2% )
received 3 cycles, 6 (16.2% ) received 2 cycles, and 2
(5.4% ) received 1 cycle. Associated side-effects are reported

in Table III. Leucopenia and thrombocytopenia were the
most frequent severe toxicities. Gastrointestinal toxicities
included grade 3 mucositis in 2 patients. Nausea/vomiting
and diarrhoea were frequent but generally mild. No patients
experienced grade 4 toxicities. The dose of gemcitabine was
reduced or omitted in 25 patients (69.4% ) [104 courses
(65.8% )], while the doses of 5FU were reduced or omitted
in 13 patients (36.1% ) [46 courses (29.1% )].
The median dose intensity for gemcitabine was

500 mg/m2/wk (66.6% of the planned dose), and the median
dose intensity of 5FU was 1,283 mg/m2/wk (91.6% of the
planned dose).
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Table I. Patient characteristics.

No. of patients %

Total 37
Age (years)
Median (range) 64 (31-75)

Gender
Male 25 67.6
Female 12 32.4

Site of tumour
Colon 26 70.3
Rectum 11 29.7

Performance status*
0 9 24.3
1 23 62.2
2 4 10.8
3 1 2.7

Stage at first diagnosis
B1 2 5.4
B2 5 13.5
C1 1 2.7
C2 9 24.3
D 20 54.1

Time to first diagnosis (months)
Median (range) 27.5 (6-108)

Sites of metastatic disease
Liver 26 70.3
Lung 23 62.2
Bone 4 10.8
Abdomen 12 32.4

No. of sites of disease
1 16 43.2
2 14 37.8
3 7 19.0

Previous therapies:
Surgery 35 94.6
Radiotherapy 4 10.8
Adjuvant chemotherapy 12 32.4

Surgery of metastasis after therapy 14 37.8
Liver 10 27.0
Lung 3 8.1
Liver + lung 1 2.7

*Eastern Cooperative Oncology Group.

Table II. Previous chemotherapies.

No. patients %

First-line chemotherapy
FOLFOX2 8 21.6
CRONO 4/10FFL 22 59.5
CRONO FF 2 5.4
CRONO FFC 3 8.1
FOLFIRI 2 5.4

Second-line chemotherapy
IRINOTECAN 23 62.2
CRONO 4/10FFL 10 27.0
CRONO FFC 3 8.1
CRONO FFCL 1 2.7

FOLFOX2: oxaliplatin 100 mg/m2/day, folinic acid 300 mg/m2/day in 2 h
infusion, 5FU 1500-1800 mg/m2/day in 22 h infusion d1-2 q14d; CRONO
4/ 10FFL: oxaliplatin 25 mg/m2/day, folinic acid 300 mg/m2/day, 5FU 700-
1000 mg/m2/day d1-4 q14d; CRONO FF: folinic acid 300 mg/m2/day, 5FU
700-1000 mg/m2/day d1-4 q14d; CRONO FFC: irinotecan 180 mg/m2/day,
folinic acid 300 mg/m2/day, 5FU 700 mg/m2/day d2-5 q14d; FOLFIRI:
irinotecan 180 mg/m2/day, folinic acid 200 mg/m2/day 2 h infusion, 5FU
400 mg/m2/day bolus, 5FU 600 mg/m2/day 22 h infusion d1-2 q14d;
IRINOTECAN: 100 mg/m2/day weekly 3wq4w; CRONO FFCL: irinotecan
180 mg/m2/day d1, oxaliplatin 25 mg/m2/day, folinic acid 300 mg/m2/day,
5FU 700 mg/m2/day d2-5 q21d.

Table III. Toxicity per patient.

No. patients (% )
Grade

Toxicity 0 1 2 3 4

Leucopenia 15 (40.6) 12 (32.4) 10 (27.0) 0 0
Neutropenia 17 (46.0) 5 (13.5) 12 (32.4) 3 (8.1) 0
Thrombocytopenia 18 (48.7) 10 (27.0) 6 (16.2) 3 (8.1) 0
Nausea/vomiting 25 (67.6) 12 (32.4) 0 0 0
Diarrhoea 24 (64.9) 10 (27.0) 3 (8.1) 0 0
Mucositis 20 (54.1) 12 (32.4) 3 (8.1) 2 (5.4) 0
Fever 18 (48.7) 19 (51.3) 0 0 0



Discussion

The combination of gemcitabine and continuous infusion of
5-fluorouracil as third-line chemotherapy in CRC patients
was shown to be a manageable and active regimen permitting
disease control and clinical benefit in about two thirds of the
recruited patients.
In the last ten years, the introduction of irinotecan,

oxaliplatin and, more recently, of new agents targeting the
biological structure of the tumour resulted in a significant
prolongation of survival. More than 60% of patients
progressing after a first-line treatment receive a second-line
chemotherapy (25, 26). Thus, it is not rare to manage patients
in good performance status with tumours resistant to both
irinotecan and oxaliplatin who are eligible for a further
treatment line. In the literature, the proportion of patients who
are submitted to a third-line therapy with respect to those who
received a first-line treatment is not clear. From 1994, we
entered all the stage IV patients consecutively submitted in
our Institution to a first-line chemotherapy into an electronic
database. According to our records, 220 out of 336 patients
(65.5% ) progressing to a first-line treatment were submitted
to a second-line regimen, whereas 79 out of 198 patients
(39.9% ) progressing to a second-line treatment were
submitted to a third-line regimen, representing nearly a
quarter of those submitted to a first-line scheme (data not
shown). This opens several issues for discussion. Firstly, it is
questionable if it is ethical to administer a new chemotherapy
regimen with unknown activity in patients already heavily
treated with two very efficacious schemes. This should be
ascertained in well-designed phase III studies comparing new
agents or new combination schemes versus best supportive
care. Secondly, the choice of study end-points is debatable.
The time to “third” progression is highly influenced by the
interval between restagings. Ideally, in order to better define
median time to progression of less than 6 or even 3 months,
the restaging frequency should be planned monthly or even
bimonthly, this would seem unethical in this patient setting.
Survival is linked to the previously administered treatments.
In fact, heavily pretreated patients have less chance of
surviving longer than those who received a non-active first-
or second-line chemotherapy. This explains the discordant
results published in the literature: patients pretreated with
5FU in first-line and irinotecan in second-line setting showed
a TTP3 of 5.4 months and a overall survival of 9.3 months
after mitomyin-C plus capecitabine (4), whereas the same
figures in patients heavily pretreated with both FOLFOX and
FOLFIRI regimens were 2.6 and 6.8 months, respectively (5).
Finally, responses are generally rare in this patient setting,
stabilisation of a previous progressing disease being an
optimal goal. Thus, we decided to calculated the sample size
of our study according to this specific aim, calculating as
50% the expected proportion of those patients obtaining

clinical response or disease stabilisation with the
experimental therapy versus a 15% stabilisation rate in a
hypothetical control placebo arm.
The total number of planned cycles in our study was 6.

This may appear inappropriate since most published clinical
trial protocols describe treatment until disease progression or
tolerance. However, when we planned the treatment protocol,
we considered the time to third progression an important
secondary aim to compare our results to those already
reported in similar patient setting. Moreover, we felt that
patients receiving a third-line regimen might be more
“fragile” from a treatment compliance point of view. This
was confirmed by our results, in which 14 out of 37 patients
(37.8% ) completed the treatment plan with a median of
administered cycles of 4.
While 5FU dose intensity was near to that planned

(91.6% ), patients received about two thirds of the designed
gemcitabine dose. This was due to myelosuppression that
was frequently observed on day 15, often obliging us to
withhold gemcitabine administration. The response rate was
10.8% with a disease control rate of 62.2% , a median time
to third progression of 4.2 months and a median survival of
8.9 months. These figures compare favourably with those
reported in the literature. Considering patients heavily
pretreated with 5FU, irinotecan and oxaliplatin, disease
control rates and survivals were 33.6% and 5 months with
raltitrexed plus mitomycin-C (6), 15% and 6.1 months with
capecitabine (7), 23.8% and 6.8 months with capecitabine
plus mitomycin-C (5), and 63.6% and 9.8 months with
cetuximab plus irinotecan (8), respectively. As a descriptive
comparison only, it is interesting that patients in the same
setting and submitted to best supportive care alone presented
a median survival of about 6 months (9). Moreover, two
thirds of our patients obtained a clinical benefit from therapy.
Such figures not reported by other authors, in our opinion,
represent one of the issues that alone could justify the
administration of a third-line therapy in this subset of
patients, even in the absence of clear drug activity.
Our data confirmed previous reports on the possible

activity of gemcitabine against CRC. On the basis of
preclinical studies (12-13), gemcitabine combined with 5FU
and folinic acid was tested in a phase I study obtaining a
response rate of 38% in pretreated patients (10). More
recently, the combination of gemcitabine, 5FU, folinic acid
and oxaliplatin as second-line treatment was reported to be
well tolerated, with a response rate of 41.5% (17). Finally,
gemcitabine plus FOLFOX4 plus interleukin-2 in pretreated
patients resulted in a response rate of 68.9% (18). However,
despite this encouraging preclinical and clinical evidence, the
real role of gemcitabine against CRC needs to be ascertained
in specifically designed phase III studies, as we cannot
separate its activity from that of well-known agents such as
5FU and oxaliplatin.
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Finally, we must take into consideration that in recent
years, oxaliplatin, variously combined with biological
agents, is being more frequently administered in an adjuvant
setting (27-30) and that consequently irinotecan combined
with biologicals will represent the first choice in cases of
relapse (31). Thus, it can be argued that in the immediate
future, we will not have valid second-line treatments and
any observations on the possible activity of new agents or
combination regimens might be important. In conclusion,
the encouraging results of this study could represent the
basis for future trials exploring the possible role of
gemcitabine in the management of heavily pretreated
patients suffering from CRC.
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