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Original Scientific Articles

Research & Practice

FOLFOX-4 Regimen as a First-line Therapy for Cuban Patients
with Metastatic Colorectal Cancer

Leonardo Lami, MD, Fernando Areces, MD, Juan J Lence, MD, Maria A Arbesl, MS

ABSTRACT

Introduction In Cuba, colorectal cancer (CRC) is the malignant
neoplasm with the fourth-highest incidence and third-highest
mortality. Over one-third of CRC patients exhibit metastatic disease
at the time of diagnosis. Standard treatment for metastatic CRC is a
5-fluorouracil (5-FU) + Folinic Acid (FA) continuous infusion regimen.
International studies have shown, however, that systemic therapy
using oxaliplatin combined with 5-FU and FA (FOLFOX-4) improves
results in terms of both tumor response and survival in patients with
inoperable metastatic CRC.

Objective Evaluate the FOLFOX-4 regimen as a first-line therapy for
patients with inoperable metastatic CRC in Cuba.

Methods FOLFOX-4 therapy was administered to 56 patients with
metastatic CRC, in a treatment cycle repeated every 2 weeks for 6-8
cycles. Patients were followed up for a period of 2 years.

INTRODUCTION

Colorectal cancer (CRC) currently constitutes a major epidemio-
logical problem due to high rates of frequency and mortality; in
Europe and North America, it is the third most frequent type of
malignant tumor and the second leading cause of cancer death.
Worldwide, an estimated 1 million new cases and half a million
deaths are attributed to CRC annually.[1] When first diagnosed,
>30% of CRC patients present metastatic disease, and 50-60%
eventually develop metastasis or advanced disease. The prog-
nosis for these patients is devastating, with a 5-year survival rate
<5%.[2] In Cuba, CRC is the malignant neoplasm with the fourth-
highest incidence and third-highest mortality.[3]

In the last 40 years, CRC has transitioned from an incurable
chemo-resistant tumor to an incurable chemo-sensitive tumor
with a more favorable evolution. Numerous studies carried out
in the last two decades confirm that systemic chemotherapy ex-
tends the period of progression-free disease and increases sur-
vival in patients treated for metastatic CRC. For more than 30
years, 5-fluorouracil (5-FU) has been the first-line agent in this
fight, included in the majority of palliative chemotherapy regi-
mens. Its efficacy has improved over time through biomodulation
with folinic acid and the use of continuous infusion schedules,
but these modifications have not made a significant impact on
survival.[4]

The emergence of new anticancer drugs in the 1990s opened
a door in the search for combinations that would increase the
tumor response rate with a tolerable toxicity pattern, thereby
making a positive impact on patient survival.[4,5] Among these
drugs, oxaliplatin (a third-generation platinum derivative) stands
out. In multiple international meta-analyses, and through its use
in various treatment regimens, it has proved to be a safe alter-

Results Objective response was attained in 44.6% of patients,
and complete response in 12.5%. Median duration of response
and of progression-free survival was 9.6 and 8.9 months, respec-
tively. Estimated survival at 2 years was 17% (95% ClI: 6.89—
26.8). The most frequent adverse events were nausea, vomit-
ing, diarrhea and neutropenia, the majority grade 1-2, according
to Common Terminology Criteria for Adverse Events (CTCAE)
classification.

Conclusions In patients studied, the FOLFOX-4 combination was
shown to be an effective and well-tolerated therapeutic option for
treating inoperable metastatic colorectal cancer.

Keywords: FOLFOX, antineoplastic combined chemotherapy proto-
cols, anticancer drug combinations, antineoplastic agents, polyche-
motherapy, colorectal neoplasms, colorectal cancer, neoplasm me-
tastasis, neoplasm invasiveness

native, demonstrating better results than the 5-FU + folinic acid
(FA) continuous infusion regimen in terms of tumor response
and survival.[6]

In Cuba, the 5-FU + FA combination has been standard treatment
for metastatic CRC. However, a study carried out at the National
Oncology and Radiobiology Institute in Havana (INOR, its Span-
ish acronym) analyzing survival in 39 patients with disseminated
CRC treated at INOR between 1974 and 1980 with either support-
ive care or a 5-FU + FA chemotherapy regimen, reported a 0%
11-month survival rate.[7] For this reason, incorporation of new treat-
ment regimens that can effectively increase survival is imperative.

The objective of this study is to describe results of treatment us-
ing the FOLFOX-4 combination as first-line therapy in patients
with inoperable metastatic CRC treated at INOR.

METHODS

Participants

Inclusion criteria This study included 56 patients aged >18
years, diagnosed with inoperable metastatic CRC and admit-
ted to INOR between January 1, 2001 and December 31, 2004.
None of the patients had received chemotherapy for their meta-
static disease, although they may have received surgery or prior
chemotherapy with 5-FU at the time of initial diagnosis. All had
a confirmed histological diagnosis of colorectal adenocarcinoma
with at least one metastatic lesion 210 mm located in the lung
or the skin, or 220 mm located in the liver, bones or soft tissues;
performance status 0—2 on the World Health Organization (WHO)
scale[8]; and life expectancy >3 months.

Exclusion criteria Not included were patients with a history of
malignant neoplasm or metastasis in the central nervous system
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(CNS), neurological or psychiatric disorders, decompensated
cardiovascular disease, malabsorption syndrome, surgical re-
moval of any part of the upper digestive tract, or patients who
were pregnant or lactating.

Ethical considerations Patients received information about the
risks and benefits of the proposed treatment and gave written
informed consent to participate in the study. The study was ap-
proved by the INOR Ethics Committee.

Treatment Design
FOLFOX 4 Regimen Patients received the following treatment:

*  Oxaliplatin (Eloxatin, Sanofi-Synthelabo, France), 85 mg/m?,
by 2-hour intravenous infusion, day 1 of each cycle.

+  Folinic Acid (Dalisol, Lemery, Mexico), 200 mg/m? by 2-hour
infusion, days 1 and 2 of each cycle.

*  5-FU (Flurox, Lemery, Mexico), 400 mg/m? by intravenous
bolus + 600 mg/m? by 22-hour intravenous infusion, days 1
and 2 of each cycle.

FA and oxaliplatin infusions were administered simultaneously on
day 1, followed by administration of 5-FU. Patients remained hos-
pitalized at INOR while receiving treatment.

Cycles were repeated every 2 weeks, and 6-8 cycles were
planned. Patients exhibiting tumor response to treatment or
stable disease could continue with more cycles if indicated by
clinical criteria.

Response to treatment was evaluated according to the objec-
tive response rate, duration of the objective response obtained,
progression-free survival, and overall survival. The treatment’s
toxicity profile was also evaluated. Patients were followed-up for
at least 2 years after termination of treatment.

Objective response to treatment was evaluated using Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) guidelines.
[9] Clinical evaluation was performed monthly during treatment,
once during the 4-week period following termination of treatment,
and every 3 months thereafter. Imaging studies—chest X-rays,
abdominal ultrasound and computerized axial tomography (CAT)
of the metastasis site—were also made at the halfway point and
at termination of the planned treatment, and when indicated by
the treating physician due to symptoms of progression. Objective
response rate (RR) was calculated as the total number of patients
attaining complete or partial response at termination of treatment,
expressed as a percentage of the total number of patients receiv-
ing treatment.

Median duration of response to treatment was calculated from
the treatment termination date until the date on which signs of
disease progression appeared in those patients who achieved
complete or partial response.

Progression-free survival (PFS) was calculated as the time
elapsed between initiation of treatment and appearance of signs
of disease progression after response was attained, or signs of
progressive disease, or death from any cause, or the last known
date of progression-free disease. Evaluation of progression-free
survival and overall survival was made every 3 months following
termination of treatment.

Overall survival (OS) was calculated as the time elapsed from
initiation of treatment until the patient’s death from any cause, or
until the last entry in the patient’s medical chart at the time results
were analyzed.

Safety profile was evaluated in all patients who received at
least one dose of chemotherapy. Toxicity was evaluated at least
monthly until 4 weeks after termination of treatment and every
3 months thereafter. This evaluation included laboratory param-
eters (complete hemogram, renal and hepatic profiles), clinical
assessment of adverse reactions, and classification of adverse
events according to the Common Terminology Criteria for Adverse
Events (CTCAE): grade 1=mild adverse event; grade 2=moder-
ate adverse event; grade 3=severe adverse event; and grade 4=
life-threatening adverse event.[10] Relative frequency of adverse
events was expressed as a percentage.

In cases of severe toxicity, (grade 3—4 supported by clinical crite-
ria), oxaliplatin and 5-FU doses were both reduced by 25% after
the first event and by 50% after the second event.

Chemotherapy was discontinued in cases of documented dis-
ease progression or limiting toxicity. Administration of 5-FU was
continued in patients for whom oxaliplatin administration was sus-
pended due to toxicity.

Statistical analysis Overall survival and progression-free sur-
vival rates were calculated using the Kaplan-Meier method (95%
ClI). The chi-square test for independence was used to determine
correlation between qualitative variables (p<0.05). The prognos-
tic value of some factors was demonstrated by comparing sur-
vival curves for those subgroups using the log-rank test (p<0.05).
Data was processed with the Stata statistical package, version 8
for Windows and SPSS version 11.5. Results were represented
in tables and graphs.

RESULTS

Clinical-epidemiological profile Mean age of patients was 56
years, and 73% had a 0—1 performance status. The colon was
the most frequent primary tumor site (70% of patients), and the
liver was the organ most frequently affected by metastatic dis-
ease (66%). About 40% of patients had received neo-adjuvant
or adjuvant chemotherapy with 5-FU before diagnosed with dis-
seminated or metastatic disease (Table 1).

Treatment application All 56 patients received at least 2 treat-
ment cycles; 94.6% (53) received a minimum of 4 cycles; 80.4%
(45) received 6 or more cycles, for an average of 5.8 cycles per
patient. Doses were reduced in 16 patients (28.6%), primarily due
to grade-3 adverse reactions. The therapeutic regimen was inter-
rupted in 15 patients (26.8%); the most common reasons were
severe toxicity and disease progression.

Treatment efficacy According to RECIST criteria, 7 patients
(12.5%) attained complete response (CR), and 18 patients
(32.1%) partial response (PR), for a response rate (RR) of 44.6%.
Median response duration was 9.6 months (Table 2).

The response rate was slightly higher (but not statistically sig-
nificant) in women than in men (50% and 35%, respectively)
(p<0.78), and in patients with primary tumor site in the colon
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Table 1: Clinical-Epidemiological Characteristics of Patients with
Inoperable Metastatic Colorectal Cancer Treated with FOLFOX-4,
INOR, Havana (2001 to 2004)

Patients

Sex

Male 30 53.6

Female 26 46.4
Age (years)

Mean 56

Range 29-71
Performance Status (WHO)

0 1 1.8

1 40 71.4

2 15 26.8
Primary Tumor Site

Colon 39 69.6

Rectum 17 30.4
Previous Therapy

Surgery 34 60.7

Chemotherapy with 5-FU 22 39.3
Metastatic Location

Liver 37 66.1

Soft Tissues 8 14.3

Lung 6 10.7

Bone 5 8.9

Ovary 5 8.9

Bladder 2 3.6

Uterus 1 1.8

Source: Patient medical records, INOR.

Table 2: Tumor Response and Survival in Patients with Inoperable
Metastatic Colorectal Cancer Treated with FOLFOX-4, INOR, Havana
(2001 to 2004)

"
Objective Response
N %
7

Complete Response 12,5
Partial Response 18 32.1
Stable Disease 13 23.2
Progression 18 32.1
Objective Response Rate 44.6%

Median Response Duration 9.6 months

Median 8.9 months (95% CI: 7.5-10.2)
1-year rate: 28% 2-year rate: 7%
Median 16.9 months (95% CI: 13.9-19.8)
1-year rate: 75% 2-year rate: 17%

Progression-free Survival

Overall Survival

Source: Patient medical records, INOR.

(48%) rather than the rectum (35%) (p<0.92). The metastatic
site with best response was the liver (48% RR; 6 CR cases).
Response was higher in patients who had received previous
chemotherapy with regimens that included 5-FU compared to
those who had not (50% and 41% RR, respectively) (p<0.96)
and was also higher among patients who had undergone previ-
ous curative surgery, compared to those who had not (58% and
22% RR, respectively). Among the 45 patients that completed
26 cycles, 22 patients attained CR or PR for a 49% RR, while
only 3 of the 11 patients who received <6 cycles responded to
treatment, for a 27% RR. The metastases that best responded
to the FOLFOX-4 regimen were hepatic (44% RR) and pulmo-
nary (33% RR).

Median progression-free survival (PFS) for the group was 8.9
months (95% CI: 7.5-10.2 months). The 1-year PFS rate was
estimated at 28% (95% CI: 16.7-40.4) and the 2-year PFS rate at
7% (95% Cl: 1.46-16.39) (Table 2) (Figure 1).

Median overall survival (OS) was 16.9 months (range 13.9-19.8
months) (Cl 95%). The 1-year OS rate was estimated at 75%
(Cl 95%: 65.7-87.8), and the 2-year OS rate at 17% (Cl 95%:
6.89-26.8) (Table 2) (Figure 2).

Table 3 compares the main efficacy results for FOLFOX-4 in the
current study with those of similar studies reported in the interna-
tional literature.

Safety profile During the study, 66 grade 3 (23.3%) and 9 grade
4 (3.1%) adverse events were reported. The most frequent hema-

Figure 1: Cumulative 4-Year Progression-Free Survival Rate,
Metastatic Colorectal Cancer Patients Treated with FOLFOX-4,
INOR, Havana (2001 to 2004)
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Figure 2: Cumulative 4-Year Overall Survival Rate, Metastatic
Colorectal Cancer Patients Treated with FOLFOX-4, INOR, Havana
(2001 to 2004)
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Table 3: Comparison of Tumor Response and Survival in Six
Studies of FOLFOX-4 Treatment of Advanced Colorectal Cancer

PFS oS
O

Levi (1994)[11] 10.0 15.0
Giacchetti (2000)[12] 100 34 8.7 19.4
De Gramont (2000)[13] 210 50 9.0 16.2
Tournigand (2004)[14] 111 54 8.0 20.6
Goldberg (2004)[15] 267 45 9.3 195
Lami (2009) 56 45 8.9 16.9

RR: Response Rate, PFS: Progression-free Survival, OS: Overall Survival

Table 4: Adverse Events Associated with FOLFOX-4 in Patients with
Inoperable Metastatic Colorectal Cancer, INOR, Havana
(2001 to 2004)

%
Grade 1 16 5.7
Grade 2 192 67.8
Grade 3 66 23.3
Grade 4 9 3.2
_
Dose Reduction 13 23.2
Suspension of Treatment 10.7

General
Grade1,2,3,4 Crnees
PRI SE

Nausea-Vomiting 27 48.2 3 5.4
Diarrhea 21 37.5 2 3.6
Neutropenia 18 321 4 7.1
Sensory Neurotoxicity 15 26.8 6 10.7
Anemia 13 23.2 1 1.8
Oral Mucositis 10 17.9 1 1.8
Fatigue 9 16.1 3 54
Abnormal Transaminase Values 6 10.7 1 1.8

Source: Patient medical records, INOR

tologic toxicity was neutropenia, observed in 18 patients (32.1%)
and classified grade 3—4 in 4 cases (7.1%). Febrile neutropenia
was reported in 3 patients (5.4%). Nausea and vomiting were re-
ported in 27 patients (48.2%) and classified grade 3—4 in 3 cases
(5.4%) (Table 4).

Neurotoxicity related to oxaliplatin, characterized by peripheral
sensory neuropathy, was observed in 15 patients (26.8%) and clas-
sified as grade 3 in 6 cases (10.7%). Palmar—plantar erythrodyses-
thesia (hand-foot syndrome), associated with 5-FU treatments,[10]
occurred in 3 patients (5.4%) and was classified as grade 3 in one
(1.8%). Three patients (5.4%) exhibited hypersensitivity reactions,
characterized by sweating, cutaneous dysesthesia and dyspnea,
classified as grade 3 in one patient (1.8%). Renal, cardiac and pul-
monary toxicity were rarely observed and, in any case, were mild.

Dose reduction was required in 13 patients (23.2%), primarily due
to adverse events involving peripheral sensory neuropathy and
severe neutropenia in previous cycles. Severe adverse reactions
led to discontinuation of treatment in 6 patients (10.7%).

DISCUSSION
This study examined the efficacy and safety profile of the FOLFOX-4
regimen as a first-line therapy for metastatic CRC. Biomedical

and epidemiological characteristics of participating patients were
consistent with those described in similar studies.[11-16]

Randomized clinical trials have consistently demonstrated the
superiority of the FOLFOX-4 regimen compared to 5-FU-FA
as a first-line therapy for metastatic CRC. In studies using the
5-FU-FA combination, a 23% RR average, 6.1-month PFS,
and 12- to14-month OS have been obtained, as reported by
Levi, Giacchetti and De Gramont.[11-13] Higher response
values found in our study demonstrate that better results can
be obtained with the FOLFOX-4 regimen in the Cuban medical
setting, where 5-FU-FA has been standard treatment until now.

A comparison of response indicators in our study, and the approx-
imate 45% RR, 9-month PFS and 16-month OS values described
in randomized studies with similar treatment regimens,[11-15]
also shows that our results fall within the expected response
range. In our study, initial tumor site in the colon and a history of
previous therapy—either chemotherapy based on 5-FU or sur-
gery—were noteworthy as the strongest predictors of response
to FOLFOX-4 therapy.

In the FOLFOX-4 regimen, the toxicity profile of fluoropyrimidines
administered by continuous infusion (characterized by diarrhea,
mucositis and hand-foot syndrome) is compounded by that of
oxaliplatin, characterized by peripheral sensory neurotoxicity in
10%—20% of patients treated.[17,18]

During the study, 26.5% of total adverse events described were
classified grade 3—4. Neurotoxicity headed this list, followed by
neutropenia, fatigue, and vomiting.

Peripheral sensory neuropathy and, to a lesser degree, neutro-
penia, were the main causes of dose reduction and suspension
of treatment. Analysis of the adverse events described found that
these were consistent with the general toxicity profile for regi-
mens combining oxaliplatin with fluoropyrimidines, documented
in international studies.[11-15]

It is worth noting that most of the patients affected by peripheral
neuropathy experienced partial or complete recovery during
the follow-up period, as described in studies such as MOSAIC.
[19] Large FOLFOX-4 regimen ftrials, such as MOSAIC[19] and
OPTIMOX,[20,21] report neutropenia as a toxic effect in 42% and
33% of the sample, respectively, and febrile neutropenia in 2%.
Our study reported neutropenia and febrile neutropenia in 32%
and 5% of patients, respectively, coinciding with the mean values
reported in those trials. In contrast to other studies,[22] mucositis,
diarrhea and hand-foot syndrome were infrequently classified as
severe adverse events in our study.

The impact of FOLFOX-4 therapy on patients with metastatic
CRC demonstrated in this study raises the need for new ther-
apies in combination with the FOLFOX-4 regimen or as a sub-
sequent treatment. Among the cytotoxins shown to be highly
effective against CRC is irinotecan, which, in combination with
5-FU, has proved to be similar in efficacy to regimens combining
oxaliplatin with 5-FU, and which can be used after progression
with the FOLFOX-4 regimen, obtaining positive responses with a
median survival of up to 21 months.[23] Due to the high cost of
irinotecan, however, applying it in the Cuban health system has
not been possible to date.
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Another treatment option currently being tested in multiple interna-
tional studies is the combination of regimens such as FOLFOX-4
with monoclonal antibodies. Examples include chemotherapy
combined with bevacizumab (monoclonal antibody targeting the
vascular endothelial growth factor), or cetuximab (monoclonal an-
tibody targeting the epidermal growth factor), which can increase
survival rates by 2—-3 months.[24,25] The oncology department at
INOR and the Molecular Immunology Center in Havana, informed
by the results of this study, are currently conducting a Phase |-l
clinical trial to evaluate safety of the FOLFOX-4 regimen com-
bined with nimotuzumab (a Cuban-developed monoclonal an-
tibody targeting the epidermal growth factor)[26] as a first-line
treatment in patients with metastatic colorectal cancer.

Alimitation of the present study is that only INOR patients were in-
cluded. Including patients from other medical centers would have
increased the number of cases analyzed and thus the impact of

the study. Nevertheless, the findings are important for Cuban
oncology in that they have introduced new therapeutic options
for colorectal cancer. As a result of this and other studies, the
FOLFOX-4 regimen is now considered one of the standard treat-
ments for metastatic colorectal cancer in Cuba, and studies are
underway to evaluate its application as an adjuvant treatment.

CONCLUSIONS

Given the response rates attained and the toxicity profile ob-
served in this study, we can conclude that the FOLFOX-4 regi-
men is an effective and well-tolerated therapeutic option for
treatment of inoperable metastatic colorectal cancer in Cuba,
and is therefore recommended as a first-line treatment for these
patients in the Cuban health care system. Further studies of
FOLFOX-4 should be carried out in combination with new thera-
peutic agents developed by Cuban biotechnology, in the search
for greater efficacy. At
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