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Abstract

Introduction: Since the publication of the MOSAIC test results in 2004, the FOLFOX4 regimen has
been established as an adjuvant treatment which is recommended in stage Il colorectal cancer.
The aim of this study is to assess the use of this regimen in our field and to describe its
toxicity.

Methods: Descriptive study of treatments with FOLFOX4 prescribed between April 2005 and
March 2007. The data was obtained from the Farhos Oncologia® programme and clinical records.
The following data was collected: age, gender, diagnosis, stage of the illness (TNM classification),
and adverse reactions, expressing severity according to Common Toxicity Criteria 2.0.

Results: The FOLFOX4 regimen was prescribed for 39 patients (24 men and 15 women) with an
average age of 59. The diagnoses were: 28 colon cancer (4 stage Il, 17 stage lll, and 7 stage V),
10 rectal cancer (1 stage Il, 4 stage lll, and 5 stage IV), and 1 stage IV gastric cancer. The most
frequent adverse reactions were peripheral neuropathy (82%), neutropaenia (56.4%), and
diarrhoea (53.9%). When the study was completed, 9 patients continued active treatment with
the regimen (average, 6.8 cycles). Of the 30 remaining patients only 16 people completed the
12 planned cycles. Forteen patients stopped their treatment (average, 8.1 cycles) due to
toxicity in 10 cases, clinical progression in 3 cases, and 1 patient died. Of the total 368 cycles
administered, 68 suffered administration delays and 22 had the dosage reduced.

Conclusion: The use of the FOLFOX4 regimen has been adjusted to uses with some solid scientific
evidence, but its toxicity has limited its use and has made administering the planned dosage
levels difficult.

© 2008 SEFH. Published by Elsevier Espana, S.L. All rights reserved.

*The preliminary results of this study were presented in the 51st National Congress of the SEFH (Spanish Society of Hospital Pharmacists),
held in Malaga on September 26 to 29, 2006.

*Corresponding author.

E-mail address: msacramento.diaz@carm.es (M.S. Diaz Carrasco).

1130-6343/$ - see front matter © 2008 SEFH. Published by Elsevier Espafa, S.L. All rights reserved.
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PALABRAS CLAVE
FOLFOX4;

Toxicidad;

Estudio de utilizacion

Uso terapéutico y perfil de toxicidad del esquema FOLFOX4

Resumen

Introduccion: Desde la publicacion de los resultados del estudio MOSAIC en 2004, el esquema
FOLFOX4 se ha establecido como un tratamiento adyuvante recomendado en los canceres colo-
rrectales estadio Ill. El objetivo de este estudio es valorar la utilizacion de este esquema en
nuestro ambito y describir su toxicidad.

Métodos: Estudio descriptivo de los tratamientos con FOLFOX4 prescritos desde abril de 2005 a
marzo de 2007. Los datos se obtuvieron del programa Farhos Oncologia® y las historias clinicas.
Se recogieron las variables siguientes: edad, sexo, diagndstico, estadio de la enfermedad (clasi-
ficacion TNM) y reacciones adversas, expresando su gravedad segliin los Common Toxicity Crite-
ria 2.0.

Resultados: El esquema FOLFOX4 ha sido prescrito a 39 pacientes (24 varones y 15 mujeres),
con una mediana de edad de 59 anos. Los diagndsticos fueron: 28 cancer de colon (4 estadio Il,
17 llly 7 IV), 10 cancer de recto (1 estadio Il, 4 11l y 5 IV) y 1 cancer gastrico estadio IV. Las reac-
ciones adversas mas frecuentes fueron neuropatia periférica (82%), neutropaenia (56,4%) y dia-
rrea (53,9%). Al finalizar el estudio 9 pacientes seguian en tratamiento activo con este esquema
(media, 6,8 ciclos). De los 30 restantes, solo 16 completaron los 12 ciclos previstos. En 14 pa-
cientes se suspendio el tratamiento (media, 8,1 ciclos), siendo los motivos: toxicidad en 10 ca-
sos, progresion clinica en 3 y fallecimiento en 1. Del total de los 368 ciclos administrados, 68
tuvieron retrasos en la administracion y en 22 se redujo la dosis.

Conclusion: La utilizacion del esquema FOLFOX4 se ha ajustado a usos con unas evidencias cien-
tificas solidas, pero su toxicidad ha limitado el uso y dificultado la administracion de la intensi-

dad de dosis prevista.

© 2008 SEFH. Publicado por Elsevier Espana, S.L. Todos los derechos reservados.

Introduction

Colorectal cancer (CRC) ranks at second place in terms of
incidence and mortality due to cancer in the majority of
developed countries, both for men and women; when both
sexes are considered together, this neoplasia ranks at first
place.!

In Spain, in 2000, there were 5951 deaths due to CRC in
men and 5001 in women, representing 11% of deaths due to
cancer in men and 15% in women. The number of new cases
per year is estimated at around 21 000 in both sexes.?

The most important prognosis factor for survival of CRC is
the stage of the disease at the time of diagnosis.?
Consequently, patients diagnosed at stage | have a rate of
survival at 5 years higher than 90%, while in the case of
those diagnosed at stage 1V, this rate is reduced to less than
10%.4

Chemotherapy treatment of metastatic CRC has been
based for over 4 decades on 5-fluorouracil (5-FU), also
known as fluoropyrimidine, which acts by inhibiting
thymidylate synthase. The activity of this drug in
monotherapy was insubstantial; therefore various strategies
were developed to increase its efficacy.’

Association of 5-FU and leucovorin (LV) demonstrated a
significant increase in the response rates and a small
improvement in total survival with respect to monotherapy
with 5-FU.¢

Another strategy to increase the activity of 5-FU, whose
half-life is short, consisted of extending the perfusion time.
This strategy demonstrated, in a meta-analysis carried out
at the end of the nineties, a statistically significant increase,

albeit modest, in total survival, as well as an improved
profile of toxicity, with fewer incidences of myelosuppression,
although there was a higher frequency of palmoplantar
erythrodysesthesia.’

In other studies, 5-FU has been replaced with its oral
prodrug, capecitabine, with similar results.?°

Treatment of metastatic CRC has changed since the
appearance of irinotecan and oxaliplatin.' Irinotecan has
been studied in various combinations with 5FU/LV,
administered in bolus' and in continuous perfusion, 2
showing advantages in the rates of response, disease-free
survival and total survival, especially with continuous
perfusion of 5-FU.

The FOLFOX4 regimen, formed by adding oxaliplatin to
5-FU/LV in perfusion, used as a first course of treatment for
metastatic CRC, demonstrated an increase in the response
rate, in disease-free survival and total survival. However, in
the latter case, the difference was not statistically
significant.” This regimen has shown a time span until
progression, and total survival, similar to that of the FOLFIRI
regimen'® and higher than the IFL regimen as a first course
of treatment."”

It has not yet been established which of the 2 drugs
should be used as a first course of treatment for the
metastatic disease, despite the various comparative studies
which have been undertaken,'¢'® therefore it is the profile
of toxicity of each regimen which conditions the individual
choice of the patient.” The main guidelines reflect this.?022

The meta-analysis carried out by Grothey et al,?® which
analysed the results of 7 clinical tests in phase Il of
metastatic CRC, concluded that total survival has a
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significant correlation with the percentage of patients who
end up taking the 3 drugs (5-FU, irinotecan and oxaliplatin)
during the course of the disease.

The FOLFOX4 regimen could be one of the alternative
means of treatment, both as a first and a second course of
treatment of the metastatic disease.

In the context of adjuvant treatment, Moertel et al?
treated patients with stage Ill colon cancer with the
combination of 5-FU/levamisole, and demonstrated, for the
first time, a reduction of 33% in mortality. Due to these
results, various studies were undertaken, which established
6 months of treatment with 5-FU/LV as standard adjuvant
chemotherapy treatment for stage Ill CRC.?>%

Following the encouraging results obtained with respect
to metastatic disease, the combinations of 5FU/LV plus
oxaliplatin or irinotecan have been evaluated as adjuvant
treatment for CRC. While the studies with irinotecan have
not represented an improvement on the previous results,?
the FOLFOX4 regimen has been the first combination which
has demonstrated a significant improvement in this context.
In the MOSAIC (Multicenter International Study of
Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant
Treatment of Colon Cancer) study? the rate of disease-free
survival at 3 years was statistically higher compared with
the classic Mayo Clinic (5FU/LV bolus) regimen.

Since the publication of the results of the MOSAIC study
in 2004, the FOLFOX4 regimen has been established as one
of the recommended adjuvant treatments for CRC diagnosed
at stage lll. However, the FOLFOX4 regimen is an aggressive
treatment that has greater toxic effects, which mainly
consist of sensory peripheral neuropathy and neutropaenia,
which may limit its use.?

Within this context, the objectives of our study are:

- To assess the usage profile of the FOLFOX4 regimen within
our environment, with respect to published scientific
evidence

- To describe its profile of toxicity in daily health care usage and
its relationship with the completion of the treatment plan

Methods

A descriptive study was designed for the patients in
treatment with the FOLFOX4 regimen in our hospital, during
the period between April 2005 and March 2007, with the
follow-ups of all cycles administered in this period.

The FOLFOX4 regimen is formed by oxaliplatin 85 mg/m?,
administered on day 1, plus 5-FU at a dosage of 400 mg/m?
administered in bolus form, followed by 600 mg/m?
administered in continuous perfusion during a 22-h period,
modulated by LV 200 mg/m? on days 1 and 2. The data for
the follow-up of the patients was obtained with the Farhos
Oncologia® program and from the clinical histories. The
following variables were recorded: age, sex, diagnosis,
stage of the disease according to the TNM3 classification,
and adverse reactions experienced during treatment, with
its severity expressed according to the Common Toxicity
Criteria version 2.0.%

A follow-up sheet was designed individually for each
patient, in which all of the adverse reactions recorded
during each cycle of treatment were listed, together with

their degree of severity. Details of which of these reactions
caused, or were associated with, delays in administration of
the cycle of treatment, a reduction in the dosage of the
drugs which form the FOLFOX4 regimen and/or the definitive
discontinuity of the treatment, were recorded as
appropriate.

Results

During the 2 years of the study, the FOLFOX4 regimen was
prescribed to 39 patients (24 men and 15 women), with ages
between 37 and 75 years and an average age of 59 years.
The number of patients, itemised by years, was 23 the first
year (from April 2005 until March 2006) and 16 the second
(from April 2006 until March 2007).

The diagnoses in which the regimen were used were:
28 colon cancer (4 stage Il, 17 stage lll, and 7 stage IV),
10 rectal cancer (1 stage Il, 4 stage Ill, and 5 stage IV), and
1 stomach cancer stage IV.

Of the 5 patients diagnosed with CRC stage Il, 4 displayed
poor prognosis factors: in 2 T4 cases, in 1 T4 case with
perforation, and only 7 lymph nodes analysed, and in the
fourth patient the persistence of a rising CEA marker after
surgery. In the clinical history of one of the patients it
appeared that there was no remaining risk factor.

During the study period, the 39 patients received a total
of 368 cycles.

In Table 1, the episodes of toxicity are shown which were
recorded more frequently during the follow-ups of the
patients. Other adverse reactions observed less frequently
were: abdominal pain on 7 occasions; an alteration in taste,
alopecia, and rectal bleeding in 5; respiratory infection,
fever, and visual alterations in 3; constipation, pemphigus,
epistaxis, and urinary infection in 2, and alterations of the
skin, bone pain, ungueal toxicity, flu, oesophagitis, increase
of the hepatic enzymes, and hypersensitivity reaction to
oxaliplatin only in 1.

The incidence of the main toxicities in the patients is
detailed in Table 2, which states the percentage of patients
who developed the adverse effect, only in the greatest
degree reached during the entire treatment. As regards the
completion of the scheduled treatment regimen, the
following results were observed:

- At the end of the study period 9 patients were continuing
active treatment with the FOLFOX4 regimen, with an
average of 6.8 cycles administered per patient

- Of the 30 patients who were no longer under active
treatment with this regimen, only 16 had completed the
12 scheduled cycles (53.3%). In 14 patients the treatment
was discontined (average cycles administered per patient,
8.1), the reasons for discontinuity were: toxicity in
10 cases, clinical progression in 3; and the death of
1 patient

The adverse reactions which resulted in the discontinuity
of the treatment were: in 7 patients, neurological toxicity;
in 1, complications with the reservoir with extravasation of
liquid and infection with coagulase + Staphylococcus; in
1 significant hyporexia; and in 1, hypersensitivity reaction
to oxaliplatin.
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Table 1 Episodes of toxicity documented during the study period
Adverse reaction Stage 1 Stage 2 Stage 3 Stage 4 Total number

Neutropaenia 16 29 15 2 62
Thrombopaenia 9 3 2 = 14
Leukopaenia = 2 = = 2
Haemoglobulinaemia — 8 — 1 9
Peripheral neuropathy 28 2 — 133
Nausea 22 8 = = 30
Vomiting 9 — - _ 9
Diarrhoea 28 16 = 45
Asthenia 17 14 = = 31
Mucositis 13 4 = = 17
Hyporexia 8 = 1 = 9

Table 2 Percentage of patients who developed toxicity in according to the highest degree shown during treatment

Adverse reaction Stage 1 Stage 2 Stage 3 Stage 4 Total percentage
Neutropaenia 10.3 17.9 23.1 5.1 56.4
Thrombopaenia 10.3 5.1 5.1 — 20.5
Leukopaenia — 2.6 — — 2.6
Haemoglobulinaemia — 5.1 — 2.6 7.7
Peripheral neuropathy 35.9 5.1 —

Nausea 23.1 12.8 = = 35.9
Vomiting 20.5 — — — 20.5
Diarrhoea 20.5 30.8 2.6 = 53.9
Asthenia 17.9 15.4 — — 333
Mucositis 17.9 5.1 = =

Hyporexia 12.8 — 2.6 — 15.4

Table 3 Adverse reactions associated with delays of
cycles and reductions of dosage

Toxicity Lateness Reductions
(ADJ/M +) (ADJ/M +)

Neutropaenia 40 (29/11)
Thrombopaenia 13 (12/1) =
Haemoglobulinaemia 4 (3/1) —
Leukopaenia 1(1/0) —
Peripheral neuropathy 13 (13/0) 7 (6/1)
Diarrhoea 3(3/0) 1(1/0)
Asthenia 3(2/1) =
Nausea 2 (2/0) —
Urinary infection 1(1/0) —
Bone pain 1(0/1) —
Mucositis 1(1/0) 2 (2/0)
Pemphigus 1(1/0) =
Total 83 (68/15) 22 (18/4)

ADJ indicates adjuvant treatment; M +, metastatic disease.

Of the total of 368 cycles administered, 68 (18.47%)
underwent delays in administration (29 patients were
affected) and in 22 (5.97%) the dosage was reduced
(15 patients underwent some reduction). The reasons are

detailed in Table 3. Together, only 9 patients did not undergo
delays or reduction of dosage in their treatment. If we
consider the 16 patients who received the 12 cycles during
the study, only 3 did so without incidences.

In terms of the completion of the treatment for the
26 patients who received it as adjuvant treatment, the
results are as follows: 14 patients received the 12 scheduled
cycles, 5 remained under treatment at the end of the study
and 7 discontinued treatment before its completion, all of
whom due to toxicity. In addition, in 22 patients (56.41%)
the administration of a cycle was delayed (in total 56 cycles)
and 11 (28.20%) underwent some reduction of dosage
(18 cycles in total). The reasons are also described in
Table 2. Of the 14 patients who completed the adjuvant
treatment, only 1 was not subject to any delay or reduction
of the dosage.

Discussion

The predominance of men in our study is consistent with the
greater incidence and prevalence of CRC reported among
males.?

In our hospital centre, the FOLFOX4 regimen has mainly
been prescribed as adjuvant treatment for CRC. Its use as
an adjuvant in colorectal tumours diagnosed at stage Il
(locoregional lymph nodes affected) is widely documented,
based mainly on the results of the MOSAIC study.? This latest
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update of the results of this study, presented in the ASCO
Congress 2007,% maintains the advantage to patients
treated with FOLFOX4 in terms of survival without
progression at 5 years. The details of total survival at
6 years show a significant increase for the group of patients
with stage Ill. This regimen is currently considered one of
the most recommended treatments for stage [11.20:3

For patients diagnosed at stage Il there is still controversy
as regards the use or otherwise of adjuvant treatment, since
the margin of absolute benefit in survival is low, between 1%
and 5%.3%35 While studies are being undertaken to assess
molecular markers which assist the identification of which
patients would benefit from the treatment,3* the most
accepted reccommendation is to offer adjuvant treatment
to patients with stage Il who display some factor of poor
prognosis. The most accepted factors are: size of tumour T4
or intestinal obstruction, perforation, poorly distinguished
tumour, less than 10 lymph nodes examined, and/or
lymphovascular peritumoral invasion.3

In 3 of our patients treated with the adjuvant FOLFOX4
regimen in stage Il, 1 or more of these risk factors were
identified; in the fourth patient treatment was initiated due to
persistent raising of the CEA marker following surgery, which
could be indicative of a hidden disease. In the fifth patient,
the clinical history did not reflect any of these factors.

The use of the regimen in metastatic CRC is also well
established in view of the studies of de Gramont et al">and
the subsequent comparisons with other active regimens.'®"

The use, in a patient with stage IV gastric carcinoma is
based on the study of Cavanna et al,*® which concluded that
FOLFOX4 is a regimen with an activity comparable to other
regimens used for this pathology, and it is well tolerated.

As regards the profile of toxicity found in our patients,
the onset of sensory peripheral neuropathy is noteworthy.
This is an adverse effect widely described with the use of
oxaliplatin, which has a dual presentation: it causes acute
peripheral neuropathy and late-onset peripheral neuropathy,
which increases in intensity depending on the cumulative
dosage. It even persists between chemotherapy cycles. In
the MOSAIC? study the safety results of the FOLFOX4
regimen showed that 92% of patients had peripheral
neuropathy, 12% classified as grade 3. In our study, during
the follow-up of the adverse reactions, peripheral
neuropathy was reported in 82.05% of patients, with 5%
grade 3. Other studies undertaken on metastatic disease
describe variable incidences of peripheral neuropathy,
related with the number of cycles administered.
Consequently, de Gramont et al'> described 68% of total
incidence and 18% of grades 3-4, with an average of
12 cycles administered per patient; Colucci et al'® found 45%
incidence, with 4% of grades 3-4, but with an average of
8 cycles administered per patient.

The results of our study may be prepared from a less
exhaustive record, especially in terms of the reactions
associated with perfusion which take place after the
medical examination; in addition, it must be borne in mind
that both patients under adjuvant treatment and patients
with metastatic disease were included and were not
subject to the selection criteria of a clinical test. In
addition, 9 patients were included who were still under
treatment, which could result in higher levels of toxicity,
given that it is cumulative.

One of the limitations of the study is that the source of
information is not the direct interview with the patient but
the clinical history record. This source could be a
contributing factor to the different incidences found in
some of the adverse effects.

Haematological toxicity was also relevant, with the
noteworthy onset of neutropaenia, which affected 56.4% of
our patients to a greater or lesser degree. It must be borne
in mind that the incidence of grade 3-4 neutropaenia was
28.1%, a level considerably lower than that recorded in the
MOSAIC study,? in which the incidence was 41%, and in the
studies of de Gramont et al'® (41.7%) and of Goldberg et al"”
(50%). Only the study of Colucci et al'® describes a similar
incidence (28%).

Thrombopaenia is an adverse effect frequently associated
with the administration of regimens with oxaliplatin.
Although the total incidence was less than other studies
(20.5% compared with 77.4% of the MOSAIC study,? 76.2% of
de Gramont et al,"™ and 43% of Colucci et al'), the 5.1% of
grade 3 is noteworthy, which is considerably higher than
other publications (1.7%,% 2.5%,' and 3%').

The third relevant site of toxicity is the gastrointestinal
tract. Diarrhoea and mucositis are more related with the
administration of 5-FU, especially in continuous perfusion,
as is the case with the FOLFOX4 regimen. Nausea, vomiting,
and asthenia are related with both drugs. The incidences of
nausea, vomiting, and mucositis are much less than those
described in the MOSAIC study, while the total incidence of
diarrhoea is similar in our study, although with a less
significant onset of grades 3 and 4.

Among the adverse reactions of less incidence, it is
significant that in one patient the regimen was discontinued
due to hypersensitivity to the oxaliplatin perfusion. In the
bibliography several cases have been documented. 16283

The completion of the treatment programme was poor,
mainly due to the toxicity of the regimen, as observed in
the reductions of dosages and delays in the administration
of the treatment. This is important mainly in the scope of
adjuvant treatment, where the intention of the treatment
is curative; in our study 66.7% of the patients completed the
12 scheduled cycles of adjuvant treatment, compared with
74.7% in the MOSAIC study; in addition, only one patient
completed them without delays or reductions in dosages.

During the second year of the follow-up period a decrease
was observed in the number of patients treated with the
FOLFOX4 regimen; this fact may be due to various factors:

- Firstly, as has been observed in our results, the
cumulative toxicity of the regimen. It must also be borne in
mind that it is a complex regimen in terms of its
administration and requires the implantation of a reservoir
for continuous perfusion of 5-FU. In immunodepressed
patients this reservoir is a potential centre of infection and
other complications, which some researchers have estimated
at between 15% and 20%°

- Another factor which may have influenced the reduction
of the prescription of FOLFOX4 was the appearance of the
results of the comparative studies with the XELOX regimen
(oxaliplatin IV associated with capecitabine oral in cycles of
21 days). In the context of the former (phase 11l NO16.966)%
and second (phase Il NO16.967)* courses of the metastatic
disease the XELOX regimen has demonstrated non-inferiority
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compared with FOLFOX4 in terms of survival without
progression, and was equivalent in total survival. As regards
the profile of toxicity, XELOX causes a higher incidence of
palmoplantar erythrodysesthesia and diarrhoea, but less
grade 3-4 neutropaenia than FOLFOX4. The incidence of
neuropathy is similar with both regimens

In the context of adjuvant therapy, no comparative
studies have been published between both regimens.
Indeed, there are comparative studies of capecitabine
compared with 5-FU/LV,* with similar efficacy results, and
of XELOX compared with 5-FU/LV with acceptable toxicity,
although the efficacy data is still not known.* Together, the
availability of similar efficacy data with respect to
metastatic disease, together with its greater convenience
of administration and a manageable profile of toxicity, it
has encouraged many clinics to use this regimen as adjuvant
treatment, even in the absence of results of specific
studies.

To conclude, the use of the FOLFOX4 regimen has
generally been adapted to uses with solid scientific
evidence, but its profile of toxicity has limited its use and
has made difficult the administration of an anticipated
intensity of dosage, ultimately resulting in a reduction in
the total use of the regimen.
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