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Abstract
Preclinical research suggests that the clinically approved magnetic resonance imaging contrast agent mangafodipir
may protect against adverse events (AEs) caused by chemotherapy, without interfering negatively with the anti-
cancer efficacy. The present translational study tested if pretreatment with mangafodipir lowers AEs during curative
(adjuvant) FOLFOX6 chemotherapy in stage III colon cancer (Dukes’ C). The study was originally scheduled to in-
clude 20 patients, but because of the unforeseen withdrawal of mangafodipir from the market, the study had to be
closed after 14 patients had been included. The withdrawal of mangafodipir was purely based on commercial con-
siderations from the producer and not on any safety concerns. The patients were treated throughout the first 3 of 12
scheduled cycles. Patients were randomized to a 5-minute infusion of either mangafodipir or placebo (7 in each
group). AEs were evaluated according to the National Cancer Institute’s (NCI) Common Terminology Criteria for
Adverse Events and the Sanofi-NCI criteria. The primary end points were neutropenia and neurosensory toxicity.
There were four AEs of grade 3 (severe) and one AE of grade 4 (life threatening) in four patients in the placebo group,
whereas there were none in the mangafodipir group (P < .05). Of the grade 3 and 4 events, two were neutropenia
and one was neurosensory toxicity. Furthermore, white blood cell count was statistically, significantly higher in the
mangafodipir group than in the placebo group (P < .01) after treatment with FOLFOX. This small feasibility study
seems to confirm what has been demonstrated preclinically, namely, that pretreatment with mangafodipir lowers
AEs during adjuvant 5-fluorouracil plus oxaliplatin-based chemotherapy in colon cancer patients.
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Introduction
Cancer of the colon or rectum (colorectal adenocarcinomas) is the
second most common cancer in the United States and Europe. About
half of the colorectal cancer patients will ultimately die of the disease,
corresponding annually to approximately 50,000 people in the United
States [1] and 200,000 people in Europe [2].
The chance to survive from colorectal cancer depends on the stage

of the disease, generally being high in patients with a cancer confined
to the primary site (Dukes’ A and B) and low in advanced metastatic
disease (Dukes’ D) [1]. In approximately one third of the diagnosed
colorectal cancers, the disease is locally advanced to one or more lymph
nodes (Dukes’ C). Postoperative adjuvant chemotherapy in Dukes’
C colon cancer patients, for many years with 5-fluorouracil/levofolinate
(5-FU/LV) alternatively capecitabine alone and now in combina-
tion with oxaliplatin, has increased survival substantially in this group
from approximately 48% to 73%. However, still more then 25% of
the patients going through this regimen will die within 5 years because
of relapse.
The efficacy of oxaliplatin in combination with 5-FU/LV is com-

promised because of a substantial risk of severe toxicity, in particular,
neutropenia and neurotoxicity. Toxicity presents in more than half of
the patients an intolerable burden and causes dose reductions, delays,
or, in a worst-case scenario, complete discontinuation of therapy. The
ability to deliver the planned dose and intensity of chemotherapy (the
amount of drug administered/unit of time) is considered important
for tumor control, survival, and quality of life. In clinical practice, as
evident from, for example, the MOSAIC study [3], neutropenia is
the main general limiting factor toward achieving this aim. Peripheral
neurotoxicity is, however, the main cause to complete discontinuation
of chemotherapy. Residual functional neuropathy is, of course, a serious
problem in patients who have had a potentially curative resection. Nu-
merous methods to prevent neurotoxicity, thus far, have been proven
unsuccessful [4].
Mangafodipir is an approved magnetic resonance imaging (MRI)

contrast agent for use in humans that entered the market in 1997 but
has been withdrawn from the market by the manufacturer in 2010.
To the best of our knowledge, the withdrawal was purely based on
commercial reasons. During the development of mangafodipir, it was
accidentally discovered that it had profound antioxidant properties [5]—
properties that may, for instance, be used to protect the heart from
oxidative stress during acute percutaneous coronary intervention [6,7].
During the past decades, it has been demonstrated that increase in

oxidative stress, unrelated to known drug metabolism pathways, usu-
ally occurs after exposure to a series of structurally unrelated anticancer
agents, including oxaliplatin, 5-FU, and paclitaxel [8]. The mechanisms
of initiation of reactive oxygen production during exposure by different
cancer chemotherapeutic agents are, however, unclear. In preclinical
models, mangafodipir has been demonstrated to protect various healthy
cells against injuries caused by drug-induced oxidative stress, for example,
paracetamol-induced liver necrosis and apoptosis [9,10], doxorubicin-
induced cardiotoxicity (Kurz et al., accepted for publication in Transla-
tional Oncology), and myelosuppressive effects of cytostatic/cytotoxic drugs,
including oxaliplatin and 5-FU [11–13]. The cytoprotective effect has been
obtained without diminishing the anticancer effects of oxaliplatin and
5-FU. On the contrary, mangafodipir enhances the anticancer effects of
oxaliplatin and 5-FU [11,13]. These results are of interest because they
suggest that at least some of the toxic effects of secondary reactive
oxygen production after exposure to anticancer agents can be pharmaco-
logically ameliorated [8], without diminishing the anticancer efficacy.

Because mangafodipir has been used clinically as a contrast agent,
this drug was suggested in an 2006 editorial in the Journal of the Na-
tional Cancer Institute by James H. Doroshow [8] to be appropriate as
a chemoprotective compound in human trials.

The present small translational study was designed to find out
whether pretreatment with the compound mangafodipir lowers the
frequency and severity of AEs during adjuvant chemotherapy accord-
ing to the FOLFOX6 regimen in patients operated on for carcinoma
of the colon (stage Dukes’ C). To the best of our knowledge, this is
the first placebo-controlled study to report results from mangafodipir
treatment in cancer patients on chemotherapy.

Materials and Methods

Ethical Conduct of the Study
The final study protocol, patient information, and consent form

were reviewed and approved by the Regional Ethics Committee at
the Linköping University and by the Swedish Competent Authorities
(Läkemedelsverket; EudraCT 2007-002905) before inclusion of pa-
tients. The study was registered at ClinicalTrials.gov (NCT00671996).
The study was conducted in accordance with the protocol, regulatory
requirements, and the ethical principles of the Declaration of Helsinki.

Patient Population, Inclusion Criteria, and Randomization
The study encompassed patients continuously enlisted to the

FOLFOX6 regimen and included 14 patients who were followed
up throughout three treatment cycles (of 12 scheduled FOLFOX6
cycles). Each of the first three cycles was preceded by a 5-minute
intravenous infusion of 2 μmol/kg mangafodipir or a corresponding
volume of 0.9% sodium chloride (placebo) in two groups each con-
sisting of seven patients. The only treatment variable was adjunct pre-
treatment with mangafodipir. Patients received mangafodipir or
placebo throughout three cycles of chemotherapy, and accordingly,
they were randomized to a mangafodipir treatment group and a non-
treated placebo group.

Baseline Evaluation
Pretreatment (baseline) evaluation were performed within 1 week

before the start of chemotherapy and included (i) medical history; (ii)
physical examination; (iii) vital signs including weight and height;
(iv) hematology including white blood cell (WBC) count, absolute
neutrophil count (ANC), platelet count, and hemoglobin (Hb); (v)
serum chemistry including creatinine, bilirubin, alanine aminotrans-
ferase, and aspartate aminotransferase.

Treatment Evaluation after Each of the Three Placebo
or Mangafodipir-Treated FOLFOX6 Cycles

Evaluation was performed within 24 hours before the start of the
second, third, and fourth FOLFOX6 chemotherapy cycles and in-
cluded (i) physical examination; (ii) hematologic assessments includ-
ing WBC count, ANC, platelet count, and Hb (venous blood samples
for hematology were taken between 8:00 and 10:00 A.M. the day
before the start the FOLFOX6 cycle); (iii) signs and symptoms of
adverse events (AEs) according to National Cancer Institute’s (NCI)
Common Terminology Criteria for Adverse Events (CTCAE) Version 3
or Sanofi-NCI criteria (no effect = 0, mild = 1, moderate = 2, severe = 3,
and life threatening = 4) with emphasis on hematology and neurosensory
toxicity; oral mucositis, vomiting, diarrhea, fever, and infection; and

Translational Oncology Vol. 5, No. 1, 2012 Mangafodipir as Adjunct in Cancer Chemotherapy Karlsson et al. 33



(iv) serum chemistry including creatinine, bilirubin, alanine amino-
transferase, and aspartate aminotransferase.

The hematologic and serum biochemical analyses were performed
according to clinical routine at accredited laboratories in Jönköping
County (Swedish Board for Accreditation and Conformity Assessment,
2007-06-20).

Follow-up
After the end of treatment with mangafodipir or placebo, patients

were scheduled to go through nine more FOLFOX6 cycles. This
means that the patients were followed up for at least 4 months after
the end of mangafodipir or placebo treatment, as long as they did not
interrupt chemotherapy for any reason. Delays and dose reduction
due to dose-limiting toxicity (DLT) were compared in the two groups
during the follow-up period.

Study Treatment
Two groups, each consisting of seven patients, received either

mangafodipir 2 μmol/kg body weight or placebo accompanying the
first three cycles of FOLFOX6. All patients received 5-FU, calcium-
LV, and oxaliplatin according to the FOLFOX6 regimen throughout
12 cycles, and pretreatment with antiemetics and corticosteroids was
given, as specified in Table 1. Mangafodipir treatment was undertaken
with a ready-to-use investigative drug formulation identical with
what was in the diagnostic use as a contrast medium for MRI (ATC
code V08CA05):

– Formulation content: mangafodipir 10 mmol/ml and ascorbic
acid 6 mmol/ml
– Administered dose per cycle: 2 μmol/kg body weight
– Administration form: ready-to-use formulation (solution)
– Placebo: 0.9% NaCl
– Mangafodipir or placebo, 0.2 ml/kg body weight, was
administered as an intravenous (IV) infusion for 5 minutes ap-
proximately 30 minutes before the start of chemotherapy.

Vials containing either yellow-colored mangafodipir or noncolored
placebo and the corresponding infusion set were hidden for the pa-
tient during administration.

Evaluable Patients, End Point Analyses, and Statistics
All patients who received at least the first FOLFOX6 cycle as spec-

ified in Table 1 and showed up for the second cycle according to the
FOLFOX6 schedule were considered evaluable for end point analysis
with regard to mangafodipir or placebo treatment. For patients going
through all three treatment cycles and appearing for the fourth (non-
treated) FOLFOX6 cycle, the last cycle is defined as the third cycle.
However, for patients who, for some reasons, for example, changes in
FOLFOX6-reg (dose reduction or delay), were not able to go through

all three cycles as scheduled in the protocol, the last cycle was defined as
the first or the second. In such a case, mangafodipir or placebo admin-
istration was stopped.

The present study was designed as a small translational/feasibility
study in which it was expected from preclinical findings to find a pos-
itive influence of the test substance particularly on hematologic toxicity,
but in which we had no prior data in man to support our hypothesis,
except for a published case report [14]. We also expected to see positive
effects on other AEs. The primary end points were FOLFOX-related
DLT, e.g., neutropenia and neurotoxicity. The secondary end points
were the frequency and severity of other FOLFOX6-related AEs.

It was presumed from preclinical data that a sample of 20 patients
(10 placebo treated and 10 mangafodipir treated) would be enough
for detecting a statistically significant difference regarding the primary
end points between the placebo group and the mangafodipir group.
Unfortunately, during the course of the study, the producer of the
MRI contrast agent mangafodipir decided to withdraw it from the
market. This decision was—to the best of our knowledge—purely
based on commercial considerations and not on any safety concerns.
However, the withdrawal of mangafodipir resulted in that the study
had to be prematurely closed after 14 patients instead of 20 patients
had been enrolled. Reduction in the number of patients in such a
small feasibility study influenced the probability of showing a statis-
tically significant difference between the groups, and accordingly, an
ad hoc statistical analysis was performed on the number of patients
who experienced severe AEs (grades 3 and 4) in the two groups. A
Fisher exact test (one-sided) was used to test the statistical difference
between placebo and mangafodipir-treated patients. P < .05 was con-
sidered statistically significant.

Regarding the hematologic data and where appropriate, a non-
paired, one-sided Student’s t test was used to test statistical differences
between the placebo and the mangafodipir groups. P < .05 was con-
sidered statistically significant. Hematologic data are presented in graph
as means ± SEM.

Results

Study Patients
The patients were enrolled between June 2008 and March 2010 at

the Oncology Clinic, at the County Hospital in Jönköping, Sweden.
Ten were men (six were treated with mangafodipir and four were
treated with placebo) and four were women (three were treated with
placebo and one was treated with mangafodipir). The mean age
of patients in the mangafodipir and placebo groups was 60.7 and
64.3 years, respectively.

As discussed in the Materials and Methods section, the present
study was originally scheduled to enroll 20 patients, but because of
the withdrawal of mangafodipir from the market, the study had to be
closed after 14 patients had been enrolled.

Adverse Events
Except for one event, all other AEs seen in the study were considered

to be related to chemotherapy and/or the disease. On one occasion, a
mangafodipir patient reported moderate respiratory problems during
the initial part of the 5-minute mangafodipir infusion, which may have
been indicative of a light hypersensitivity reaction. The same patient
experienced later on, during the follow-up period (cycle 8), a more
serious hypersensitive reaction to oxaliplatin, which resulted in the
omission of oxaliplatin in the subsequent chemotherapy.

Table 1. Chemotherapy Schedule.

Drug Dose Administration Infusion Agent Time (h)

Ondansetron 8 mg IV injection 0.5 before chemotherapy
β-Methasone 8 mg IV injection 0.5 before chemotherapy
Oxaliplatin 85 mg/m2 IV infusion 0.5 L of glucose 5% 0-2
Ca-LV 200 mg/m2 IV infusion 0.5 L of glucose 5% 0-2
5-FU 400 mg/m2 IV bolus Chase infusion 0.5 L

of NaCl 0.9%
2

5-FU 2400 mg/m2 IV continued
infusion

Chase infusion 2-48
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Eleven grade 2 (moderate) AEs were seen in the placebo group,
whereas two were found in the mangafodipir group (Table 2). Four
grade 3 (severe) AEs were observed in the placebo group and none in
the mangafodipir group. One patient in the placebo group experienced
a grade 4 AE (life threatening). Severe or life-threatening AEs were seen
in three women and in one man. A one-sided Fisher exact test indicated
a statistically significant difference (P = .035) in the number of patients
who experienced grade 3 or 4 events in the two groups. In 3 of 21
scheduled cycles in the placebo group, treatment was delayed because
of grade 3 or 4 AEs, whereas one cycle was delayed in the mangafodipir
group because of a grade 1 thrombocytopenia, in accordance with
clinical routine in colon cancer chemotherapy.
There were eight events of mild (grade 1) diarrhea in the manga-

fodipir group (four patients), whereas there were none in the placebo
group. This was the only AE, although mild, where it was a clear ten-
dency of a higher frequency in the mangafodipir than in the placebo
group. Whether this is a coincidence, or not, remains to be clarified in
forthcoming studies. When mangafodipir is used as an MRI contrast
agent, although at a higher dose level (5-10 μmol/kg) in comparison
to the present study (2 μmol/kg), diarrhea has been reported to occur
at a low frequency.

Hematologic Observations
WBC (leukocytes), ANC (neutrophils), and platelet count in gen-

eral decreased in both groups during the first three FOLFOX6 cycles,
whereas no decrease was seen in Hb (Figure 1). Although there were
two events of severe/life-threatening (grade 3/4) neutropenia in the
placebo group, but none in the mangafodipir group, there were no sta-
tistically significant differences between these two groups regarding the
mean fall in neutrophil counts between the first and last mangafodipir/
placebo-treated cycle (Figure 2). However, the WBC count in the
mangafodipir group was statistically, significantly higher than in the
placebo group after the last treatment cycle (Figure 2).

Serum Biochemical Findings
There were only minor effects on the results obtained from the

biochemical assays of the blood serum in both groups during the first
three cycles of chemotherapy (not shown).

Follow-up
One patient in the placebo group experienced serious edema of the

papillary of the eye during follow-up, an AE probably related to
FOLFOX6 treatment. Because the patients were scheduled to be
treated with placebo or mangafodipir during the first three cycles, ac-
cording to the study design, any influence of treatment was expected
to be seen immediately before the start of cycles 2, 3, and 4. During
the placebo or mangafodipir treatment period (i.e., the first three
FOLFOX cycles), there were four patients who experienced DLT
delays corresponding to a total of 24 days, whereas there were two pa-
tients in the mangafodipir group, corresponding to a total of 12 days
of delay. Importantly, during the placebo/mangafodipir nontreated
period, i.e., from cycle 5 to 12, there were no more delays in the
placebo group than in the mangafodipir group. The total number of
delays during that period was 121 days in the placebo group and
156 days in the mangafodipir group, corresponding to approximately
15.4% and 19.8%, respectively, of the scheduled treatment days during
that period. This observation indicates that the baseline sensitivity
toward DLT to FOLFOX6 in the mangafodipir group was at least as
high as that in the placebo group. The most common cause of delays
was neutropenia, followed by thrombocytopenia.

Reduction in the oxaliplatin dose due to DLT taking place over
time in the two groups was similar, which may further indicate similar
baseline DLT sensitivity in the groups.

Discussion
The cytoprotective effect of mangafodipir is probably related to its
superoxide dismutase (SOD) mimetic activity [15] and its strong
iron-chelating properties [16]. The SOD mimetic activity in combi-
nation with iron chelation makes mangafodipir extremely effective in
arresting production of the most toxic reactive oxygen species, namely
hydroxyl radicals and peroxynitrite.

During pathologic oxidative stress, the production of superoxide
anions exceeds the endogenous protective potential. Moreover, super-
oxide reacts readily with nitric oxide to form highly toxic peroxynitrite,
which nitrates tyrosine residues of theMnSOD enzyme and irreversibly
inactivates the enzyme. Many years ago, this mechanism was suggested
to participate in the chronic rejection of human renal allografts [17],

Table 2. AEs Occurring in the Placebo Group and the Mangafodipir Group, According to NCI-CTCAE Version 3 or Sanofi-NCI Criteria (No Effect = 0, Mild = 1, Moderate = 2, Severe = 3 and
Life Threatening = 4).

AE Placebo (Seven Patients; 18 Cycles) Mangafodipir (Seven Patients; 20 Cycles)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

Neutropenia 3 1 1 1 4 1* 0 0
Other hematologic toxicity 15 1 0 0 13 0 0 0
Neurosensory toxicity 9 0 1 0 9 0 0 0
Oral mucositis 2 2 0 0 0 0 0 0
Nausea 7 3 0 0 9 1* 0 0
Vomiting 1 1 1 0 2 0 0 0
Diarrhea 0 0 0 0 8 0 0 0
Fatigue 4 2 0 0 4 0 0 0
Other AE 3†,‡,§ 1¶ 1# 0 1** 0 0 0
∑AE 44 11 4 1 50 2 0 0

*Patient received a 10% higher dose during the first FOLFOX6 cycle.
†Chest wall pain.
‡Dyspnea.
§Skin reaction (face).
¶Pain in lower extremities.
#Ileus.
**Nasal mucositis.
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and recent results indicate nitration of MnSOD to be an early step in
paracetamol (acetaminophen)-induced liver failure [18], a condition
known to be ameliorated by mangafodipir [9,10]. Whether this mech-
anism is also applicable for cytotoxic drugs remains to be shown.

Antimyelosuppressive, in particular antineutropenic, effects of
mangafodipir were demonstrated in mice at a dose of approximately
15 μmol/kg [11], corresponding to a dose of 1 to 2 μmol/kg in man
(when expressed as μmol/m2). The same dose has also been shown by
the same authors to significantly increase survival in Staphylococcus
aureus–infected mice treated with paclitaxel. Contrary to mangafodipir,

two other well-known SOD mimetics, MnTBAB and CuDIPS, did
not protect against myelosuppressive effects [11].

When it comes to the other serious DLT, namely oxaliplatin-induced
neurotoxicity, no preclinical data exist, to the best of our knowledge,
showing protective effects of mangafodipir. However, a case report [14]
described a patient who received 15 palliative cycles of oxaliplatin plus
5-FU/LV (“Nordic FLOX” regimen), suggesting that mangafodipir
protects against peripheral neurotoxicity. In 14 of the cycles, the patient
received pretreatment with mangafodipir. The patient received an
accumulated dose of 1275 mg/m2 oxaliplatin, which is a dose likely

Figure 2. Neutrophil and leukocyte counts at baseline and after the last placebo- or mangafodipir-treated cycle.

Figure 1. Hematologic data in the placebo group (○) and in the mangafodipir group (•) during the first three FOLFOX6 cycles: cycle 0
represents pretreatment value. n = 7 in each group (mean ± SEM).
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to give neurotoxic symptoms. No neurotoxic symptoms were de-
tected except during the fifth cycle, when mangafodipir was delib-
erately left out and the patient experienced peripheral sensory
neuropathy. After five cycles, the performance status for the patient
was drastically improved, and the demand for analgesics was sig-
nificantly reduced. Neutropenia did not occur during any of the
chemotherapy cycles.
The present small translational study was designed to find out

whether pretreatment with the compound mangafodipir lowers the
frequency and severity of AEs during chemotherapy, as preclinical
data and the above-mentioned case report suggest. For that purpose,
it was decided to test mangafodipir in patients operated on for carci-
noma of the colon, Dukes’ C, and who went through adjuvant/curative
chemotherapy according to the FOLFOX6 regimen. The main reason
for selecting that group of patients was to achieve a small population as
homogenous as possible. After recovery from surgery, most patients are
generally in a good healthy condition, which often distinguish them
from patients with stage Dukes’ D. To make the population even more
homogenous, it was also decided to test mangafodipir during the first
three cycles of FOLFOX6 chemotherapy. We expected that most pa-
tients should be able to go through the first three cycles without any
changes in FOLFOX6 dosing. We anticipated effects of FOLFOX6
on the hematologic data, particularly on neutropenia, during the first
three cycles. Furthermore, we anticipated statistically significant smaller
effect in the mangafodipir group in comparison to the placebo group.
However, regarding the primary parameters (neutropenia and neuro-
toxicity), the unforeseen and premature closing of study, after enroll-
ment of 14 patients—instead of the scheduled 20 patients—of course,
interfered negatively on the probability of showing a statistically signif-
icant difference between placebo- and mangafodipir-treated patients.
Nevertheless, there was a statistically significant less effect of

FOLFOX6 on the leukocytes in the mangafodipir group than in the
placebo group. Moreover, two patients in the placebo group but none
in the mangafodipir group experienced severe/life-threatening (grade 3/4)
neutropenia during the first three cycles of chemotherapy. This differ-
ence did not reach statistical significance, probably because of the small
sample size.
Furthermore, there was no statistically significant difference in

neutrophils between the mangafodipir and placebo group after
FOLFOX. However, there was a tendency, although weak, of a larger
fall over time in the placebo group than in the mangafodipir group.
Preclinical studies have shown statistically significant difference in
both leukocyte and neutrophil counts in balb/c mice receiving placebo
pretreatment and mice receiving mangafodipir pretreatment fol-
lowed by chemotherapy [11]. In an animal model of leukopenia, as
the one used by Alexandre et al. [11], leukopenia may be expected to
occur in every animal receiving chemotherapy (without any adjunct
pretreatment), and the process governing leukopenia is assumed to
be a continuous function. Balb/c mice are highly inbred and hence
genetically homogenous. Therefore, they are expected to display a ho-
mogenous response toward chemotherapy. In genetically heteroge-
neous patients, however, it is often impossible to predict when and if
a particular patient will experience chemotherapy-induced leukopenia.
For instance, in one placebo patient in the present study, the neutrophil
count decreased from approximately 5 × 109/L down to less than 0.8 ×
109/L between the second and third cycles. In that particular patient,
there was no effect of chemotherapy on the neutrophils between the
first and the second cycle. A few other patients in the study went
through the three first cycles without any major change in neutrophils.

Such heterogenicity makes it much more difficult to demonstrate the
efficacy of mangafodipir in a clinical setting than in a preclinical setting.
Another factor to take in consideration is the mangafodipir dose. In
balb/c mice, pretreatment with approximately 15 μmol/kg manga-
fodipir was shown to more or less normalize the leukocyte count.
The mangafodipir dose in the present study, i.e., 2 μmol/kg, was se-
lected from the assumption that the efficacy of mangafodipir correlates
with the dose per squared meter. Whether 2 μmol/kg is a somewhat
low dose in man has to be sorted out. In the case report by Yri et al.
[14], that patient received in fact 10 μmol/kg per chemotherapy cycle.
Furthermore, the dose was divided into two doses each consisting of
5 μmol/kg; the first dose was given immediately before starting chemo-
therapy and the second dose was given the day after.

As expected from the fact that circulating erythrocytes normally live
for several months, in comparison to only hours to days for circulating
leukocytes, no negative effect of chemotherapy on Hb was seen dur-
ing the first three cycles. The difference in mean Hb between the
placebo and the mangafodipir group probably relates to the below-
described gender mismatch and, in general, the higher Hb value in
men; six men and one woman in the mangafodipir group versus four
men and three women in the placebo group.

There are reports suggesting that AEs on 5-FU/LV–based chemo-
therapy may be more common among females than males [19,20].
The accidental mismatch in the number of male and female patients
included in the present study and the number of males and females
randomized into the mangafodipir group, therefore, have to be taken
in consideration. However, when delays in dosing and dose reduc-
tions are compared in the two groups from cycle 5 onward, that is,
when no influence of mangafodipir or placebo is expected, there was
in fact more delays in the mangafodipir group and no difference in dose
reductions, suggesting that the baseline sensitivity toward dose-limiting
toxicity of chemotherapy was at least as high in the mangafodipir group
as in the placebo group.

According to the literature, toxicity presents in approximately half
of the patients receiving 5-FU/LV plus oxaliplatin an intolerable
burden and causes dose reductions, delays, or, in a worst-case scenario,
complete discontinuation of therapy. For instance, in the MOSAIC
study, discontinuation of treatment occurred in 25% and the patients
received, on average, approximately 80% of the planned dose of
FOLFOX [3]. However, the present study shows that dose-limiting
toxicity may even be more problematic. The follow-up in the present
study shows that none of the 14 patients included in the study could
go through FOLFOX6 chemotherapy as scheduled. The follow-up
period may be considered as nontrial situation for the patients; during
that time, the patients did not receive any other treatment than
FOLFOX6. That dose-limiting toxicity may even be more problem-
atic in nontrial patients has been suggested by Fernández-Lobato et al.
[21]. They reported that of 30 patients, only 16 completed the 12
planned FOLFOX4 cycles; 14 patients stopped their treatment (after
an average of 8.1 cycles) because of dose-limiting toxicity in 10 patients,
clinical progression in 3 patients, and death in 1 patient. Of the total
368 cycles administered, 68 suffered administration delays and 22
underwent dosage reduction.

Every patient in the present study experienced some grade of
FOLFOX-related toxicity during the first three cycles. The patient
in the mangafodipir group who experienced one event of grade 2 neu-
tropenia and vomiting accidentally received a 10% higher FOLFOX6
dose during the first cycle, which may have contributed to both neu-
tropenia and vomiting. However, none of the mangafodipir-treated
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patients experienced any severe or life-threatening (grade 3/4) toxic-
ity, whereas four patients in the placebo group experienced grade 3/4
toxicity. Although it should be stressed that the present study is small
and only included a limited number of chemotherapeutic cycles, it is
interesting to see that two (28%) of seven patients in the placebo
group experienced grade 3/4 neutropenia, which fits into the relative
number of patients reported to experience grade 3/4 neutropenia in
the MOSAIC study, including 1108 patients on FOLFOX treatment.
Furthermore, it is reported that neutropenia occurs most often early
in the course of chemotherapy and is often underreported in clinical
trials [22]. It may be further argued, based on retrospective reviews of
large clinical trials, that myelosuppression and neutropenia are surro-
gates for delivered dose intensity with patients encountering neutro-
penic events uniformly experiencing better survival [22,23].

The overall conclusion from the present small translational study is that
mangafodipir lowers the dose-limiting toxicity of chemotherapy, in this
case FOLFOX6, that is, the study seems to confirm inman what has been
shown already in animal studies. The promising result of the present study
has encouraged the Swedish company PledPharma to start producing a
therapeutic brand of mangafodipir for forthcoming larger clinical trials.
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