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treated with adjuvant Folfox IV
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Abstract
Purpose Oxaliplatin-induced neuropathy is a dose-related
side effect which occurs in almost 40 % of patients treated
with oxaliplatin. Aim of the present study was to identify
reliable clinical factors predicting its development and
duration.
Methods One hundred sixty-nine completely resected colo-
rectal cancer patients treated with adjuvant Folfox IV regi-
men were retrospectively included. The following pre-
treatment clinical parameters were collected: hypocalcae-
mia, hypomagnesaemia, hypoalbuminaemia, anaemia, dia-
betes, chronic renal failure (CRF), folate deficiency, vitamin
B12 deficiency, number of cycles received and habit to
alcohol consumption. Incidence, grade (NCI-CTCAE v.3)
and duration of neuropathy were recorded.

Results Incidence of neuropathy was found to be higher in
patients with pre-treatment anaemia (p00.001), hypoalbu-
minaemia (p00.01) and hypomagnesaemia (p00.001) as
well in those with habit to alcohol consumption (p0
0.003). Neuropathy durations were conversely associated
with age, being longer in younger patients (p00.03), and
again with hypoalbuminaemia (p00.04) and hypomagne-
saemia (p00.002). No correlation was found with gender,
hypocalcaemia, diabetes and CRF. The correlation between
vitamin B12 and folate levels and the development of neu-
rotoxicity were not analysed because of the high number of
missing data in the population.
Conclusions Age, anaemia, hypoalbuminaemia, hypomag-
nesaemia and alcohol consumption are reliable and easily
assessable clinical factors predicting incidence and length of
oxaliplatin-induced neuropathy.

Keywords Oxaliplatin-induced neuropathy . Colorectal
cancer . Neurotoxicity . Clinical predictive factors

Introduction

Oxaliplatin, together with 5-fluorouracil and leucovorin
(Folfox regimen) or with capecitabine (Xelox regimen),
is currently a mainstay of adjuvant chemotherapy in
resected colorectal cancer (CRC) patients. The Multicen-
ter International Study of Oxaliplatin/5-Fluorouracil/Leu-
covorin in the Adjuvant Treatment of Colon Cancer
(MOSAIC) trial pointed out that adding oxaliplatin to
a regimen of fluorouracil and leucovorin improves the
disease-free survival (DFS) of stage III (HR for recur-
rence 0.76) or high-risk stage II (HR for recurrence
0.80) resected CRC patients [1]. A more recent analysis
has also proven an impact of oxaliplatin-based therapy
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on overall survival [2]. Haller et al. have shown similar
results comparing fluorouracil and leucovorin (3-year
DFS rate of 66.5 %) versus oxaliplatin plus capecitabine
(3-year DFS rate of 70.9 %) regimen in stage III CRC
patients [2].

Oxaliplatin-induced peripheral neuropathy is the main
concern about the use of this drug. In fact, oxaliplatin can
cause both acute neuropathy (transient, distal paresthesias
during or shortly after the first minutes of infusion) and
chronic sensory neuropathy (distal paresthesia and numb-
ness which can lead to functional disability, in the case of
grade 3 toxicity). These neurosensory symptoms increase in
intensity with cumulative doses, persist between cycles and
affect the quality of life in the majority of patients.

In the MOSAIC trial, the incidence of grade (G) 2–3
peripheral neuropathy during the treatment was 40 %
and it persisted 18 months after treatment termination in
3.9 % of all patients [1]. Despite some promising efforts
in the last years, an effective treatment for oxaliplatin-
induced peripheral neuropathy is not available yet.

Moreover, there are not available data regarding
clinical parameters potentially able to predict the onset
and persistence of peripheral neuropathy during and
after oxaliplatin treatment, respectively. Interestingly,
Attal et al. have described how the presence of hyper-
algesia to cold and heat stimuli is a reliable early
clinical marker of oxaliplatin neurotoxicity [3]. More-
over, a recently published prospective study by Won et
al. identified several polymorphisms associated with
severe oxaliplatin-induced chronic peripheral neuropa-
thy in two independent data sets, and it also evaluated
these polymorphisms as potential predictive markers
[4]. The results from this study underlined how a
genome-wide pharmacogenomic approach could be
useful for identifying novel predictive polymorphism
that may be used in personalised chemotherapy. Aim
of the present retrospective study was to evaluate some
pre-treatment clinical parameters that may influence
peripheral nerves function (age, sex, hypocalcaemia,
hypomagnesaemia, hypoalbuminaemia, anaemia, diabe-
tes, chronic renal failure, folate and vitamin B12 defi-
ciency and the habit to alcohol consumption) as
predictive factors of development and duration of
oxaliplatin-induced chronic peripheral neuropathy.

Patients and methods

Patient population

In order to perform our study, we decided to retrospectively
include all available completely resected CRC patients, treated
between 2000 and 2011 at the University Campus Bio-
Medico of Rome (Roma), Ospedale S. Giovanni di Dio
(Frattaminore), Ospedale S. Salvatore (Pesaro) and Ospedale
Giovanni II (Bari). As additional inclusion criteria, all the
patients had to be treated with adjuvant Folfox IV regimen,
which comprised a 2-h infusion of 200 mg of leucovorin/m2

of body surface area followed by a bolus of 400 mg/m2 of
fluorouracil and then a 22-h infusion of 600 mg/m2 of fluoro-
uracil given on two consecutive days. Oxaliplatin (85 mg/m2)
was administered with a 2-h infusion on day 1. This schedule
was repeated every 14 days, for 12 cycles.

Data collection

The peripheral neurotoxicity developed during the treatment
was evaluated according toNCI-CTCAEversion 3 [5] (Table 1)
and was recorded. The length of the neurotoxicity and the total
dose of oxaliplatin received were calculated, and every even-
tual treatment administered for the treatment of neurotoxicity
was recorded. We retrospectively collected the pre-treatment
using the following parameters: hypocalcaemia, hypomagne-
saemia, hypoalbuminaemia, anaemia, diabetes, chronic renal
failure (CRF), folate and vitamin B12 deficiency and the habit
to alcohol consumption (Table 2).

Statistical analysis

The incidence of neuropathy was described as the rate of
neurotoxicity occurring during the entire treatment duration.
The severity was described as the highest common criteria
toxicity recorded during the treatment. Stratified permutation
tests were carried out to explore the association between
clinical categorical variables and incidence/severity of
oxaliplatin-induced neuropathy. The duration of oxaliplatin-
induced neurotoxicity was described as the median value (and
95 % confidence interval) and was determined using Kaplan–
Meier product limit method. The differences in terms of
duration of neurotoxicity according to the different clinical

Table 1 Neurotoxicity evaluation criteria, NCI-CTCAE version 3

Grade G0 G1 G2 G3 G4

Neuropathy
(sensory)

Normal
function

Loss of deep tendon
reflexes or paresthesia
(including tingling), but
not interfering with
function

Sensory alteration or paresthesia
(including tingling), interfering
with function, but not interfering
with activity daily living

Sensory alteration or
paresthesia interfering
with activity daily
living

Disabling
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variables were evaluated using the log-rank test. A multivar-
iate analysis was performed to assess the specific weight of
each clinical variable on the onset of neurotoxicity. SPSS
software (version 17.00, SPSS, Chicago) was used for statis-
tical analysis. A p value of <0.05 was considered to indicate
statistical significance.

Results

Patient population

One hundred sixty-nine completely resected CRC patients
treated with adjuvant Folfox IV regimen were retrospec-
tively included in our study. Patient characteristics are
shown in Table 3.

Among the enrolled patients, 50 % were under 60 years
(84/169), while 50 % were over (85/169). Males represented
45 % of the sample (76/169), while female, 55 % (93/169).

As for comorbidities, 18 % of patients were diabetic (29/
169), and 9 % were affected by chronic kidney failure (15/
169). Of all patients, 8 % were found to be used to alcohol
consumption (13/169).

Hypoalbuminaemia was found to be the most common
findings among laboratory parameters, being present in
80 % of patients (136/169); anaemia was detected in 55 %
of patients (93/169); hypocalcaemia, in 20 % (34/169); and
hypomagnesaemia, in 26 % (44/169). Finally, 10 % of
patients received ≤6 cycles of Folfox IV (18/169), while
90 % (151/169), 7 to 12 cycles.

Incidence of peripheral neuropathy

Table 4 shows the incidence of peripheral neurotoxicity
developed during the treatment and its correlation with
clinical potential predictive factors. No grade 4 peripheral
neuropathy was recorded.

In the present study, age (p00.78) and gender (p00.97)
were not found to be associated with the development of
peripheral neuropathy. In fact, G2–G3 neurotoxicity was
recorded in 52 % of patients both in the older (44/85) and
in the younger group (4/84). Similarly, it was observed in
50 % (38/76) of male patients and in 54 % (50/93) of female
patients.

On the contrary, G2–G3 neurotoxicity was observed in
56 % (52/93) of anaemic patients and in 47 % (36/76) of
non-anaemic patients, and the difference was found to be
statistically significant (p00.001). Furthermore, the inci-
dence of G2–G3 neurotoxicity was also significantly
higher in patients with hypoalbuminaemia (50 %, 68/
136) than in those with normal level of albumin (61 %,
20/33) (p00.01).

Regarding electrolytes levels, calcium levels were not
significantly associated with the onset of neuropathy.

Table 2 Parameters definition

GFR glomerular filtration rate,
MDRD modification of diet in
renal disease

Parameter Definition

Hypocalcaemia Serum ionised calcium <1.1 mmol/L

Hypomagnesaemia Serum magnesium <1.8 mEq/L

Hypoalbuminaemia Serum albumin level <3.5 gr/dL

Anaemia Haemoglobin level <12 g/dL for women and <13 g/dL for men

Diabetes Two fasting glucose assessment (done in different days) >126 mg/dL

Chronic renal failure GFR <60 ml/min/1.73 m2 (calculated through MDRD formula)

Vitamin B12 deficiency Serum vitamin B12 level <200 pg/mL

Folate deficiency Serum folate level <140 μg/L

Alcohol consumption ≥5 glasses in a single occasion for men and ≥4 glasses in a
single occasion for women, usually within 2 h

Table 3 Patient population

Characteristic Patients (%)

Age

<60 years 84 (50)

>60 years 85 (50)

Gender

Male 76 (45)

Female 93 (55)

Comorbidities

Diabetes 29 (18)

Chronic renal failure 15 (9)

Habit to alcohol consumption 13 (8)

Blood test findings

Anaemia 93 (55)

Hypoalbuminemia 136 (80)

Hypocalcaemia 34 (20)

Hypomagnesaemia 44 (26)

Number of Folfox cycles

<6 cycles 18 (10)

>6 cycles 151 (90)
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Forty-nine percent (66/135) of patients with normal
calcium levels and 65 % (22/34) of patients with hypo-
calcaemia (p00.1) presented G2–G3 neurotoxicity. Inter-
estingly, a reduction in magnesium plasmatic levels
resulted to be highly associated with the severity of
neurotoxicity: 42 % (53/125) of patients with normal
magnesium levels developed G2–G3 peripheral neurop-
athy versus 80 % (35/44) of patients with hypomagne-
saemia (p00.001).

Diabetic patients did not show a higher incidence of
peripheral neuropathy when compared with non-diabetic
patients (p00.33). In particular, G2–G3 neurotoxicity was
observed in 51 % (72/140) of non-diabetic population and in
55 % (16/29) of the diabetic population. As for chronic renal
failure, the incidence of G2–G3 neurotoxicity was 49 % (76/
154) among patients with normal renal function versus 80 %
(12/15) in the population with renal impairment (p00.05).

The alcohol consumption, defined as reported in Table 2,
found to be associated with an increased incidence of G2–
G3 neurotoxicity: in fact, it occurred in 69 % (9/13) of
patients with a higher alcohol intake compare with versus
51 % (79/156) in the other group (p00.003).

Finally, the incidence of G2–G3 peripheral neuropathy
appeared to be positively correlated with the number of che-
motherapy cycles (p00.0001). In fact, no G2–G3 neurotoxic-
ity was developed by patients receiving ≤6 cycles of Folfox
IV, while it was developed by 42 % (64/151) of patients
treated with 7–12 cycles. All these results have been con-
firmed in the multivariate analysis, including the correlation
between CRF and the development of neurotoxicity (p00.04).
The correlation between vitamin B12 and folate levels and the
development of neurotoxicity were not analysed because of
the higher number of missing data in the population (due to
the retrospective design of the study).

Table 4 Correlation between
potential prognostic factors and
peripheral neuropathy
development

Hb haemoglobin, CRF chronic
renal failure

Parameter Patients developing Patients developing Statistical
significance (p)G0–G1 neurotoxicity (%) G2–G3 neurotoxicity (%)

Age 0.78

≤65 years 40 (48) 44 (52)

>65 years 41 (48) 44 (52)

Gender 0.97

Male 38 (50) 38 (50)

Female 43 (46) 50 (54)

Hb level 0.001

Normal 40 (53) 36 (47)

Low 41 (44) 52 (56)

Albumin level 0.01

Normal 68 (50) 68 (50)

Low 13 (39) 20 (61)

Calcium level 0.1

Normal 69 (51) 66 (49)

Low 12 (35) 22 (65)

Magnesium level 0.0001

Normal 72 (58) 53 (42)

Low 9 (20) 35 (80)

Diabetes 0.33

Absent 68 (49) 72 (51)

Present 13 (45) 16 (55)

CRF 0.05

Absent 78 (51) 76 (49)

Present 3 (20) 12 (80)

Alcohol consumption 0.003

Absent 77 (49) 79 (51)

Present 4 (31) 9 (69)

Number of cycles 0.0001

≤6 cycles 18 (100) 0

>6 cycles 87 (58) 64 (42)

1316 Support Care Cancer (2013) 21:1313–1319



Duration of peripheral neuropathy

In the present study, the duration of neuropathy was signifi-
cantly longer in younger patients (p00.03), regardless of
gender (p00.30) and presence of anaemia (p00.79), diabetes
(p00.4) and renal impairment (p00.22). Among the other
parameters evaluated, the duration of peripheral neurotoxicity
was significantly associated with low albumin levels (p00.04)
and with the presence of hypomagnesaemia (p00.002), while
no difference was observed between patients with low or
normal calcium levels (p00.21).

Finally, the habit of alcohol consumption did not show any
impact on the duration of the neuropathy (p00.9). Figure 1
shows the correlation between age, hypoalbuminaemia, hypo-
magnesaemia and length of peripheral neuropathy (in weeks).

Discussion

Despite the efforts done in the last decade, chronic periph-
eral neuropathy is still a recognised complication of

oxaliplatin-based regimen, which can lead to dose reduction
or treatment discontinuation, with possible significant im-
pact on patients’ quality of life. Currently available data
show that oxaliplatin-induced neuropathy is a dose-related
side effect which occurring in almost 50 % of patients
treated with oxaliplatin. Unfortunately, no reliable predic-
tive factors have been identified yet, and a standardised
approach in terms of prevention and treatment has still not
being defined.

With the present study, for the first time, we aimed
to identify potential clinical parameters, easily obtain-
able by a pre-treatment assessment of the patient and
complete blood test, to predict the development and the
length of peripheral neuropathy. In the present series,
the incidence of G2–G3 neurotoxicity in patients treated
with adjuvant Folfox IV is 42 %, which is consistent
with previous reports. Among the 169 colorectal cancer
patients enrolled, the incidence of oxaliplatin-induced
neuropathy was higher in anaemic patients (p00.001)
and in those with pre-treatment low levels of albumin
(p00.01) and magnesium (p00.001).

Fig. 1 Correlation between age, hypoalbuminaemia, hypomagnesaemia and length of peripheral neuropathy (in weeks)
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While no data are currently available on the possible
relation between anaemia or serum albumin level and
peripheral neuropathy development, the role of magne-
sium supplementation in the prevention of peripheral
neuropathy with different aetiologies has been extensively
investigated. For example, low magnesium levels in type
1 diabetes are associated with electromyographical signs
of polyneuropathy [6], and a long-term oral supplemen-
tation seems to influence favourably the natural evolution
of neuropathy in these patients [7]. Similarly, the results
from the present study prove a strong correlation between
hypomagnesaemia and the development of oxaliplatin-
induced neurotoxicity. These data appear in concordance
with recent reports from two clinical trials, the North
Central Cancer Treatment Group (NCCTG) N04C7 [8]
and the French Neuroxa study [9], supporting intravenous
magnesium supplementation as an effective neuroprotec-
tant against oxaliplatin-induced neuropathy. Unfortunately,
the NCCTG N04C7 trial was closed after 104 of 300
planned patients were enrolled—this was due to a report
from a previous phase III trial, the CONcePT [10], which
initially showed that the Ca/Mg infusion arm was asso-
ciated with a decreased response rate to oxaliplatin.
However, the final results of this trial, probably due to
early closure and lack of statistical power, were unable to
demonstrate a substantial decrease in neuropathy in
patients receiving Ca/Mg versus those receiving placebo.
Furthermore, data regarding the lower response rate in
the experimental arm were subsequently found to be
incorrect.

Regarding the incidence of oxaliplatin-induced neuropa-
thy, we found that alcohol consumption promote the devel-
opment of oxaliplatin-induced neuropathy (p00.003).
Chronic alcohol consumption is known to affect the periph-
eral nervous system. The pathogenesis of this damage is
complex and still poorly understood; direct toxic effect,
nutritional deficiency and oxidative stress are probably in-
volved. Interestingly, alcohol consumption was proved to
enhance anti-retroviral painful peripheral neuropathy [11].
These evidences suggest that the avoidance, or at least a
moderate intake, of alcohol consumption should be proba-
bly recommended to those patients who are going to start an
oxaliplatin-based treatment.

In accordance with previous reports [12, 13], our ret-
rospective analysis confirms that, although the rationale is
strong, both diabetes mellitus and age are not associated
with an increased risk of chemotherapy-induced peripheral
neuropathy, and they should not be considered as deter-
rents to oxaliplatin-based treatments. However, it must be
noted that diabetic patients enrolled in this series are
patients with newly diagnosed diabetes or under anti-
diabetic treatment, and therefore, their serum glucose lev-
els remain usually into the range. We believe that, despite

the absence of correlation, a long-term control of gly-
caemia should be achieved in diabetic patients treated
with oxaliplatin, in order to avoid the worsening of
peripheral symptoms.

Regarding the duration of peripheral neuropathy, it was
found to be longer in those patients with low albumin levels
(p00.04) and hypomagnesaemia (p00.002). Moreover, a
correlation with age was found, being younger patients at
higher risk for a prolonged duration of peripheral symptoms.

Conclusion

In conclusion, the results from our analysis allow to poten-
tially identify, prior to treatment start, a subgroup of patients
with an increased risk of developing a severe and long-
lasting oxaliplatin-induced peripheral neuropathy. Particular
attention should be paid to young patients, with a pre-
treatment detection of anaemia, hypoalbuminaemia, hypo-
magnesaemia and habit to alcohol consumption. In these
patients, a preventive restore of normal magnesium levels
should be considered and a limited consumption of alcohol
should be recommended. Furthermore, in order to prevent
the late sequelae of peripheral nervous system injury, an
early treatment of oxaliplatin-induced neuropathy with one
of the compound today available (e.g., duloxetine [14],
venlafaxine [15]) should be undertaken. The main limitation
of the present study is represented by its retrospective de-
sign. Further prospective studies are needed to confirm these
preliminary data and to validate the use of our identified
clinical parameters as predictors of oxaliplatin-induced
chronic peripheral neuropathy.
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