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Introduction
Oxaliplatin, a newer platinum anticancer 
drug that differs both structurally and in the 
spectrum of activity from other platinum 
drugs, has been in use in the treatment 
of various digestive tract cancers.[1] It is 
often used along with other drugs as a 
combination regimen. Oxaliplatin‑based 
combination regimens such as FOLFOX, 
CAPOX, and EOX which consists 
of leucovorin, 5‑fluorouracil and 
oxaliplatin; capecitabine, oxaliplatin and 
epirubicin, capecitabine and oxaliplatin; 
respectively have demonstrated prolonged 
progression‑free survival and overall 
survival in both early as well as advanced 
disease of the gastrointestinal tract.[2‑7]

One of the main dose‑limiting toxicities 
for oxaliplatin is peripheral neuropathy 
(PN) which affects nearly 75% of all 
treated patients.[8] Oxaliplatin‑induced PN 
(OXAIPN) can be characterized into two 
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Abstract
Purpose: The aim of the current study is to report our prospective experience on the prevalence 
of oxaliplatin‑induced peripheral neuropathy (OXAIPN) in patients with digestive tract cancers 
treated with oxaliplatin‑based combination therapy. Materials and Methods: A total of 219 patients 
scheduled to be treated with oxaliplatin‑based combination therapy were prospectively examined 
at baseline and follow‑up during the therapy between November 2014 and December 2016. The 
incidence of acute OXAIPN was measured using a descriptive questionnaire (yes/no question) based 
on sum of number of symptoms present and NCI‑CTCAE version 4.03 was applied to clinically 
grade the severity of chronic OXAIPN. Results: Acute and chronic OXAIPN was found in 108 
of 219 (49.3%) and 127 of 219 (58%) patients, respectively. Out of 11 acute OXAIPN symptoms, 
the vast majority of patients manifested cold‑induced pharyngolaryngeal (63.8%) dysesthesias 
or perioral (61.1%) paresthesias. Development of acute OXAIPN was predictive of subsequent 
development of chronic OXAIPN (P = 0.0001). All the patients received a median cumulative dose 
of 780 mg/m2 (range: 130–1040 mg/m2). There was a significant correlation between the patients who 
received the median cumulative dose and the development of chronic OXAIPN. The incidences of 
OXAIPN in patients with median cumulative dose of ≤780 mg/m2 was 51/120 (42.5%) and >780 mg/
m2 was OXAIPN 76/99 (76.7%) (P = 0.0001). Conclusion: The current study results demonstrate 
that the vast majority of patients who receive oxaliplatin‑based combination chemotherapy will 
manifest acute OXAIPN that may contribute to the development of chronic peripheral neuropathy on 
repeated courses of drug administration.
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distinct types. One is an acute type which 
is transient and predominantly sensory 
and may be aggravated or precipitated by 
cold exposure. It has a rapid onset and 
lasts from few hours to days following 
treatment but is reversible. The second 
type is the chronic PN. It is sensory in 
nature, gradually progressive, and incidence 
increase with increasing the cumulative 
dose of oxaliplatin at around 700 mg/m2. 
It is characterized by sensory paresthesias 
and dysesthesias which may impair daily 
activities of the patient.[9‑14]

The development of acute form is believed 
to be due to dysfunction of nodal axonal 
voltage‑gated sodium channels and 
probably the calcium channels. The rapid 
chelation of calcium by oxaliplatin‑induced 
oxalate and the subsequent alteration in 
voltage‑dependent sodium channel kinetics 
could be the main reason that generates the 
acute OXAIPN. Conversely, oxalaiplatin 
accumulation in sensory neurons of dorsal 
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root ganglia (DRG) may result in chronic OXAIPN by 
damaging the DRG with axoplasmatic transport changes. In 
addition, oxidative stress from mitochondrial dysfunction 
also may contribute significantly to OXAIPN through 
neuronal apoptosis.[15,16]

To date, there have been very few studies in literature 
which attempted to define predictive markers for OXAIPN 
and efforts to identify effective prophylactic or therapeutic 
agents but were inconclusive. Identification of an accurate 
marker that would provide or predict the incidence or 
severity of OXAIPN can be useful in controlling this 
toxicity. This study was aimed to report on the incidence 
and severity of both the acute and chronic OXAIPN in 
South Indian cancer patients treated with oxaliplatin‑based 
combination regimen to investigate the association of 
OXAIPN with baseline as well as clinical characteristics.

Materials and Methods
Study design

It is a prospective, single institutional study conducted in 
the Departments of Medical Oncology, Pharmacology, and 
Neurology at Jawaharlal Institute of Postgraduate Medical 
Education and Research, Puducherry, India. The patients 
were recruited during a 26‑month period from out patient’s 
Department of Medical Oncology, between November 2014 
and December 2016.

Patient selection

Patients with histologically confirmed gastric or 
colorectal cancer, scheduled to receive oxaliplatin‑based 
combination (Modified FOLFOX‑4, CAPOX, and EOX) 
either as adjuvant, neoadjuvant treatment or as palliative 
treatment were prospectively screened. The following 
were the inclusion criteria: Patients who have not received 
oxaliplatin previously, normal liver (bilirubin: 0.3–1.9 mg/dL; 
alanine transaminase and aspartate transaminase: 7–40 U/L 
and 10–40 U/L) and renal functions serum creatinine: 
0.6–1.1 mg/dL in women and 0.7–1.3 mg/dL in men, blood 
urea nitrogen: 7–20 mg/dL), normal electrophysiological 
profile (Nerve conduction velocity, amplitude, distal latency) 
of unilateral (Right side) sural, common peroneal and ulnar 
nerves. The exclusion criteria were patients aged <18 years, 
pregnant or lactating women, preexisting PN, Eastern 
Cooperative Oncology Group Performance status >2, patient 
receiving other drugs causing PN.

Chemotherapy treatment and dose modification

The allocation to treatment of oxaliplatin‑based regimen 
was made according to treating medical oncologist’s 
discretion. For the FOLFOX regimen, oxaliplatin was 
given at 85 mg/m2 every 2 weeks for 12 cycles and with 
CAPOX and EOX regimen, patients received oxaliplatin 
at 130 mg/m2, every 3 weeks, for 8 cycles, respectively. 
Oxaliplatin was infused intravenously for 2 h for all the 
patients. Dose adjustments of the study drugs or treatment 

delays were calculated based on the development of 
toxicity grade. For persistent or temporary (at least 
14 days) painful paresthesia, dysesthesia or functional 
impairment, 25% of oxaliplatin dose was reduced. If in 
spite of the 25% oxaliplatin dose reduction the Grade 3 or 
4 neurotoxicity persisted, chemotherapy was not given in 
subsequent cycles.[17] Symptomatic treatment was given for 
neurotoxicity during the administration of chemotherapy.

Outcome measures

For the assessment of acute OXAIPN, we used a simple 
descriptive questionnaire (a yes/no response format) 
to quantify the frequency of the 11 most common 
hyperexcitability and transient symptoms, as previously 
described by Velasco et al.: 2014, and Argyriou et al.; 
2013.[18,19] For the current study, severity was graded 
based on the sum of number of symptoms If the patients 
manifested 1–3 symptoms, the severity of OXAIPN was 
graded 1, if the symptoms were present between 4 and 6 
then the severity was Grade 2 and so if 6–9 symptoms were 
present then it was graded 3 and more than 9 symptoms 
was graded as 4. Oxaliplatin‑induced chronic PN (chronic 
OXAIPN) was graded using the National Cancer Institute 
common toxicity criteria, version 4.03. (NCI‑CTCAE 
Version 4.03, America). Both the acute and chronic 
OXAIPN were evaluated at every cycle of treatment.

Electrophysiological profile (nerve conduction studies)

Nerve conduction studies (NCS) were done unilaterally, 
especially right side using standardized technique (Nihon 
kohden, model: MEB9200K, Tokyo, Japan). Sensory 
and motor conductions were evaluated in ulnar, sural 
and common peroneal nerves by measuring peak to peak 
amplitude, nerve action potentials, and conduction velocities.

Statistical analysis

Descriptive statistics were used for all variables. 
Comparison of categorical data among patients treated 
with modified FOLFOX, CAPOX, EOX, and association 
of baseline characteristics with incidence of OXAIPN was 
done using the two‑sided Chi‑square test. The correlation 
between the incidence and severity of chronic OXAIPN 
development and severity of acute OXAIPN was also 
done with Chi‑square test. Oxaliplatin dose association 
with development of OXAIPN was done using Student’s 
t‑test. P < 0.05 was considered as statistically significant. 
All the data analysis was done by GraphPad Instat 
version 3.0. (Graph Pad Software Inc., San Diego, CA, 
USA).

Results
Between November 2014 and December 2016, a total 
of 273 patients scheduled to receive oxaliplatin‑based 
chemotherapy were initially screened and 219 patients 
eventually included in the study. During screening, 
54 patients were excluded for various reasons. 39 patients 
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were excluded due to presence of either clinical neuropathy 
or due to abnormal NCS results and 9 patients for receiving 
oxaliplatin previously and 6 patients for other reasons such 
as abnormal liver and kidney functions.

Among 219 patients, 137 (62.5%) were male, and 
82 (37.5%) were female with a median age of 
53 years (range, 19–75 years). The mean oxaliplatin dose 
administered to the patients was 778.5 ± 266.5 mg/m2. 
Detailed baseline demographics and clinical characteristics 
of the patients are listed in Table 1.

A total of 136 (62.1%) patients had completed planned 
chemotherapy treatment. There were 10 (4.6%) deaths 
while 48 (21.9%) patients were lost to follow‑up. Treatment 
change was there in 25 (11.4%) patients due to disease 
progression (18 patients), PN (2 patients), hematological 
(3 patients), and gastrointestinal toxicity (2 patients).

Incidence and severity of acute oxaliplatin‑induced 
peripheral neuropathy

Acute OXAIPN symptoms, defined as those occurring 
immediately or later (within 14 days) following oxaliplatin 

infusion, occurred in 108 of 219 (49.3%) patients. Out 
of 108, overall the vast majority of patients manifested 
cold‑induced pharyngolaryngeal (63.8%) dysesthesias 
or perioral (61.1%) paresthesia. Development of acute 
OXAIPN was seen in the majority of the patients who 
received between cycles 0 and 6 of FOLFOX, 0 and 
4 cycles of CAPOX, EOX. Table 2 summarizes the 
proportion along with median duration of symptoms for 11 
acute OXAIPN symptoms.

The average number of symptoms that patients with acute 
OXAIPN reported was 3 symptoms (range, 1–9 symptoms). 
Most common symptoms seen at first cycle were 
cold‑induced perioral paresthesia (23 patients) and 
pharyngolaryngeal dysesthesia (19 patients) followed 
by jaw stiffness (15 patients), and difficulty in 
swallowing (13 patients). The maximum grade of acute 
OXAIPN was Grade1 in 70 (64.8%) patients, Grade 2 in 
33 (30.5%) patients, and Grade 3 in 5 (4.6%) patients. The 
median time for onset of acute OXAIPN was 21 (1–84) 
days.

Incidence and severity of chronic oxaliplatin‑induced 
peripheral neuropathy

At the end of treatment, chronic OXAIPN was present in 
127 of 219 patients (58.0%). The median cumulative dose 
of oxaliplatin was 780 mg/m2 (range: 130–1040 mg/m2). 
The incidence of chronic OXAIPN in patients with median 
cumulative dose of ≤780 mg/m2 was 51/120 (42.5%) and 
>780 mg/m2 was OXAIPN 76/99 (76.7%) (P = 0.0001).
The incidence of chronic OXAIPN for different regimes 
was 77/123 (62.6%), 42/76 (55.2%), 8/20 (40.0%) for 
CAPOX, EOX, and FOLFOX, respectively. The maximum 
grade of chronic OXAIPN was Grade 1 in 71 (55.9%) 
patients, Grade 2 in 54 (42.5%) patients, Grade 3 in 
2 patients (1.5%). The median time to the onset of chronic 
OXAIPN was 105 (42–168) days.

Table 1: Baseline demographics and clinical 
characteristics (n=219)

Variable Number of 
patients (%)

Age
Median (range), years 53 (19‑75)

Gender
Male 137 (62.5)
Female 82 (37.5)

ECOG‑PS
0 10 (4.6)
1 178 (81.3)
2 31 (14.1)

Site of cancer
Stomach 111 (50.7)
Colorectal 106 (47.3)

Type of chemotherapy
Adjuvant 82 (37.4)
Neoadjuvant 28 (12.8)
Palliative 109 (49.8)

Type of regimen
CAPOX 123 (56.2)
EOX 76 (34.7)
FOLFOX 20 (9.1)

Plasma mean/median cumulative dose of 
oxaliplatin received (planned cumulative dose)

CAPOX (1040 mg/m2 in 8 cycles) 806.4±257.8 mg/m2

EOX (1040 mg/m2 in 8 cycles) 735.5±271.4 mg/m2

FOLFOX (1020 mg/m2 in 12 cycles) 770.7±266.5 mg/m2

Patients completed the planned chemotherapy 
course of treatment

136 (62.1)

ECOG – Eastern Cooperative Oncology Group; PS – Performance 
status; CAPOX – Capecitabine plus oxaliplatin; EOX – Capecitabine; 
FOLFOX – Versus 5‑fluorouracil/folinic acid plus oxaliplatin

Table 2: The incidence of acute oxaliplatin‑induced 
peripheral neuropathy symptoms in the patients 

receiving oxaliplatin (n=108 of 219 patients; 49.3%)
Symptoms Number of 

patients (%)
Median duration; 

days (range)
Cold‑induced perioral 
paresthesia

66 (61.1) 5 (2‑10)

Cold‑induced 
pharyngolaryngeal dysesthesia

69 (63.8) 7 (3‑11)

Shortness of breath 30 (27.7) 3 ( 2‑6)
Swallowing difficulty 37 (34.2) 3 (2‑6)
Laryngospasm 0 ‑
Muscle cramps 28 (25.9) 5 (2‑10)
Jaw stiffness 48 (44.4) 3 (2‑8)
Visible fasciculation 2 (1.6) 2
Voice changes 1 (0.9) 2
Ptosis 0 ‑
Visual field changes 33 (30.5) 7 (2‑14)
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Association of acute and chronic oxaliplatin‑induced 
peripheral neuropathy

In total, 108 of 219 patients (49.3%) who developed 
acute OXAIPN, 84 (77.7%) patients eventually 
manifested various degrees of chronic OXAIPN while 
24 (22.3%) patients did not develop any degrees of 
chronic OXAIPN. Of 111 patients, 43 (38.7%) patients 
who did not develop any degree of acute OXAIPN 
developed chronic OXAIPN. The incidence of acute 
OXAIPN was predictive of subsequent development 
of chronic OXAIPN (P = 0.0001) [Table 3]. However, 
acute OXAIPN was significantly higher in incidence 
in patients <53 years while there was no association of 
incidence of acute OXAIPN with other baseline factors as 
shown in Table 4.

The incidence of chronic OXAIPN was related to the 
cumulative oxaliplatin dose and patients receiving >780 mg/m2 
of cumulative dose of oxaliplatin had higher incidence of 
chronic OXAIPN. The incidence of chronic OXAIPN was not 
associated with other baseline and clinical factors such as age, 
gender, performance status, and comorbidity status, site of 
cancer or type of combination chemotherapy [Table 4].

Dose modification or drug infusion prolongation:

A total of 12 (11.1%) of 108 patients who developed acute 
OXAIPN required prolongation of oxaliplatin infusion from 
2 h to 4–6 h due to development of severe acute OXAIPN. 
Prolongation of oxaliplatin infusion occurred at, 1st course 
in 4 patients, 2nd course 6 patients, 3rd course 1 patient, 
and 6th course 1 patient. There was 25% dose reduction in 
5 (4.6%) of 108 patients after 5 courses of chemotherapy 
due to toxicity development. A total of 3 patients were 
due to hematological toxicity, and 2 patients were due 
to chronic PN. No patient was discontinued on planned 
chemotherapy protocol due to OXAIPN.

Discussion
Oxaliplatin‑based combination chemotherapy is presently 
considered as first‑line treatment in various gastrointestinal 

Table 3: Association of acute oxaliplatin‑induced 
peripheral neuropathy with chronic oxaliplatin‑induced 

peripheral neuropathy
Acute 
OXAIPN

No. of patients Chronic OXAIPN P
Yes NO

Yes 108 84 24 0.0001
No 111 43 68
OXAIPN – Oxaliplatin‑induced peripheral neuropathy

Table 4: Association of acute OXAIPN and chronic OXAIPN with baseline variables
Variable No. of patients Acute OXAIPN P Chronic OXAIPN P

No Yes No Yes
Age

Median 53
≤53 117 48 69 0.001 43 74 0.1
>53 102 63 39 49 53

Gender
Male 137 73 64 0.3 57 80 0.9
Female 82 38 44 35 47

ECOG‑PS
0 19 9 10 0.4 8 11 0.8
1 173 91 82 74 99
2 27 11 16 10 17

Site of cancer
Stomach 111 54 57 0.6 44 67 0.9
Colorectal 108 57 51 48 60

Type of chemotherapy
Ajuvant 82 44 38 0.7 35 47 0.9
Neoadjuvant 28 15 13 12 16
Palliative 109 52 57 45 64

Type of regimen
CAPOX 123 61 62 0.4 46 77 0.1
EOX 76 37 39 34 42
FOLFOX 20 13 7 12 8

Median dose 780 mg/m2

≤780 120 61 59 0.9 69 51 0.0001
>780 99 50 49 23 76

ECOG – Eastern Cooperative Oncology Group PS – Performance status; CAPOX – Capecitabine plus oxaliplatin; EOX – Epirubicin, 
Oxaliplatin, Capecitabine; FOLFOX – 5‑fluorouracil/folinic acid plus oxaliplatin



Palugulla, et al.: Oxaliplatin-induced peripheral neuropathy in South Indian population

506 Indian Journal of Medical and Paediatric Oncology | Volume 38 | Issue 4 | October-December 2017

tract cancers, especially in stomach and colorectal cancers. 
Among nonhematological toxicities of oxaliplatin, PN 
is one of the main dose‑limiting toxicities. Worldwide, 
OXAIPN has been addressed extensively.[20]

In a prospective study done by Argyriou et al., 2013 in 
170 colorectal patients who were treated either with 
FOLFOX or CAPOX, acute OXAIPN was found in 
85.9%, and chronic OXAIPN was seen in 72.4% of the 
patients.[19] In a retrospective study, where a total of 188 
colorectal cancer patients were treated with CAPOX 
regimen, acute OXAIPN was seen in 94% while the 
chronic was seen in 57% of the patients.[21] In another 
recent study conducted in Iran, chronic OXAIPN was 
seen in 80.7% of 130 colorectal cancer patients who had 
received either FOLFOX or CAPOX regimens.[22] All the 
published studies in literature attempted to compare the 
neurotoxicity potential of CAPOX regimen with FOLFOX 
regimen and vice versa in colorectal cancer patients, and 
there is limited data till date regarding the incidence of 
OXAIPN in gastric cancer patients who are treated with 
EOX regimen.

In the present study, we have evaluated the overall 
incidence of both acute and chronic OXAIPN in digestive 
tract cancer patients, i.e., both stomach and colorectal 
cancer patients who were treated with oxaliplatin‑based 
combination regimens such as FOLFOX, CAPOX, or 
EOX. We found the overall toxicity of acute OXAIPN 
in 49.3% and chronic OXAIPN in 58.0% of the patients. 
Coming to the severity of both acute OXAIPN and chronic 
OXAIPN, Patients with Grade 1 were more in our study 
when compared to Grade 2–3.(Grade 1 of acute OXAIPN 
was present in 64.8%, and chronic OXAIPN was seen in 
55.9% of the patients). However, there is difference in 
the incidence and severity of both the acute and chronic 
OXAIPN of the present study results with other study 
results from West.[18,19,22‑26] The reason behind this may be 
possibly due to the different genetic makeup of patient 
populations involved in these studies.

Studies in literature acknowledged that the degree of 
chronic OXAIPN is dependent on the cumulative dose 
and duration of drug administration.[22,26] In our study, 
oxaliplatin dose was significantly associated with the 
development of chronic OXAIPN. However, previous 
studies reported only the association between cumulative 
dose of oxaliplatin and development of chronic OXAIPN 
during the treatment period, but our current study results 
demonstrate the relationship between the cumulative dose 
and chronic OXAIPN as well as in between acute OXAIPN 
and chronic OXAIPN from cycle 1 to end of the treatment. 
The key findings of our study include acute OXAIPN 
symptoms which are developed during the treatment are 
reversible and may last for a maximum of 14 days; acute 
OXAIPN symptoms which appear on cycle one of treatment 
will be severe on subsequent cycles with oxaliplatin‑based 

combination therapy; patients who experience acute 
OXAIPN are more prone to develop chronic OXAIPN; 
patients with age >53 years are less likely to report about 
the incidence of acute OXAIPN; chronic OXAIPN is more 
in patients with cumulative dose >780 mg/m2.

To date, the chronic OXAIPN was considered to have 
more clinical importance than acute OXAIPN as it is often 
dose limiting and long‑lasting toxicity.[24,27] Therefore, the 
research has been focused on chronic OXAIPN than that 
of acute OXAIPN which usually is reversible and only 
requires the prolongation of oxaliplatin administration 
without requiring dose modification or discontinuation of 
treatment.[25] Hence, we aimed to analyze both the acute 
and chronic OXAIPN frequency and their features in a 
large, homogenous population.

Few studies have reported on the persistence of chronic 
OXAIPN for more than 12 months following completion 
of treatment.[28,29] However, in our study, we recorded the 
incidence of chronic OXAIPN till end of the treatment. 
We could not follow‑up the patients after completion of the 
treatment. This is one of our limitations in the study. We 
need further prospective randomized studies to validate the 
current study results.

To the best of our knowledge, the current study is the first 
study which provides the incidence rate of both the acute 
and chronic OXAIPN and their association with the clinical 
and baseline factors in south Indian (Dravidian) patients 
with both gastric and colorectal cancers.

Conclusion
The current study results demonstrate that the vast 
majority of patients with digestive tract cancer who receive 
oxaliplatin‑based combination chemotherapy will manifest 
a transient, acute hyperexcitability syndrome (49.3%) that 
may contribute to the development of chronic PN (58.0%) 
due to repeated courses of drug administration. Hence the 
clinicians should pay special attention toward the incidence 
of PN in digestive tract cancers patients who receive 
oxaliplatin‑based regimen. Pharmacogenetics profiling 
study in these patients is underway to stratify the patients 
who develop OXAIPN for the administration of oxaliplatin 
at the right dose and the right time.
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