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Abstract
Oxaliplatin is a platinum-based cytotoxic chemotherapeutic agent, and is usually used in combination; as part of the FOLFOX regimen, to treat advanced colorectal 
cancer (CRC) patients. However, oxaliplatin produces significant chemotherapy-induced peripheral neuropathy (CIPN), a potential dose-limiting side effect of 
treatment. Preventive and therapeutic protocol for oxaliplatin-induced peripheral neuropathy (OIPN) has not yet been established. Previously, we reported that 
controlled-release oxycodone (CR oxycodone) attenuated the pain of OIPN and extended FOLFOX therapy in advanced CRC patients. We further investigated the 
efficacy of CR oxycodone for OIPN and its association with patients’ survival time.

This was a retrospective analysis of advanced CRC patients. A total of 64 patients with stage III or IV CRC were included in this study. All patients underwent surgery 
to extirpate the primary CRC and received curative-intent FOLFOX chemotherapy. Patients who were administered CR oxycodone during the FOLFOX therapy 
period were defined as the OXY group (29 cases), and those who did not receive CR oxycodone treatment were defined as the non-OXY group (35 cases). Survival 
time was calculated using the Kaplan-Meier method to determine differences between patients in the OXY and the non-OXY groups.

Patients in the OXY group had relatively longer survival than those in the non-OXY group (median survival, 58 months vs. 36 months; P=0.06).

Early administration of CR oxycodone for OIPN might be relatively effective for better patient compliance with FOLFOX chemotherapy, a better QOL, and longer 
survival in patients with advanced CRC.
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Introduction
The incidence of colorectal cancer (CRC) is relatively high in many 

developed countries. Cancer Statistics in Japan, 2016 reported that the 
colon/rectum is the third leading site for cancer occurrence in men 
and second in women. Nevertheless, deaths from CRC have decreased 
gradually over the past several years. This trend is observed in many 
developed countries. It is possible that development of new anti-cancer 
therapeutic options is one of the most important contributory factors 
in the decreased mortality rate and improved survival in CRC patients. 

Oxaliplatin is a third-generation platinum-based cytotoxic 
chemotherapeutic agent. Oxaliplatin is commonly used to treat CRC 
that has spread or metastasized [1,2]. It is usually given in combination, 
with other anticancer agents (5-fluorouracil and leucovorin) as the 
FOLFOX chemotherapeutic protocol. Even though oxaliplatin is active 
against advanced CRC, it causes significant chemotherapy-induced 
peripheral neuropathy (CIPN), which is a potential dose-limiting side 
effect of this drug [3,4]. 

Two spectrums of peripheral neuropathy are associated with 
oxaliplatin: acute neuropathy, which occurs immediately following 
infusion, and chromic neuropathy, which occurs with chronic 
administration. Significant acute neuropathy occurs in most patients 

(85-95%), developing during or immediately following infusion, and 
typically resolving within a week. The most common symptoms are 
distal limb and mouth paresthesia exacerbated by exposure to cold, jaw 
pain on biting, and oral numbness. Motor signs and symptoms may 
also occur, including muscular spasm-like contractions, fasciculations, 
and cramps [5]. 

Chronic oxaliplatin-induced peripheral neuropathy (OIPN) is 
dose-dependent, with severe neuropathy typically occurring in 10% 
to 20% of patients at a cumulative dose of 750 mg/m2 to 850 mg/m2. 
The incidence of neuropathy increased sharply with cumulative dose, 
with severe neuropathy estimated to occur in 10% of patients after 9 
treatment cycles and in 50% after 14 treatment cycles [6]. 
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OIPN is a highly distressing symptom and often interferes with the 
patient’s daily activities with substantial decrease in quality of life (QOL) 
[7,8]. So far, preventive and therapeutic protocols have not established; 
therefore, dose reduction or discontinuations of the drug are the only 
options when symptoms become severe. The recent prevention and 
treatment guidelines for CIPN released by the American Society of 
Clinical Oncology (ASCO) concluded that there is no recommended 
preventive agent and duloxetine was recommended as a therapeutic 
option. In this ASCO guideline, opioids administered to the patients 
were excluded in the analysis due to lack of randomized control trials 
(RCTs). Although some case series suggested the efficacy of opioids for 
CIPN, opioid use in this condition is still controversial [9].

Even though the effect of chemotherapy on survival in CRC patients 
has been extensively studied, the correlation between therapeutic agents 
for OIPN and patient survival has not been examined. Previously, 
we reported that controlled-release oxycodone (CR oxycodone) was 
effective for painful OIPN and contributed to patients tolerating 
extended FOLFOX therapy in advanced CRC patients [10]. Based on 
these results, in this study, we have further evaluated the long-term 
efficacy of CR oxycodone for OIPN and its association with patient 
survival time. 

Material and methods
Patients

We carried out a retrospective analysis of a cohort of patients with 
histologically confirmed advanced CRC between November 2006 
and February 2012 at the Toho University Sakura Medical Center 
(Sakura, Japan). We reviewed the medical records, and included a total 
of 64 patients with stage III or IV disease in this study. All patients 
underwent surgery to extirpate the gross lesion of the primary CRC 
and subsequently received curative-intent oxaliplatin-based FOLFOX 
therapy. All patients received modified FOLFOX6 (mFOLFOX6) 
chemotherapy. Molecular targeted therapies (bevacizumab and 
panitumumab) were administered prior to mFOLFOX6 in 27 cases. 
Oxaliplatin-based FOLFOX chemotherapy was continued until 
disease progression (PD), decision to administer alternative therapies, 
development of unacceptable toxicities, or patient rejection of further 
treatment. The patients were reported in our previous study (Table 1) 
[10].

Study design

Patients were divided into two groups. Patients with cancer-related 
pain who had been administered CR oxycodone during the FOLFOX 
therapy period were defined as the OXY group (29 cases). The daily 
CR oxycodone doses at baseline ranged from 10 to 40 mg. No opioids 
besides CR oxycodone were administered to the study population before 
and during FOLFOX therapy. The maximum daily CR oxycodone doses 
were as follows: 160 mg for one patient, 40 mg for two patients, 30 mg 
for three patients, 20 mg for three patients, 15 mg for two patients, and 
10 mg for 18 patients. Patients who did not receive CR oxycodone were 
defined as the non-OXY group (35 cases). Neurological toxicities were 
assessed according to the Common Terminology Criteria for Adverse 
Events (CTCAE) version 3.0 (U.S. Department of Health and Human 
Services, National Institutes of Health, National Cancer Institute). 
Survival time was calculated from the date of enrollment to the date of 
death. The study was designed to determine the differences in survival 
time between patients in the OXY and non-OXY groups, undergoing 
oxaliplatin-based FOLFOX therapy. Survival time was calculated using 
of the Kaplan-Meier method. Data from patients who were alive at the 
last follow-up (June 11, 2018) were censored.

Statistical analysis

For both treatment groups, the medians and relative frequencies 
were compared using Welch’s t-test for two independent samples and 
the Wilcoxon signed-rank test and Fisher’s exact test, respectively. 
Statistical significance was determined as P < 0.05. 

Characteristics of the eligible patients

All patients in this study had OIPN. Severe sensory neuropathy 
(grade 3) was not observed in the OXY group; however it was observed 
in the non-OXY group (2 cases). The median numbers of FOLFOX 
cycles in the OXY group (13, range 6-46) was more than that in the 
non-OXY group (7, range 2-18) (P<0.05; Welch’s t-test). The median 
cumulative oxaliplatin dose in the OXY group (1072.3 mg/m2, range 
408.7-3385.3 mg/m2) was also more than that in the non-OXY group 
(483.0 mg/m2, range 76.2-1414.1 mg/m2) (P<0.05; Welch’s t-test) (Table 
1). CR oxycodone might extend the use of FOLFOX therapy, and then, 
the patients in the OXY group had more opportunities to be treated by 
administration of Molecular targeted therapies.

Results
Patient survival time was relatively longer in the OXY group than 

in the non-OXY group (Figure 1). Median estimates of overall survival 
were as follows: 51 months (95% confidence interval (CI), 32 to 70) in 
the entire samples (64 patients), 58 months (95% CI, 37.5 to 78.5) in the 
OXY group (29 patients) and 36 months (95% CI, 28.9 to 43.1) in the 
non-OXY group (35 patients) (P=0.06 using the Wilcoxon signed-rank 
test). Hazard ratio (HR) for death in the OXY group was 0.68 (95% CI, 
0.38 to 1.22, P=0.19).

Discussion
Opioids have been regarded to be effective for the treatment of 

several forms of neuropathic pain. RCTs have demonstrated the efficacy 
of CR-oxycodone in the treatment of diabetic neuropathy [11,12]. A 
systematic review of literature conducted by the American Academy of 
Neurology concluded that CR oxycodone was effective for postherpetic 
neuralgia (PHN) pain [13]. A postmarketing surveillance study 
demonstrated that CR oxycodone was effective in the management 
of moderate and severe PHN pain with a fast onset of pain relief 

OXY Group Non-OXY Group
Number 29 35
Mean age (range) 62.7 (48-75) 64.9 (48-76)
Gender
  Male 16 20
  Female 13 15
Stage
  III 4 12
  IV 25 23
Chemotherapy
  mFOLFOX 9 28
  mFOLFOX+MTT 20 7
Median of FOLFOX cycles 13 * 7 *

(range) (6-46) (2-18)
Median of cumulative oxaliplatin dose 1072.3 mg/m2 * 483.0 mg/m2 *

(range) (408.7-3385.3 mg/m2) (76.2-1414.1 mg/m2) 

Table 1. Characteristics of the Oxy Group and the Non-OXY Group

*P<0.05
MTT: Molecular Target Therapies
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after administration and it also improved the patients’ sleep quality 
[14]. Oxycodone showed a profound antinociceptive effect under a 
neuropathic pain-like state in mice with less of a rewarding effect [15]. 

As per ASCO practice guidelines, no agents are recommended 
for the prevention of CIPN. With regard to the treatment of existing 
CIPN, the best available data supported a moderate recommendation 
for duloxetine [9]. Pachman et al. examined the existing evidence 
for both CIPN and non-CIPN treatments and developed a summary 
of the best available evidence with the aim of developing a practical 
approach for the treatment of CIPN, based on available literature and 
clinical practice experience. They reported that opioids had been shown 
to be effective for the treatment of a variety of forms of neuropathic 
pain. RCTs have demonstrated the efficacy of CR oxycodone in the 
treatment of diabetic neuropathy. Opioids were often recommended 
as second or third line treatments for non-CIPN neuropathic pain 
in various consensus statements. The study concluded that given the 
limited definitive data in CIPN, extrapolation of a treatment algorithm 
from the non-CIPN neuropathic pain literature might be rational for 
the treatment of CIPN [16].

Bortezomib, a dipeptide boronic acid inhibitor of the 26S 
proteasome, is used in the treatment of multiple myeloma. Bortezomib 
induces chronic peripheral neuropathy. Cartoni et al. indicated that CR 
oxycodone was effective and well tolerated for relief of bortezomib-
induced peripheral neuropathy and improved the patients’ QOL during 
treatment [17].

Temel et al. indicated that among patients with metastatic 
non-small-cell lung cancer, early palliative care led to significant 
improvements in both QOL and mood. Patients receiving early 
palliative care required less aggressive care at the end of life but had 
longer survival, compared to patients receiving standard care [18]. 
Previous reports have shown that a lower QOL and depressed mood 
are associated with shorter survival among patients with metastatic 
non-small-cell lung cancer [19]. The integration of supportive care 
and early palliative care with standard chemotherapy might improve 
QOL, and facilitate the appropriate administration of anticancer agents. 
Better management of side effect produced by oncogenic care can lead 
to stable conditions and prolong survival in advanced cancer patients.  

Previously, we retrospectively investigated the efficacy and 
tolerability of CR oxycodone for OIPN during FOLFOX therapy in CRC 
patients. Grade 3 severe sensory neuropathy was observed only in the 

non-OXY group, not in the OXY group. All patients in the OXY group 
completed the scheduled FOLFOX therapy until PD, whereas 28.6% of 
patients in the non-OXY group terminated FOLFOX therapy due to 
severe peripheral neuropathy. The average number of FOLFOX cycles 
in the OXY group (13 cycles) significantly exceeded that in the non-
OXY group (7 cycles). The cumulative dose of administered oxaliplatin 
was also significantly higher in the OXY group (1072.3 mg/m2) than in 
the non-OXY group (483.0 mg/m2) (Table 1) [10]. 

In the present study, we compared the overall survival between 
the OXY group and the non-OXY group. Median overall survival 
was 58 months and 36 months in the OXY group and the non-OXY 
group, respectively (P=0.06) (Figure 1). The CRC patients receiving 
CR oxycodone treatment had less OIPN, received more FOLFOX 
chemotherapy, and had relatively longer survival.

Chronic CIPN remains after conclusion of chemotherapy. 30% 
of patients who received platinum-based chemotherapy continue 
to experience discomfort and diminish their QOL during cancer 
survivors’ period [20]. When chronic CIPN symptoms become severe, 
cancer survivors’ QOL is lower, and they have problems with mental 
condition and physical function. We need further study to explore the 
long-term efficacy of CR oxycodone on chronic CIPN symptoms and 
QOL in cancer survivors.

Conclusion
We demonstrated that the CRC patients who received CR 

oxycodone treatment for cancer-related pain had less serious OIPN 
during FOLFOX chemotherapy. The patients in the OXY group 
received significantly more cycles of FOLFOX chemotherapy, and 
a higher cumulative oxaliplatin dose, and therefore, had relatively 
longer survival than those in the non-OXY group. This study has some 
limitations. First, it was an observational and retrospective study. 
Second, the sample size was small.

In conclusion, early administration of CR oxycodone as supportive 
and palliative care for cancer-related pain and CIPN might be very 
important and effective e for continuing proactive cancer treatment, 
which in turn, could lead to a better QOL and prolong survival in 
advanced CRC patients.
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