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Abstract: Epidermal growth factor receptor (EGFR) has received significant attention for its therapeutic potential for pain 
relief. The relief of neuropathic pain after treatment with anti-EGFR antibodies or tyrosine kinase inhibitors has been 
previously described. However, few reports have investigated the association of cancer-related nociceptive pain or 
chronic chemical induced peripheral neuropathy with the analgesic effects of EGFR inhibition.  

Therefore, we conducted a retrospective survey of 191 patients with colorectal cancer receiving chemotherapy plus 
molecular targeting drugs to examine the analgesic effects of anti-EGFR antibodies against either cancer pain or 
oxaliplatin-induced peripheral neuropathy. We identified a significant difference in the improvement rates of nociceptive 
pain between panitumumab- and bevacizumab-treated patients (100% vs. 9.1%; p < 0.01), but not oxaliplatin-induced 
peripheral neuropathy. 

In conclusion, panitumumab may be effective at reducing cancer-related nociceptive pain. 
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INTRODUCTION 

Pain begins with the detection of noxious stimuli by 
the nociceptors [1]. Recently, epidermal growth factor 
receptor (EGFR) has received attention for its 
therapeutic potential against pain [2]. There have been 
several reports that EGFR inhibition provides rapid 
relief of cancer pain [3, 4, 5]. Cancer patients 
administered EGFR inhibitors have reported a 
significant reduction in pain scores independent of anti-
tumor effects [6, 7]. Preclinical studies have implicated 
that EGFR signaling pathways, such as MAPK and 
PI3K/AKT, are associated with neuropathic pain [2, 8, 
9]. 

Panitumumab (Pmab), a molecular targeting drug 
directed against EGFR, is used in combination with 
cytotoxic chemotherapeutic agents for the treatment of 
KRAS wild-type colorectal cancer [10]. We previously 
encountered a case of colon cancer in which somatic 
pain was alleviated immediately after Pmab 
administration, despite tumor progression [7]. Among  
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the anti-cancer agents used for the treatment of 
colorectal cancer, oxaliplatin is well known to cause 
chronic peripheral neuropathy as a side effect [11]; 
however, it remains unclear whether EGFR inhibition 
can affect the intensity of peripheral neuropathy 
induced by oxaliplatin. 

Therefore, we conducted a retrospective survey of 
colorectal cancer patients receiving chemotherapy in 
combination with either Pmab or bevacizumab (Bmab) 
at Nagoya Memorial Hospital to examine the analgesic 
effects of molecular target drugs against cancer pain, 
as well as oxaliplatin-induced peripheral neuropathy.  

METHODS 

We recruited 191 patients with colorectal cancer 
who received either Pmab or Bmab plus FOLFOX, 
FOLFIRI, or levofolinate followed by 5-FU for 48 h 
between 2012 and 2020. We then selected patients 
who complained of cancer pain or oxaliplatin-induced 
peripheral neuropathy prior to the start of 
pharmacotherapy.  

The change in symptoms was determined by the 
description in chart records before and 2 days after 
administration of either Pmab or Bmab, as our 
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outpatients receiving continuous administration of 5-FU 
visited the hospital 2 days after administration to 
remove the needle. At this time, the quality and 
intensity of pain were assessed by attending physicians 
[12]. 

The statistical analysis software eZR ver 1.36 [13] 
was used for comparison between groups. Analysis of 
continuous variables was performed between three or 
more groups using one-way analysis of variance 
followed by Bonferroni's multiple comparison test and 
between two groups using Student’s t-test. For the 
analysis of nominal variables, Bonferroni's multiple 
comparison test was performed following Fisher's 
accuracy test analysis for more than three groups. 
Statistical significance was set at P < 0.05. 

This study was approved by the Ethics Committee 
of Nagoya Memorial Hospital (#2021-013). 

RESULTS 

Prior to the initiation of chemotherapy plus 
molecular target drugs, cancer pain was evident in 17 
of the 68 patients administered Pmab-containing 
regimens (25.0%), and 21 of the 123 patients 
administered Bmab-containing regimens (16.8%) 
(Figure 1). Oxaliplatin-induced peripheral neuropathy 
was present in 18 (26.5%) patients taking Pmab and in 
70 (58.0%) patients taking Bmab. The incidence of 
oxaliplatin-induced peripheral neuropathy significantly 
increased in patients receiving Bmab-containing 

regimens. Patients whose prescribed doses of 
analgesics were modified within 3 days of the start of 
chemotherapy and those whose intensity of pain was 
not described in medical charts before and after 
treatment with the target drugs were excluded from the 
subsequent comparison.  

After excluding patients who did not meet the 
criteria, cancer-related nociceptive pain was observed 
in 10 patients taking Pmab (6, visceral pain; 4, somatic 
pain) and 11 taking Bmab (6, visceral pain; 5, somatic 
pain), whereas cancer-related neuropathic pain was 
reported in 3 and 4 patients taking Pmab and Bmab, 
respectively. The characteristics of patients included in 
the comparative analysis are shown in Table 1. Rapid 
relief of either visceral or somatic pain was 
demonstrated in all of 10 patients complaining of 
nociceptive pain before the start of Pmab-containing 
regimens. In contrast, there was only one case of 
improvement in nociceptive pain (visceral pain) among 
the 11 patients receiving Bmab-containing regimens 
(Figure 2). There was a significant difference in the 
rates of improvement between Pmab- and Bmab-
treated patients (100% versus 9.1%; p < 0.01). 
Conversly, oxaliplatin-induced peripheral neuropathy 
was alleviated in one of 13 patients taking Pmab 
(8.3%) and in 3 of 53 patients taking Bmab (5.7%), 
respectively. There were no significant differences in 
the improvement rates of oxaliplatin-induced peripheral 
neuropathy between the two groups. The improvement 
rate was significantly higher among the patients 
complaining of nociceptive pain before Pmab 

 
Figure 1: Frequency of CP and CCINP in the patients receiving Pmab and Bmab.  

Statistical difference was determined using Bonferroni‘s multiple comparison test following Fisher’s exact test.  

Pmab: panitumumab, Bmab: bevacizumab, CP: cancer pain, CCINP: chronic chemical induced peripheral neuropathy. 
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administration, compared to the other three groups (p < 
0.01): those complaining of oxaliplatin-induced 
peripheral neuropathy before Pmab administration, 
those complaining of nociceptive pain before Bmab 
administration, and those complaining of oxaliplatin-

induced peripheral neuropathy before Bmab 
administration (Figure 2). 

Among the 68 patients on Pmab, improvements in 
cancer-related neuropathic pain was observed in one 

Table 1: Characteristics of Analyzed Patients Complaining of Nociceptive Pain or Oxaliplatin-Induced Peripheral 
Neuropathy 

Pmab Bmab 
Characteristics 

NCP(n=10) CCINP(n=13) NCP(n=11) CCINP(n=53) 

Age (year) 69.2 ± 5.7  64.2 ± 8.7  68.6 ± 9.8 68.2 ± 9.8  

Pmab (mg) 305.7 ± 83.7  327.2 ± 84.3    

Bmab (mg)   275.9 ± 68.8 272.9 ± 42.0  

Height（cm） 159.5 ± 8.3  160.9 ± 10.6  160 ± 7.4 159.2 ± 7.6  

Weight (kg) 51.0 ± 15.1  56.8 ± 11.7  56.1 ± 13.8 55.6 ± 8.9  

BMI (kg/m2) 19.7 ± 4.4  21.8 ± 2.9  21.7 ± 4.3  21.9 ± 2.9  

WBC (x102/µL） 61.1 ± 22.2  45.8 ± 8.3a 70.4 ± 40.8  48.1 ± 17.3b 

Hb (g/dL) 10.9 ± 1.4  12.4 ± 1.6  11.8 ± 2.0  11.7 ± 1.4  

Plt (x104/µL） 23.6 ± 13.2  20.7 ± 8.0  20.4 ± 5.8  19.4 ± 5.8  

AST (U/L) 39.5 ± 32.3  28.8 ± 5.7  37.5 ± 27.7  26.9 ± 11.8  

ALT (U/L) 28.8 ± 24.0  24.0 ± 9.0  19.4 ± 7.4  20.7 ± 10.1  

BUN (mg/dL) 17.2 ± 7.1  12.8 ± 3.1  13.4 ± 4.2  13.8 ± 3.3  

Cr (mg/dL) 0.8 ± 0.3  0.7 ± 0.2  0.7 ± 0.2  0.8 ± 0.2  

eGFR (mL/min/1.73m2) 62.9 ± 24.2  67.8 ± 17.4  65.1 ± 19.7  61.9 ± 18.3  

ALB (ｇ/dL) 3.3 ± 0.6  3.5 ± 0.6  3.5 ± 0.6  3.6 ± 0.4  

Acetaminophen (n) 3 1 4 1 

Celecoxib (n) 3  6 7 

Loxoprofen (n)   2  

Oxycodone (n) 1 1 4 1 

Morphine (n)   1 1 

Tramadol (n) 1  1  

Methadone (n)   1 1 

Pregabalin (n)  1 2 3 

Gosya-zinkigan (n)    4 

Ratio of patients  
receiving analgesics 

5/10 2/13c 9/11 14/53d 

Gender (M/F) 5/5 9/4 9/2 31/21 

Metastasis (+/-) 9/1 11/2 11/0 51/2 

Regimen 

FOLFOX/FOLFIRI/LV-FU 
2/8/0 6/4/3 2/8/1 27/21/5 

aPmab/CCINP vs. Bmab/NCP; p = 0.036. 
bBmab/NCP vs. Bmab/CCINP; p = 0.013. 
Statistical difference was determined by Student’s t-test or Bonferroni’s multiple comparison test following one-way ANOVA. 
cPmab/CCINP vs. Bmab/NCP; p = 0.0184. 
dBmab/NCP vs. Bmab/CCINP; p = 0.0058. 
Statistical difference was determined by Bonferroni’s multiple comparison test following Fisher's exact test.  
Pmab: panitumumab, Bmab: bevacizumab, NCP: nociceptive pain, CCINP: chronic chemical induced peripheral neuropathy. 
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out of three patients. On the other hand, among the 
123 patients on Bmab, improvements were not entirely 
observed in 4 patients complaining of neuropathic pain. 
However, it was not possible to compare the rate of 
improvement in neuropathic pain between the Pmab- 
and Bmab-treated patients, owing to the small number 
of cases. 

DISCUSSION 

The present results indicated that Pmab 
administration rapidly alleviated the severity of 
nociceptive pain in patients with colorectal cancer, 
whereas Bmab-containing regimens did not provide 
such analgesic activity. Although an analgesic effect of 
EGFR inhibition on neuropathic pain has been 
previously suggested [4, 5, 6], improvements in 
neuropathic pain following treatment with Pmab were 
not evident in this retrospective study because of the 
small sample size. The intensity of oxaliplatin-induced 
peripheral neuropathy decreased in less than 10% of 
the patients receiving either Pmab or Bmab. 
Accordingly, the reduction in nociceptive pain observed 
in this study was suspected to be exclusively 
dependent on the use of Pmab.  

This study has several limitations. First, the sample 
size was small. Second, all the present findings were 
obtained from a single institute. Pain improvement 
rates were compared between patients with colorectal 
cancer receiving Pmab- and Bmab-containing 
regimens. It is reasonable to assume that the incidence 
of cancer-related pain or oxaliplatin-induced peripheral 

neuropathy should be affected by disease conditions. 
Although confounding factors, including the states of 
metastatic lesions, the usage of opioids, and previous 
chemotherapy, cannot be neglected when interpreting 
our findings, we did not analyze these factors. Third, 
this study had a retrospective observational design. 
Although the rapid relief of pain induced by Pmab 
suggests that the analgesic mechanism is associated 
with a direct effect on receptors important for pain 
processing, we have no basic data on the molecular 
mechanism of Pmab-induced analgesic responses 
against nociceptive pain. However, several preclinical 
studies have demonstrated that EGFR is abundantly 
found in sensory neurons of the dorsal root ganglion 
[14], and that EGFR antagonists induce analgesia. Our 
speculation might be supported by recent findings that 
epiregulin, an endogenous ligand for EFGR, is the 
primary activator of pain hypersensitivity [2, 15]. Lastly, 
the possibility of a placebo effect must be considered, 
as this study was not a randomized, placebo-controlled 
trial. However, relief of nociceptive pain was observed 
in all patients receiving Pmab-containing regimens 
(100%), which was in sharp contrast to the 
improvement rate (9.1%) among the patients receiving 
Bmab-containing regimens. It is unlikely that such a 
large difference in analgesic activity could be caused 
by the placebo effect. 

In conclusion, the present study demonstrated that 
Pmab, an EGFR antibody, may trigger rapid relief of 
cancer-related nociceptive pain, but did not alleviate 
oxaliplatin-induced peripheral neuropathy.  

 
Figure 2: Comparison of improvement rate in NCP and CCINP before and after the administration of either Pmab or Bmab. 

Statistical difference was determined by Bonferroni‘s multiple comparison test following Fisher’s exact test.  

Pmab: panitumumab, Bmab: bevacizumab, NCP: nociceptive pain, CCINP: chronic chemical induced peripheral neuropathy. 



44    Journal of Analytical Oncology, 2022, Vol. 11 Yuasa et al. 

ACKNOWLEDGEMENTS 

We would like to thank Honyaku Center Inc. for 
English language editing. 

COMPETING INTERESTS 

The authors declare that they have no competing 
interests. 

FUNDING 

Not applicable. 

AUTHOR CONTRIBUTIONS 

SY and KI wrote the manuscript. SY, MK, SH, and 
YK reviewed the patients’ medical records. SY and MK 
performed the computational analyses. All authors 
have read and approved the final manuscript. 

REFERENCES 

[1] Julius D, Basbaum AI. Molecular mechanisms of nociception. 
Nature 2001; 413: 203-10.  
https://doi.org/10.1038/35093019 

[2] Martin LJ, Smith SB, Khoutorsky A, et al. Epiregulin and 
EGFR interactions are involved in pain processing. J Clin 
Invest 2017; 127: 3353-66.  
https://doi.org/10.1172/JCI87406 

[3] Hirsh V, Cadranel J, Cong XJ, et al. Symptom and quality of 
life benefit of afatinib in advanced non-small-cell lung cancer 
patients previously treated with erlotinib or gefitinib: results of 
a randomized phase IIb/III trial (LUX-Lung 1). J Thorac Oncol 
2013; 8: 229-37.  
https://doi.org/10.1097/JTO.0b013e3182773fce 

[4] Kersten C, Cameron MG, Laird B, Mjaland S. Epidermal 
growth factor receptor-inhibition (EGFR-I) in the treatment of 
neuropathic pain. Br J Anaesthesia 2015; 115: 761-767.  
https://doi.org/10.1093/bja/aev326 

[5] Kersten C, Cameron MG, Bailey AG, et al. Relief of 
neuropathic pain through epidermal growth factor receptor 
inhibition: A randomized proof-of-concept trial. Pain Med 
2019; 20: 2495-2505.  
https://doi.org/10.1093/pm/pnz101 

[6] Kersten C, Cameronb MG. Cetuximab alleviates neuropathic 
pain despite tumour progression. BMJ Case Reports 2012. 
pii: bcr1220115374.  
https://doi.org/10.1136/bcr.12.2011.5374 

[7] Yuasa S, Kabeya M, Furuta R, et al. Case of sigmoid colon 
cancer in which somatic pain was rapidly alleviated after 
panitumumab administration despite tumor progression. J 
Anal Oncol 2016; 5: 38-41.  
https://doi.org/10.6000/1927-7229.2016.05.01.5 

[8] Borges JP, Mekhail K, Fairn GD, Antonescu CN, Steinberg 
BE. Modulation of pathological pain by epidermal growth 
factor receptor. Front Pharmacol 2021; 12: 642820.  
https://doi.org/10.3389/fphar.2021.642820 

[9] Zhuang ZY, Gerner P, Woolf C, Ji RR. ERK is sequentially 
activated in neurons, microglia, and astrocytes by spinal 
nerve ligation and contributes to mechanical allodynia in this 
neuropathic pain model. Pain 2005; 114: 149-59.  
https://doi.org/10.1016/j.pain.2004.12.022 

[10] Douillard JY, Siena S, Cassidy J, et al. Randomized phase III 
trial of panitumumab with infusional fluorouracil, leucovorin, 
and oxaliplatin (FOLFOX4) versus FOLFOX4 alone as first-
line treatment in patients with previously untreated metastatic 
colorectal cancer. J Clin Oncol 2010; 28: 4697-705.  
https://doi.org/10.1200/JCO.2009.27.4860 

[11] Kang L, Tian Y, Xu S, Chen H. Oxaliplatin-induced peripheral 
neuropathy: clinical features, mechanisms, prevention and 
treatment. J Neurol 2021; 268: 3269-82.  
https://doi.org/10.1007/s00415-020-09942-w 

[12] Japanese society for palliative medicine. Clinical guideline for 
cancer pain management third edition, Kanehara & Co. Ltd, 
Tokyo Japan 2020; pp. 22-26. 

[13] Kanda Y. Investigation of the freely available easy-to-use 
software ‘EZR’ for medical statistics. Bone Marrow 
Transplantation 2013; 48: 452-458.  
https://doi.org/10.1038/bmt.2012.244 

[14] Puig S, Donica CL, Gustein HB. EGFR signaling causes 
morphine tolerance and mechanical sensitization in rats. 
eNeuro 2020; 7: 1-12.  
https://doi.org/10.1523/ENEURO.0460-18.2020 

[15] Verma V, Khoury S, Parisien M, et al. The dichomatous role 
of epiregulin in pain. Pain 2020; 161: 1052-64.  
https://doi.org/10.1097/j.pain.0000000000001792 

 
 
 
 
 

 
Received on 28-08-2022 Accepted on 04-10-2022 Published on 07-10-2022 
 
https://doi.org/10.30683/1927-7229.2022.11.06 
 
© 2022 Yuasa et al.; Licensee Neoplasia Research. 
This is an open access article licensed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution and reproduction in any medium, 
provided the work is properly cited. 
 


