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Abstract. The phosphorylated form of the high‑mole
cular‑weight neurofilament heavy subunit (pNF‑H) is a major 
structural protein in axons. The pNF‑H level is elevated in 
the serum of certain patients with central nervous disorders, 
including chemotherapy‑induced cognitive impairment. The 
present study was conducted to elucidate the potential role 
of pNF‑H as a marker of chemotherapy‑induced peripheral 
neuropathy (CIPN). A total of 71  patients with early 
breast cancer in various stages of treatment (following 1, 
3 or 7 cycles of chemotherapy, or a previous history of breast 
cancer chemotherapy) were assessed with a self‑administered 
PainDETECT questionnaire [pain location, pain intensity 
on an 11‑point numeric rating scale (NRS), and various pain 
qualities] and a single serum pNF‑H measurement. Patients 
were divided into two groups based on the presence or absence 
of bilateral symmetric pain in the distal portions of the 
extremities [CIPN(+) or CIPN(‑)]. The χ2 and Mann‑Whitney 
tests were used for statistical analyses. Among the participants, 
only 8 patients complained of CIPN. Their pain intensity 

was 3.5±1.9 (mean ± standard deviation) compared with 1.5±1.8 
in the CIPN(‑) group (P<0.01). The NRS of numbness in the 
CIPN(+) group was significantly higher (2.4±1.4) than that 
of the CIPN(‑) group (1.0±1.0). Increased pNF‑H levels were 
observed in 37.5% of the CIPN(+) patients and in 23.8% of 
CIPN(‑) patients (P=0.40). In conclusion, CIPN is observed 
in the most distal portions of the peripheral nerves that are 
composed of dendrites but not axons. Although serum pNF‑H 
is a biomarker of axonal damage, it is not useful as a marker 
of CIPN.

Introduction

Pain is a frequent symptom among cancer patients, with 
30% of patients experiencing pain at the time of diagnosis and 
<90% of patients experiencing pain in the advanced stages of 
the disease (1). The two most common etiologies of cancer pain 
are pain from the cancer itself or pain as a side effect of the 
treatments that patients have received. The pain experienced by 
cancer patients is usually mixed, with nociceptive and neuro-
pathic components. Among patients with neuropathic cancer 
pain, 69% of them experienced tumor‑related pain and <43% 
experienced treatment‑related pain (2). In the treatment‑related 
pain patients, 79% of cases were due to chemotherapy or 
biological therapy. Nociceptive pain is usually responsive to 
non‑steroidal anti‑inflammatory drugs and opioids, whereas 
neuropathic pain is persistent and frequently refractory to 
various pharmacotherapies including opioids. In particular, 
chemotherapy‑induced peripheral neuropathy (CIPN) can lead 
not only to neuropathic pain, but also to the impairment of 
fine motor skills and the ability to walk, profoundly affecting 
activities of daily living and health‑related quality of life in 
patients with CIPN. Recent advances in cancer therapy offer 
improved survival for cancer patients, and the number of 
long‑term cancer survivors is increasing, which makes CIPN 
a much more serious problem in cancer patients. As CIPN is 
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an essentially subjective phenomenon, the lack of sensitive and 
objective biomarkers hinders the early diagnosis of CIPN and 
limits the opportunities to discontinue or alter therapy prior to 
the development of irreversible nerve damage.

The phosphorylated form of the high molecular weight 
neurofilament heavy subunit (pNF‑H) is a major structural 
protein present in central and peripheral axons. The pNF‑H 
level is elevated in the serum of patients with spinal cord 
injury; the level of elevation reflects the severity of spinal 
cord injury and may serve as a biomarker of treatment effi-
cacy in patients with spinal cord injury (3,4). Additionally, 
our previous study (5) reported that serum pNF‑H levels in 
patients undergoing chemotherapy for breast cancer increased 
in a cumulative dose‑dependent manner, suggesting its poten-
tial application as a biomarker of neural damage following 
chemotherapy. The neural damage assessed in that study was 
chemotherapy‑induced cognitive impairment, characterized 
by cognitive dysfunction, such as deficits in attention, concen-
tration, executive function, verbal or visual learning, and 
processing speed in patients undergoing chemotherapy (6). 
However, pNF‑H is certainly included in the peripheral 
nerve axon and an animal study reported that oxaliplatin can 
lead to loss of pNF‑H immunoreactivity in the dorsal root 
ganglion (7). Therefore, the present study was conducted to 
elucidate the potential role of serum pNF‑H as a marker of 
CIPN.

Materials and methods

Patients. The present study was an ancillary analysis to our 
previous study  (5), and the characteristics of the patients 
were as described previously. Briefly, 71 patients exhibited 
histological proof of early breast cancer and were at various 
stages of receiving chemotherapy (such as had received 1, 
3 or 7 cycles of their regimen, and survivors who had previ-
ously completed chemotherapy). Serum pNF‑H levels were 
measured at the time of enrollment into the study. The 
serum pNF‑H level was determined with a commercially 
available enzyme‑linked immunosorbent assay kit (Human 
Phosphorylated Neurofilament  H  ELISA; BioVendor, 
Modrice, Czech Republic), following the manufacturer's 
protocol. Serum samples were diluted 3‑fold prior to the 
analysis. Serum pNF‑H levels of >70.5 pg/ml were considered 
positive (3). The patients were assessed by a self‑administered 
PainDETECT questionnaire (Japanese version), which is a 
screening questionnaire used to identify peripheral neurop-
athy and neuropathic pain (8,9). The PainDETECT measures 
pain intensity on an 11‑point numerical rating scale, localizes 
the pain with a pain drawing, and quantifies seven types of 
pain using a 6‑point numerical rating scale (for example: 
0=never, 5=very strongly). The pain drawing contained a 
gender‑neutral anterior and posterior outline view of a body. 
When the patient marked pain areas on the distal ends of 
four limbs, the patient was considered to exhibit CIPN. The 
patients were divided into two groups based on the presence 
or absence of CIPN.

Statistical analyses. All the statistical analyses were performed 
using SPSS software (IBM Corp., Armonk, NY, USA). The 
χ2 and Mann‑Whitney tests were used to compare the data. 

P<0.05 was considered to indicate a statistically significant 
difference.

Ethical approval. Written informed consent was obtained 
from all the participants, and the study was approved by the 
institutional review board.

Results

Patient variables. A total of 71 patients were eligible for 
this study. Twenty patients had completed 1 cycle of chemo-
therapy, 20 had completed 3 cycles, 19 had completed 7 cycles, 
and 12 had completed chemotherapy ≥24 months prior to 
this study. The patient demographic data are summarized 
in our previous study  (5). Eight patients were judged as 
CIPN positive [CIPN(+) group]; 1 had completed 1  cycle, 
5 had completed 7 cycles, and 2 had a history of previously 
completed chemotherapy (Table I). The other 63 participants 
complained of pain in the lower lumbar area chiefly, and were 
categorized into the CIPN negative [CIPN(‑) group]. The pain 
intensity of the CIPN(+) group (3.5±1.9; mean ±  standard 
deviation) was significantly higher than that of the CIPN(‑) 
group (1.5±1.8,  P<0.01). Regarding pain quality, tingling 
or pricking sensation, numbness, and hyperpathia reached 
statistical significance; however, a burning sensation, tactile 
allodynia, electric shock‑like and thermal allodynia were not 
significant (Table I). Increased pNF‑H levels were observed 

Table I. Clinical features of patients with or without CIPN.

Characteristics	 CIPN(+)	 CIPN(‑)	 P‑value

Age, years	 47.5±6.8	 47.9±9.8	 0.941
Total, no. (pNF‑H positive)	 8 (3)	 63 (15)	 0.397a

Completed chemotherapy
cycles, no. (pNF‑H positive)
  1	 1 (0)	 19 (1)	
  3	 0 (0)	 20 (6)	
  7	 5 (3)	 14 (8)	
  Previously completed	 2 (0)	 10 (0)	
chemotherapy
Pain intensity, no.	   3.5±1.9	   1.5±1.8	 0.003
PainDETECT, no.
  Burning	   1.1±0.6	   1.0±1.0	 0.346
  Tingling and pricking	   2.5±0.9	   1.3±1.4	 0.012
  Tactile allodynia	   1.8±0.7	   1.2±1.2	 0.050
  Electric shock‑like	   1.4±0.5	    1.0±0.9	 0.086
  Thermal allodynia	   1.6±1.2	   1.0±1.1	 0.127
  Numbness	   2.4±1.4	   1.0±1.0	 0.006
  Hyperpathia	   2.9±1.1	   1.4±1.4	 0.007
Serum pNF‑H, pg/ml	   428±951	   195±783	 0.262

aP‑value from the χ2  test. Data are mean  ±  standard deviation. 
CIPN, chemotherapy‑induced peripheral neuropathy; pNF‑H, 
phosphorylated form of the high‑molecular‑weight neurofilament 
subunit.
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in 37.5% of the CIPN(+) patients and in 23.8% of the CIPN(‑) 
patients (P=0.40). The pNF‑H levels were comparable between 
the CIPN(+) and (‑) groups (P=0.26) (Table I).

Discussion

Among the patients in the present study, only 8 demonstrated 
the glove‑and‑stocking pain pattern indicative of peripheral 
neuropathy. The pain in these patients was accompanied by 
numbness, which is a typical symptom of CIPN. Consistent 
with the notion that chemotherapy impairs the function of the 
peripheral nervous system in a cumulative dose‑dependent 
manner (10), the majority of the CIPN(+) patients had completed 
7 cycles of chemotherapy or had previously completed full 
cycles of chemotherapy. However, despite the presence of CIPN 
symptoms, CIPN(+) patients did not demonstrate elevated 
serum pNF‑H levels compared to CIPN(‑) patients. In our 
previous study (5), the chemotherapy‑associated pNF‑H posi-
tivity rate increased in a cumulative dose‑dependent manner. 
Furthermore, as none of the patients who had completed 
chemotherapy ≥24  months previously showed increased 
serum pNF‑H levels, neuronal toxicity by chemotherapy would 
operate temporally. By contrast, some of the present patients, 
who had completed chemotherapy ≥24 months before pNF‑H 
measurement, exhibited the CIPN symptom. Considering the 
present and previous findings together, serum pNF‑H is not a 
useful marker of CIPN, but remains a promising biomarker 
of neural damage in the central nervous system following 
chemotherapy.

Although pNF‑H is certainly present in the peripheral 
nerve axon and oxaliplatin can lead to a loss of pNF‑H 
immunoreactivity in the dorsal root ganglion (7), symptoms 
of peripheral neuropathy with increasing serum pNF‑H 
levels were not observed in the present patients, as in serum 
pNF‑H‑negative patients. During the progression of CIPN, the 
degeneration of small unmyelinated C fibers usually antecedes 
the degeneration of thick myelinated fibers. As pNF‑H is a 
major structural protein in the peripheral axons, the volume 
of C fibers may be too small to produce detectable serum 
pNF‑H levels. While pNF‑H is present in the peripheral axon, 
the most distal portions of the peripheral nerve fibers that are 
damaged by chemotherapy are composed of dendrites, not 
axons. It is not clear whether pNF‑H is present in dendrites 
as well as axons. This may explain the present finding that 
CIPN(+) patients do not necessarily exhibit increased serum 
pNF‑H levels in proportion to the number of completed cycles 
of chemotherapy.
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