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Abstract

The aim of this study was to evaluate the presence and characterization of chemotherapy-

induced neuropathy (CIPN) and neuropathic pain 5 years after adjuvant chemotherapy with

docetaxel or oxaliplatin. Patients from an ongoing prospective study, who had received

adjuvant chemotherapy with docetaxel or oxaliplatin in 2011 to 2012 were invited to par-

ticipate. The patients underwent a thorough examination with interview, neurological

examination, questionnaires, assessment tools, nerve conduction studies (NCS), quantitative

sensory testing, MScan motor unit number estimation (MUNE), and corneal confocal

microscopy (CCM). Patients were divided into no, possible, probable, and confirmed CIPN.

Out of the 132 eligible patients, 63 agreed to participate: 28 had received docetaxel and

35 had received oxaliplatin. Forty-one percent had confirmed CIPN, 34% possible or proba-

ble CIPN, and 22% did not have CIPN. The CIPN was characterized mainly by sensory

nerve fiber loss, with a more pronounced large fiber than small fiber loss but also some

motor fiber loss identified on NCS and MUNE. In general, patients had mild neuropathy

with relatively low scores on assessment tools and no association with mood and quality of

life. CCM was not useful as a diagnostic tool. Of the patients with probable or confirmed

CIPN, 30% experienced pain, which was most often mild, but still interfered moderately

with daily life in 20% to 25% and was associated with lower quality of life. In conclusion

CIPN was confirmed in 41% 5 years after chemotherapy. The neuropathy was generally

mild, but in patients with neuropathic pain it was associated with lower quality of life.
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assessment tools, chemotherapy, corneal confocal microscopy, large fiber neuropathy, motor unit
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1 | INTRODUCTION

Chemotherapy-induced peripheral neuropathy (CIPN) is one of the

most disabling long-term consequences of taxanes and platinum

compounds. CIPN is a distal, symmetric, mainly sensory neuropathy,

with a stocking-and-glove-distribution.1 The incidence of CIPN

increases with cumulative dosing and often results in a reduction or

termination of the chemotherapy dose.2,3
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The pathophysiology of chronic CIPN is complex and not well

understood. It predominantly affects sensory function, but little is

known about the relationship between loss and gain of large and small

sensory fiber function and whether motor fibers are affected.4-7

Scales used for CIPN focus on a clinical grading of the severity of

patient symptoms.8-10 A detailed and well-validated scale is the total

neuropathy score (TNS) that combines the patient's subjective symp-

toms with the clinical signs.11-13 The Common Terminology Criteria

for Adverse Events (CTCAE) screening tool,14 is commonly used, but

it is a crude grading system.15,16 There is an increased awareness of

the need for multimodal assessment tools to accurately diagnose and

characterize CIPN.4,17

No screening tools have been developed for detecting the pres-

ence or absence of CIPN. Despite the similarity between CIPN and

other polyneuropathies, such as painful diabetic polyneuropathy,18

the screening tools commonly used for diabetes, such as the grading

system proposed by the Toronto Diabetic Neuropathy Expert

group,19 the Michigan Neuropathy Screening Instrument (MNSI),20

and the Toronto Clinical Scoring System (TCSS),21 are not used for

diagnosing CIPN.

Several techniques are available to classify and characterize

peripheral neuropathy. These include clinical assessment and struc-

tural and electrophysiology tests such as skin biopsy for intra-

epidermal nerve fiber density calculation,22 corneal confocal

microscopy (CCM),23 nerve conduction studies (NCS),4,24 and the

newer MScanfit motor unit number estimation (MUNE) method.25,26

There is a need for a detailed assessment of large and small nerve

fiber function as well as a quantification of motor function after che-

motherapy.17 We therefore conducted a deep-profile study of

patients 5 years after receiving chemotherapy with docetaxel or

oxaliplatin using a wide scale of assessment tools to determine the

pattern of their neuropathy and neuropathic pain and the effect of

quality of life and psychological functioning. The study is part of a

5-year follow-up of a prospective questionnaire study.27,28

2 | METHODS AND MATERIALS

Patients were recruited from a prospective questionnaire study that

included patients scheduled for adjuvant docetaxel for high-risk breast

cancer (n = 100) or adjuvant oxaliplatin for high-risk colorectal cancer

(n = 74) at Aarhus University Hospital, Denmark from 2011 to

2012.27 At the 5-year follow-up, 80 of 94 eligible patients (85%)

treated with docetaxel and 52 of 57 eligible patients (91%) treated

with oxaliplatin answered a questionnaire about symptoms of neurop-

athy, these results are published elsewhere.28 These patients were

invited to participate in this study, which was carried out from 2016

to 2017. The control study participants used in this study were local

age-matched individuals recruited from other outgoing studies at the

center. One hundred study participants without chronic pain, neuro-

logical disorders, or signs of neuropathy (mean age 61.2 years, SD

10.9) served as controls for the CCM) and 32 healthy subjects (mean

age 63.4 years, SD 8.3) as controls for the MScan MUNE.

2.1 | Interview and neurological examination

An interview was done with questions focusing on sensory and motor

symptoms of polyneuropathy, pain, other diseases, and medicine con-

sumption. A comprehensive structured upper and lower limb neuro-

logical examination was performed.29 Pain and sensory abnormalities

to pinprick (Owen Mumford Neuropen with sterile neurotips and

Semmes-Weinstein monofilament No. 5.88, Stoelting, Wood Dale, IL),

light touch (SENSELab Brush-05; Somedic AB, Sweden), and warm

(38�C) and cold (25�C) thermal rollers (Somedic Rolltemp, Somedic

AB, Sweden) were mapped on a body chart of upper and lower

extremities.

2.2 | Questionnaires

In this study, we focused on the questionnaires regarding pain, neu-

ropathy, mental health, and quality of life. Patients completed the

Douleur Neuropathique 4 Questions questionnaire (DN4q).30 Pain

descriptors were assessed using the Neuropathic Pain Symptom

Inventory (NPSI).31 Pain interference was assessed using the Patient-

Reported Outcomes Measurement Information System (PROMIS)

Pain Interference.32 The scores were converted into T-scores, which

are standardized relative to an American/US reference population32,33

and categorized according to the severity thresholds in cancer.32-34

Sleep disturbance and symptoms of fatigue, anxiety, and depression

were assessed using the PROMIS Short Form 6a.32 Quality of life

(QoL) score was assessed with the EQ-5D (EuroQol Group 1995).

2.3 | Quantitative sensory testing

Sensory testing was performed unilaterally on the dorsum of the foot

using the German Research Network on Neuropathic Pain (DFNS)

QST protocol.35 Standardized equipment and verbal introduction

were used and our center is certified to do the procedures of the

DFNS protocol. Twelve out of 13 different parameters were assessed;

only wind-up ratio (WUR) was not examined and the stimulus/

response function was shortened from 50 to 20 stimuli.

2.4 | Neurophysiological examinations

NCS were recorded from the median sensory and motor nerves, the

peroneal motor nerve and the tibial motor nerve, and bilaterally on

the sural sensory nerve including the distal part of the nerve (dorsal

sural nerve) with the Keypoint.net EMG machine. If a median entrap-

ment neuropathy was identified the ulnar nerve was examined. For

estimation of abnormalities in the dorsal sural sensory nerve, record-

ings were compared to normative control data collected at Aarhus

University Hospital, Denmark.36 Other NCS measures were compared

to those of laboratory controls using z-scores, taking into account

height and age. Skin temperature had to be above 32�C. One
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abnormal parameter in at least two nerves, one being the sural nerve,

had to be abnormal for the minimum case definition of a length-

dependent large fiber neuropathy.37 The predetermined protocol of

DOLORisk protocol did not include examination of the dorsal sural

nerve, but was included here because studies have found it to be an

early biomarker to identify CIPN.3,38

To examine early signs of motor nerve damage MScanFit MUNE

(MScan), a detailed stimulus response curve was performed on the

median motor nerve at the wrist using a computerized program

(TRONDNF, Institute of Neurology, London, UK).25

2.5 | Corneal confocal microscopy

CCM was used to analyze the density of the small fibers in the cornea.

A trained investigator scanned both eyes with the Heidelberg Retina

Tomograph III laser-scanning confocal microscope (Heidelberg Engi-

neering GmbH, Heidelberg, Germany). Fibers were counted automati-

cally and compared to an age and gender matched control group.23

2.6 | Definition of polyneuropathy

The predefined case definition of polyneuropathy was the definition

proposed by the Toronto Diabetic Neuropathy Expert Group of “pos-

sible”, “probable”, and “confirmed” polyneuropathy (Table S1).19,39

Patients with an abnormal NCS or thermal detection threshold on

QST without any symptoms and signs were diagnosed with subclinical

neuropathy.

2.7 | Neuropathy assessment tools

Patients completed the Michigan Neuropathy Scoring Instrument

questionnaire part (MNSIq). A cut-off ≥4/13 abnormal responses has

been suggested as the cut-off to define polyneuropathy.20 The

Toronto Clinical Scoring System (TCSS)21 and the TNS clinical version

(TNSc)13 and reduced version (TNSr)12 were used to grade the sever-

ity of neuropathy. A sensory version of the CTCAE v514 was per-

formed by the primary investigator.

2.8 | Grading neuropathic pain

Neuropathic pain was graded as “possible”, “probable”, or “definite” in

accordance with the NeuPSIG grading system.40

2.9 | Standard protocol approvals, registrations,
and patient consents

The study was approved by the Danish Data Protection Agency

(No. 1-16-02-89-16), the Central Denmark Region Committees on

Health Research Ethics (No. 1-10-72-359-15), and the Danish Health

and Medicines Authority (No. 3-3013-605/1/). The study was registered

in clinicaltrials.gov (NCT02654691). All participants provided written

informed consent. The study is part of the EU project DOLORisk.29

2.10 | Statistical analysis

As we expected the relation between symptoms and signs and nerve

function to be similar across the two patient groups, our primary ana-

lyses are for the two patient groups combined. Statistical analysis was

performed with STATA version 14.2. Means were presented with SD

(SD) and medians with a 25% to 75% percentile (IQR). Normally dis-

tributed data were analyzed with student's t test and otherwise with

Mann–Whitney or Kruskal–Wallis (rank sum) tests. Binary data were

analyzed with Fisher's exact test. Analysis of variance (ANOVA)

between more than two groups was tested using one-way ANOVA.

Test for trends were done with linear regression and adjusted for pos-

sible confounders. Data from the QST were analyzed with the stan-

dardized program Equista, version 1.3.5. A z-score was calculated as

described in earlier studies compared to a normal control group and

adjusted for test site, age, and gender.35,41 Correlation was tested

with Spearman's rho. Missing data was not replaced.

3 | RESULTS

3.1 | Study participants

Of the 132 eligible patients, 63 (47.7%) accepted to participate in the

clinical study; 28 patients had received docetaxel and 35 oxaliplatin.

Demographics are presented in Table 1. There were no statistical sig-

nificant differences in clinical characteristics and the percentage

reporting symptoms of neuropathy in the questionnaire study,28

between those who participated in the clinical study and those who

did not, except for the number of patients with diabetes in patients

treated with docetaxel (3/28 participating and 0/52 not participating)

(Table S2).

3.2 | Grading of CIPN

We found that 26 (41.3%) patients had confirmed CIPN (62.8% of

oxaliplatin and 14.3% of docetaxel treated patients), 15 (23.8%) prob-

able CIPN, 6 (9.5%) possible CIPN, 14 (22.2%) no CIPN, and 2 patients

had subclinical PNP (Table S3). Of the 26 patients with confirmed

CIPN, 6 (23%) had mixed small and large fiber neuropathy based on

NCS including the dorsal sural nerve and thermal detection thresh-

olds, 15 (58%) had pure large fiber neuropathy and 5 (8%) had pure

small fiber neuropathy (Table S3). Of the 21 patients with abnormal

NCS, 9 had abnormal NCS results only when the dorsal sural nerve

assessment was included, of which 4 had abnormal cold or warm sen-

sation (Table S3). When including the dorsal sural nerve only 5/63
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(7.9%) had small fiber loss only, compared to 9/63 (14.3%) when grad-

ing without the dorsal sural nerve. Table S4 shows the mean values of

the amplitude and velocity in the four groups.

All patients with symptoms of polyneuropathy had onset during

chemotherapy treatment or within months after receiving chemother-

apy, including the four with diabetes. Seven patients had comorbidities

that could give symptoms in the feet: four had a history with a lumbar

disc prolapse or sciatica, one a brain hemorrhage, one sarcoidosis, and

one a deep vein thrombosis. Five of these patients had symptoms and

signs of polyneuropathy that were consistent with CIPN on clinical

examination and confirmed with NCS in four patients. One patient with

confirmed neuropathy had relapse and re-induction of chemotherapy,

and one patient with probable CIPN, had recently deceived 1 cycle of

oxaliplatin due to a second cancer. No other patients had metastases

(including spinal metastases) to our knowledge. Symptoms in the form of

tingling or numbness in the feet at baseline was reported by eight

patients, seven of which had confirmed polyneuropathy (Table S3).

3.3 | Assessment tools

All of the patients with polyneuropathy had grade 1 to 2 sensory

symptoms on the CTCAE v5.14 The results for the MNSIq, TCSS,

TNSc, and TNSr are presented in Figure 1 and Table S3. In general,

patients had mild neuropathy with relatively low scores on all tools

(Figure 1). For all of the four assessment tools, there was a significant

correlation between the certainty of neuropathy and the score, but

many patients with confirmed CIPN had scores below the cut-off for

neuropathy on the MNSIq and the TCSS (Figure 1). The highest

observed correlations were for the TCSS and the TNSr (Figure 1).

There was no difference in MNSIq, TCSS, TNSc, or TNSr scores in

patients who had received docetaxel compared to oxaliplatin P > .06.

3.4 | Bedside and quantitative sensory testing

The CIPN was characterized mainly by sensory loss, in particular to

large fiber functions. Compared with patients without CIPN, patients

with confirmed CIPN had increased cold (ie, decreased cold detection

temperature), warm, mechanical detection and vibration detection

thresholds and more often paradoxical heat sensations, whereas gain

of function was present in only a few patients (Figures 2A and 3 and

Figure S1). This was consistent with the bedside sensory testing,

where none of the patients had pinprick hyperalgesia or dynamic

mechanical, cold or warm allodynia on the feet, legs, arms, or hands.

The quantitative sensory testing (QST)-based vibration detection

thresholds, which can be used bedside, were abnormal in 72.7% of

the patients with an abnormal NCS including the dorsal sural nerve

(Table S3). The vibration test had a sensitivity of 72.7% (49.8%-

89.3%), specificity of 95.0% (83.1%-99.4%), positive predictive value

of 88.9% (65.3%-98.6%), and negative predictive value of 86.4%

(72.6%-94.8%) for identifying large fiber polyneuropathy confirmed

with NCS including the dorsal sural nerve. There was a poor agree-

ment between abnormal thermal detection and mechanical pain

thresholds (Table S3).

3.5 | MScan MUNE

Despite a similar size of the CMAP amplitude (P > .34) (Figure 4A), the

motor unit counts were lower (Figure 4B) and the motor units larger

(Figure 4C) in patients with abnormal NCS than in healthy controls,

indicating nerve damage with subsequent compensation in the form

of nerve collateral sprouting. There were, however, no significant dif-

ferences between patients with large fiber neuropathy and those

without, also not when dividing them into types of chemotherapy.

TABLE 1 Patient characteristics

Docetaxel (breast cancer) (n = 28) Oxaliplatin (colorectal cancer) (n = 35) P value

Age at follow-up, years, mean (SD) 57.0 (7.2) 68.9 (6.6) < .001

Age at first cycle of chemotherapy, years, mean (SD) 52.2 (7.2) 63.9 (6.6) < .001

Mean time since first treatment, years, mean (SD) 4.8 (0.4) 5.1 (0.4) .01

Females, No. (%) 28 (100.0) 12 (34.3) < .001

Height, cm, mean (SD) 167.4 (5.1) 173.7 (8.0) < .001

Weight, kg, mean (SD) 78.8 (17.1) 79.2 (12.4) .91

Body mass index (kg/m2), mean (SD) 28.0 (5.6) 26.3 (4.0) .15

Diabetes, No. (%) 3 (10.7) 3 (8.6) 1.00

Cumulative dose (mg), mean (SD) 580.3 (186.3) 1150.7 (435.3) < .001

Cumulative dose/body area (mg/m2), mean (SD) 306.6 (89.5) 608.1 (227.5) < .001

Endocrine therapy, No. (%) 19 (67.9)

Smoking, No. (%) 1.00

Yes, No. (%) 3 (10.7) 3 (8.8)

Never, No. (%) 12 (42.9) 14 (41.2)

Former smoker, No. (%) 13 (46.4) 17 (50.0)

Alcohol above >7/14 units for women/men, No. (%) 4 (15.4) 5 (15.6) 1.00
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There was no correlation between severity (TNS) and MUNE when

using Spearman's rho. Data from each patient are shown in Table S3.

We excluded five patients who had received oxaliplatin and two who

had received docetaxel due to carpal tunnel syndrome. The patients

with subclinical PNP were also excluded, and seven patients did not

which to participate due to discomfort.

3.6 | Corneal confocal microscopy

There were no significant differences in CNFL, CNFD, or CNBD

between the four polyneuropathy groups (P > .16) and also no differ-

ences between those with and without small fiber polyneuropathy

(defined as increased CDT or WDT) (P > .15) and the results were

within the normal range of a local reference group (Figure 4D-F).

There were no significant difference in CNFL, CNFD, or CNBD

between oxaliplatin and docetaxel (P > .34). Also, there were no corre-

lations between any of the CCM parameters and the CDT or WDT

with Spearman's rho ranging from −0.14 to 0.24.

3.7 | Mental health and QoL

There were no significant differences in sleep impairment, symptoms

of anxiety, depression, and sleep, or QoL between the four groups

when adjusting for age, gender, and type of chemotherapy (P > .18)

(Table 2). All of the T-score means were below the thresholds for mild

symptoms or impairment.32,33

F IGURE 1 Total scores of the questionnaire Michigan Neuropathy Screening Instrument questionnaire (MNSIq), the Toronto Clinical Scoring
System (TCSS), and the total neuropathy score (TNS)Filled line median score, dashes lines cut-point between no CIPN and mild CIPN.Red dots:
docetaxel; black dots: oxaliplatin rs, Spearman's Rho
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3.8 | Neuropathic pain

Of the 26 patients with confirmed CIPN, 42.3% (11/26) had pain-

ful CIPN and 53.3% (8/15) of patients with probable CIPN had

painful CIPN. Among patients treated with oxaliplatin, 8/22 (36%)

with definite CIPN had neuropathic pain and 3/6 (50%) with prob-

able CIPN had neuropathic pain. Among patients treated with

docetaxel, 3/4 (75%) with definite CIPN had neuropathic pain and

6/9 (67%) with probable CIPN had neuropathic pain (Table S3).

The mean pain intensity was mild to moderate, and in most

patients the pain interfered only mildly with their daily life

(Table 3). However, 25% of patients with probable neuropathic

pain and 18% of patients with definite neuropathic pain had at

least moderate interference and patients with painful confirmed

CIPN had a significantly lower QoL score and felt more fatigue

than patients with confirmed CIPN without pain (P = .002 and

P = .005) (Table 2). We also saw no differences between neuropa-

thy groups, when looking separately in the two types of chemo-

therapy (Table 2). There was no difference in the QST profile

among patients with and without pain except that the painful CIPN

group had more paradoxical heat sensation than the pain-free

CIPN group (Figure 2B).

F IGURE 2 Quantitative sensory testing showing loss or gain of function (z-scores outside the 95% confidence interval of the DFNS reference
database) on the 12 parameters. The comparisons were done between the groups with A, no CIPN, possible/probable CIPN, and confirmed CIPN
and B, confirmed CIPN with and without neuropathic pain. Patients with subclinical neuropathy were excluded. * P < .05. CDT, cold detection
threshold; CIPN, chemotherapy-induced peripheral neuropathy; CPT, cold pain threshold; DMA, dynamic mechanical allodynia; HPT, heat pain
threshold; MDT, mechanical detection threshold; MPS, mechanical pain sensitivity; MPT, mechanical pain threshold; PHS, paradoxical heat
sensation; PPT, pain pressure threshold; TSL, thermal sensory limen; VDT, vibration detection threshold; WDT, warm detection threshold

F IGURE 3 Quantitative sensory testing showing z-scores indicating loss or gain in function on the 10 parameters. The comparisons were
done between the groups with A, no CIPN, possible/probable CIPN, and confirmed CIPN and B, Confirmed CIPN with and without neuropathic
pain. Patients with subclinical neuropathy are excluded (n = 2). CDT, cold detection threshold; CIPN, chemotherapy-induced peripheral
neuropathy; CPT, cold pain threshold; DMA, dynamic mechanical allodynia; HPT, heat pain threshold; MDT, mechanical detection threshold;
MPS, mechanical pain sensitivity; MPT, mechanical pain threshold; PHS, paradoxical heat sensation; PPT, pain pressure threshold; TSL, thermal
sensory limen; VDT, vibration detection threshold; WDT, warm detection threshold. * P value < .05
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4 | DISCUSSION

We conducted detailed phenotyping of consecutive patients partici-

pating in a prospective study27 who had received adjuvant docetaxel

or oxaliplatin 4 to 5 years before. Of the 63 participating patients,

22% (14/63) did not have any signs or symptoms of neuropathy, 10%

(6/63) had possible, 24% (15/63) probable, and 41% (26/63) had con-

firmed CIPN with abnormal NCS or cold or warm detection

thresholds.

Patients generally had mild to moderate neuropathy. The median

TCSS score was 6 for confirmed CIPN and the median score were

6 for TNSc and 4.5 for the TNSr. The neuropathy was characterized

by sensory loss. Of the 26 patients with confirmed CIPN 81% had a

large sensory fiber loss, but 29% had small fiber loss as identified with

decreased sensation to cold and warm on QST. Additionally, 27% had

abnormal paradoxical heat sensations, which are suggested to be an

early sign of small fiber loss.42,43 The neuropathy was classified as

sensory or mixed sensory and motor neuropathy by the NCS-record-

ings. Using the new method of Mscan MUNE, we found some signs of

motor unit loss with subsequent nerve reinnervation in the upper

extremities despite a lack of motor symptoms. Consistent with other

studies,44,45 there were no clear associations between QoL, symptoms

of depression, anxiety, and fatigue and grading of neuropathy.

Many more patients had confirmed CIPN in the oxaliplatin group

than in the docetaxel group. Coasting has been shown to worsen the

sensory neuropathic symptoms of oxaliplatin after ended treatment,46

this phenomenon is not described in docetaxel treated patients, but

the few studies looking at the development of symptoms of poly-

neuropathy after docetaxel have shown that the symptoms persist in

32% to 42% of the patients.28,47,48

Of the 41 patients with probable or confirmed CIPN, 30% had

neuropathic pain in the feet (painful CIPN). In general, the pain

F IGURE 4 Mscan parameters A-C, and corneal confocal microscopy (CCM) parameters D-F. MScan parameters were compared between
patients with large fiber polyneuropathy (LPNP+), patients without large fiber polyneuropathy (LPNP-), and local age-matched healthy controls. A,
The compound muscle action potential (CMAP) amplitude, B, Motor unit number estimations (MScan MUNE), C, The Largest unit (%). CCM
parameters were compared between patients with no small fiber loss (SPNP-), with small fiber loss (SPNP+), and local age-matched controls in D,
Cornea nerve fiber length (CNFL), E, Cornea nerve branch density (CNBD), and F, Cornea nerve fiber density (CNFD. Patients were excluded from
the MScan evaluation if they had carpal tunnel syndrome (n = 7) or did not wish to participate (n = 9). CCM was performed on 53 of the
participants; 10 did not wish to participate, and two patients had a subclinical CIPN and were not included here. Horizontal lines indicate means,
and dashed lines SDs. * P = .018 between healthy controls and LPNP+, ** P = .006 between healthy controls and LPNP+
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intensity was mild with only mild interference with daily life, but 20%

to 25% reported that the pain moderately interfered with their daily

lives. The patients with painful confirmed CIPN also felt more fatigue

and had a lower quality of life than those without pain. Clinical and

quantitative sensory testing showed sensory loss and no evoked pain

but some did report some evoked pain on the NPSI. Patients with

confirmed CIPN and pain had similar sensory profiles as patients with-

out pain except for a higher prevalence of paradoxical heat sensations,

which suggests a more severe loss of small-fiber function.42,43

Symptom and sign scores using the different scales (MNSIq,

TCSS, TNSc, and TNSr) increased with increasing grading of neuropa-

thy, but the MNSIq and TCSS only had a score suggestive of neuropa-

thy in around half of patients with confirmed neuropathy. Our

findings emphasize the need for better screening and assessment

tools for CIPN.15 We found that more patients were diagnosed with

confirmed CIPN when using the dorsal sural nerve than standard NCS

alone. This is in agreement with previous studies suggesting that

including assessment of the dorsal sural nerve improves the sensitivity

of neurophysiological examination of peripheral neuropathy, which

affects the most distal sensory fibers first.38,49

In this study, we did not take a skin biopsy to estimate the intra-

epidermal nerve fiber density considered the gold standard for

assessing small fiber neuropathy, but we used cold and warm detec-

tion thresholds assessed during QST. The CCM method is a suggested

method to assess small fiber function in patients with diabetic

neuropathy,50 but its usefulness has been questioned.51,52 We did not
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TABLE 3 Pain Characteristics

Grade of CIPN: Probable Confirmed

Patients with pain: (n = 8) (n = 11)

NPSI

Burning pain (0-10), mean (SD) 1.4 (2.2) 3.8 (3.7)

Pressing pain (0-10), mean (SD) 2.1 (3.2) 2.8 (3.0)

Paroxysmal pain (0-10), mean (SD) 0.9 (1.4) 2.4 (2.9)

Evoked pain (0-10), mean (SD) 0.8 (0.9) 2.5 (2.6)

provoked by brushing (0-10), mean (SD) 0.2 (0.7) 2.2 (2.8)

provoked by pressure (0-10), mean (SD) 0.9 (1.1) 3.2 (3.5)

provoked by contact with

cold (0-10), mean (SD)

1.2 (2.1) 2.1 (3.3)

Pins and needles/tingling, mean (SD) 3.4 (3.3) 3.2 (2.7)

Total sum of NPSI (0-100), mean (SD) 16.6 (17.3) 28.1 (22.7)

PROMIS Pain, T-score, mean (SD) 54.4 (6.3) 55.3 (6.3)

Pain interference, mild, No. (%) 5 (62.5) 8 (72.7)

Pain interference, moderate, No. (%) 2 (25.0) 2 (18.2)

Average pain intensity in the last

24 hours, mean (SD)

2.2 (2.0) 4.1 (3.0)

Average pain intensity in the last

7 days, mean (SD)

2.5 (2.2) 4.5 (2.7)

Analgesics, No. (%) 0 (0.0) 3 (27.3)

Note: P values were calculated with student's t test.

Abbreviations: CIPN, chemotherapy-induced peripheral neuropathy; NPSI,

Neuropathic Pain Symptom Inventory.
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find that CCM measure was useful in diagnosing CIPN. This is in con-

trast to another small study on oxaliplatin, where there was a

decrease in number of fibers and length density after four cycles.53

For bedside testing, vibration detection threshold might be a useful

screening tool,54 which supports the use of vibration sense as a bed-

side test and early predictor of CIPN.3,17,55 There was a poor agree-

ment between abnormal thermal detection and mechanical pain

thresholds, and more studies are needed to identify reliable bedside

tests to assess small fiber function.

The strength of this study was that all patients from a prospective

study of consecutive patients were invited to participate, the long-

term follow-up, and that those participating were similar with respect

to demographics and symptoms of neuropathy from the question-

naires study as those who did not. Also, the examination was thor-

ough including a wide range of techniques assessing symptoms and

signs and function of small and large sensory and motor fibers. It is a

limitation that we did not do a clinical examination and NCS at base-

line. The fact that 7 out of 26 patients with confirmed neuropathy

had symptoms of numbness or tingling in the feet at baseline despite

reporting that the symptoms of neuropathy started after starting che-

motherapy suggests that a subgroup may have had worsening of a

pre-existing neuropathy. Also, we did not excluded if patients had

developed polyneuropathy because of other causes than chemother-

apy, such of hypothyroidism, vitamin B12 vitamin deficiency, or amy-

loidosis. Also, the small number of subjects is a limitation, particular

when separating the patients depending on type of chemotherapy.

However, despite a difference in symptoms in the acute phase, the

symptoms and signs of chronic neuropathy are similar between doce-

taxel and oxaliplatin, supporting the decision to merge the data from

patients, who had received docetaxel and oxaliplatin.28,42

Using a multimodal testing in a representative group of consecu-

tive patients treated with docetaxel and oxaliplatin, we provide a

detailed characterization of long-term CIPN. Confirmed CIPN was

present in 41%, of these 42% had neuropathic pain. The neuropathy

was generally mild to moderate and affected sensory, particular large

fibers, and to a minor degree motor nerve fibers. The study empha-

sizes the need for better bedside screening and assessment tools to

determine the presence of neuropathy.
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