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Background: The different perception and assessment of chemotherapy-induced peripheral neurotoxicity (CIPN)
between healthcare providers and patients has not yet been fully addressed, although these two approaches might even-
tually lead to inconsistent, possibly conflicting interpretation, especially regarding sensory impairment.
Patients and methods: A cohort of 281 subjects with stable CIPN was evaluated with the National Cancer Institute—
Common Toxicity Criteria (NCI-CTC v. 2.0) sensory scale, the clinical Total Neuropathy Score (TNSc©), the modified
Inflammatory Neuropathy Cause and Treatment (INCAT) sensory sumscore (mISS) and the European Organization for
Research and Treatment of Cancer CIPN specific self-report questionnaire (EORTC QOL-CIPN20).
Results: Patients’ probability estimates showed that the EORTC QLQ-CIPN20 sensory score was overall more highly
related to the NCI-CTC sensory score. However, the vibration perception item of the TNSc had a higher probability to be
scored 0 for EORTC QLQ-CIPN20 scores lower than 35, as vibration score 2 for EORTC QLQ-CIPN20 scores between
35 and 50 and as grade 3 or 4 for EORTC QLQ-CIPN20 scores higher than 50. The linear models showed a significant
trend between each mISS item and increasing EORTC QLQ-CIPN20 sensory scores.
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Conclusion: None of the clinical items had a perfect relationship with patients’ perception, and most of the discrepan-
cies stood in the intermediate levels of CIPN severity. Our data indicate that to achieve a comprehensive knowledge of
CIPN including a reliable assessment of both the severity and the quality of CIPN-related sensory impairment, clinical and
PRO measures should be always combined.
Key words: chemotherapy, neuropathy, assessment, patient-reported outcome measure, neurotoxicity

introduction
The best way to measure chemotherapy-induced peripheral
neurotoxicity (CIPN) [1] remains unclear. The most frequently
used physician-assessed measure is the National Cancer
Institute—Common Toxicity Criteria (NCI-CTC, here v. 2.0
was applied) sensory and motor scale (http://ctep.cancer.gov/
protocolDevelopment/electronic_applications/ctc.htm#ctc_40).
As it has well-known limitations in the evaluation of CIPN
[2, 3], other physician-derived tools have been developed. The
Total Neuropathy Score© and its clinical version (TNSc©)
address many of issues regarding NCI-CTC [4–6]. The modified
Inflammatory Neuropathy Cause and Treatment sensory sum-
score (mISS) is a widely used, standardized scale for scoring
sensory neuropathies [7], recently investigated for its validity
and reliability in assessment of stable CIPN in comparison with
NCI-CTC and TNSc© [8].
Patient-reported outcomes (PROs) have also been used and

have been proposed for use in medical product development to
support labeling claims (http://www.fda.gov/downloads/Drugs/
Guidances/UCM193282.pdf). Several different quality-of-life
(QoL) questionnaires have been used in cancer patients [3] and
the European Organization for Research and Treatment of
Cancer (EORTC)-QLQ30 [9] is one of the most widely used. It
is intended to be supplemented by additional condition-specific
subscales, such as EORTC QLQ-CIPN20 to evaluate the impact
of CIPN on QoL [8, 9].
The possible different perceptions and assessments of CIPN

between physicians and patients have not yet been fully ad-
dressed. Prior studies have suggested that these two approaches
might lead to inconsistent results, particularly in the interpret-
ation of sensory impairment [10–12].
This secondary analysis of the CI-PeriNomS study database [8]

compares results of sensory examination obtained by physicians
through NCI-CTC, TNSc© and mISS with EORTC QLQ-C30 and
sensory submodule EORTC QLQ-CIPN20 questionnaires results.

patients andmethods
Patients analyzed in the present study were the 281 subjects with stable
CIPN enrolled in the primary CI-PeriNomS study (see supplementary
Appendix 2, available at Annals of Oncology online) [3, 8].

assessment methods
The mISS scoring method was used to assess pinprick, vibration, light touch
and joint position sensations in arms and legs. Vibration sense was assessed
using the graduated Rydel-Seiffer tuning fork and its reported normative
data [13]. For two-point discrimination test, new normative values were
used [14]. Light touch and pinprick were assessed by the use of standardized
10 g monofilaments and disposable Neurotip as part of the calibrated
Neuropen (Owens Mumford, Woodstock, UK). Pinprick, vibration and light

touch proximal-to-distal impairments were recorded and subdivided in four
scores in both the upper and lower limbs as follows: normal = 0, disturbed
perception up to the distal phalanx of the index finger or hallux = 1, up to
the ulnar styloid process or medial malleolus = 2, up to the medial humerus
epicondyle or patella = 3, up to the acromio-clavicular joint or anterior su-
perior iliac spine = 4. Two-point discrimination was assessed and scored as
normal/abnormal at the index finger. Moreover, the NCI-CTC grade and the
TNSc© score regarding pin and vibration thresholds (TNSc© PIN and

TNSc© VIBRATION, respectively) were calculated as previously described
[4, 5].

At the ‘QoL level’, EORTC QLQ-C30 and disease-specific CIPN20 ques-
tionnaires were selected and used in the patient’s language [8].

data handling
EORTC QLQ-C30 questionnaire results and EORTC QLQ-CIPN20 sensory
subscale results were converted into a 0–100 scale (0 = no sensory impair-
ment, 100 = worst sensory impairment) [13]. The intra- and interexaminer
agreement of each mISS item was confirmed by means of weighted K-Cohen
coefficients and 95% confidence intervals. Agreement between evaluations
was described according to Landis and Koch [15]. This had already been
done for TNSc©, NCI-CTC, overall mISS scales and QLQ-CIPN20 sensory
submodules [8]. Therefore, in the secondary analysis presented in this article
only the first evaluation for each patient was considered. When analyzing
TNSc©, NCI-CTC, mISS items, score 3 and 4 in each ordinal scale were
combined due to the low number of patients in these classes. See supplemen-
tary Appendix 2, available at Annals of Oncology online for more details.

statistical analysis
To test the relationship between EORTC QLQ-CIPN20 sensory sub-module
and the evaluation of CIPN done by the physician (by means of NCI-CTC,

TNSc© sensory items and mISS scale), different statistical methods were
used. First, the presence of a linear trend was assessed by means of a linear
regression model of EORTC QLQ-CIPN20 sensory score over each of the
scores assigned by the physician, assuming NCI-CTC, TNSc© sensory items
and mISS scale as continuous variables. Afterward, to evaluate difference in
EORTC QLQ-CIPN20 sensory score between contiguous scores of the three
physician assessed scores, these latter were considered as ordinal categorical
regressors and pairwise comparisons between their contiguous scores were
evaluated by means of the ANOVA regression, with Bonferroni adjustment
for multiple comparisons (P values were significant if <0.05).

To describe the patient probability to be assigned to higher (or lower)
sensory levels in the NCI-CTC, TNSc© sensory scores and mISS items,
according to his/her EORTC QLQ-CIPN20 sensory scores, ordinal logistic
models were applied, where EORTC QLQ-CIPN20 sensory score was the in-
dependent variable and NCI-CTC, the TNSc© sensory scores and mISS
items were the ordinal dependent variables, one by one. In Figures 1 and 2
(lower panels), each curve represents the estimated patient’s probabilities to
be assigned to different scores of the physician scales according to levels of
EORTC QLQ-CIPN20 sensory score. When the curve of a specific score is
higher than the others, it represents the most probable grade/score in which
a patient could be assigned when he/she presents the corresponding QLQ-
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CIPN20 sensory score. Analyses were carried out by means of the statistical
software SAS v.9.2 (SAS Institute, Inc., Cary, NC).

results
At the overall QoL level, the analysis of the EORTC QLQ-C30
results confirmed that a significant proportion of patients in our
cohort reported an impairment in both physical (60% having a
score lower than 80) and emotional functioning (50% having a
score lower than 80, supplementary Figure S1, available at
Annals of Oncology online).

reliability analysis on mISS
Out of the entire cohort, 248 subjects underwent the mISS as-
sessment and were available for the reliability analysis, which
ruled out the null hypothesis of no agreement in both inter- and
intrarater results (P < 0.001). Strength of correlation was differ-
ent for different items: a ‘substantial’ (i.e., >0.60) inter- and
intra-agreement was evidenced for most items, with ‘almost
perfect’ (i.e., >0.80) and ‘moderate’ (i.e., > 0.40) results for a few
of them (Supplementary Table S1, available at Annals of
Oncology online).

comparison among the NCI-CTC, TNSc©
and EORTC QLQ-CIPN20 results
According to linear regression analysis, EORTC QLQ-CIPN20
scores tended to significantly increase at increasing grades/scores
of each scale (NCI-CTC sensory and TNSc© PIN/VIBRATION
items, Table 1, linear trend test). Pairwise comparisons show that
this increase in EORTC QLQ-CIPN20 is more evident when
contrasting pathological grades in NCI-CTC sensory item and
when contrasting the normal versus score 1 on TNSc© (Table 1,
Pairwise comparisons and Figure 1, upper panel).
Based on ordinal logistic model, the EORTC QLQ-CIPN20

sensory score was highly related to the NCI-CTC sensory grade,
because patients with EORTC QLQ-CIPN20 sensory scores
close to 0 had a higher probability to be considered as NCI-CTC
sensory grade 1, while increasing scores, approximately up to
80, mainly had a high probability of grade 2 and higher scores
had a very high probability to be considered as grade 3/4. Grade 0
had an extremely low probability to be associated with any
extent of increase in EORTC QLQ-CIPN20 sensory scores (but
this was estimated based on only 3 patients with grade 0)
(Figure 1 lower panel).
A less clear relationship was found in the TNSc© models. The

TNSc© PIN score 0 achieved the higher probability for EORTC
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QLQ-CIPN20 score up to ∼25, while score 2 was the most prob-
able choice for patients with EORTC QLQ-CIPN20 score higher
than 25. TNSc© PIN score 1 had very similar probability to be
assigned as score 0, along a wide range of EORTC QLQ-
CIPN20 scores and TNSc© PIN score 3/4 had always a lower
probability to be assigned than TNSc© PIN score 2, even for
very high values of EORTC QLQ-CIPN20 score. Virtually none
of the TNSc© PIN grades reached a probability higher than 40%
of being selected along the entire range of EORTC QLQ-
CIPN20 score. The TNSc© VIBRATION had a better perform-
ance than TNSc© PIN, since patients had a higher probability
to be scored 0 for EORTC QLQ-CIPN20 scores lower than 35,
as 2 for EORTC QLQ-CIPN20 scores approximately between 35
and 50 and as 3 or 4 for EORTC QLQ-CIPN20 scores higher
than 50, with a probability higher than 50% for scores higher
than 75. The probability for TNSc© VIBRATION to be scored
as 1 was low and distributed along the entire EORTC QLQ-
CIPN20 score range.

comparison between the mISS and the EORTC
QLQ-CIPN20 results
The EORTC QLQ-CIPN20 sensory submodule distribution by
scores for each individual mISS item is reported in Figure 2.
When regressing the EORTC QLQ-CIPN20 sensory score

over each mISS item (Table 1), a positive slope significantly dif-
ferent from zero was estimated, meaning that worst patient per-
ception of their status corresponded to the worst physician
evaluations. Pairwise comparisons between scores showed that
for the mISS pinprick arms item only the difference between
0 and 1 was statistically significant, while 1, 2 and 3/4 were attrib-
uted to patients withmore similar EORTCQLQ-CIPN20 sensory

score. The light touch arms and light touch legs items appeared
to be very similar on EORTC QLQ-CIPN20 sensory score,
except for very severe conditions (i.e., 3/4), that statistically dif-
fered from 2. The mISS pinprick legs and vibration legs items
presented statistically different mean values of EORTC QLQ-
CIPN20 score only when comparing normal versus mISS pinprick
score 1 and mISS pinprick score 2 versus very severe conditions.
The vibration arms item scores appeared not statistically differ-
ent. Patients with abnormal (i.e., score 1) joint position arms
and legs and two-point discrimination results presented signifi-
cantly higher EORTC QLQ-CIPN20 sensory score compared
with normal (score 0).
The estimated probabilities of each patient to be assigned to

different mISS item score in relationship with his self-evaluated
EORTC QLQ-CIPN20 is shown in Figure 2. For CIPN20
sensory scores up to 60, patients had a higher probability to be
classified as 0 in the pin arms item, while for scores >60 the fa-
vorite was 2, not 3/4, also given the small number in this class.
Similar results (but with different cutoffs) were observed for the
pinprick legs (cutoff ≈25) and light touch arms (cutoff ≈40)
items. When analyzing the light touch legs item, the most prob-
able score was 2, along all the range of EORTC QLQ-CIPN20
sensory scores. Only for extreme scores (i.e., <15 and >85), the
most probable mISS score were 0 and 3/4. The vibration arms
assignment was only slightly influenced by the EORTC QLQ-
CIPN20 sensory score, because the most probable vibration
score for each EORTC QLQ-CIPN20 sensory score was 0. In
contrast, vibration legs item was clearly more associated with
EORTC QLQ-CIPN20 sensory score, because for scores up to
30 the most probable score was 0, for scores between 30 and 65
the most probable vibration leg score was 2 and for scores >65
vibration leg score 3/4 were the favorite assignment.

Table 1. Regression models of EORTC QLQ-CIPN20 score over each scale assessed by the physician (NCI-CTC sensory, TNSc pin and TNSc
vibration and single mISS items): pairwise comparisons, trend test (β) and P-values

Sensory scales Pairwise comparisons between item grades (adjusted P-value) Linear trend Test β (P-value)

G0 versus G1 G1 versus G2 G2 versus G3/G4

NCI-CTC sensory 0.532 <0.001 <0.001 13.3 (<0.001)
TNSc PIN 0.020 1.000 0.090 5.5 (<0.001)
TNSc VIBRATION 0.016 1.000 0.032 5.7 (<0.001)

mISS items Pairwise comparison between item grades (adjusted P-value) Linear trend test β (P-value)
G0 versus G1 G1 versus G2 G2 versus G3/G4

Pinprick arms 0.002 1.000 0.081 5.6 (<0.001)
Pinprick legs 0.043 1.000 0.012 6.7 (<0.001)
Light touch arms 0.091 0.214 0.002 8.0 (<0.001)
Light touch legs 1.000 0.098 <0.001 7.4 (<0.001)

Vibration arms 0.108 1.000 1.000 3.5 (0.017)
Vibration legs 0.012 0.548 <0.001 5.4 (<0.001)
Joint position arms 0.043 – – 14.0 (0.043)
Joint position legs <0.001 – – 13.4 (<0.001)
2-point discrimination <0.001 – – 9.5 (<0.001)

Figure 2. EORTC QLQ-CIPN20 sensory submodule results distribution by each mISS item (see first three upper lines of panels; in brackets is reported the
number of patients available for comparison). The box represents the first and third quartile, the central line the median, the white square the mean and the whis-
kers are located at the maximum and minimum observation (outside observations indicated with dots are those out of the 1.5 × interquartile range). Probability
for a patient, with a given EORTC QLQ-CIPN20 sensory score, to be classified as score 0 to 4 of each mISS item, is reported in the last three lines of panels.
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When assessing the items with only two possible scores
(Table 1, Figure 2), the joint position arms item was unrelated to
EORTC QLQ-CIPN20 sensory score (score 0 was always the
score with the highest probability to occur). The joint position
legs item presented a better probability curve, since for very high
EORTC QLQ-CIPN20 sensory scores, joint position leg score 1
had higher probability to occur. Two-point discrimination at the
index finger appeared to have the best capacity to reflect the
simple presence or absence of CIPN as measured with the
EORTC QLQ-CIPN20 sensory scores since for values lower than
30, patients had a higher probability of being classified as 0, while
the others were likely classified as 1 for two-point discrimination.

discussion
Currently, it is unknown if physician assessments reflect patients’
perception of CIPN impact on their QoL [10–12]. The aim of our
study was not to demonstrate the superiority of a given method,
but rather to provide evidence for a critical selection of assessment
tools based on the knowledge of their qualities and capacities.
We focused on sensory impairment because it has the major

impact on QoL; thus, we selected as clinical tools the NCI-CTC
sensory scale, clinical sensory items of the TNSc© and mISS.
NCI-CTC has significant limitation in assessing CIPN, particu-
larly in discriminating grades 2 and 3 [4], The TNSc© allows a
more accurate assessment, while the mISS is time-consuming
and complicated for this use. However, the mISS is one of the
most accurate and valid neurological scales to grade sensory
polyneuropathies and is, therefore, a valuable ‘benchmark’ for
our study. Among different PRO measures, EORTC QLQ-C30
questionnaire has been selected for its superior efficacy in re-
porting the QoL of cancer patients in comparison to other
similar PRO instruments [16]. Accordingly, EORTC QLQ-
CIPN20-specific submodule has already been used in clinical
trials and is a valid tool in sensory CIPN detection [8, 17–19].
None of NCI-CTC, mISS and TNSc© sensory items had a

perfect relationship with patients’ perception and most of dis-
crepancies stood in intermediate grades of CIPN severity.
Comparing NCI-CTC or TNSc© results with EORTC QLQ-

CIPN20 scores, the former highly agreed with the PRO
measure, except for patients with normal results. This is prob-
ably due to the role of the subjective reporting of sensory im-
pairment by patients in NCI-CTC grading. However, formal
assessment of vibration threshold according to TNSc© was able
to discriminate at least three different levels of CIPN severity,
with the best results in differentiating score 0 versus score 1 and
score 2 versus score 3/4.
When PRO results were compared with items of mISS, both

vibration and pinprick assessments in legs were able to detect
significant differences in patient-reported CIPN severity when
comparing scores 0 versus 1 and 2 versus 3/4. However, this dis-
criminating capacity was not equivalent, since severe pinprick
perception had a high probability to correlate only with very
high EORTC CIPN scores (i.e., >90), while increasing impair-
ment in vibration perception identified two distinct EORTC
QLQ-CIPN20 thresholds (∼30 and 65).
Interestingly, a valuable discriminating power was demon-

strated by two-point discrimination at index finger (normal up to
an EORTC QLQ-CIPN20 score <30), while impairment in joint

position perception in legs could only identify patients with an
EORTC QLQ-CIPN20 score higher than 80. Negative result
obtained with joint position arms item is likely due to the re-
markably low number of patients with abnormal results (3.6% of
the entire population), while the incidence in legs is higher—as
expected—in a length-dependent polyneuropathy such as CIPN.
Our data strongly suggest that to achieve a comprehensive

measure of CIPN, clinical and PRO measures should be used and
indicate that the combined use of NCI-CTC and of EORTC
QLQ-CIPN20 questionnaire is very likely to provide overlapping
data, while only the formal neurological assessment can discrim-
inate among different types and extent of nerve damage. These
suggestions would be even more relevant in the era of persona-
lized medicine and pharmacogenomics [20]. In fact, even the
most refined and advanced tool would be powerless if not sup-
ported by a valid assessment to define the study population.
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appendix 2 THEWHOLE CI-PeriNomS
Study: focus on

AIMs
Selecting outcome measures for CIPN evaluation and establish-
ing their validity and reproducibility in a
cross-sectional multicenter study.

PATIENT SELECTION
Inclusion Criteria
• . Signed and dated informed consent form before study entry.
• 18 years or older.
• Karnofsky performance score ≥70.
• The presence of CIPN that evolved after standard chemother-
apy defined as having typical symptoms, signs, and/or test
results that were not present before chemotherapy.

• Stable clinical condition defined as either an unchanged clin-
ical functionality as declared by the subject over 1 month
before the study or no clear objective changes at neurological
examination by the researcher when compared with recorded
findings over 2 months before study entry.

EXCLUSION CRITERIA
• . Active underlying malignancy and poor prognosis.
• Chemotherapy planned during the study period.
• Concomitant diseases, e.g. diabetes, renal insufficiency,
alcohol abuse (>5 IU/day).

• Concomitant neurologic conditions that would complicate in-
terpretation.

• Treatment with antiepileptic drugs, antidepressants and
major analgesics, unless stable dosing and conditions have
been reached.

• The presence of peripheral nerve damage due to another
illness or medication.

• Currently potentially neurotoxic medication use.
• Any other condition, which, in the investigator’s judgment
might prevent to achieve the study objectives.

OUTCOMEMEASURES APPLIED
. - at the impairment level

• National Cancer Institute-Common Toxicity Criteria (NCI-
CTC) v3, sensory and motor neuropathy score.

• Clinical version of the Total Neuropathy Score clinical version
(TNSc). Vibration sense was assessed using the graduated
Rydel-Seiffer. Pinprick was assessed using the calibrated
Neuropen with its disposable tips (Owens Mumford,
Woodstock) for both the TNSc and the mISS.

• mISS that grades the presence and severity of a sensory deficit.
It assesses pinprick, vibration, light touch, and joint position
in the limbs and static two-point discrimination at the index
finger, in a predefined manner.

• Light touch using the 10 g monofilament and vibration sense
with the RS tuning fork tests were also evaluated separately.

• NCS in the sural and common peroneal nerves (unilaterally,
nondominant side) were measured with the standard
methods of each center and compared with its own reference
values.

• Visual analog pain scale (VAS) and the 11-point pain-inten-
sity numerical rating scale (PI-NRS) [34] were assessed to de-
termine the amount of pain perceived by the patients, who
were explicitly asked to score the pain considered to be CIPN
related.

- at the quality-of-life level
The disease-specific European Organization for Research and

Treatment of Cancer (EORTC) QLQ-C30 and CIPN20 ques-
tionnaires.

STUDY PROCEDURES. Patients were evaluated twice to
verify selected outcome measures reproducibility. At visit 1, the
medical/oncologic history was collected. Subsequently, two
investigators examined each patient separately and completed
the TNSc and the NCI-CTC-v3 subscales and mISS
independently and consecutively within 2 hours (interobserver
measures). Subjects were also requested to complete the VAS,
PI-NRS, EORTC QLQ-C30, and QLQ-CIPN20 in a random
order. Within 2–3 weeks, subjects returned for visit 2 and both
investigators re-examined each subject (for intra-observer
comparison) without having access to the previous data. The
patient reported outcome measures were also completed by each
subject for a second time (test–retest study). NCS were carried
out once at visit 1 in those centers participating in the extended
study.

STUDY POPULATION
The complete study population consisted of 281 subjects
(males = 146, females =135; median age = 63.9; range = 29-85).
Colorectal, breast, ovarian, non-small cell lung cancer and mul-
tiple myeloma accounted for 82.2% of the total malignancies.
Accordingly, 56.9% of patients were treated exclusively with
platinum drugs, 13.2% with taxanes, 3.9% with vincristine, 3.2%
with thalidomide, 2.8% with bortezomib, while 20.0% of
patients were treated with a combination of two or more neuro-
toxic drugs.
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