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Abstract

Background—Chemotherapy-induced peripheral neuropathy (CIPN) is characterized by
numbness, tingling, and shooting/burning pain. This analysis was performed to describe the
relationship between numbness, tingling, and shooting/burning pain in patients with CIPN, as
reported using the EORTC QLQ-CIPN20 (CIPN20).

Methods—Baseline CIPN20 data were provided for all patients on a prospective trial designed to
treat patients with bothersome CIPN. Baseline frequencies for the items on the CIPN20 are
primarily described by descriptive statistics and histograms, with correlational analyses between
individual items.

Results—A majority of the 199 patients accrued to this study reported “quite a bit” to “very
much” numbness (57%) or tingling (63%) in the hands compared to “a little” or “not at all”
(numbness (43%), tingling (38%)). Fewer patients reported “quite a bit” to “very much” shooting/
burning pain in the hands (18%). Numbness and tingling in the hands were highly correlated
(r=0.69), while neither were highly correlated with shooting/burning pain. Similar results were
observed in the feet. More severe ratings for tingling and shooting/burning pain were ascribed to
the lower extremities, as opposed to the upper extremities.

Conclusions—In patients with CIPN, severe sensory neuropathy symptoms (numbness,
tingling) commonly exist without severe neuropathic pain symptoms (shooting/burning pain),
while the reverse is not common. Symptoms in the feet should be evaluated distinctly from those
in the hands as the experience of symptoms is not identical, for individual patients, in upper versus
lower extremities.

Keywords

Chemotherapy-induced peripheral neuropathy; EORTC QLQ CIPN20; Cytotoxic agents;
Numbness; Tingling; Shooting/burning pain

Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a major clinical problem associated
with a number of cytotoxic agents, including taxanes, platinum agents, vinca alkaloids, and
epothilones [1-7]. Structural damage to peripheral nerves causes aberrant somatosensory
processing of the peripheral and/or central nervous system [8]. Damage to small nerve fibers
results in burning and/or lancinating pain, cutaneous hyperesthesias, and loss of pain and
temperature senses. Involvement of large nerve fibers causes loss of vibration sense, loss of
proprioception, loss of reflexes, muscle weakness, and slowed nerve conduction [3]. A
common clinical course begins with loss of sensation or paraesthesias (tingling) in the
fingers and toes, followed later by painful dysesthesias, especially after treatment with
platinum-based compounds [8, 9]. These symptoms spread proximally to affect both lower
and upper extremities in a characteristic “stocking and glove” distribution [8, 9].

There are numerous characteristics of CIPN, including sensations of numbness and tingling,
in addition to shooting/burning pain [10]. A lack of knowledge has existed regarding
whether CIPN presents differently in upper versus lower extremities [11]. The etiology of
these different manifestations of CIPN has been unclear, hampering efforts to produce
complete profiles of CIPN [12].

Scant information is available regarding the relationships between numbness, tingling, and
shooting/burning pain. The terms numbness and tingling are more commonly reported [11,
13] and are often used interchangeably. Reports of pain related to CIPN are less common

[14]; however, this may be more a matter of terminology. Sensations of pain as reported by
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patients include “cold,” “burning,” and “dull,” or more descriptively as [13] “walking on
razor blades” [15].

Historically, the National Cancer Institute common terminology criteria for adverse events
(NCI CTCAE) grading sensory or motor neuropathy [16] or pain scales have been used as
outcome measures for CIPN. The descriptors used in CTCAE scales include general
terminology, such as paresthesias, and physiologic terms, such as loss of deep tendon
reflexes as well as gradations that have not been validated psychometrically as linear or
categorical scales. Some popular pain scales, such as the Brief Pain Inventory [17], are
unidimensional, using the term “pain” to apply to various types of pain (visceral, somatic,
and neuropathic), which all have unique characteristics as well as multiple dimensions, such
as sensory symptoms as well as functional deficits. Psychometrically validated
multidimensional scales that are patient completed may be better suited to capture a broader
scope of the symptom experience.

One multidimensional CIPN scale, developed recently by the European Organization for
Research and Treatment of Cancer (EORTC) to supplement the core Health-Related Quality
of Life questionnaire of the EORTC [11], is called the EORTC QLQ CIPN20. This is a 20-
item patient self-report CIPN-specific questionnaire that includes three subscales assessing
sensory, motor, and autonomic symptoms with each item measured on a 1-4 Likert scale (1
being “not at all” and 4 being “very much”). Items in the sensory subscale inquire about
tingling, numbness, and shooting/burning pain separately for (1) fingers and hands as well as
(2) toes and feet. The CIPN20 was specifically developed to elicit patients’ experience of
symptoms and functional limitations related to CIPN. It has been tested in patients with
cancer who are receiving a variety of chemotherapeutic agents and has been shown to have
internal consistency reliability based on Cronbach’s alpha coefficients of 0.82 (sensory
subscale), 0.73 (motor subscale), and 0.76 (autonomic subscale), which is considered good
[11].

The EORTC QLQ CIPN20 was used in a recently completed North Central Cancer
Treatment Group (NCCTG) placebo-controlled randomized treatment trial with a topical gel
for the relief of symptoms related to CIPN. The EORTC QLQ CIPN20 was chosen based on
face validity and the inclusion of both sensory and motor items, including practical
questions such as the ability to hold a pen. This manuscript describes a secondary analysis,
exploring the prevalence, severity, and relationships between numbness, tingling, and
burning/shooting neuropathic pain associated with CIPN, as reported using the EORTC
QLQ CIPN20, in patients entering a treatment trial for CIPN.

The research questions explored in this paper include: (1) What is the severity or prevalence
of numbness, tingling, and burning/shooting pain in patients entering a treatment trial for
CIPN?; (2) What are the relationships between reports of numbness, tingling, and shooting/
burning pain?; and (3) What is the relationship between upper and lower extremity CIPN
symptoms in this population?

Data used for analyses consisted of baseline information collected from a prospective
neuropathy treatment trial (NCCTG trial NO6CA) [18]. Participants entering the trial had to
report numbness, tingling, or pain of at least a 4 on a scale of 0 to 10 for the preceding week,
with 10 being the worst. Patients had to have CIPN limited to their fingers and hands and/or
their toes and feet. They could be currently receiving neurotoxic chemotherapy or have
completed treatment. CIPN must have been present for at least 1 month. Participants were
stratified by active versus non-active neurotoxic chemotherapy, use of pain medications,
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pain ratings of 4—7 versus 8-10, and previous ineffective therapy for CIPN. Further details
about this trial have been published [18].

The EORTC QLQ-CIPN20 instrument [11] was utilized to measure neuropathic symptoms
in this trial. Data from six individual questions from the sensory subscale of this instrument,
outlined in Table 1, are utilized as the basis for this current manuscript. For each of these
questions, patients were asked to select one of four choices regarding how each of the
symptoms had affected them during the preceding week: “not at all,” “a little,” “quite a bit,”
and “very much.”

Baseline frequencies for the items on the CIPN20 are presented, by descriptive statistics and
histograms. Weighted Kappa coefficients and 95% confidence intervals (CI) were computed
to measure the agreement between numbness, tingling, and shooting/burning pain. Spearman
correlations were considered to indicate redundancy if they were above 0.75, represent a
strong correlation if between 0.5 and 0.75, and represent a weak or clinically irrelevant
correlation if below 0.3 [19]. For some analyses, responses were grouped by combining the
lowest two responses, “not at all” and “a little” and the highest two responses, “quite a bit”
and “very much.” This was done in order to provide more power to look at relationships
between symptoms for those that had limited symptoms versus more problematic symptoms.
Data management and statistical analyses were performed using SAS statistical software
package, version 9.1.3 (SAS Institute, Cary, NC).

One hundred and ninety-nine patients, entered on study between February 22, 2008 and
October 23, 2008, provided the baseline data used in these analyses. The most commonly
received chemotherapy agents were taxanes (49%), oxaliplatin (44%), carboplatin/cisplatin
(20%), vinca alkaloids (8%), and thalidomide 3%. Participants could have been receiving
more than one neurotoxic agent. Full demographic characteristics of the population are
elaborated in Table 2.

Severity of CIPN symptoms

With respect to fingers/hands (hands), 63% of the sample reported “quite a bit” or “very
much” tingling, while 57% reported “quite a bit” or “very much” numbness. In contrast,
only 18% reported “quite a bit” or “very much” shooting/burning pain. A similar pattern was
noted with toes and feet (feet), with 77% reporting “quite a bit” or “very much” tingling and
numbness, while only 33% reporting this level of shooting/burning pain (Fig. 1). The type of
neurotoxic chemotherapy did not significantly predict severity of sensory symptoms (data
not shown).

Relationships between numbness, tingling, and shooting/burning pain

Table 3 summarizes the associations between numbness, tingling, and shooting/burning pain
within the hands and the feet. Strong correlations were observed between numbness versus
tingling both within hands (r=0.69) and within feet (r=0.65). The correlations between
shooting/burning pain versus either numbness or tingling were much weaker (r=0.43-0.47).

Demonstrated in a more detailed manner, Tables 4, 5, and 6 show the relationships of like
scores for the symptoms tingling, numbness, and shooting/burning pain. Looking at the
diagonals in Table 4, it is observed that the majority of patients had identical scores for
numbness as they had for tingling (68% for hands and 69% for feet). For those patients who
did not have identical scores, they were relatively equally split on both sides of the diagonal,
demonstrating the strong correlation between these symptoms.
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However, a very different pattern was observed when shooting/burning pain was compared
with numbness (Table 5). Here, it is apparent that only a minority of patients had identical
scores for numbness as they had for shooting/burning pain (34% for hands and 33% for
feet), demonstrating the low correlation between these symptoms. Where scores were not
identical for numbness versus shooting/burning pain, numbness was graded substantially
worse than was shooting/burning pain. As seen above the diagonal in Table 5, 42% of
patients reported “quite a bit” or “very much” numbness in the hands while reporting “no”
or “a little” pain. In contrast, below the diagonal, only 2% of patients reported “quite a bit”
or “very much” pain with “no” or “a little” numbness in the hands. The same pattern is seen
when looking at the frequencies of symptoms for the feet.

A similar phenomenon to that observed with numbness was observed when shooting/
burning pain was compared with tingling (Table 6). Here, again, it is apparent that only a
minority of patients had identical scores for tingling as they had for shooting/burning pain
(22% for hands and 29% for feet). Where scores were not identical for tingling versus
shooting/burning pain, tingling was graded substantially worse than was shooting/burning
pain in patients. Above the diagonal, 46% of patients reported “quite a bit” or “very much”
tingling in the hands with no or “a little” pain, but below the diagonal, only 2% of patients
reported “quite a bit” or “very much” pain with no or “a little” tingling. The same pattern,
again, persists when evaluating the feet.

Relationship of sensory symptoms between hands and feet

When looking at each of the three symptoms in the hands versus the feet, associations were
low moderate to moderate for all symptoms (Table 7). Table 8 demonstrates this in more
detail, illustrating a tendency for more severe problems in the lower versus upper
extremities. Numbness was a more substantial symptom in the feet versus hands (43% vs.
12%), likewise for tingling (36% vs. 10%) and for shooting/burning pain (38% vs. 11%).
The actual incidences of tingling, numbness, and shooting/burning pain were 1.5, 1.6, and
2.7 times more frequent in the lower extremities versus the upper extremities, respectively.

Discussion

New knowledge relating the characteristics of numbness and tingling versus the presence of
shooting/burning pain is provided in the current analysis. Tingling was the most common
and the most severe symptom reported, followed closely by numbness, while burning/
shooting pain was less common. Since severe numbness and/or severe tingling were
commonly seen without severe shooting/burning pain, this suggests that numbness and
tingling occur first, with pain sometimes becoming a sequelae of this phenomenon. This fits
with what is often observed in clinical practice, whereby numbness and tingling usually
precede neuropathic pain. This is also consistent with earlier work by the NCCTG [20],
demonstrating that there is a close correlation between numbness and tingling. Collecting
prospective data in patients, as they start receiving neurotoxic chemotherapy, should provide
more information regarding the relationship between numbness, tingling, and shooting/
burning pain. Such an exercise has been done in the NCCTG, demonstrating that numbness
and tingling do occur prior to shooting burning pain in patients receiving paclitaxel [21].
Whether this occurs with other neurotoxic agents is not clear at this time.

These data raise the question as to whether both numbness and tingling need to be collected
in prospective clinical trials versus using only one item, which would combine these two
symptoms. However, the current data do clearly indicate that numbness and tingling must be
evaluated separately from neuropathic pain.
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The current data also suggest that neuropathic symptoms in the lower extremities are
generally more prevalent and severe than those in the upper extremities. It is thought that the
longest axons are the first affected, with sensory changes affecting the tips of the toes, then
the tips of the fingers, and finally progressing proximally to the ankles and wrists in a
“stocking-glove” manner [22]. While sensory loss is the typical presenting symptom of
CIPN, being usually worse in the lower limbs [8], a report by Dougherty and colleagues [13]
suggests that the onset of CIPN may be variable. Based on the current study results, it is
recommended that upper and lower extremities should be assessed separately in CIPN
studies.

Limitations of this analysis include that it is a secondary analysis. Insights are limited to the
characteristics included in the CIPN20. In addition, these data may not represent all patients
with CIPN, as only those patients with CIPN limited to their hands and feet, whose
symptoms were causing substantial discomfort and who wanted treatment, were included in
this trial. Therefore, these results may not be generalizable to all patients with CIPN.

Further research is needed regarding the full relationship between numbness, tingling,
neuropathic pain, and other sensations. In addition, more descriptive research, including
longitudinal studies, is needed to better understand the incidence and trajectory of various
aspects of sensory neuropathy and information on when function, related to activities of
daily living such as buttoning, is impacted.
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Fig. 1.
Percentage of patients reporting “quite a bit” or “very much” numbness, tingling, and/or
shooting/burning pain on the EORTC CIPN20 sensory subscale
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Table 1
Individual questions from the EORTC QLQ CIPN20 sensory subscale used for this analysis

Did you have tingling fingers or hands?

Did you have tingling toes or feet?

Did you have numbness in your fingers or hands?

Did you have numbness in your feet or toes?

Did you have shooting or burning pain in your fingers or hands?

Did you have shooting or burning pain in your toes or feet?
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Table 2

Patient characteristics and on-study descriptive factors

Total (N=199)

Age

Mean (SD) 61.0 (10.54)
Race

White 184 (91%)

Black or African American 13 (6%)

Asian 2 (1%)

Not reported: patient refused or not available 1(0.5%)

Unknown: patient unsure 3 (1.5%)
Gender

Female 126 (62%)
Baseline numbness, tingling, or shooting/burning pain score (0-10 scale)

4-7 150 (74%)

8-10 53 (26%)
Duration of pain or neuropathy symptoms

1 to 3 months 28 (14%)

>3 to 6 months 52 (26%)

>6 months 123 (61%)
Current chemotherapy with neurotoxic agent

No 148 (73%)
Current use of opioids or other pain medications

Yes 81 (40%)
Exposure to neurotoxic agents over lifetime

Single agent 142 (70%)

Multiple agents 61 (30%)

Have had previous treatment for CIPN
Yes 35 (17%)
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Associations between numbness versus tingling versus shooting/burning pain in hands and feet

Table 3

EORTC QLQ CIPN sensory item from Table 1

Kappa for agreement

Spearman correlation coefficient

Kappa 95% ClI
Hands
Tingling Numbness 0.62 (0.54,0.71) 0.69
Tingling Shooting or burning pain 0.14 (0.09, 0.20) 0.43
Numbness Shooting or burning pain 0.22 (0.15, 0.29) 0.47
Feet
Tingling Numbness 0.59 (0.50, 0.68) 0.65
Tingling Shooting or burning pain 0.20 (0.13, 0.26) 0.44
Numbness Shooting or burning pain 0.22 (0.15, 0.29) 0.43
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Table 7

Associations between identical symptoms in hands versus feet

EORTC QLQ CIPN sensory from Table 1 Kappa for agreement ~ Spearman correlation coefficient

Kappa 95% CI

Tingling in hands Tingling in feet 0.40 (0.310.50) 0.51
Numbness in hands Numbness in feet 0.32 (0.22 0.42) 0.38
Shooting or burning pain in hands  Shooting or burning pain in feet 0.35 (0.25 0.45) 0.46
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