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Abstract

Background—Paclitaxel causes an acute pain syndrome (P-APS), occurring within days after
each dose and usually abating within days. Paclitaxel also causes a more classic peripheral
neuropathy, which steadily increases in severity with increasing paclitaxel total doses. Little detail
isavailable regarding the natural history of these two syndromes, or any relationship between
them, although a recent publication does provide natural history data about weekly paclitaxel,
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supporting an associ ation between the severity of P-APS and eventual peripheral neuropathy
symptoms.

Methods—~Patients entering this study were about to receive paclitaxel and carboplatin every 3
weeks. Daily questionnaires were completed for the first week after every chemotherapy dose and
EORTC QLQ-CIPN 20 instruments were completed weekly.

Results—The P-APS severity peaked on day 4 after the initial chemotherapy dose, with 12%,
29%, 23%, and 36% of patients having maximal pain scores of 0, 1-4, 5-6, or 7-10 during the
first week after the first dose of therapy, respectively. Patients with P-APS scores of 0—4 with the
first dose of chemotherapy had less eventual sensory neuropathy than did patients with P-APS
scores of 5-10 (p=0.001).

With regard to the more peripheral neuropathy, sensory neuropathy was more problematic than
was either motor or autonomic neuropathy. Numbness and tingling were more common
components of the sensory neuropathy, than was pain.

Conclusions—Patients with worse P-APS severities appear to have more eventual
chemotherapy induced peripheral neuropathy. This provides support for the concept that the P-
APSisaform of nerve pathology.

Keywords
Paclitaxel; arthralgia; myalgia; paclitaxel acute pain syndrome; neuropathy

INTRODUCTION

Paclitaxel, a staple chemotherapeutic agent used in breast, ovarian, lung, head and neck
cancers, is associated with a syndrome of subacute aches and pains, which has commonly
been referred to as “paclitaxel-induced arthralgias and myalgias 2 and more recently as the
“ paclitaxel-associated acute pain syndrome” (P-APS)3: 4 This pain syndrome causes
significant morbidity, with an incidence of up to 70% of patients receiving paclitaxel .
Despite the widespread use of paclitaxel and the high frequency of P-APS, little is known
about the natural history of this pain syndrome.

In addition to this acute paclitaxel toxicity, peripheral neuropathy can be a devastating long-
term consequence of thisdrug. Aswith P-APS, peripheral neuropathy has been described in
up to 70% of patients.®

The current prospective study servesto further the understanding about P-APS and its
possibl e association with peripheral neuropathy. This report evaluates paclitaxel givenin an
every 3 week fashion, concurrently with carboplatin.

METHODS

The patients presented here are the second reported cohort of aclinical trial which was
designed to study four cohorts.# Eligible patients for the present cohort must have been
scheduled to receive paclitaxel at a dose of least 175 mg/m2 at 24 week intervals and slated
to receive, concurrently, another neurotoxic chemotherapy agent. Carboplatin was on the list
of other neurotoxic agents for thistrial, understanding that it does not cause as much
neurotoxicity as do other platinum drugs, like cisplatin or oxaliplatin. It turned out that all
patients on thistrial received paclitaxel combined with carboplatin.

A previously-reported cohort from this study, the first to accrue its projected sample size,
involved patients receiving weekly paclitaxel at doses of 70-90 mg/m2. Two additional
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cohorts of thistrial are still accruing patients; one involves patients receiving this lower dose
weekly paclitaxel with another concurrent neurotoxic agent and the other involves patients
receiving higher dose paclitaxel every 3 weeks without another neurotoxic agent. Data from
these cohorts will be reported when they complete their accrual; they will be used to try to
confirm data presented now, as an independent data set, and to contrast findings between the
slightly different data sets.

Patients on this study must have been at least 18 years old, must have been able to provide
written consent and needed to be able to complete study questionnaires. In addition, they
had to have alife expectancy of greater than 6 months and an ECOG performance status of O
or 1. Patients were excluded if they had ever been diagnosed with peripheral neuropathy
from any cause, ever been diagnosed with fibromyalgia, planned to receive concurrent
neutrophil colony stimulating factor therapy, or had a previous exposure to paclitaxel or
other neurotoxic chemotherapy drugs (e.g. other taxanes, platinum agents, or vinca
alkaloids). Participants were to have been told to use a non-opioid analgesic (for example
acetaminophen or anonsteroidal antiinflammatory agent as needed) for “ breakthrough” pain
with the option of opioid pain medications (for example oxycodone 5mg every 1-2 hours as
needed). There was no stipulation in thistrial asto what doses of corticosteroids were
concomitantly administered in this trial, acknowledging that 10-20 mg of dexamethasone is
usually administered with paclitaxel doses, to prevent allergic reactions. No information was
collected regarding comorbidities such as diabetes or lifestyle choices such as acohol use.
Institutional review board approval and individual signed patient consent were obtained for
this study at each participating institution, per United States federal guidelines.

P-APS symptoms were measured by asking patients to keep a daily symptom log,
comprising 10 items regarding pain symptoms and the use of pain medications on days 2—7
following each paclitaxel dose. These questions were derived and adapted from Cleeland's
Brief Pain Inventory, which has been widely used in cancer populations.” The modified
items asked about aches as well as pain and anchored these directly to the paclitaxel
treatment. Aswell, a 22 item summary questionnaire regarding symptom quality, location,
alleviating/aggravating factors, and medication use was given on the 8th day following each
paclitaxel dose.

To measure CIPN symptoms, the EORTC (European Organization for Research and
Treatment of Cancer) QLQ (Quality of Life Questionnaire) -CIPN 20 instrument was
administered at baseline and on day 1 with each subsequent paclitaxel dose. The EORTC
QLQ-CIPN20 is a 20-item CIPN-specific questionnaire which includes three scales
assessing sensory (9 items), motor (8 items), and autonomic (3 items) symptoms and
functioning, with each item measured on a 14 scale (1 — not at al; 4 — very much). The
EORTC QLQ-CIPN20 tool has been tested in cancer patients receiving avariety of
chemotherapy agents and has been shown to have internal consistency reliability based on
Cronbach's al pha coefficients of 0.82, 0.73, and 0.76 for the three scales, respectively.8

Patient reported outcome (PRO) for acute pain was also collected and evaluated on a0 to 10
scale, with 0 being the best possible score. All other PRO scores were converted into a0 —
100 point scale with 100 being the best possible score®11,

The primary goal for thistrial was to describe the incidence and characteristics of, and
changein, pain (P-APS) related to paclitaxel infusions over several cycles. Thisanaysisis
descriptive, intended to detail the unique nature of the P-APS syndrome qualitatively. The
frequency of the incidence and severity variables were plotted over time with related
confidence intervals.

Cancer. Author manuscript; availablein PMC 2013 October 15.
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Depending on the variable of interest, mean (SD), median (range) and frequency
(percentage) were used to summarize data in a descriptive manner. Nonparametric Wilcoxon
rank-sum tests, two-sample t-tests and chi-square tests (or Fisher's exact tests) were used to
compare differences in scores by pain groups defined in the first cycle.

To investigate the association between the P-APS symptoms and eventual chemotherapy-
induced neuropathy, correlation coefficients were produced, relating the worst pain scores
for the first dose of therapy and the subsequent neuropathy scores, as judged from the daily
and every 3 week questions.

EORTC differences in sensory, autonomic, and motor sub-scales were evaluated by the
actual changes from baseline to week 18 and percent changes from baseline to week 18.
Changes from baseline were tested between each pair of variables and the differencesin
AUC (Area Under the Curve) for the reported protocol outcome variables were tested using
Kruskal-Wallis non-parametric procedures. Mixed models were evaluated as well.

No adjustments were made for multiple comparisons.

A total of 85 patients were accrued on the above defined patient cohort, from 20 NCCTG
institutions between February 2009 and December 2010. A consort diagram (Figure 1)
illustrates patient flow on this study. Patient characteristics are reported in Table 1. All
patients received chemotherapy every 3 weeks and all received concurrent carboplatin.

Paclitaxel-associated acute pain syndrome

To assess pain, patients were asked “Please rate any aches/pains that are NEW since your
last dose of paclitaxel, and that you think might be related to your chemotherapy treatment
by circling ONE number that best describes your aches/pains at its WORST in the last 24
hours’. Subjects were asked to record this number on days 0—7 after each administration of
paclitaxel. Eighty eight percent (69/78) of the patients noted pain during the first cycle,
ranging from 1-10 on a 0-10 scale. The pain peaked on day 4 after beginning each
paclitaxel treatment (Figure 2). Worst individual pain scores for the 7 days after the first
chemotherapy dose were grouped according to commonly accepted pain severity classes!?.
During the first cycle of therapy, 12%, 29%, 23%, and 36% of participants had maximal
pain scores, on a 0-10 point scale, of 0, 1-4, 5-6, and 7-10, respectively. Mean worst pain
score severities associated with the first cycle of paclitaxel, appeared to predict pain
difficulties with subsequent paclitaxel doses (Figure 3), with correlations of 0.7 with the
second cycle scores and 0.6 with the third cycle scores (p<0.0001).

The character and location of pain as experienced by study subjects, following their first
paclitaxel infusion, was assessed by questionnaire, aweek after therapy. The pain was most
prominent in the lower extremities and was most often described as being aching (Table 2).
Severity was such that non-prescription medications were used by 46-64% of patients per
week, while opioids were used by 23-41% in the week after each chemotherapy dose
(Figure 4).

Chemotherapy induced peripheral neuropathy

The EORTC QL Q CIPN-20 instrument was utilized to record symptoms associated with the
evolution of peripheral neuropathy over the series of paclitaxel infusions for each patient.
Figure 5 illustrates the percent changes in sensory, motor, and autonomic scores over time.
Sensory nerve function was most impaired by paclitaxel, while symptoms associated with
changes in autonomic or motor nerve function were more limited. Sensory nerve scale
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changes, per mixed model statistics, were more marked than were motor changes (p=0.0001)
or autonomic changes (p= 0.01).

Figure 6 illustrates the 3 main components of the sensory neurotoxicity, those being
numbness, tingling, and shooting/burning pain, in the fingers and hands over time, based on
individual EORTC CIPN-20 questions addressing each of these items. These dataillustrate
that numbness and tingling are very closely related to each other, while burning/shooting
pain is aless prominent finding. Similar relationships were observed for the same questions
regarding the toes and feet. The differencesin AUC, testing upper versus lower extremities
for tingling (p=0.95) and numbness (p=0.18), demonstrates that symptom severity was
similar. However, shooting or burning pain (p=0.003) was shown to be worse in the lower
extremities, as compared to the upper extremities.

To determine whether there was any relationship between the P-APS and the development
of peripheral neuropathy, EORTC CIPN-20 scores were compared between first cycle P-
APS pain score groups (Figure 7). Mean sensory nerve function scores declined over 6
cycles (18 weeks) by 40 points in the group with the most severe (7-10) pain with the first
dose of paclitaxel. Those with mild (1-4) or moderate (5-6) pain during the first dose of
paclitaxel also experienced a decline in mean sensory scores over time, both by 33 points
(p= 0.007 and p=0.125, respectively). Subjects who did not experience pain with the first
paclitaxel cycle, had no significant sensory EORTC CIPN-20 score change from baseline.
Subjects who experienced less acute pain (scores of 0—4) with the first paclitaxel cycle had
less neuropathy over 18 weeks of treatment than did patients with 5-10 pain score severities
(Table 3). Given that there was a greater dropout of patients after 4 cycles (12 weeks) of
therapy, it is reasonable to ask whether the degree of the P-APS in the first cycle of therapy
positively correlated with eventual neuropathy, if al of the data were censored at 12 weeks.
Indeed, similar results were seen, as areillustrated in Figure 7. Over 12 weeks, mean
sensory nerve function scores declined by 30 points in the group with severe pain (7—10)
(p=0.0001), 34 paints in patients with moderate pain (5-6) (p=0.0005), 22 points in patients
with mild pain (1-4) (p=0.0001), and no significant change for patients with no pain in the
first cycle (p=0.75).

Pain scores were compared between subjects receiving bevacizumab and subjects not
receiving bevacizumab. Subjects on placebo-controlled clinical clinicals, where their
bevacizumab use was not known, were excluded from these analyses. Based on univariate
comparisons and multivariate mixed models, there was no indication that these two groups
of patients experienced different levels of P-APS or peripheral neuropathy.

DISCUSSION

The present study provides further understanding of the paclitaxel-associated acute pain
syndrome (P-APS). Eighty eight percent of subjects experienced pain that peaked at day 4
after their first paclitaxel cycle, with 59% noting pain scores of at least 5 out of 10. Thisisin
contrast to seventy percent in aweekly paclitaxel (70-90 mg/m2) group having pain and
20% noting pain scores of at least 5 out of 10, consistent with this problem being related to
paclitaxel dosing!3. Like the previous weekly paclitaxel study?, the pain was most
prominent in the hips and lower extremities. Also, as was observed in the previous cohort,
aching was the most common pain descriptor.

One of the two mgjor differencesin this current cohort and the previous weekly cohort is
that the individual paclitaxel doses were different, with the every 3 week dose group
receiving 2—3 times the amount of paclitaxel asindividual doses. The other differenceisthat
the present group also received concurrent carboplatin. It islikely that the increased

Cancer. Author manuscript; availablein PMC 2013 October 15.
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intensity of the P-APSin the current trial isrelated to the paclitaxel dose, as opposed to the
concurrent administration of carboplatin. Thisis because carboplatin is not generally known
to be associated with acute aches and pains. Further data to confirm and/or deny this
contention should be available when data from another cohort of thistrial have been
collected, composed of patients receiving a similar dose of paclitaxel every 3 weeks without
the concurrent administration of carboplatin.

Since carboplatin does not cause much neuropathy, it is also likely that this drug had little to
do with the eventual CIPN that was seen in thistrial, which was probably mainly caused by

the paclitaxel, athough, theoretically, the combination might cause worse CIPN than would
paclitaxel alone.

Both reported cohorts, those being from the current manuscript and the previously published
manuscript?, demonstrate evidence of an association between the presence and severity of P-
APS and the eventual development of sensory neuropathy. It is reasonable to ask the
guestion as to whether the available data are now strong enough to confirm an association
between the amount of P-APS pain and the eventually more classic CIPN observed with
paclitaxel. While the initially reported weekly paclitaxel cohort supported that there was a
relationship, this was not claimed to be definitive based on the data from this group, even
though the hypothesized relationship was observed. With this second cohort showing similar
findings, it would be reasonable to claim that it actually istrue that patients with more P-
APS pain in the first week after their first dose of paclitaxel have more eventua peripheral
neuropathy months later. However, a more conservative stance would be to wait to seeif
this association would again be observed in the other two cohorts of thistrial, which are
currently still accruing patients.

This potential association further supports that, while the P-APS and the longer term
periphera neuropathy are separate clinical entities, P-APS and this longer term neuropathy
may both be manifestations of nerve pathology. However, proving an association between
the severity of the P-APS and eventual CIPN does not prove that the P-APS is actually nerve
pathology. Another explanation for an association between the degree of P-APS pain and
eventual CIPN isthat this might be because some individuals might have increased pain
perception relative to any pathologic process or from any noxious stimuli. Additionally, it
could be from a pharmacogenomic process, whereby some individuals have higher active
drug concentrations that might cause more drug related toxicities regardless of them being
from different pathologic mechanisms.

While it would be nice to have supporting evidence from objective neuro-diagnostic
physiologic testing and imaging, it should be noted that there is no physiologic testing or
imaging to support that the P-APS is from muscle of joint pathology. The notation that there
is demonstrated dorsal root ganglion injury 24 hours following a clinically appropriate dose
of paclitaxel in arat model14 15 and that the clinical descriptions of the pain syndrome
sound like they come from neurologic injury3, supports that the P-APS could be aform of
neurologic toxicity. It does appear to be as reasonable to hypothesize that the acute largely-
transient symptoms of the P-APS is a manifestation of neurologic toxicity asit is to accept
the commonly believed claim that the acute largely-transient symptoms of oxaliplatin (e.g.
cold induced hyperalgesiaand cramps) is aform of acute neurologic toxicity16.

The mechanistic link between P-APS and the development of peripheral neuropathy has not
yet been fully elucidated. Similar axial pains have been described in cases of an immune
sensory polyradiculopathy in pork workers, wherein there was prominent inflammation of
the nerve roots and dorsal root ganglia.l’ In vivo studiesin rodents support DRG
inflammation following paclitaxel administration as a possible pain mechanism: rapid

Cancer. Author manuscript; availablein PMC 2013 October 15.
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infiltration of macrophages within DRG are seen following activation of markers of nerve
injury.1# 15 Further, immune suppression with prednisone in humans has been reported to
decrease P-APS!8 19, although these observations are not universal?0 and there have been no
associated randomized-controlled trials. Minocycline, which is a selective microglia/
macrophage inhibitor, and the anti-inflammatory cytokine IL-10 have also been reported to
reduce paclitaxel -associated mechanical allodyniain arat model?1-23, Taken together, it is
possible that early inflammation in the DRG is at least, in part, responsible for the pain
associated with P-APS and continued inflammation may lead to downstream effects
responsible for the development of peripheral neuropathy.

The primary mechanism of action of paclitaxel is by stabilizing microtubules, preventing
microtubule polymerization of mitotically active cells, thereby leading to inhibition of cell
division. How paclitaxel then leads to toxicity of non-mitotically active sensory neurons
remains unclear. It has been proposed that microtubul e-dependent axonal transport may be
disrupted by paclitaxel. Mitochondrial transport may be affected, which could explain the
predilection of neuropathy to the hands and feet, which are the longest axons and therefore
require the most mitochondrial support. Indeed, disruption of mitochondrial energetics has
been implicated in the development of paclitaxel-associated peripheral neuropathy.24 25
Evidence suggests that paclitaxel may directly target mitochondria by binding to g-tubulin
that is associated with the mitochondrial permeability transition pore, thereby leading to
mitochondrial swelling.24 Acetyl-L-carnitine, which plays an essential rolein transporting
long-chain fatty acids within mitochondria, has been reported to have a preventive effect on
development of peripheral neuropathy in asmall pilot report.25 Olesoxime, asmall
cholesterol-like molecul e exerting effects on mitochondria, has also shown promisein
preventing paclitaxel-associated peripheral neuropathy in a human cell culturelineand in
rats.27. 28

To date, no therapy has been proven to be beneficia for preventing the paclitaxel associated
acute pain syndrome or paclitaxel associated peripheral neuropathy. The only randomized,
double-blinded, placebo-controlled tria for alleviating the P-APS evaluated glutamine, with
negative study results?®. While avariety of other agents have been proposed as being
potentially helpful, data from prospective placebo-controlled trials are not currently
available. Idedlly, the treatment would prevent both the P-APS and resultant peripheral
neuropathy, and be well-tolerated. Until effective agents are available, patients should be
advised of P-APS and instructed on appropriate use of over-the-counter analgesics and/or
opioid pain medications to ameliorate short-term toxicities.

In summary, the current study adds to the understanding of the P-APS, which has a high
incidence in those treated with paclitaxel and is a quite bothersome side-effect that may
herald the onset of peripheral neuropathy. Further research is needed to better elucidate
underlying mechanisms and effective treatments.
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85 eligible patients with cancer planned to
receive q2-4 wk paclitaxel (at least 175
mg/m2) with additional neurotoxic agents

78 patients completed the primary endpoint
of maximum worst pain score from days 0-7
of the first chemotherapy cycle.

For secondary analyses, successively fewer
patients completed additional
chemotherapy cycles. 63 patients remained
for 9 weeks and 31 remained at 18 weeks.

Figure 1.
Consort diagram
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Figure2.
Mean maximal daily pain scores during the first paclitaxel week (from the PRO questions
related to the P-APS).
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Figure 3.

Worst mean maximum P-APS scores over the 12 weeks of paclitaxel, segregated by the
worst mean maximum P-APS scores for the first week (from the PRO questions related to
the P-APS).
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Figure4.

Rates of analgesic agents used for the treatment of the P-APS, over time. (OTC-over the
counter)
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Figureb5.
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Sensory, motor, and autonomic sub-scores from the EORTC CIPN-20 instrument, in terms

of percent of baseline over time.
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Mean numbness, tingling, and pain scores for hands and fingers (from the EORTC CIPN-20

instrument).

Cancer. Author manuscript; availablein PMC 2013 October 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Reeveset al.

100 1

90

80

70 A

60

50

CIPN-20 Sensory Scores

P-APS score 0

P-APS score 1-4

P-APS score 5-6

P-APS score 7-10

Figure7.
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Page 16

Total sensory neuropathy, numbness, tingling, and burning/shooting pain scores (from the
EORTC CIPN-20 instrument), segregated by lower paclitaxel acute pain scores during the

week after receiving the first dose of paclitaxel versus higher scores (from the PRO

guestions related to the P-APS).
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TABLE 1

PATIENT CHARACTERISTICS

Total (N=81)

Age

Mean (SD)
Median
Q1 Q3
Range
Gender
F
M
Race
White
Black or African American

Asian

81
60.5 (10.50)
61.0
54.0, 67.0
(33.0-89.0)

60 (74.1%)
21 (25.9%)

64 (79%)
13 (16%)
1 (1.2%)

American Indian or Alaska Native 2 (2.5%)

Not Available

1 (1.2%)

Concurrent Bevacizumab/Avastin

Unsure (on clinical trial)
Yes
No

Number of Cycles Completed
Mean (SD)
Median

Range

1(1%)
18 (22%)
62 (77%)

4.4(1.8)
45
1to9
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Characteristics and locations of pain from the PRO questions related to the P-APS (N=67)

Pain Characteristics

Pain L ocations

Aching 55% | Legs, lower 42%
Sharp 30% | Feet 31%
Cramping 31% | Hips 28%
Throbbing 31% | Abdomen 25%
Dull 27% | Legs, upper 22%
Shooting 18% | Back, lower 22%
Gnawing 15% | Arms, upper | 22%
Heavy 15% | Shoulders 16%
Pulsating 15% | Head 16%
Stinging 15% | Arms, lower | 16%
Stabbing 15% | Hands 16%
Hot 10% | Other 15%
Splitting 6% | Neck 13%

Chest 12%

Back, upper 10%
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Table 3

Mixed Model P Valuesfor CIPN Severity Over Time, Comparing P-APS Severity in the First Week

EORTC CIPN-20 Endpoint | Mean Decreasein CIPN Severity | p.ygue™ Mean Decreasein CIPN Severity for P-value ¥
for P-APS Score 0-4 (versus 5- P-APS Score 0-4 (versus5-10)" Using
10) Cycles 14

Autonomic Subscale 7.8 0.007 10.2 0.003
Motor Subscale 79 0.004 10.4 0.0008
Sensory Subscale 113 0.001 14.3 0.0005
Numbness-Feet 17.0 0.001 204 0.002
Burning/Shooting Pain-Feet 115 0.02 13.7 0.02
Tingling-Feet 13.7 0.02 18.6 0.007
Numbness-Hands 16.0 0.002 20.2 0.001
Burning/Shooting Pain-Hands 8.7 0.02 10.9 0.02
Tingling-Hands 11.0 0.04 14.9 0.02

*On a0-100 point scale

* ok
Mixed modeling p values adjusted for age and race
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