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APPROXIMATELY 20% TO 40% OF

patients with cancer who re-
ceiveneurotoxicchemotherapy
(eg, taxanes, platinums, vinca

alkaloids,bortezomib)willdeveloppain-
ful chemotherapy-induced peripheral
neuropathy.1-3 Painful chemotherapy-
induced neuropathy can persist from
months to years beyond chemotherapy
completion,causingsignificantchallenges
forcancersurvivorsduetoitsnegativein-
fluence on function and quality of life
(QOL).4-8 Chemotherapy–induced pe-
ripheral neuropathy is difficult to man-
age,andmostrandomizedcontrolledtrials testing a variety of drugs with diverse

mechanisms of action revealed no effec-
tive treatment.9

There is mounting evidence that
serotonin and norepinephrine dual
reuptake inhibitors are effective in treat-
ing neuropathy-related pain.10 Both

serotonin and norepinephrine are key
neurotransmitters that suppress trans-
mission of painful peripheral stimuli byCME available online at

www.jamanetworkcme.com
and questions on p 1412.

Author Video Interview available at
www.jama.com.
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Importance There are no known effective treatments for painful chemotherapy-
induced peripheral neuropathy.

Objective To determine the effect of duloxetine, 60 mg daily, on average pain severity.

Design, Setting, and Patients Randomized, double-blind, placebo-controlled cross-
over trial at 8 National Cancer Institute (NCI)–funded cooperative research networks
that enrolled 231 patients who were 25 years or older being treated at community
and academic settings between April 2008 and March 2011. Study follow-up was com-
pleted July 2012. Stratified by chemotherapeutic drug and comorbid pain risk, pa-
tients were randomized to receive either duloxetine followed by placebo or placebo
followed by duloxetine. Eligibility required that patients have grade 1 or higher sen-
sory neuropathy according to the NCI Common Terminology Criteria for Adverse Events
and at least 4 on a scale of 0 to 10, representing average chemotherapy-induced pain,
after paclitaxel, other taxane, or oxaliplatin treatment.

Interventions The initial treatment consisted of taking 1 capsule daily of either 30
mg of duloxetine or placebo for the first week and 2 capsules of either 30 mg of du-
loxetine or placebo daily for 4 additional weeks.

MainOutcomeMeasures Theprimaryhypothesiswas thatduloxetinewouldbemore
effective than placebo in decreasing chemotherapy-induced peripheral neuropathic pain.
Pain severity was assessed using the Brief Pain Inventory-Short Form “average pain” item
with 0 representing no pain and 10 representing as bad as can be imagined.

Results Individuals receiving duloxetine as their initial 5-week treatment reported a mean
decrease in average pain of 1.06 (95% CI, 0.72-1.40) vs 0.34 (95% CI, 0.01-0.66) among
those who received placebo (P=.003; effect size, 0.513). The observed mean difference
in the average pain score between duloxetine and placebo was 0.73 (95% CI, 0.26-
1.20). Fifty-nine percent of those initially receiving duloxetine vs 38% of those initially
receiving placebo reported decreased pain of any amount.

Conclusion and Relevance Among patients with painful chemotherapy-induced
peripheral neuropathy, the use of duloxetine compared with placebo for 5 weeks re-
sulted in a greater reduction in pain.

Trial Registration clinicaltrials.gov Identifier: NCT00489411
JAMA. 2013;309(13):1359-1367 www.jama.com
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inhibiting input to the spinal dorsal
horn neurons.11 Several phase 3 stud-
ies show that duloxetine is an effec-
tive treatment for painful diabetic neu-
ropathy.12-15 Based on these trials, our
hypothesis was that duloxetine would
ameliorate chemotherapy-induced pe-
ripheral neuropathic pain as well. A ran-
domized phase 3 trial was conducted
to test this hypothesis.

METHODS
STUDY DESIGN

The Cancer and Leukemia Group B
(CALGB/Alliance) conducted a ran-
domized phase 3 double-blind, placebo-
controlled crossover trial to assess
whether 60 mg of duloxetine taken
orally once daily decreases the sever-
ity of chemotherapy-induced periph-
eral neuropathy (CALGB-170601,
NCT00489411). The primary hypoth-
esis was that duloxetine would be more
effective than placebo in decreasing the
average pain score after a 5-week treat-
ment period. Secondary aims were to
assess duloxetine’s effect on QOL and
function and on adverse events. The
study was approved by each site’s in-
stitutional review board, and partici-
pants provided signed informed con-
sent. Enrollment occurred between
April 2008 and March 2011. Study fol-
low-up was completed July 2012.

Patients

Using the National Cancer Institute’s
(NCI’s) Clinical Trials Support Unit
mechanism to facilitate accrual, par-
ticipants were recruited from 8 multi-
site NCI-funded cooperative research
networks, resulting in a geographi-
cally diverse population of patients dis-
tributed throughout the United States.
The diagnosis of chemotherapy-
induced peripheral neuropathy was de-
termined based on symptom history,
loss of deep tendon reflexes, or the pres-
ence of symmetrical stocking-glove
numbness or paresthesias beginning af-
ter neurotoxic chemotherapy. Eligible
patients were 25 years or older, had at
least grade 1 sensory pain based on the
NCI Common Terminology Criteria for
Adverse Events version 3.0 grading

scale, and reported 4 on a 10-point
scale, average neuropathic pain, for 3
or more months after completing che-
motherapy. Patients with any cancer di-
agnosis or stage were potentially eli-
gible. To diminish the likelihood that
symptoms would spontaneously re-
solve over the course of the study,
efficacy data were obtained over 5
weeks.

Initially, patients who had received
paclitaxel or oxaliplatin could partici-
pate, but eligibility was later ex-
panded to allow prior treatment with
single-agent docetaxel, nanoparticle al-
bumin–bound paclitaxel, or cisplatin.
Prior or ongoing treatment with other
neurotoxic chemotherapeutic agents
was not allowed. Participants with a
documented medical history of neu-
ropathy from any type of nerve com-
pression (eg, carpal or tarsal tunnel syn-
drome, radiculopathy, spinal stenosis,
brachial plexopathy), leptomeningeal
carcinomatosis, severe depression, sui-
cidal ideation, bipolar disease, alcohol
abuse, a major eating disorder, and
markedly abnormal renal or liver func-
tion tests were ineligible.

Despite scant evidence supporting
the association between certain comor-
bid illnesses and the risk of develop-
ing severe pain,9,16 patients with diabe-
tes mellitus and peripheral vascular
disease, whose pain was thought to be
from chemotherapy-induced periph-
eral neuropathy, were eligible but were
defined as high risk. We controlled for
comorbid illness as a potential con-
founder by assigning equal numbers of
high-risk patients to each treatment
group. Concurrent use of other drugs
known to influence serotonin levels was
not allowed. Concomitant use of se-
lected analgesics was allowed (eg, opi-
oids, acetaminophen, aspirin, nonste-
roidal anti-inflammatory drugs), but
only patients receiving stable doses in
the 2 weeks before randomization could
participate: (1) no new analgesics were
added, (2) no analgesics were discon-
tinued, and (3) the weekly 24-hour total
analgesic dose did not fluctuate up or
down by more than 10% in the 2 weeks
before study registration.

Intervention
Eligible patients were randomized
using a 1:1 allocation ratio to either
group A or group B. In this crossover
design, group A received 60 mg of
duloxetine daily during the initial
treatment period and placebo at
crossover period. Group B received
placebo as initial treatment and
duloxetine as the crossover treat-
ment. Randomization, provided by
the CALGB/Alliance Statistical Cen-
ter, was stratified by neurotoxic drug
class (taxanes vs platinums) and by
pain risk (high risk vs no risk). A
computer-generated kit number was
used to order the blinded study
drug from a distribution center. Drug
labels were applied to the capsule
bottles at the distribution center
before being mailed to study sites;
thus, all patients and personnel were
blinded to the treatment assignment.

The initial (weeks 1-5) and cross-
over (weeks 8-12) treatment periods
each consisted of receiving 1 capsule of
either placebo or 30 mg of duloxetine
for the first week and 2 capsules of
either placebo or 30 mg of duloxetine
for 4 weeks. The initial 5-week period
was followed by a 2-week washout pe-
riod for a total study duration of 14
weeks (FIGURE 1).

Data Collection and Instruments

Patient-reported pain severity and func-
tional interference was assessed weekly
using the well-validated Brief Pain In-
ventory Short Form (BPI-SF).17-19 The
BPI-SF contains 4 items assessing av-
erage, worst, least, and immediate pain
severity in the last 24 hours. Pain se-
verity items are scored using an 11-
point numeric rating scale (0, no pain;
10, pain as bad as you can imagine). The
BPI-SF worse pain severity item has
been shown to be reliable and valid for
use as a single item.20 However, we
chose average pain severity as our
primary outcome measure based on
recommendations from the Initiative
on Methods, Measurement, and
Pain Assessment in Clinical Trials
(IMMPACT).21 In addition, average pain
has been defined as the primary out-
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come measure in numerous dulox-
etine phase 3 studies involving pa-
tients with peripheral and central
neuropathic pain conditions due to dia-
betic- and oxaliplatin-induced neu-
ropathy, fibromyalgia, and osteoarthri-
tis13-15,22-30 and thereby was chosen to
facilitate comparison of our findings
across similar studies. The minimal clini-
cally important difference in pain sever-
ity was defined for the current study as
a 0.98 difference in mean average pain
severity between the duloxetine and
placebo groups. Using an accepted
method for assessing the influence of
pain on function,13-15,26-29 7 BPI-SF items
were used to quantify the degree to
which pain interfered with daily activi-
ties or function (0, does not interfere;
10, completely interferes). The 7 items
were summed to obtain a total inter-
ference score. Patient-reported QOL
was assessed using the Functional As-
sessment of Cancer Treatment, Gyne-
cologic Oncology Group Neurotoxic-
ity (FACT/GOG-Ntx) subscale on day
1 of weeks 1, 6, 8, and 13. The assess-
ment’s strong psychometric proper-
ties have been previously demon-
strated.31-33 The instrument contains 11
questions assessing numbness, tin-
gling, and discomfort in the hands or
feet; difficulty hearing; tinnitus; joint
pain or muscle cramps; weakness; or
trouble walking, buttoning buttons, or
feeling small shapes when placed in the
hand. Items are scored from 0 to 4 (0,
not at all; 4, very much) and summed
(total score range, 0-44).33 Because there
are no published data defining a cut
point for determining a clinically im-
portant change in the score, we de-
fined a 2- to 3-point change as a clini-
cally meaningful improvement in QOL
per published recommendations spe-
cific to similar measures.34-37

Using the NCI CTCAE version 3.0,
adverse events were reported weekly
and graded on a 0 to 4 scale (0, nor-
mal; 4, life-threatening) 38 as was base-
line sensory chemotherapy-induced pe-
ripheral neuropathy (0, normal; 1,
asymptomatic, weakness on physical
examination, loss of reflexes, or pares-
thesias not interfering with function; 2,

weakness and sensory alterations in-
terfering with function; 3, weakness and
sensory alterations interfering with ac-
tivities of daily living or requiring brac-
ing or assistive devices; and 4, life
threatening, paralysis, or disabling).

Statistical Analyses

Statistical analyses were performed by
CALGB/Alliance statisticians. The pri-
mary study end point was the change
from start to end of the initial treat-
ment period (week 1 to week 5, mea-
sured on day 1 of weeks 1 and 6) in av-
erage pain based on the BPI-SF average
pain severity item. The comparison of
interest was the difference between the
2 treatment groups in pain change.
With 232 patients (assuming 20% at-
trition), the study had 90% power (2-
sided � of .05) to detect a 0.98-point
change between the 2 groups assum-
ing a standard error of 0.31. The tar-
get difference of 0.98 is consistent with

diabetic research.30 We calculated the
proportion of patients experiencing any
decrease in pain. Also, using another ac-
cepted approach for assessing clinical
significance,13-15,22-24,26,39-41 we con-
ducted an exploratory responder analy-
sis based on the proportion of patients
in both groups who experienced a 30%
(or 50%) decrease in pain severity. Rela-
tive risk-benefit was the proportion of
patients with 30% (or 50%) pain re-
duction in the duloxetine group rela-
tive to that in the placebo group. It was
calculated from contingency tables. We
also conducted an exploratory sub-
group analyses based on chemo-
therapy class.

Secondary end points were change in
chemotherapy-induced peripheral neu-
ropathy–related QOL, measured by the
total score of the FACT/GOG-Ntx, and
degree of pain-related functional inter-
ference based on the BPI-SF interfer-
ence score. Changes attributable to ini-

Figure 1. Patient Flow Chart of Initial and Crossover Periodsa

67 Included in crossover analysis
7 Excluded (incomplete data)

74 Included in crossover analysis
7 Excluded (incomplete data)

231 Patients enrolled

87 Included in primary analysis
1 Excluded (incomplete data)

94 Included in primary analysis
5 Excluded (incomplete data)

Group A
115 Randomized to receive duloxetine followed by

crossover to placebo
109 Received duloxetine as randomized

6 Withdrew consent prior to receiving the
intervention

Group B
116 Randomized to receive placebo followed by

crossover to duloxetine
111 Received placebo as randomized

5 Withdrew consent prior to receiving the
intervention

88 Completed initial intervention
21 Discontinued duloxetine early

12 Toxic effects
5 Withdrew consent
1 Other
3 Unknown

99 Completed initial intervention
12 Discontinued placebo early

1 Toxic effects
6 Withdrew consent
2 Disease progression
3 Unknown

85 Crossed over and received placebo 93 Crossed over and received duloxetine

74 Completed crossover intervention
11 Discontinued intervention early

2 Toxic effects
4 Withdrew consent
1 Received alternate treatment
4 Other

81 Completed crossover intervention
12 Discontinued intervention early

5 Toxic effects
2 Withdrew consent
2 Disease progression
3 Other

231 Randomized

aThe number screened and the number offered participation but declined was not captured, nor were the
reasons captured for why patients did not participate in the crossover treatment period.

DULOXETINE ON CHEMOTHERAPY-INDUCED PERIPHERAL NEUROPATHY PAIN

©2013 American Medical Association. All rights reserved. JAMA, April 3, 2013—Vol 309, No. 13 1361

Downloaded From: https://jamanetwork.com/ on 05/22/2023



tial treatment were defined as the
difference between the week 1 and week
5 scores (measured on day 1 of weeks
1 and 6). Changes for crossover treat-
ment used week 8 and week 12 scores
(measured on day 1 of weeks 8 and 13).

To test for a group effect during the
initial treatment period on the pri-
mary and secondary end points, we used
3 separate models of analysis of cova-
riance, each stratified by neurotoxic
agent and risk of painful chemotherapy-
induced peripheral neuropathy, and
including the baseline measure of the
corresponding end point. Least square
means and their 95% confidence inter-
vals were taken from analysis of cova-
riance models. Additionally, for the pri-
mary end point, generalized estimating

equations were used to determine
whether there was a treatment effect
when combining data from both the ini-
tial and crossover periods. Multiple
imputation and pattern-mixture model
were used to evaluate the pattern and
potential influence of missing values for
the primary end point (eAppendix
available at www.http://www.jama
.com). To univariately compare treat-
ment groups, the Wilcoxon rank test
was used for continuous variables and
the �2 test for proportions. The 95%
confidence intervals for proportions
used exact binomial methods. Analy-
ses included only patients who began
protocol therapy. Statistical analyses
with 2-sided significance threshold of
P� .05 were performed using SAS ver-

sion 9.2 (SAS Institute Inc). Data qual-
ity was ensured by review of data by the
CALGB/Alliance Statistical Center and
by the study chairperson. The study un-
derwent standard biannual monitor-
ing by the CALGB/Alliance data and
safety monitoring board with 1 formal
interim efficacy analysis resulting in
study continuation.

RESULTS
Patients

Patient disposition for the initial treat-
ment period is illustrated in Figure 1.
Of the 231 patients recruited to the
study, 115 were allocated to group A
(duloxetine first, placebo second), and
116 to group B (placebo first, dulox-
etine second). Eleven patients never re-
ceived treatment, leaving 220 treated
patients. The dropout rate due to ad-
verse events in the duloxetine-first
group was 11% vs 1% in the placebo-
first group (P�.001). Despite using an
intent-to-treat analysis approach, 6 pa-
tients (1 in group A; 5 in group B) dur-
ing the initial treatment period were ex-
cluded from the primary analysis
because they provided no data at all.
This resulted in a 19% dropout rate.

Patient characteristics are de-
scribed in the TABLE. Both groups were
similar at baseline, except for the mean
(SD) pain score of 6.1 (1.7) in group
A, duloxetine first, and 5.6 (1.6) in
group B, placebo first (P=.02).

Pain (Primary Outcome)

At the end of the initial treatment pe-
riod, patients in the duloxetine-first
group reported a larger decrease in av-
erage pain (mean change score, 1.06;
95% CI, 0.72-1.40) than those in the
placebo-first group (mean change score,
0.34; 95% CI, 0.01-0.66; P = .003;
FIGURE 2). The effect size attributed to
duloxetine was moderately large at
0.513.42 The observed mean differ-
ence in the average pain score between
the duloxetine-first and placebo-first
groups was 0.73 (95% CI, 0.26-1.20).
Results of the sensitivity analysis tak-
ing missing data into consideration are
consistent with the primary findings of
the trial (eTables 1 and 2 available at

Table. Patient Demographics and Baseline Features

Characteristics

No. (%)
of Participants

P
Value

Group A
(n = 109)

Group B
(n = 111)

Total
(n = 220)

Demographics
Age, y

30-39 2 (2) 1 (1) 3 (1)

.70a

40-49 16 (15) 23 (21) 39 (18)

50-59 43 (39) 39 (35) 82 (37)

60-69 30 (28) 29 (26) 59 (27)

�70 18 (17) 19 (17) 37 (17)

Mean (SD) 60 (10.4) 59 (10.6) 59 (10.5)

Sex
Men 38 (35) 44 (40) 82 (37)

.46
Women 71 (65) 67 (60) 138 (63)

Race
White 91 (83) 87 (78) 178 (81)

.50Black 14 (13) 17 (15) 31 (14)

Other 4 (4) 5 (5) 9 (4)

Not reported 0 (0) 2 (2) 2 (1)

Stratification factors
Neurotoxic agent

Paclitaxel 44 (40) 43 (39) 87 (40)

N/AOxaliplatin 63 (58) 66 (59) 129 (59)

Other taxane 2 (2) 2 (2) 4 (2)

Other platinum 0 (0) 0 (0) 0 (0)

High risk of CIPN
No 46 (42) 51 (46) 97 (44)

N/A
Yes 63 (58) 60 (54) 123 (56)

Disease-related features
Primary disease

Breast 41 (38) 42 (38) 83 (38)

.99b

GI 62 (57) 62 (56) 124 (56)

Both breast & GI tract 0 (0) 1 (1) 1 (0)

Genitourinary 4 (4) 4 (4) 8 (3)

Other 2 (2) 1 (1) 3 (1)

Missing 0 (0) 1 (1) 1 (0)

(continued)
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http://www.jama.com): multiple im-
putation (P = .002) and pattern-
mixture model control–based imputa-
tion (P=.004). The primary analysis P
value lies between the slightly more lib-
eral multiple imputation approach and
the more conservative pattern-
mixture model. A post hoc power cal-
culation is provided in the eAppendix.

Of the patients treated with dulox-
etine first, 59% reported any decrease
in pain vs 38% of patients treated with
placebo first. Thirty percent of dulox-
etine-treated patients reported no
change in pain and 10% reported in-
creased pain. Based on the explor-
atory responder analysis, the propor-
tion of patients achieving various levels
of pain reduction is illustrated in
FIGURE 3. Compared with placebo, the
relative risk of experiencing a 30% pain
reduction with duloxetine was 1.96
(95% CI, 1.15-3.35) and experiencing
a 50% pain reduction was 2.43 (95% CI,
1.11-5.30; eTable 3).

Although the study was powered to
detect differences between treatments
as main effects only, in exploratory
analyses, we examined the potential in-
teraction between treatment group and
chemotherapy class. Results sug-
gested that patients who received plati-
nums (oxaliplatin) experienced more
benefit from duloxetine than those who
received taxanes (P = .13). The ob-

Figure 2. Duloxetine and Placebo Effects on Average Pain Severity During the Initial and Crossover Treatment Periods

6.5

5.0

5.5

6.0

4.5

4.0

3.5

3.0

No. patients
Duloxetine first (group A)
Placebo first (group B)

1

87
94

2

86
92

3

86
91

4

87
91

5

85
91

6

(Washout)

87
94

Week

Initial treatment period

M
e
a
n
 P

a
in

 S
c
o
re

6.5

5.0

5.5

6.0

4.5

4.0

3.5

3.0

No. patients
Placebo second (group A)
Duloxetine second (group B)

1

67
74

2

65
68

3

65
71

4

66
69

5

63
66

6

67
74

Week

Crossover treatment period

M
e
a
n
 P

a
in

 S
c
o
re

Duloxetine first (group A)

Placebo first (group B) Duloxetine second (group B)

Placebo second (group A)

The mean average pain score was measured on the first day of each week in the initial and crossover treatments periods. Day 1 of the first week begins the initial
treatment period. Day 1 of week 6 begins the washout period when patients received 1 capsule of duloxetine or placebo. Patients took no drug during week 7. Error
bars represent 95% CIs.

Table. Patient Demographics and Baseline Features (continued)

Characteristics

No. (%)
of Participants

P
Value

Group A
(n = 109)

Group B
(n = 111)

Total
(n = 220)

Disease-related features
Disease stage

Early, I-II 38 (44) 38 (41) 76 (35)

.69III 34 (39) 42 (45) 76 (35)

Metastatic 14 (16) 12 (13) 26 (12)

Missing 1 (1) 2 (2) 3 (1)

Concurrent medications use
No 68 (62) 58 (52) 126 (57)

.10Yes 31 (28) 43 (39) 74 (34)

Missing 10 (9) 10 (9) 20 (9)

Performance status
0 60 (55) 60 (54) 120 (55)

.78
1 44 (40) 47 (42) 91 (41)

2 4 (4) 2 (2) 6 (3)

3 1 (1) 1 (1) 2 (1)

Missing 0 (0) 1 (1) 1 (0)

Pretreatment sensory neuropathy grade
1, Asymptomatic 1 (1) 2 (2) 3 (1)

.47
2, Moderate 77 (71) 84 (76) 161 (73)

3, Severe 31 (28) 24 (22) 55 (25)

4, Life-threatening 0 (0) 0 (0) 0 (0)

Missing 0 (0) 1 (1) 1 (0)

Pretreatment pain score
�4 2 (2) 2 (2) 4 (2)

.02a

4-5 44 (40) 58 (52) 102 (46)

6-7 39 (36) 35 (32) 74 (34)

8-10 24 (22) 15 (14) 39 (18)

Missing 0 (0) 1 (1) 1 (0)

Mean (SD) 6.1 (1.7) 5.6 (1.6) 5.8 (1.7)

Abbreviations: CIPN, chemotherapy-induced peripheral neuropathy; GI, gastrointestinal; N/A, not applicable (comparative
testing is not applicable because these are stratification variables).

aTested as a continuous variable.
bWhen testing for differences between groups based on primary disease, the groups were collapsed into 3 categories

(breast, gastrointestinal, or other).
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served mean difference in platinum-
related average pain score between the
duloxetine and placebo treatment was
1.06 (95% CI, 0.48 to 1.63) vs 0.19
(95% CI, �0.61 to 0.98) for patients
treated with taxane. Results of the ex-
ploratory responder analysis revealed
that compared with placebo, the rela-
tive risk of experiencing a reduction in
pain by 30% with duloxetine among pa-
tients treated with platinum was 3.05
(95% CI, 1.49-6.27) and a reduction by
50% was 3.78 (95% CI, 1.32-10.84;
eTables 4-6 available at http://www
.jama.com). However, compared with
placebo, the relative risk of experienc-
ing a 30% pain reduction with dulox-
etine among patients treated with tax-
ane was 0.97 (95% CI, 0.41-2.32) and
a 50% pain reduction was 1.22 (95% CI,
0.35-4.18), neither of which was sta-
tistically significant. There was no dif-
ference in duloxetine efficacy based on
risk of developing painful chemo-
therapy-induced peripheral neuropathy.

We also concurrently evaluated
changes in pain severity during the
crossover treatment period. After ad-
justing for the study stratifiers (che-
motherapy class and pain risk), there
was a statistically significant treat-
ment effect on change in pain score
(P� .001), but an order effect was not
significant (P = .43). An additional
generalized estimating equation model
with carryover effect was performed.

The treatment remained significant
(P=.002), whereas the period (P=.55)
and carryover (P=.95) effects were not.
The change in mean pain score during
the crossover treatment period for
group A (placebo second) was 0.41
(95% CI, 0.06-0.89) and for group B
(duloxetine second) was 1.42 (95% CI,
0.97-1.87). The mean difference be-
tween the 2 groups in mean change
score during the crossover period was
1.01 (95% CI, 0.36-1.65).

Secondary Outcome

Pain Interference With Daily Function.
At the end of the initial treatment pe-
riod, when compared with placebo, pa-
tients treated with duloxetine first re-
ported a greater decrease in the amount
that pain had interfered with daily func-
tioning (P=.01; eFigure 1). The change
in mean interference score for patients
treated with duloxetine first was 7.9
(95% CI, 5.4-10.5) vs 3.5 (95% CI, 1.1-
5.9) for patients treated with placebo
first. The mean difference between the
2 groups in mean change score was 4.40
(95% CI, 0.93-7.88).

Quality of Life. Pain-related QOL im-
proved to a greater degree for those
treated with duloxetine during the ini-
tial treatment than for those treated with
placebo. The mean change in the FACT/
GOG-Ntx total score was 2.44 (95% CI,
0.43-4.45) for patients treated with du-
loxetine first vs 0.87 (95% CI, 1.09-

2.82) for patients treated with placebo
first (P=.03). The mean difference be-
tween the 2 groups in mean change
score was 1.58 (95% CI, 0.15-3.00;
P=.03).

Adverse Effects. No hematologic or
grade 4 (moderately severe) or 5 (se-
vere) adverse events were reported. In
the initial treatment period, 16% treated
with duloxetine and 27% treated with
placebo reported grade 2 (mild) and 7%
treated with duloxetine and 3% treated
with placebo reported grade 3 (mod-
erate) nonhematologic adverse events.
Fatigue (7%), insomnia (5%), and nau-
sea (5%) were the most common ad-
verse effects reported by patients treated
by duloxetine, whereas somnolence
(8%), insomnia (7%), and fatigue (5%)
were the most common adverse ef-
fects reported by patients treated with
placebo (eTable 7 available at http:
//www.jama.com).

Other Findings

Nonpainful Symptoms. After the ini-
tial treatment period, 41% of patients
treated with duloxetine reported a de-
crease in numbness and tingling in the
feet (95% CI, 31%- 52%) vs 23% of pa-
tients treatedwithplacebo(95%CI,15%-
33%). The trend held through the cross-
over period with 41% of patients treated
with duloxetine (95% CI, 31%-53%) vs
21% of patients treated with placebo
(95% CI, 13%-32%). The proportion of
patients with improved hand numb-
ness and tingling at the end of the ini-
tial treatment period was similar among
those treated with duloxetine (36%) and
those treated with placebo (34%).

Ancillary Analgesics. Compared
with group A (duloxetine first), a higher
proportion of those in group B (pla-
cebo first) were taking concomitant
medications at the start (43% of pa-
tients in group B vs 31% in group A)
and at the end of the initial treatment
period (36% in group B vs 29% in group
A).Twenty-seven percent of patients
who started out taking concomitant
medications in the group A discontin-
ued all medications by the end of the
initial treatment period compared with
19% of patients in group B.

Figure 3. Percent Decrease in Pain Score Due to Duloxetine vs Placebo
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COMMENT
Treatment of painful chemotherapy-
induced peripheral neuropathy contin-
ues to be a challenge because most drugs
tested to date have fallen short of pro-
viding adequate pain relief.43-47 To our
knowledge, the current study is the first
large phase 3 trial to elucidate an effec-
tive intervention for painful chemo-
therapy-induce peripheral neuropathy
caused by platinum and taxane agents
(mainly paclitaxel or oxaliplatin). Dur-
ing initial treatment, the mean differ-
ence between the 2 groups of the change
in average pain score was 0.73 (P=.003),
which compares favorably to mean dif-
ferences in average pain scores (range,
0.60-0.98) observed in patients receiv-
ing duloxetine for US Food and Drug
Administration–approved indications
for painful diabetic neuropathy, fibro-
myalgia, and osteoarthritis (eTable 8
available at www.http://www.jama
.com).13,26,30 The observed mean differ-
ence in the average pain score between
the duloxetine and placebo groups in pa-
tients treated with platinum was larger
than results reported by Goldstein and
colleagues13 (FIGURE 4). However, du-
loxetine-related clinically meaningful
improvement in other painful condi-
tions may not be directly comparable
with painful chemotherapy-induced pe-
ripheral neuropathy.

Inadditiontothemagnitudeof theim-
provement, several other factors should
be considered when judging clinical sig-
nificance, such as the treatment effect
size.39 Our results revealed a moderately
large treatmenteffect size (0.513).Based
on the IMMPACT recommendations,
clinical meaningfulness is also based on
the results of a responder analysis, spe-
cifically the proportion of patients expe-
riencinga30%ora50%improvement in
painseverity.21,39,48A10%to20%decrease
inpainseverity isconsideredtorepresent
aminimal clinically important change, a
30%changerepresentsamoderately im-
portant improvement and a 50% change
represents a substantially important im-
provement.21,39,48Duringinitialtreatment,
themeanchangeinaveragepainscorere-
portedbypatientstreatedwithduloxetine
inthecurrentstudywas1.06,animprove-

ment of approximately 10% that is con-
sistent with the IMMPACT definition of
aminimalclinically importantdifference.
Inaddition, resultsof theexploratory re-
sponderanalysis suggest that therelative
risk of experiencing a 30% and 50% im-
provementinpainseveritystatisticallyfa-
vored duloxetine.

Other factors to consider when judg-
ing clinical significance include how
quickly the drug takes effect, tolerabil-
ity, and the drug’s influence on other ef-
ficacy end points such as function and
QOL.39 In the current study, pain scores
decreased in patients treated with du-
loxetine relativelyquickly,within the first
week of therapy (Figure 2). Consistent
with our results (eTable 7), several stud-
ies show that duloxetine is safe and well-
tolerated.13,14,26,30,49-51 Furthermore, du-
loxetine is associated with improved
function and QOL. Therefore, after con-
sidering the many factors in addition to
the magnitude of improvement in pain
scores, study results strongly suggest that
duloxetine treatment is associated with
a clinically meaningful improvement in
chemotherapy-induced peripheral neu-
ropathic pain.

Resultsfromourexploratorysubgroup
analysis lendsupport to thepremise that
differences in pathophysiologic mecha-
nismsmayhelp toexplainduloxetinere-
sponseratevariationsacrossneuropathic
painconditions.Justasresponseratesmay
varywhenduloxetine isusedtotreatdia-
betic vs chemotherapy-induced periph-
eral neuropathy due to differences in

nerve injury mechanisms,16,52-55 the
mechanisms of taxane- vs platinum-
inducedperipheralnerve injuryarequite
different,16 possibly explaining why pa-
tients treatedwithplatinumreportedless
pain in the current study.

The current trial has several strengths
and limitations.Thestrengths include the
prospective, randomized, placebo-
controlled trial design and the geographi-
cally diverse sample. Regarding limita-
tions, first, there was an imbalance in the
dropout rate due to adverse effects in pa-
tients treated with duloxetine vs pla-
cebo (11% vs 1%, respectively), despite
similar adverse effect rates in both
groups. One reason for this differential
in the dropout rate may be the higher
proportion of grade 3 adverse events re-
ported by patients treated with dulox-
etine. These patients may have been able
to guess which drug they were taking,
and those experiencing no or minimal
pain relief may have dropped out.

Anotherpotential study limitationhas
to do with how baseline pain was deter-
mined. Oncology providers commonly
use the NCI CTCAE, or other similar
grading scales, to guide a history and
physical examination focused on
chemotherapy-induced peripheral neu-
ropathy and to grade its severity.9,16

Therefore, we relied on standard
CTCAE-guided practices for determin-
ing severity at baseline. We did not spe-
cifically train the examiners regarding
CTCAE use because its grading is deeply
embedded into oncology practice. Of

Figure 4. Comparison of the Mean Differences in Average Pain Scores Across Duloxetine
Chronic Pain Studies
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Placebo

Favors
DuloxetineSource

No. of
Patients

Mean Difference in Mean
Pain Scores (95% CI)

Goldstein et al,13 2005 176 0.98 (0.37 to 1.60)

Chappell et al,26 2011 225 0.79 (0.26 to 1.32)

Current study 181 0.73 (0.26 to 1.20)

Russell et al,30 2008 294 0.60 (0.05 to 1.16)

Neurotoxic agents, current study
Platinums 106 1.06 (0.48 to 1.63)

Taxanes 75 0.19 (–0.61 to 0.98)
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Mean Difference (95% CI)

Duloxetine was compared against placebo in studies involving patients with diabetic neuropathy, Goldstein et
al; fibromyalgia, Russell et al; osteoarthritis, Chappell et al; and chemotherapy-induced peripheral neuropa-
thy, the current study, including a breakdown by neurotoxic agent that patients in the current study took.
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note, despite its everyday use in oncol-
ogy clinical settings, the CTCAE is
known for its suboptimal interrater reli-
ability and poor sensitivity to detect
subtle changes.32,56-60 As such, use of the
CTCAE could have resulted in misdi-
agnosis. Despite its limitations, CTCAE
use is consistent with community and
academic clinical practice,9 and thus the
generalizability of our findings is
enhanced. Other limitations are that
changes in concurrent ancillary analge-
sic dosage were not assessed, study find-
ings may not be applicable to patients
with painful chemotherapy-induced
peripheral neuropathy caused by other
neurotoxic agents, and the study did not
address long-term duloxetine treat-
ment (beyond 5 weeks).

Despiteduloxetine’sacceptableadverse
effectprofile, theriskofduloxetine-drug
interactions should not be overlooked.
Duloxetineshouldnotbeusedwithother
drugsthat inhibitserotoninreuptakedue
to the associated increased risk of sero-
tonin syndrome.61 Also, because dulox-
etine is a moderate cytochrome (CYP)
P4502D6enzyme-inhibiter, coadminis-
tration with CYP P450 2D6 substrates
can lead to increased substrate drug
serum concentrations and associated
toxicities.62-65 Concurrent use of dulox-
etine with warfarin, nonsteroidal anti-
inflammatory drugs, or both may also
increase bleeding risk.61,66 Lastly, if du-
loxetineandtamoxifenaretakentogether,
duloxetine-induced CYP P450 2D6 en-
zyme inhibitioncould inhibit tamoxifen
conversion to its active metabolite, en-
doxifen.61,63,67,68

In conclusion, 5 weeks of duloxetine
treatment was associated with a statisti-
cally and clinically significant improve-
ment inpaincomparedwithplacebo.Ex-
ploratory analyses raise the possibility
that duloxetine may work better for
oxaliplatin-induced rather than taxane-
inducedpainful chemotherapy-induced
peripheral neuropathy.
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44. Kautio AL, Haanpää M, Leminen A, Kalso E,
Kautiainen H, Saarto T. Amitriptyline in the preven-
tion of chemotherapy-induced neuropathic symptoms.
Anticancer Res. 2009;29(7):2601-2606.
45. Barton DL, Wos EJ, Qin R, et al. A double-blind,
placebo-controlled trial of a topical treatment for
chemotherapy-induced peripheral neuropathy: NC-
CTG trial N06CA. Support Care Cancer. 2011;
19(6):833-841.
46. Rao RD, Flynn PJ, Sloan JA, et al. Efficacy of la-
motrigine in the management of chemotherapy-
induced peripheral neuropathy: a phase 3 random-
ized, double-blind, placebo-controlled trial, N01C3.
Cancer. 2008;112(12):2802-2808.
47. Rao RD, Michalak JC, Sloan JA, et al; North Cen-
tral Cancer Treatment Group. Efficacy of gabapentin
in the management of chemotherapy-induced pe-
ripheral neuropathy: a phase 3 randomized, double-
blind, placebo-controlled, crossover trial (N00C3).
Cancer. 2007;110(9):2110-2118.
48. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL,
Poole RM. Clinical importance of changes in chronic
pain intensity measured on an 11-point numerical pain
rating scale. Pain. 2001;94(2):149-158.
49. Hall JA, Wang F, Oakes TM, Utterback BG, Crucitti
A, Acharya N. Safety and tolerability of duloxetine in
the acute management of diabetic peripheral neuro-
pathic pain: analysis of pooled data from three placebo-
controlled clinical trials. Expert Opin Drug Saf. 2010;
9(4):525-537.
50. Skljarevski V, Desaiah D, Liu-Seifert H, et al. Ef-
ficacy and safety of duloxetine in patients with chronic

low back pain. Spine (Phila Pa 1976). 2010;35
(13):E578-E585.
51. Raskin J, Wang F, Pritchett YL, Goldstein DJ. Du-
loxetine for patients with diabetic peripheral neuro-
pathic pain: a 6-month open-label safety study. Pain
Med. 2006;7(5):373-385.
52. Spallone V, Lacerenza M, Rossi A, Sicuteri R,
Marchettini P. Painful diabetic polyneuropathy: ap-
proach to diagnosis and management. Clin J Pain.
2012;28(8):726-743.
53. Morales-Vidal S, Morgan C, McCoyd M, Hornik
A. Diabetic peripheral neuropathy and the manage-
ment of diabetic peripheral neuropathic pain. Post-
grad Med. 2012;124(4):145-153.
54. Smith AG, Singleton JR. Diabetic neuropathy. Con-
tinuum (Minneap Minn). 2012;18(1):60-84.
55. Callaghan BC, Cheng HT, Stables CL, Smith AL,
Feldman EL. Diabetic neuropathy: clinical manifesta-
tions and current treatments. Lancet Neurol. 2012;
11(6):521-534.
56. Postma TJ, Heimans JJ, Muller MJ, Ossenkoppele
GJ, Vermorken JB, Aaronson NK. Pitfalls in grading se-
verity of chemotherapy-induced peripheral neuropathy.
Ann Oncol. 1998;9(7):739-744.
57. Kuroi K, Shimozuma K, Ohashi Y, et al. Prospec-
tive assessment of chemotherapy-induced peripheral
neuropathy due to weekly paclitaxel in patients with
advanced or metastatic breast cancer (CSP-HOR 02
study). Support Care Cancer. 2009;17(8):1071-
1080.
58. Cavaletti G, Frigeni B, Lanzani F, et al. Chemo-
therapy-induced peripheral neurotoxicity assess-
ment: a critical revision of the currently available tools.
Eur J Cancer. 2010;46(3):479-494.
59. Lavoie Smith EM, Cohen JA, Pett MA, Beck SL.
The validity of neuropathy and neuropathic pain mea-
sures in patients with cancer receiving taxanes and
platinums. Oncol Nurs Forum. 2011;38(2):133-
142.
60. Frigeni B, Piatti M, Lanzani F, et al. Chemotherapy-
induced peripheral neurotoxicity can be misdiag-
nosed by the National Cancer Institute Common
Toxicity scale. J Peripher Nerv Syst. 2011;16(3):
228-236.
61. Spina E, Trifirò G, Caraci F. Clinically significant
drug interactions with newer antidepressants. CNS
Drugs. 2012;26(1):39-67.
62. Patroneva A, Connolly SM, Fatato P, et al. An as-
sessment of drug-drug interactions: the effect of des-
venlafaxine and duloxetine on the pharmacokinetics
of the CYP2D6 probe desipramine in healthy subjects.
Drug Metab Dispos. 2008;36(12):2484-2491.
63. Skinner MH, Kuan HY, Pan A, et al. Duloxetine
is both an inhibitor and a substrate of cytochrome
P4502D6 in healthy volunteers. Clin Pharmacol Ther.
2003;73(3):170-177.
64. Hua TC, Pan A, Chan C, et al. Effect of dulox-
etine on tolterodine pharmacokinetics in healthy
volunteers. Br J Clin Pharmacol. 2004;57(5):652-
656.
65. Preskorn SH, Greenblatt DJ, Flockhart D, et al.
Comparison of duloxetine, escitalopram, and sertra-
line effects on cytochrome P450 2D6 function in
healthy volunteers. J Clin Psychopharmacol. 2007;
27(1):28-34.
66. Glueck CJ, Khalil Q, Winiarska M, Wang P. In-
teraction of duloxetine and warfarin causing severe
elevation of international normalized ratio. JAMA.
2006;295(13):1517-1518.
67. Jin Y, Desta Z, Stearns V, et al. CYP2D6 geno-
type, antidepressant use, and tamoxifen metabolism
during adjuvant breast cancer treatment. J Natl Can-
cer Inst. 2005;97(1):30-39.
68. Caraci F, Crupi R, Drago F, Spina E. Metabolic drug
interactions between antidepressants and anticancer
drugs: focus on selective serotonin reuptake inhibi-
tors and hypericum extract. Curr Drug Metab. 2011;
12(6):570-577.

DULOXETINE ON CHEMOTHERAPY-INDUCED PERIPHERAL NEUROPATHY PAIN

©2013 American Medical Association. All rights reserved. JAMA, April 3, 2013—Vol 309, No. 13 1367

Downloaded From: https://jamanetwork.com/ on 05/22/2023


